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PREFACE

The railroad emplove should frst determine the kind
of air compressor information most essential to his par-
ticular needs. 5

For enginemen, the first essential is the ability to prop-
erly start, run, stop, and lubricate the compresser, and to
quickly remedy such disorders as may develop on the
road. It is of secondary importance that enginemen
should know the internal workings of the compressor
or be familiar with the movement of parts, and How
of air and steam in different cHambers, ports, passages,
etc. Of course, the more comprehensive the air brake
education of the emplove, the more valuable his service
to his road.  The zection of this Instruction Pamphlet
covered from pages 26 to 30 and pages 37 to 39 and
portions of the text from pages 40 to 44 inclusive are,
therefore, intended primarily for this class of emploves.

For repairmen, or those emploves who have to do
primarily with the internal construction, operation and
proper functioning of the moving parts of the compressar,
the study of ports, passages, chambers, steam pressures,
air pressures and the whys and wherefores of internal
operation iz of frst importance, The matter covering
description, etc., from pages 9 to 23 inclusive, and pages
37 to 39 and portions of the text from pages 40 to 44
inclusive, are, therefore, intended primarily for this class
of railroad employes.

Round house air brake nen or those who test the com-



pressor while on the engine to determine its condition,
or refairmen who test the compressor to determine
whether it should be returned to service after being over-
hauled and repaired, should ke familiar with the Repair
Shop and Road Tests of Steam Drviven Air Compressors
as specihed on pages 30 10 37,

Atr brake dwnstruclors, iuspeciors, road  foremen of
engines, and afficials in charge of air brake operation and
fastenction venerally should be familiar with our general
recommendations as to the manipulation and specific in-
structions thereon as formulated ard officially approved
for a given road ; should knew the internal operation and
functioning of the compressor; the maintenance of the
compressor in service; and, in general, approved methods

of organization and mstruction Tor different classes of
radlroad cmploves inorder to secure the lrgest possible
practicable results for the ralroad,

This instruction pamphlet has, therefore, been made
sulficiently comprehensive throughout te meet all normal

requircments of thiz closs of officials. We feel very
stromgly that for those most concerned no effore is of
greater practical benefit to the road served than that
spent in the proper kind of air brake edocation and we
are ready and willicg, at all times, to assist in promoting

these processes of education alorg practical lines in every
way possibile.
Westinouovse A Brake Cosvpaxy,
Pittshurgh, Pa.
Aungust, 12160
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Fig. 1. 8} «Inch Cross Compound Compressor,
Air Inlet Side
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(SUPERSEDING [S5UE OF SEPTEMBER, 1914

Westinghouse Cross Compound Air
Compressors

&% -Inch Cross Compound Air Compressor

MNOTE—The reference numbers shown heesin are for convenience only and
are ol o be wsed when ordering repair parte  See Part Catalog giviog plece
numhers, prices, etc.

It 15 generally recognized that the duty impozed upon
the locomotive air compressor has very largely increased
from vear to vear, but the extent of this increase is more
fully appreciated when the following factors are con-
sidered -—

{a) The development of locomotives of great
weight and tractive power and in consequence
longer trains of heavy, large capacity cars.

(b} The large cylinders and reservoirs reguired
for the heavier cars, the longer brake pipe due to the
longer trains hauled, and the greater number of fex-
ible connections and Attings where leakage may

5



Fig. 2. &4-Inch Cross Compound Compressor,
Air DMacharge Side
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occur, combine to demand normally a larger volume
of compressed air than ever before.

(¢) The growing use of many pneumalically
operated auxiliary appliances, such as water scoops,
automatic ash pans, engine reversing appliances,
Pullman water raising system, bell ringers, etc.,
which take their supply from the air compressor.

(d) The present practice on the part of most
railroads of using practically all-air trains.

te)  The necessity of avoiding delays at terminals,
where traffic tends to congest, by a prompt charging
of long trains. Present day service conditions de-
mand a compressor of ample capacity to secure
maximum brake efficiency.

The great increase in compressor capacity called for in
modern service has resulted in a much more careful con-
sideration of the matter of steam consumption than for-
merly, and as a result the Westinghouse 8%-inch Cross
Compound Compressor was developed for the specific
purpose of combining maximum capacity and highest
efficiency, by compounding both the steam supplied and
the air compressed to the extent that, while this com-
pressor has a capacity over three times greater than the
well known 94-inch single stage compressor, the steam
consumption per 100 cubic feet of air compressed is but
one-third.

The following table gives the principal dimensions,
displacement, weight, etc., of the &}-inch compressor.
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GENERAL DIMENSIONS, DISPLACEMENT AND WEIGHT
OF THE 8-INCH CROSS COMPOUND COMPRESSOR.

Diameter of High Pressure Steam Cylinder. ... ... .. 8% in,
Diameter of Low Pressure Steam Cylinder ... s 144 in.
Diameter of High Pressure Air Cylinder_ ... ____. 9 in.
Diameter of Low Pressure Air Cvlinder . _______ 145 in.
Eenpthizob Semnke: = ok thas DA ai o s Sl i 12 in.
Py g, T e e B e S S e e S T 1} in.
Diameter of Steam Admission Pipe_ ... _______. 1} in.
Diameter of Steam Exhawst Pipe_ - o _._._._. 1% in.
*Diameter of Air Admission Pipe. .. o...... 2 in
Diameter of Air Delivery Pipe. cccevvcccncmcncccaoas 14 in.
Desipned for Steam Pressure of . oo oo oL _____ 200 Ibs.

Working against an Air Pressure of .________________ 140 Ibs.
Normal Speed, single strokes per minute, under above

ORI S == e s e e S e e e e 131
DMsplacement, cubic feet per minute, under above

R e s e e e 150
Orvrerall Dimensions: Height - - . ... .... X 52 im.

(Approximate) Widthe oo oo Ml L N TN

B R S e 18§ in.
Average Met Weight -0 -0 o oot o UM bee
Weight, bosed for shipment_._____________-________ 17500 Ibs.
Eiltof-AirNalvees: e e s s e i e 7y in.

SIZE OF GOWVERNOR, STEAM VALVE AND PIPING FOR
TWO COMPRESSOR INSTALLATION.

[ v ool | e B e e e e 14 in.
1) By WL SR e sl R L G b SR e li in.
Steam Admizsion Pipe

TV T T e B e T e L 1% in.

Branch e e e e s 1f in.
Steam Exhaust Pipe

R R e e e e i im0 S 2% in.

B e s 14 in.
Air Admission Pipe

Miain Pipko oo ool siosice e e B o 2L in,

o Lo o R S S e S Lo i 2 in.
Air Delivery Pipe

W P e e e e s e e 2 in.

T D e e i e B T 1% in.

SNOTE—I desired, the air inlet may be arranged as shown by the dotted
lines in Fig. 21. the main inket pipe being 205 inches in diameter and the heanch
pipes I inches In diameter.
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DESCRIPTION

As in the case of the Standard Westinghouse Single
Stage Compressors, the steam cylinders are placed ver-
tically above the air cylinders and connected by a com-
mon center piece, see exterior views, Figs. 1 and 2,

The diagrammatic views, Figs. 19 and 20, serve to il-
lustrate the simplicity of this design and emphasize the
fact that the cross compound compressor is a serial
arrangement of two standard single stage compressors,
actuated by the same controlling mechanism, and with
pistons moving uniformly in opposite directions, These
cuts also show the few moving parts employed, which
comprise {a}, the high pressure steam low pressure air
pistons, connected by a Vanadium steel piston rod drilled
for the reversing valve rod which operates the revers-
ing valve, and which in turn moves the main piston valve
controlling the admission of steam to and the exhaust
from both the high and low pressure steam cylinders
and, (&), the low pressure steam and high pressure air
pistons connected by a solid Vanadiom steel piston rod
having no mechanical connection with the valve gear.

Figs. 6, 7, 17 and 18 are sectional views showing the
ports and passages, alzo numbered parts which are re-
ferred to as follows: 2, top head; 3, steam cvlinders: 5,
air cylinders; 4, center piece forming the connection bae-
tween 3 and 5; 6, lower head; 7, high pressure steam
piston, 8%-inches in diameter, and its rod; 8, low pres-
sure steam piston, 14}-inches in diameter; 9, low pressure
air piston, 143-inches in diameter; 10, the high pressure
air piston 9-inches in diameter (the maximum stroke of



10 WESTINGHOUSE CROSS COMPOUND AR COMPRESSORSE,

each pair of pistons 15 12 inches) ; 11, high pressure steam
piston ring; 12, low pressure steam piston ring; 13, low
pressure air piston ring; 14, high pressure air piston
ring; 15, piston rod nut; 16, piston rod jam nut; 17, piston
rod cotter; 18, reversing valve plate; 19, reversing valve
plate bolt; 21, reversing valve rod; 22, reversing valve;
23, reversing valve chamber bush; 24, reversing valve
chamber cap; 25, piston valve, complete; 27, large piston
valve ring; 28, exhaust piston valve ring; 29, small piston
valve ring; 30, piston valve bolt, complete; 31, piston
valve bolt nut; 33, large piston valve cylinder head; 34,
large piston valve cylinder head cap screw; 33, small pis-
ton valve cylinder head; 36, small piston valve cylinder
head cap screw; 37, upper inlet valve; 38, lower inlet
valve; 39, upper intermediate valve; 40, lower inter-
mediate valve; 41, upper discharge valve; 42, lower dis-
charge valve; 43, upper inlet valve seat; 44, upper inlet
valve chamber cap; 45, lower inlet valve cage; 46, upper
intermediate valve seat; 47, upper intermediate valve
cap; 48, lower intermediate valve cage; 49, upper dis-
charge valve cap; 30, lower discharge wvalve capge; 53,
stuffing box; 54, stuffing box nut; 55, stuffing box gland;
36, air cylinder lubricator; 57, upper steam cylinder gas-
ket; 38, lower steam cylinder gasket; 39, upper air cylin-
der gasket; 60, lower air cylinder gasket; 61, small piston
valve cylinder head gasket; 62, large piston valve cylin-
der head gasket; 63, $-inch drain cocl; 64, 3-inch drain
cock; 05, air strainer; 67, lower head plug; 68, piston rod
swab; 69, tee head bolt and nut; 71, tee head bolt and nut;
72, tee head bolt and nut; 73, tee head bolt and nut; 74,
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tee head bolt and nut; 75, tee head bolt and nut; 76,
guard plate for upper intermediate valves: 77, lagging;
78, jacket; 79, jacket band ; 86, piston rod packing:; 87, re-
versing valve rod bush; 89, upper discharge valve seat;
91, jacket band screw; 92, tee head bolt and nut; 93, tee
head bolt and nut; 94, tee head bolt and nut; 99, lubri-
cator bracket; 100, union stud ; 101, union nut; 102, union

Fig. 3. Special “Fifty-Four"
Air Strainer

swivel; 103, oil pipe to low pressure air cylinder; 104, oil
pipe to high pressure air cylinder; 106, piston valve hush;
107, large piston bush; 117, large piston portion; 118,
exhaust piston portion; 119, small piston portion; 120,
small piston valve cvlinder cover bush: 123, cotter.
When a suction strainer of greater capacity and effi-
ciency than that regularly included with the compressor
is desired, the Special “Fifty-Four" Air Strainer (so-
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called because of its large suction area, viz., 534 sguare
inches), Fig. 3, is used.  As will be seen from Figs. 4 and
5, this 15 a very large double eylindrical strainer {overall
dimensions approximately 10° x 14") with an inner
strainer of perforated sheet steel, galvanized, and an
outer strainer of coarse galvanized wire mesh, the inter-
vening space being well packed with curled hair. A

A

Fig. 4. Disassembled View Special “Fifty-Four"
Air Strainer

galvanized iron shell 3 encircles the strainer proper,
preventing dirt, oil and water from striking directly
against the strainer and thereby reducing the possibility
of trouble from clogging, The presence of curled hair
insures more efficient elimination of dust and dirt from
the air than is possible with the ordinary form of strainer.
The strainer may be quickly and conveniently taken
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apart without disturbing any pipe connections by re-
moving the nuts from the four studs. This strainer
should be installed vertically with the large opening
downward and bolted under the running board at some
protected point so as to draw reasonably clean air.

Fig. 5. Sectional View Special “'Fifty-Four”
Air Strainer

The drain cock 63 is intended to draw off any con-
densation in the steam passage @ and should always be
opened when the compressor 1s first started. The drain
cock 64 connected to the low preszure steam cylinder is
for the same purpose and should also be opened for a
short time before the compressor is started so that any
condensation of steam in the cylinder may be removed.



Fig. 6. Horizontal Section of Reversing Valve
Chamber

Fig. 7. Vertical Section of Reversing Valve
Chamber



J FIPE FOR DRAIN PIFE

SECTION TAKEN AT B.8-B.E

Fig. 8. Partial Sectional Views of Center Piece,
showing Drainage

15
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Fig. 8 shows partial sectional views of the center piece
of the compressor, illustrating the provision made for
draining off from the center piece the water which drips
from the stuffing boxes. The water which thus accumu-
lates is drained through passages e’ and ¢ to & and
thence through the drain pipe connection on the lower
flange to some convenient point, as between the engine
frame.

The Governor is located in the piping to the steam
inlet, Fig. 18 Steam entering passes through port a
to the top head, and thence through ports @ and &, Fig. 7,
ta the reversing valve chamber C and main valve cham-
ber, Fig. 18; e is the exhaust passage leading to the steam
exhaust pipe. As it is difficult to follow the ports in these
cuts, we have prepared two diagrams, as shown in Figs.
19 and 20, in which the piston valve and reversing valve
are turned 90 degrees horizontally from their actual
position in order to make the operation more easily
understood, and all ports and passages are connected in
the simplest possible manner, without regard to the
actual eonstruction of the compressor.

Referring to Fig. 19, passage a, communicating with
cavity C and the two chambers b, conveys the steam from
the source of supply to the operating valves, of which
there are two, namely : the reversing valve and the piston
valve, The piston valve is a multiple piston device, con-
sisting of a large piston at one end, a small piston at the
other, with three intermediate pistons of uniform size,
which will be referred to hereinafter as numbers 1, 2 and
3, numbering from the small piston end of the pistonvalve.
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It 15 evident, that with five pistons mounted on a com-
mon rod and working in a cylinder, we have, including
the ends, six separate chambers. In this particular con-
struction, five of these chambers have permanent con-
nections as follows:

The first chamber, E, behind the outer end of the small
piston, to the atmosphere,

The second chamber, &, between the small and No. 1
intermediate piston, to passage a.

The third chamber, ¢, between the No. 1 and No. 2
intermediate pistons, to the lower end of the low pres-
sure steam cylinder,

The fourth chamber, &, between the No. 2 and No. 3
intermediate pistons, to the upper end of the low pres-
sure steam cylinder.

The fifth chamber, ¥, between the third intermediate
and the inner side of large piston to passage a.

The reversing valve 22, moving vertically on its seat
in chamber , controls the admission and exhaust of
steam from the cavity D, behind the outer end of the
large piston of the piston valve, causing it to operate
horizontally, the intermediate pistons moving as follows:

Intermediate piston No. 3 crosses a port connecting
passage ¢ controlling the flow of steam to the upper
end of the high pressure steam cylinder, and also the
exhaust into the upper end of the low pressure steam
cylinder.

Intermediate piston No. 2 crosses a port connecting
with passage €, controlling the exhaust of steam from
either end of the low pressure steam cylinder.
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Intermediate piston Mo. 1 crosses a port connecting
with passage g, causing steam to be admitted to the lower
end of the high pressure steam cylinder or exhausting
the same from this cylinder into the lower end of the
low pressure steam cylinder. A passage, z, leading
from the upper end of the high pressure steam cylinder
15 the means of supplying pressure to balance the re-
versing valve rod,

OPERATION

When the high pressure steam piston has nearly com-
pleted its up stroke the reversing valve plate 18, comes
in contact with the shoulder on the reversing rod, forcing
said rod 21, to its uppermost position, carrying with it
reversing valve 22, the movement of which, in turn, not
only blanks port to passage m, thereby cutting off means
of exhausting steam from cavity behind the large end of
piston valve, but also opens port to passage », filling
this chamber, D, with live steam from passagea. The
pressure thus exerted on the outer side of the large
piston added to the pressure on the inner side of the
small piston is now greater than the pressure exerted
against the inner side of the large piston, and the piston
valve moves toward the left, or in the direction of cham-
ber E. The small piston valve cylinder head 35 is pro-
vided with a bush having six elongated grooves, three of
which are shown in Fig. 17. [All of these grooves have
been considered for the sake of simplicity as combined
into one groove, Figs. 19 and 20.) As the piston valve
moves toward the left and uncovers these grooves, live
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steam from chamber & by-passes to chamber E back of
the small end of the main valve piston. At the instant
these grooves are cut off by the further movement of the
piston, port o leading to the exhaust is also blanked which
enables the small piston to compress the steam in cham-
ber E, thus providing a high cushioning pressure. This
movement of the main valve piston admits steam to the
upper end of the high pressure steam cyvlinder, starting
the high pressure steam piston on its downward stroke,
All parts have now assumed the position shown in Fig. 19,

A direct communication is now established whereby
live steam is supplied through passage ¢, chamber ¥, and
passage ¢ to the upper end of the high pressure steam
cylinder, forcing downward the high pressure steam pis-
ton and low pressure air piston to which it is rigidly
connected by the piston rod, that is free to move in the
necessary stuffing boxes. The movement of the piston
valve to the left, as described above, has opened passage g
to passage [ through cavity 4, thus permitting the steam
in the lower end of the high pressure steam cylinder to
expand into the lower end of the low pressure steam
cylinder. The latter being of materially larger volume
than the former, it vill be seen that the steam is thereby
made to do its work expansively in the low pressure steam
cylinder. At the same time—

{a) the low pressure air piston, 9, is compressing
air in the lower end of the low pressure air cylinder
and forcing same through the intermediate valves 40,
and passage u into the lower end of the high pres-
sure air cylinder, and—
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(&) air at atmospheric pressure is being drawn
into the upper end of the low pressure cylinder,
through the upper air strainer and inlet valve 37,

It will be observed that the steam exhausted into the
lower end of the low pressure steam cylinder and the
low pressure air forced into the lower end of the high
pressure air cvlinder act simultanecusly on the lower
sides of their respective pistons. The force thus exerted
results in an upward movement of the low pressure steam
and high pressure air pistons. The upward movement
causes the high pressure air piston 10, to compress the
air in the upper end of the high pressure air cylinder to
its final pressure and to discharge it through passage »,
discharge valve 41, and passage w into the main reservoir.
Steam is exhausted from the upper end of the low pres-
sure steam cylinder through passage d, chamber & and
passage ¢ to the atmosphere,

After the low pressure steam (high pressure air) pis-
ton has completed its upward stroke, as explained, the
lower end of the high pressure air cylinder is, of course,
filled with air compressed from the lower end of the low
pressure air cylinder, and the lower end of the low
pressure steam cylinder is filled with steam exhausted
from the lower end of the high pressure steam cylinder.
However, just as the low pressure steam (high pressure
air) piston has completed its upward stroke, steam is by-
passed through three by-pass grooves x from the lower
to the upper side of the low pressure steam piston, there-
by preventing an accumulation of back pressure in the
lower end of the high pressure cylinder.
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At this stage of the cyele, also, the upper end of the
low pressure air cvlinder is filled with air at atmospheric
pressure and the upper end of the high pressure steam
eylinder is filled with live steam; but just hefore the high
pressure steam (low pressure air} piston completes its
downward stroke, reversing valve plate 18 engages the
button end of the reversing valve rod, moving it dewn-
ward and carrving the reversing valve to its extreme
lower position, thereby closing port leading to passage n,
cutting off the supply of live steam to chamber P, and
connecting passage w, cavity g and passage /. thereby ex-
hausting steam from cavity I behind the outer end of the
large piston of the piston valve. Since the pressure
against the inner side of the large piston is now greater
than the pressure exerted against the inner side of the
small piston, the piston valve moves to the right or in
the direction of chamber I, and all parts are in the posi-
tion shown in Fig. 20,

Live steam is now supplied from passage a, through
chamber b, and passage g, to the lower end of the high
pressure steam cvlinder, forcing upward the high pres-
sure steam piston which, as already explained, carries
with it the low pressure air piston. At this time also,
steam is exhausted from the upper end of the high pres-
sure steam cvlinder, through passage ¢, chamber & and
passage 4, into the upper end of the low pressure steam
cylinder. At the same time—

{a) the low pressure air piston is compressing
the air in the upper end of the low pressure air cylin-
der and forcing same through the intermediate
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valves 76, and passage u, into the upper end of the
high pressure air cylinder, and—

(b} air at atmospheric pressure is drawn into the
lower end of the low pressure air cylinder, through
the lower air strainer, passage r' and lower inlet
valve 38,

Again it will be observed that the steam in the low
pressure steam cylinder and air in the high pressure
air cylinder act simultaneously against their respective
pistons, steam being exhausted from the upper end of
the high pressure steam cylinder through passage c,
chamber # and passage d, to the upper end of the low
pressure steam cylinder, in which it acts expansively on
the low pressure steam piston. At the same time steam
iz exhausted from the lower end of the low pressure steam
cylinder, through passage f, chamber ¢ and passage e, to
the atmosphere. The downward movement of the low
pressure steam piston causes the high pressure air piston
to compress the air in the lower end of the high pressure
air cylinder to its final pressure, forcing same through
passage o', discharge valve 42, and passage w’, into the
main reservoir. When the piztons have moved as ex-
plained, the low pressure steam (high pressure air) piston
has completed its downward stroke; the upper end of the
high pressure air cylinder is filled with air compressed
from the upper end of the low pressure air cylinder;
and the upper end of the low pressure steam cylinder
is filled with steam exhausted from the upper end of the
high pressure steam cylinder. However, just before the
low pressure steam (high pressure air) piston has com-
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pleted its downward stroke, steam is by-passed through
the three by-pass grooves from the upper to the lower side
of the low pressure steam piston, thereby preventing an
accumulation of back pressure in the upper end of the
high pressure steam cylinder. At this stage of the cycle
also, the high pressure steam (low pressure air) piston
has completed its upward stroke; the lower end of the
high pressure air cylinder is filled with air at atmospheric
pressure; and the lower end of the high pressure steam
eylinder 1s filled with live steam. Here again the com-
pressor is reversed, by means of the reversing valve plate
attached to the high pressure steam piston coming in con-
tact with the shoulder of the reversing valve rod, which
in turn, actuates the reversing valve, and the cycle of
operation already described is repeated.

10%=Inch Cross Compound Air Compressor

The use of compressed air in industrial fields has
been so widely extended that for this particular purpose
we have developed the 10}-inch cross compound air
compressor which operates on a relatively low steam
pressure (100 1bz.) and requires a lower differential be-
tween steam and air pressures than the 8}-inch cross
compound. This compressor follows in all essential de-
tails the general design of the 8}-inch cross compound
compressor.  The air cylinders are not water jacketed
and no intercooler 15 required.

The following table gives the principal dimensions,
displacement, weight, etc., of the 10%-inch compressor.



4 WESTINGHOUSE CROSS COMPOUND AlR COMPRESSORS.

GENERAL DIMENSIONS, DISPLACEMENT AND WEIGHT
“0OF THE 104-INCH CROS3 COMPOUND COMPRESSOR.

Diameter of High Pressure Steam Cylinder e 104 in.
Diameter of Low Pressure Steam Cylinder_ ... .. 163 in.
DHameter of High Pressure Air Cylinder o . o . ... 9% in.
Diameter of Low Pressure Air Cylinder ... . ... 144 in.
Lanpthoal Strales ol = s e Sarnd e 2 e Sl S S i
RO, . Do Dol T e N S o S L 1% in.
Diameter of Steam Admission Pipe... . ________ 14 in.
Diameter of Steam Exhaust Pipe_ . ____________ 24 in.
Diameter of Air Admission Pipe. . ________ 24 in.
Diameter of Air Delivery Pipe_ . ______________ 14 in.
Dresigned for Steam Pressure of . . __________ 100 lbs.
Working against an Air Pressureof _____.___________. 80 lbs.
MNormal Speed, single strokes per minute, under above
Forol e | I S S S B 1 |
Displacement, cubic feet per minute, under above con-
[T L e e S R e R e e R 1
Ovwer-all Dimensions: Height .. ______________________  56fin.
[Approximate) Thidtho =S Sl inm Banh e 413 in.
B | e e e S e 1 in.
Average Met Weight . ___._.____. 1800 Ibs,
Weight, boxed for shipment. . .. 2150 Ths.
Lift of Air Valves: Intermediate. ... __.__.___. . § in.
Suction . ... - +¥ in.
Dischange o D e +r in,

S[ZE OF GOVERNOR, STEAM VALVE AND PIPING FOR
TWO COMPRESSOR INSTALLATION,

Tttt o el e e e e D L i »
IV A L e e e s W M i i 2in
Steam Admission Pipe
Main Pipe. ccaccaccua- T S 2 in.
Brameh P e e e e e 14 im.

*MOTE—A 1}i-Inch duplex governor, less the sxcess ure head, should
b lpcated in one branch pipe and a steam portion of a 134-inch governor located
in the other branch pipe, the two governcds being connected by a pipe from the
Siamese fitting of the former governar to the cylinder of the latier governor. (See
separate publication, Forma 715 and TLE-5 for pipdng diagram,)
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Steam Exhaust Pipe

Main Fipe. .. ek : 3 in,

Branch Pipe..._. R e 2% in.
Air Admission Pipe

Main Fipe____________ =i SRR 3 in.

Branah Pipess e ol e e et 2% in.
Air Delivery Pipe

T e e e e L R 2% in.

Branch Pipe.._.. e i 14 in.

INSTRUCTIONS

Piping. All pipes should be hammered to loosen the
scale and dirt, have fins removed, and be thoroughly
blown out with steam before erecting; bends should be
used wherever possible instead of ells, and all sags
avoided. Shellac or Japan varnish should be applied on
the male threaded portion only, and never in the socket.
Do not use red or white lead.

Figs. 21 and 22 show the recommended arrangement
and sizes of piping for one 84-inch compressor and also
for a two 8t-inch compressor installation. The size of
pipe, particularly of the steam supply pipe, should never
be smaller than that indicated in order to obtain maxi-
mum efficiency from the compressor. (The 103-inch com-
pressor being essentially an industrial compressor, the in-
stallation diagrams are not given herein but are com-
pletely covered in Form 715.)

In a single compressor installation the governor should
be located in the steam supply pipe befween the lubri-
cafor connection and the compressor in order to insure
its receiving the necessary lubrication. The lubricator
connection consists of a tee, the side outlet of which con-
nects to the lubricator. In a two-compressor installation
the governor should be located in the main steam supply
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pipe between the lubricator fitting and the steam branch
pipe leading to each compressor.

Starting and Running. The drain cocks are placed
at the lowest points of the steam passages, as shown, for
the purpose of draining condensed steam when the com-
pressor is stopped and when starting it.  They should
always be left open when the compressor is to stand idle
for any length of time. These drain cocks are provided
with suitable union fittings, so that drain pipes may be
connected i desired.

In starting the compressor, always run it slowly until
it becomes warm, permitting the condensed steam to
escape through the drain cocks and the exhaust, until
there is sufficient pressure in the main reservoir (23 to
30 lbs.) to provide an air cushion. Then close drain
cocks and open the steam (throttle) valve sufficiently to
run the compressor at the proper speed, according to
circumstances. Racing or running at excessive speeds
should not be allowed. The compressor governor auto-
matically controls the starting and stopping of the com-
pressor.

To Stop the Compressor. (1) Close the feed and
steam valves on the sight-feed lubricator, if the com-
pressor has a separate one, or the feed, if supplied from
the locomotive lubricator; (2) then close the steam
(throttle) valve: (3} and open all the drain cocks on the
compressor. Keep the steam valve closed and the drain
cocks open when the compressor is not working., The
main reservoir drain cocks should also be left open when
the compressor is stopped for any length of time. The
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compressor should always be stopped while the engine is
over the ash pit. If kept open, ashes and dust will be
drawn into the air cylinder and injure it, besides clog-
ging up the air strainer.

Lubrication—Air Compressors.—On account of the
high temperatures developed by air compression, the va-
riation between maximum and minimum delivered air
pressures, and the necessity of preventing oil from passing
into the system, one of the vital problems in efficient
compressor operation 15 to provide a simple means for
supplying lubrication to the air cylinders in proper quan-
tity and at regular intervals.

To overcome the difficulties attending the lubrication
of the air cylinders of the 8%-inch and 103-inch cross
compound compressors, two non-automatic oil cups are
mounted on a bracket, which, in turn, is connected to the
air cylinders by the necessary piping, thereby establishing
an independent passage from each cup to the high and
low pressure air cylinders respectively.

This cup, Fig. 9, is of extremely simple design. The
lower end is threaded for a 2-inch tapped
opening, while the upper end is provided
with a tight-fitting screw cap. A screen
prevents any dirt in the oil being carried
into the cylinder. When the handle is
turned, a cavity in the key, which nor.
mally forms the bottom of the oil cup, de-
posits a definite amount of oil in the air
cylinders, at the same time preventing back
pressure {rom reaching the oil chamber.
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The bracket may be attached to the top head of the
compressor, or placed in the locomative cab, to suit the
convenience or standard practice of any railroad.

To oil the air cylinders, All oil cup with ralve oif,
screw on the covers, and turn the handles up, which
allows a small quantity of oil to enter the cavity in the
key. Now turn the handles down and leave them down so
as to permit the oil in the cavity to find its way into the
cylinders. To admit more oil to the cvlinders, turn the
handles up again to fill the cavity with oil and then turn
them down to empty the cavity. Valve oil only should
be used in the air cylinder. A lighter oil will not last
and is dangerous. A heavier oil very soon clogs and
restricts the air passages, causing the compressor to heat
unduly and compress air slowly; valve oil gives the best
performance. Judgment should determine the amount
for both the air and steam cylinders, it being remem-
bered that the lack of a little oil when needed may
result in much damage to the compressor.

A swab, well oiled, iz essential on each piston rod.

Many railroads now consider quite essential the use
of a Double Sight Feed Lubricator Fitting located in the
cab and connected in the piping leading from the oil well
of the locomotive lubricator to the compressor air eylin-
ders, and from the very satisfactory results obtained,
we are prepared to recommend these fittings strongly as
particularly advantageous and effective.

The Double Sight Feed Lubricator, Fig. 10, gives the
engineer complete and convenient control of air cylinder
lubrication, so that the minimum amount and proper
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Fig. 10. Double Sight Feed Lubricator

quality of oil required may be supplied at regular inter-
vals. The sight feed lubricator can be attached to any
locomotive lubricator. In order to prevent compressed
air from entering the oil delivery pipe between the sight
feed fitting and the air cylinder, a ball check valve con-
nection is screwed into the air eylinder.® No trap should

*NOTE—The cross compound compresser has recently been modified slightly
by changing the location of the odl kole for the high pressure air cylinder. Whergas
this hole waz formerly located near the discharge passage from the high presure
eylinder, it is now located at a point where the ol will feed directly into the inlec
passages to the high pressure air cylinder, The center piecs is tapped for 2§-inch
e om both the front and back of the rear wall, chus permitting of attaching o4
pipe, 9dl cock or cup at either the front or the back. Dur standard practice, how-
eyer, i3 to conpect the il pipe at the back [or the sake of accesslbility, with the
frant opening plugged. Interchangeability is not afected in any way sincs the

d connection |mar) “A"in Figs. 21 and 22) is gtill retained. When a compressor
having the new lecation ol ofl bole I8 1o be substituted for a compressar havipg
the ald location of oll kole, the plug A, Figs, 21 and 22, should be removed from
the ald ofl hole and the new conmection plugged. Thies the sgame ledgth of oil
pipe may be ueed,
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exist in the oil delivery pipe between the sight feed
fitting and the air cylinder. The recommended arrange-
ment of the lubricating systems is shown in Fig. 23,

The lubricator illustrated in Fig. 10, is of the non-self-
closing type. To avoid the possibility of lubricators being
left open inadvertently, thereby resulting in the de-
livery of an excess quantity of oil to the air cylinder of
the air compressor, a Self-Closing Lubricator is furnished
when desired. This type of lubricator closes automatic-
ally as soon as the engineer removes his hand from the
operating lever, thus insuring the exact amount of lu-
brication intended.

Lubrication—Steam Cylinders.—The steam cylin-
der lubricafor should not be started until all condensa-
tion has escaped from the compressor and the drain cocks
closed. After closing the drain cocks start the lubricator
to feed in ten or fifteen drops of oil as rapidly as possi-
ble, then regulate the feed to about two or four drops
per minute for each compressor. No definite amount
can be specified, as the amount of lubrication required
depends on the work the compressor has to do, the qual-
ity of the steam, condition of compressor, and so on.
Keep the lubricator feeding while the compressor is
running.

REPAIR SHOP AND ROAD TESTS

The Interstate Commerce Commission’s “‘Rulez and
Instructions for Inspection and Testing of Steam Loco-
motives and Tenders” issued October 11, 1915, specifies
as follows regarding steam compressor tests:
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“The compressor or compressors shall be tested for
capacity by orifice test as often as conditions may require,
but not less frequently than once each three months.”

The above Rules and Instructions also specify that
with a 9-32-inch orifice and main reservoir pressure
maintained at &0 Ibs., the 82-inch compressor must make
only 100 single strokes per minute. For altitudes over
1,000 feet, the speed of the compressor may be increased
five single strokes per minute for each 1,000 feet increase
altitude.

We would recommend the following method for making
the above test:

Before making any test, the main reservoir should
be drained and it and its connections should be tested
for leakage as follows: After obtaining the main reser-
voir pressure corresponding to the governor setting,
close the throttle to the compressor. Then close the
main reservoir cut-out cock when the standard SF
governor is used ; if, however, the SG type of governor or
the SF type with a manifold providing for a single main
reservolr connection to the governor is used, leave the
main reservoir cock open and close the brake pipe cut-out
cock under the brake valve and the cut-out cock in the
supply pipe to the distributing valve and place the brake
valve handle on lap. If no cut-out cock is used, as with
the A-1 Equipment, place the brake valve handle on lap.
Eleed down reservoir pressure to about 62 or 63 lbs.
Allow the pressure to leak down to 60 pounds, (that is,
to settle down to an equalization of temperatures) and
note the amount of drop from this pressure during one
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minute, This drop must not exceed 2 Ibs. If a greater
leakage than thiz exists, it must be reduced to this limit
before proceeding with the compressor test, otherwise
the test would indicate a poorer condition of the com-
pressor than is the case, due to extra labor required to
maintain this leakage.

After the main reservoir and its connections have been
tested for leakage as abowve, the compressor should be
tested as follows:

Fig. 11. Disassembled View of Disc Holder
with Disc

The orifice disc is placed in a special holder, Figs. 11
and 12, supplied for this purpose which should be screwed
directly into the main reservoir drain cock, as shown in
Fig. 13. Then close the main reservoir cut-out eock if
the standard 5F governor is used; if, however, the 5G
type of governor or the SF type with a manifold provid-
ing for a single main reservoir connection to the governor
15 used, leave the main reservoir cock open and close
the brake pipe cut-out cock under the hrake valve and
the cut-out cock in the supply pipe to the distributing



Fig. 12. Sectional View of Disc Holder and Disc

Fig. 13. Showing Orifice Disc Holder Screwed into
Main Reservoir Drain Cock
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valve and place the brake valve handle on lap. If no
cut-out cock is used, as with the A-1 equipment, place
the brake valve handle on lap. Then start the com-
pressor and raise the pressure in the main reservoirs to
slightly below 60 lbs. Open the drain cock to the orifice
and throttle the steam supply to the compressor until
the main reservoir pressure is maintained at approxi-
mately 60 lbs. Then count the strokes of the compressor
required to maintain this pressure during one minute.
This number must not be in excess of 100.

During the tests it should be assured that boiler
pressure 15 at all times at least sufficient to obtain the
required number of strokes against 60 lbs, air pressure
when the throttle to the compressor is full open.

TEST OF STEAM END

While the Interstate Commerce Commission makes
no mention of tests of the steam end, such tests should
be made to determine whether or not the efficiency of
the steam end of the compressor is lower than warrants
continuing it in service or after having been repaired
and overhauled, it is in proper condition to be returned
to service,

The test specifications given hereinafter are based
upon the performance of a number of compressors in
what may be termed good average condition. It should
be understood that the limits specified are neither those
which should condemn a compressor nor necessarily the
best performance which should be expected from a com-
pressor in the best possible condition. The condemning
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limit should be established by those familiar with exist-
ing service requirements. The tests specified merely
indicate the method which we would recommend.

In establishing a minimum passable performance of
the compressor, it should be borne in mind that this limit
should not be set too low. This is to prevent the com-
pressor getting into such poor condition as o require ex-
pensive repairs.  For this reason we strongly recommend
that the condemning limit should never be established
below 75 per cent for the steam end of the tests specified
hereinafter, no matter what the service may be or the
apparent ability of the compressor to meet operating
requirements, even with a considerably lower efficiency
than this. Where operating conditions demand a more
rigid requirement, the condemning limit should be raised
to an amount determined by the judgment of those in
charge.

The steam end of the compressor should be tested in
the following manner:

The compressor steam throttle should be opened wide
and the main reservoir pressure should be regulated by
means of a cock or valve leading to the atmosphere until
the pressure in the reservoir reaches 53 lbs. When this
‘pressure has been obtained, the locomotive boiler pres-
sure and the compressor speed in single strokes per
minute should be observed and compared with that
shown on the curve on page 36, which represents what
the performance ought to be if its steam end is in good
average condition,
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For example, suppose with the steam throttle opened
wide and the main reservoir pressure maintained at 53
Ibs. by bleeding it to the atmosphere at a given rate,
observations show that a speed of 100 single strokes
per minute is attained with a boiler pressure of 122 lhs.
The curve shows that with a boiler pressure of 122 lhs.
and operating against 533 lbs. main reservoir pressure,
the compressor speed should be 104 single strokes per
minute if the steam end of the compressor is in good
average condition. [f the observed speed is less than
that indicated on the curve for the given conditions,
the judgment of those in charge should determine
whether the compressor should be overhauled.

If the condemning limit for the steam end has been
set at 75 per cent of the performance of a compressor
in good average condition, the speed of the compressor
should not be less than 75 per cent of the speed called
for by the curve at a point corresponding to the particu-
lar condition of steam pressure under which the com-
pressor was tested.  For instance, in the case under
consideration, the compressor should have a speed of
not less than 75 per cent of 104 strokes, or 78 single
strokes per minute.

DSORDERS

Causges and Femedies

Compressor Refuses to Start. Cause:—Insufficient
oil, from scant or no feed or working water; leaky piston
rings in the small end of the main valve piston; or rust
having accumulated during time compressor has lain idle,
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Remedy :—shut off steam, take off reversing valve cap,
pour in a small quantity of valve oil, replace cap, and
then turn on steam quickly. In many cases when the
compressor will not start when steam is first turned on, if
steam is then turned off and allowed to remain off for
one or two minutes, and then turned on quickly, 1t will
start without the use of any oil, except that from the
lubricator.

Compressor Groans. Cause:—i(1) air cylinder needs
oll. Remedy: —(1) put some valve oil in air cyvlinder.
Cause:—{2} piston rod packing dry and binding.
Remedy:—{2) saturate piston swab with wvalve oil.
Cause:—{(3)} steam cylinder needs oil. Remedy:—i(3)
increase lubricator feed.

Excessive leakage past the air piston packing rings or
past a discharge valve causes heating, destroys lubrica-
tion, and results in groaning.

Uneven Strokes of the Compressor. Cause:—prob-
ably (1) excessive leakage past air piston packing
rings and sticky air wvalves; (2) improper lift of air
valves; (3) clogged discharge valve passages; (4) leaky
air valves; or (3} binding or cutting of the reversing rod.
Remedy:—locate cause, if possible, and correct it by
cleaning out clogged or dirty passages and air valves, re-
placing worn or leaky valves or rings, or straightening or
replacing the reversing rod.

Slow in Compressing Air. Cause:—i1) leakage past
the air piston packing rings, due to poor fit, or wear
in cylinder or rings; (2) valves and passages dirty; or,
{3) air suction strainer clogged. Remedy:—(1) and
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(2). To determinge which is causing the trouble, obtain
about 90 lbs. air pressure, reduce the speed to from 40
to 60 single strokes per minute, then listen at the *“Air
Inlet” and note if air is drawn in during only a portion
of each stroke, and if any blows back. If the latter, an
inlet valve is leaking.,  If the suction does not continue
until each stroke is nearly completed, then there is leak-
age past the air piston packing rings or back from the
main reservoir past the air discharge valves. Remedy:—
(3) clean strainer thoroughly.

Compressor Erratic in Action. Cause:—Worn con-
dition of valve motion., Remedy —Renew it.

Compressor Heats. Cause:—(1) air passages are
clogged: (2) leakage past air piston packing rings; or,
(3} the discharge valves have insufficient lift. Remedy:
—(1) clean air passages; (2} renew air piston rings; (3)
regulate lift of discharge valves to 3-32 of an inch on the
84-inch and to 5-32 of an inch on the 10}-inch com-
pressor. A compressor in pelfect condition will become
excessively hot and is liable to be damaged if run very
fast and continucusly, for a long time.

Compressor Pounds, Cause:—{1} air piston is loose;
(2) compressor not well secured to boiler, or causes
some adjacent pipe to vibrate; (3) the reversing valve
plate, 18, is loose; or, (4) the reversing rod or plate
may be so worn that the motion of compressor is not
reversed at the proper time. Remedy:—repair and
renew worn parts and tighten loose connections,
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MAINTENANCE

In connection with the problem of good maintenance
for steam driven air compressors of this tvpe, the heating
of the air cyvlinders incident to air compressor is perhaps
the most important. The operation of the compressor
continuously at high speed or against excessive pressures
inevitably results in high temperatures which tend to de-
stroy the lubrication, causing the air cylinders to cut, and
the groaning of the air compressor, besides filling the dis-
charge passages with deposits from burnt oil, producing
undesirable condensation of moisture in the brake system
and in general, reducing the overall efficiency of the com-
pressor.

Under normal conditions, the speed should not exceed
140 exhausts per minute and such a speed should not be
maintained continuouzly for any considerable time, as
even this speed will cause excessive heating. Continuous
running at high speed will cause excessive heating of the
air end of the compressor. Ohwerheating from this cause
ig an indication that a compressor of larger capacity is
required.,

It i5 therefore desirable, first, that the compressor be
of ample capacity for the service desired (if one com-
pressor does not have sufficient capacity, the obvious
remedy is to install two compressors); second, that it be
well lubricated and otherwise maintained in good con-
dition; and third, that leakage from any source whether
within the air compressor itself or in the brake system
be minimized in every practical way.
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One of the most serious leaks is through the air cylin-
der stuffing box if the stuffing box packing is not prop-
erly maintained, as it not only greatly decreases the air
delivered, and, by the faster speed required, increases
the heating, but it also cavuses pounding through loss of
cushion. When tightening the packing, do not bind the
rod, as to do so will damage both the packing and the
rod. Be careful not to cross the gland nut threads.

With two compressors per engine, the separate throt-
tles should be kept wide open and the speed regulated
by the main compressor throttle, The purpose is to
equally divide the work.

If necessary to replace a broken air valve on the
road or elsewhere not permitting of proper fitting, at the
earliest opportunity have the repairman replace the tem-
porary valve with another so as to insure the correct
angle and width of valve and seat contact, the needed
ground joint and the requisite lift of 3-32 of an inch for
all valves. For the purpose of readily determining the
lift of air valves, we furnish an Air Valve Lift Gage
(catalog price §6.00}, as illustrated in Figs. 14, 15 and
16.

To determine the lift of the upper air valve, the sage
is first applied to the top flange of the air cylinder, as
illustrated in Fig. 14, and the sliding arm adjusted until
its end rests against the top of the stop on the air valve,
in which position it is locked by means of the thumb nut.
With the arm thus locked, the gage is applied to the
valve cap, as illustrated in Fig. 15, and if the valve has
proper lift, the under side of the collar of the valve cap
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LIFT FOR 8§
CROSS COMPOUND,
8{AND W COMPRESSORS,

&

Fig. 15

[
o
-

Fig. 14

Air Valve Lift Gage

will just rest upon the shoulder of the shding arm, as
illustrated. If the cap fails to thuz fit properly between
the two surfacez of the gage, it indicates that the valve
has improper lift by an amount equal to the distance
between the under side of the collar on the cap and the
shoulder on the sliding arm.

To determine the lift of the lower air valve, the gage
is fArst applied to the bottom fange of the air cylinder,
as illustrated in Fig. 14, and the sliding arm adjusted
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until its end rests against the stop in the ovlinder, in
which position it is locked by means of the thumb nut.
With the arm thus locked, the gage is applied to the air
valve cape and air valve, as illustrated in Fig, 16, and
il the valve has proper Lift, the shoulder on the shiding
arm will just rest upon the upper side of the collar of the
air valve cage, as illustrated,  If the air valve and cage
fail to thus it properly between the two surfaces of the
gage, it indicates that the valve has improper lift by an
amount equal to the distance between the upper side of
the collar on the cage and the shoulder on the shiding
arm.

Never remove or replace the upper steam cylinder
head with the reversing valve rod in place, as to do so will
almast invarialily result in bending the rod. A Lent rod
15 very lable to cause a “pump failure.”

When assembling the sections of the piston valve,
special care should be taken to insure proper alignment
and thereby aveid possible trouble from binding of the
piston in the bushing.

It is evident that a compressor cannot compress more
air than it draws in and not that much if there is any
leakage to the atmosphere about the air evlinder.  Bear-
ing this in mind, practice frequently hstening at the “Air
Inlet” when the compressor is working slowly while
lwing controlled by the governor, and wherever a poor
suction is noted on either or both strokes locate and re-
port the fault.
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Any unusual click or pound should be reported as it
may indicate either a loose piston or a reversing-valve
plate cap screw or other serious fault,

Any steam leakage that can reach the Air Inlet of the
compreszor should be promptly repaired as such increases
the danger of water entering the brake pipe.

Keeping the suction strainer clean is of the urmost
importance, as even a slightly clogged strainer will
greatly reduce the capacity where the speed is at all fast.
A seriously or completely obstructed strainer, as by ac-
cumulated frost, aggravated bv nsing steam, will in-
creaze the compressor speed and will also be indicated
by inability to raize or maintain the desired pressure.

It iz an aid to good operation to thoroughly clean the
air cvlinder and its passages at least three or four times
a vear, bv circulating through them a hot solunon of lve
or potazh, in the proportions of 2 lbs. of potash to one
gallon of water. Thiz should alwayvsz be followed by
sufficient clean, hot water 1o thoroughly rinze our the
cylinder and passages, afrer which a liberal zupply of
valve il should be given the cyvlinder. Suitable tanks
and connections for performing this operation can easily
be arranged in portable form. Never put kerosene oil
in the air cylinder to clean it.



Fig. 17. 8%-Inch Cross Compound Air Compressor, Side Elevation

Fig. 18. 8}-Inch Cross Compound Air Compressor, Vertical Section

Fig. 19. Diagram of 8%-Inch Cross Compound Compressor. The High Pressure
Steam (Low Pressure Air) Piston on its Downward Stroke

Fig. 20. Diagram of 8%4-Inch Cross Compound Compressor. The High Pressure
Steam (Low Pressure Air) Piston on its Upward Stroke
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Fig. 21. Installation Diagram of 8%4-Inch Cross Compound Air Compressor
Fig. 22. Installation Diagram of Two 8)i-Inch Cross Compound Air Com-
pressors
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Installation Diagram of Two 8%-Inth Cross Compound Air Compressors



Fig. 23. Diagram Showing Sequence of Parts in the Recommended Alr
Cylinder Sight Feed Lubricating System
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Fig. 23. Diagram Showing Sequence of Parts in the Recommended
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