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PREFACE.

In presenting this collection of remedies for emergency loco-
motive work, it is impossible to make the claim of originality for
all of them. All available sources of information on the subject
have been freely used, and if credit has not been given for special
devices to any particular publication, it is because, in many instances,
it is difficult or impossible to properly do so, and because acknowl-

~ edgment is hereby tendered to the whole range of railroad technical

journalism in this country.

A criticism will probably be made by many on account of the
small amount of space devoted to the Air Brake, whose diseases
are such a prolific source of discussion. The reason for this ap-
parent neglect lies in the fact that an authoritative “Air Brake Cate-
chism,” by Robert H. Blackall, has been published, which should
be consulted.

An apology should perhaps be offered for the chapter on Engine
Repairs, in which there are illustrated a number of handy devices
used in the shops. These, of course, fail to come within the limits
of road emergencies, but may be considered to be valuable where
time is an important element, demanding an instant recourse to
some means of effecting what practically amounts to emergency
repairs.

Finally, in the chapter on the First Aid to the Injured a few
simple directions have been given for the application of bandages
and the treatment of injuries, as well as the movement of the
patient by men who are not nurses or physicians, and who have no
knowledge of the location of the bones, arteries, or other parts of
the body, but who can nevertheless give such temporary aid that
suffering will be alleviated and possibly life saved.

It is hoped the perusal and study of this book will enable the
reader to cope with such accidents to his locomotive as may

occur in service. G. L. FowiLer, M.E.
October, 1903.
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- LOCOMOTIVE BREAKDOWNS,
ERGENCIES, AND THEIR REMEDIES.

INTRODUCTION.

Q. What are the first duties of the engineer in case of
e breakdown upon the road?

it that the train is protected by flagmen in both directions
i 'meofanngletrackroad and in the rear on a double
ack. If the nature of the accident is such that both tracks
of a double track road are in any way obstructed, flagmen
ald be sent to the front as well as the rear. Should the
akdown be one that is likely to require much time to put
the engine in running order, word should be sent to the
mrest telegraph station, flagging a passing train to send
~ the message if necessary.

The next thing to do is to determine the character of the
~ mishap and locate the damage ; ascertaining whether it will
~ be necessary to ask for outside assistance, and, if it will be,
~ sending to the nearest telegraph station for the same at
~ once. Finally, work should be started immediately to put
the engine in condition to move. There is almost always
something that can be done before outside help arrives that
- will facilitate the preparations and shorten the time during
~ which the disabled engine will be blocking the tracks.

I



12 LocoMoTIVE BREAKDOWNS.

Q. Name a few of the principal troubles that are to be
looked for on a locomotive.

A. The troubles experienced in every day service on loco-
motives are those ordinarily due to wear and tear and to
bad water and coal. These may cause the valves and pistons
to leak and blow; the moving parts of the machinery to
pound while in motion; the draft to become insufficient to
maintain the fire at the proper intensity to generate a suffi-
cient quantity of steam; the injectors to fail to work, and
the boiler to prime or foam.

Q. Are any of the troubles named above dangerous to
the operation of the locomotive?

A. That will depend upon the degree to which the defect
has been allowed to advance. In the case of a blowing valve

or piston there is usually little danger in running, provided -

that it is due to simple wear and not to a broken part.
Where the pounding is light there may be no immediate
danger ; but this defect will continually increase and, when
it is allowed to become excessive, a breakdown may be the
result. Where the water is of such a character as to cause
the boiler to foam or prime there is danger that water may
be carried over to the cylinders and cause a breakage there.
A poor draft may merely mean a delayed train. It should
always be remembered, however, that any defect, no mat-
ter how slight, may be the direct cause of greater ones,
which may result in a breakdown or disaster.

Q. What are the duties of the engineer in regard to
these classes of defects?

A. He should observe them closely and, in case they

INTRODUCTION. 13

appear to indicate a dangerous condition of affairs, he
should stop at once and apply the proper remedy. Should
there be no apparent danger of an immediate breakdown
he should proceed to the terminal and report the defect to
the roundhouse foreman for repairs.

Q. What preparation should be made in order to be able
to deal with emergencies and accidents rapidly and without
hesitation?

A. In the first place the engineer should familiarize
himself with all of the details of locomotive construction
and especially of that class which he is called upon to run.
It will be found that each will possess some peculiarity of
construction that will make it necessary to modify the in-
structions given in the following pages to a greater or less
extent. This will be especially true of those calling for
blocking and chaining where the parts are closely crowded
together. Tt will be well, then, as a preparation for what
may happen, to go over the particular engine in detail and
see what can and must be done in the case of a breakdown
of any individual part. This will be a particularly valuable
preparation in the matter of fastening and chaining in con-
nection with the springs, driving boxes and related parts.
In short, it should be borne in mind that it is the man who
has worked out the problem in advance that is the one who
is ready to deal with an emergency.



CHAPTER L
Valve Defects.

is a blow in a valve detected?
 principal difference between the blowing of a
a piston in the cylinder is that that of the valve
the more steady of the two. There is also a
in the sound which it is impossible to describe
| can only be learned by actual experience on an
The only suggestion that can be made is that a
is apt to have a suggestion of a whistle in it,
of the piston partakes more of the nature of a
; sound can be heard more distinctly if the furnace
open than if it is closed.

s an intermittent blow a swre indication that it is
d by a valve?
No. A valve sometimes leaks intermittently, produc-
‘ém’respoudmg blow. That is to say, it may not leak
1l points of its travel, or it may become tilted at some one
nt, thus allowing the steam to blow through. This latter
occurs at the end of the travel, but rarely or never
5 at all with the balanced valves.
Is a whistling in the exhaust a certain indication of a
 leaky valve?

~ A. No. If the exhaust nozzles or passages become
~ clogged or gummed with oil from the cylinder, they fre-
quently produce a whistling in the exhaust that closely
ruembles the sound caused by a leaky valve.
I5
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Q. Having determined that it is a valve that is causing
the blow, how can it be located?

A, As the valve blow is apt to be continuous no indica-
tion of its location can be obtained by watching the effect
of crank positions on the sound. The test can best be ap-
plied when the engine is at rest, Adjust the valve motion
so that the rocker arm is vertical and the valve is in its mid
position and then, by admitting a little steam, the blow can
be heard quite distinctly. A method of determination while
the engine is in motion, is to go out upon the running board
while it is moving slowly and yet working hard and place
the foot upon the valve rod. The side upon which the blow
takes place is apt to tremble and show signs of an extra
stress. This, however, may also be due to the hard run-
ning of the valve on account of insufficient lubrication.
Still another means is to place the engine on the quarters
successively, open the throttle a very little and move the
reverse lever to and fro. The leak will be upon that side
having the crank pins on the quarter when the reverse
lever moves with the greater difficulty.

Finally the same principle may be applied while the en-
gine is in motion, by unlatching the reverse levers and hold-
ing it by hand when moving slowly and noticing the location
of the cranks when a distinct jerk takes place. The blow
will usually be found to be on the side whose cranks were
on the quarters when this occurs,

Q. What is apt to be the first indication of a leaky valve?

A. TIf the leak is due to a broken strip, the blow may
announce itself suddenly and with full force. If it is due to

VALvE DEFECTS. 7

- of the valve face or seat it is apt to come on gradually,
+ from day to day with the abrasion of the two

..It is apt to come on suddenly and is intermittent.

). How can a piston blow be located?

A. Place the engine with the cranks on the quarter suc-
iively and with the reverse lever in the forward notch
 the throttle slightly; taking care to have the cylinder
s open. If steam appears at both cocks of the piston
crank is on the quarter, the leak is on that side.
the steam appears at one cock only the piston is tight.

' ',T‘ Q If, in making this test, steam does appear at both

.lw cocks is it a positive evidence of a leaky piston?
- A. No. It may be due to a broken bridge between the

- ports of the cylinder casting, which would allow steam to

: f ':“ pass through from the steam chest or ports to both ends of
- the cylinder at once.

Q. How can it be ascertained whether the blow is due to
this cause or not?
A. By testing the matter with the reverse lever in both

- forward and back positions. If steam appears at but one
- ¢ylinder cock with the lever in one position and at both

€ocks when in the other it is a sign that a broken bridge
will be found to be the cause of a blow.

Q. In case a violent and steady blow is suddenly devel-
oped to what can it probably be attributed?

A. To a breakage of a valve, or a portion of the cylinder
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casting within the steam chest, or to some of the valve
connections, such as yoke, stem or packing strips.

Q. What should be done under these circumstances?

A. Stop at once and ascertain the exact cause, by remoy-
ing the steam chest cover.

Q. In case it is found that @ bridge has been broken what
should be done?

A. If the valve has not been injured, the broken pieces

HJ' 8 L

F16. 1.—VALVE STEM CramP,

of the bridge should be removed and the valve clamped in
the central position with a valve stem clamp similar to that
shown in Fig, 1. It consists of the two parts 4 4, with V
notches for setting down over the valve stem and bolts for
tightening it so that it will hold. Each is also provided with

ey
i

VaLve DEFECTS. 19

an extension and slotted hole for setting over the gland
studs, the nuts of which will hold it in the proper position.
The method of application is to first adjust the valve, then
slip the clamps into position and up against the face of the
gland. Then tighten the clamping bolts, after which the
gland nuts can be run home, thus firmly fixing the valve in
the position in which it is placed..

Before fixing the valve the valve rod should be discon-
nected from the rocker arm and separated from the valve
stem. As this disables the engine on one side the other
working parts should be disconnected also.

Q. How is an engine to be disconnected in case of a
disabled wvalve?

A. The valve rod should be disconnected from the rocker
arm as already stated in the answer to the previous question.
If the valve rod cannot be readily removed, it should be
sprung slightly to one side to prevent the rocker arm from
striking it. It will not be necessary to disconnect the link or
eccentric rods,

The connecting rod should be taken down, and the cross-
head pushed to the extreme limit of its stroke and then
blocked in position. As a general statement, it may be said
ﬂlat it makes no difference at which end of the stroke the
Crosshead is blocked, but on some consolidation, mogul and
ten-wheeled engines the crankpin of the forward driving
Wheel will not clear the crosshead with the latter blocked
at the back end of its stroke. Tt is well, therefore, to always

block the crosshead and piston at the extreme front end of
the stroke,
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Q. How is the crosshead to be blocked when discon-
necting?

A. In case of a crosshead working in four-bar guides,
the blocking is done as shown in Fig. 2. The crosshead is
pushed with the piston to the extreme forward end of the
stroke and a block of wood, 4, is inserted between the guides
completely filling the space between the back end of the
crosshead and the guide block. The block is itself held in

fim i | an
& » s O
L]

F16. 2.—METHOD OF BLOCKING CROSSHEAD WITH FOUR-BAR
GUIDES.

N

place by lashing or wrought iron straps B bolted to either
side of the block A by a single through bolt.

For crossheads of the Laird type, the block may be fitted
against the bottom of the guide and held in position by

lashing or by straps and bolts as shown in Fig, 3.

For crossheads of the alligator type working between
two guides, the same method of fastening can be used as in
Fig. 3. Should the straps and bolts not be available for
holding the block, it can be lashed in place as shown in Fig. 4.

Q. What should be done in case a valve is broken?

A. In case the valve is still in such a condition that it

Varve DEFECTS. 21

can be used to cover both the steam ports, set it in the cen-

tral position and clamp it there by means of the valve stem
clamp (see Fig. 1) and then disconnect one side (see page

Fic. 3.—METHOD OF BLOCKING A LAIRD CROSSHEAD.

19) and block the crosshead (see Figs. 2, 3, and 4). The
engine can then be run with the other side. ;

In case the valve is so badly damaged that it cannot be
used, as indicated, the ports may be blocked by fitting strips
into them or a hoard may be laid over the whole valve seat
as in Fig. 5 and be held down by blocking against which

¢}
IiE

T eeand- =
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F1¢. 4.—METHOD OF LASHING BLOCKING FOR ALLIGATOR
CROSSHEAD.

the steam chest cover is made to bear, thus holding the
whole in position. It is particularly important that this
board have a bearing all round the inlet passage or port at A
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so as to prevent the admission of steam to the steam chest.
The valve is, of course, to be removed and the engine discon-
nected as before,

Q. What should be done in case of a broken valve stem
or yoke?

A. The engine must be disconnected and the crosshead
blocked (see pages 19 and 20).

If the valve stem is broken outside the steam chest the

.|,

1 J
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F1G. 6.—METHOD OF BLOCKING VAL‘E WITH BROKEN
VALVE STEM.

valve should be put in the central position and clamped by
means of the valve stem clamp (see page 18). ;

If the stem is broken inside the steam chest, it will be
necessary to block the valve. This is done by fitting blocks
of wood as shown in Fig. 6 in at the front and back of the

VALVE DEFECTS, 23

between it and the steam chest, thus holding it in the

thmug‘h the stuffing box. This must be closed and it can be
~ done by means of a thin piece of board held against the out-

i

y 22277

-------

QOO

F1c. 7.—Horping Boarp OVER STUFFING BOX.

side of the opening with the gland studs and nuts, as shown
in Fig. 7.

Q. How can a broken valve stem or yoke be detected
and located?

A. The engine should be placed upon the quarter and
the cylinder cocks opened. Then admit a little steam to the
steam chest and move the reverse lever backwards and for-
wards. If steam does not escape alternately from the two
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cocks the stem or yoke will probably be found to be broken.
In case one side is all right, put the other crank on the
quarter and repeat the test.

Q. How can a broken packing strip of a valve be de-
tected?

A. When a packing blows, a great deal if not all of the
balance will be lost. This causes the valve to work hard.
The best method of locating or detecting it is to lay out on
the running board and grasp the valve stem in the hand. It
will be found that the one with the broken packing strips
will be working with very much greater resistance than the
one in proper condition, and can be readily detected by the
feeling. This work cannot very well be done when the
engine is at rest, although it is possible to do it by setting
the engine on the quarters successively, admitting a little
steam to the steam chest and having an assistant move the
reverse lever to and fro while the inspector holds a hand on
the valve stem.

The trouble that may be experienced with this method is
that the loss of balance for the valve may cause it to move
with such difficulty that the reverse lever cannot be operated.
(See also page 26.)

Q. If a wvalve stem or piston rod gland is broken what
should be done?

A. If the gland breaks in two so that it is parted through
the body, it is usually possible to repair it by wrapping the
part outside the stuffing box with wire and then using a
piece of board to push it into position with a steady press-
ure as shown in Fig. 8. In case a lug only is broken off, the

VaLve DEerecTs. 25

pieoe of board put into position, as illustrated, will serve to
Eﬁn,g the gland home. It must, of course, be cut open on
~ one side as shown at 4, in order to set over the stem or

5 piston rod without necessitating the removal of the same
~ from its position.

Another method that may be used, especially upon the
left side where the escaping steam will not be a serious in-
convenience to the engineer, is to remove a portion of the
packing so as to allow the gland to enter its full length into

Fi1c, 8. —REPAIRS TO A BROKEN PACKING Box GLAND.

the stuffing box, and to hold it there by screwing down
tight with one stud. This, of course, can only be done when
at least one lug and stud are left in good condition and the
body of the gland is uninjured.

In case both studs are broken and the gland fractured
beyond the possibility of repairing, the stuffing box can still
be kept tight. Cut a piece of board like that shown at 4
in Fig. 8, and after packing the stuffing box full of waste or
packing, hold this board over the opening by means of a
brace or braces as shown in Fig, 9. These may be two
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pieces of plank or one with the notch cut out to span the
piston rod, and guides if necessary, and held in place by a
piece of bell-cord running to a brace laid across the front
cylinder head or front end of the steam chest, and tightened
with a tourniquet, or a twist in the doubled cord. This last
method is rather clumsy in appearance but can be made to

cl]:[;

S

F16. 9.—CLOSING STUFFING BoX WHEN THE GLAND IS
BROKEN.

answer, besides being readily applied, since it should not
take more than fifteen minutes to do the work.

Q. What is a dry valve and how can it be located?

A. A dry valve is one that has not received the proper
amount of lubrication.

It can be located in exactly the same manner as a broken
packing strip. In addition to this it will be found that,
when the engine is in motion, there will be a decided jerk
to the reverse lever when the crank, upon the side where
the dryness exists, passes the top or bottom quarter. By

VaLve DEerFecTs. 27

polntatwhichthisjerktakesplacethesidecan

¢t is a cocked valve and how is it remedied?
cocked valve is caused by the valve lifting from
1d becoming so cramped in the yoke that it cannot
its proper position, It is usually caused by the
made too tight. It generally takes place after
‘been shut off and at the time of making a stop.
starting again the trouble manifests itself by a
r and blow such as would be occasioned by a broken
‘and may easily be mistaken for such a defect. The
r to be applied is to jerk the reverse lever. This pro-
ar at the yoke which will usually loosen the valve
v it to drop back into position.
How can the general location of valve motion defects
wined?

- By opening the cylinder cocks and watching the
of steam while the engine is in motion. Tt should be
that, when the engine is running forward, steam should
pe from the forward cylinder cock during the backward
ke of the piston and out of the back cylinder cock dur-
the forward stroke of the piston. Any variation from
indicates that there is something wrong and also the
e where the trouble will be found.
-s 9 When the valves and the valve motion are in good
 condition what should be the character of the exhaust?
- A, Tt should take place at uniform intervals of time and
- each blast should be of equal intensity.

- Q. What does a variation from this condition indicate
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and does it necessarily indicate a serious condition of affairs?’

A. It indicates that there is some defect either in the
valve motion or the related parts, but does not necessarily
mean that the engine needs immediate attention or that there
is any serious loss in the efficiency of its operation.

Q. What are some of the causes that may produce this
inequality in the intensity or the timing of the exhaust?

A. They may be almost any defect related to the valve
motion. The most common cause is one that is irremediable
except by a reconstruction of the valve motion and is due to
inherent defects of design. The link motion forms a very
delicate combination that must be adjusted with the utmost
accuracy or the defect will manifest itself in the “square-
ness” of the exhaust. Other accidental phenomena are
bent main driving axles, slipped eccentrics, loose eccentric
straps, bent eccentric rods, bent or loose rockers, bent valve
stems, loose valves, inequality in the size of steam passages,
unequal travel of the valve, clogged exhaust nozzles, holes
worn in the petticoat pipe and exhaust nozzles not in proper
alignment with the stack.

Q. How can the gemeral condition of the wvalves be
tested?

A. The engine may be placed on the quarters and the
wheels blocked. The reverse lever is then so adjusted that
the rocker arm stands vertically. The cylinder cocks are
open and a little steam is admitted to the steam chest. In
this position no steam should escape from the cylinder cocks,
If any does escape it indicates that there is a leak.

It sometimes happens that a valve will be tight in its cen-
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n and leak at the end of the stroke. In making

examination it is well to move the reverse lever
the position of the valve, but still not enough

ports.
p does wear ordinarily take place on valves and

average tendency is for the valve to wear convex
seat concave. This may be due to a variety and

=_—r————

10.—THE TILTING ACTION OF THE YOKE ON THE
VALVE.

nation of causes. The lip of the valve projects be-
 the line of the yoke and the looseness of the latter has
to tilt the valve as shown in Fig. 10. This
an extra pressure upon the edges of the valve tending
‘wear it convex. The tendency to wear the seats con-
is probably due, to a great extent, to the practice of
g the engine upon the road with a reduced throw,
giving more wear to the center of the seat than to the
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ends. This causes a slight concave wear and, when the
valve is again thrown into full gear and its maximum travel,
the ends travel up on the unworn portions of the valve seat,
with an increased pressure per square inch of surface, and
are worn away leaving a convex contour.

Q. When the valves and seats become so worn that they
are leaky what should be done?

A. The valves should be removed and planed to a smooth
flat surface, and the valve seats be refaced. This latter
can be done with a portable rotary planer which may be
clamped into position on top of the cylinder when the steam
chest has been removed. When, by repeatedly facing it, the
valve seat has been worn away entirely a false one may be
put in, and thus avoid the necessity of sacrificing the cylin-
der casting,

Q. What is the cause of piston valves sticking and jerk-
ing the reverse lever?

A. Tt may be due to the valves running dry as with the
flat valve, or to an inequality of expansion between the valve
and its case. If the valve is turned to a snug fit and is
made light the admission of live steam to its surfaces will
cause it to heat and expand more rapidly than will the
heavier casting forming the steam chest. When this occurs
the valve will be apt to catch and bind, a condition that may
prevail when the engine is started quickly after a long period
of rest.

Q. In case a piston valve becomes disabled, how should
it be tested?

A. The piston valve may be handled, in every way, in the
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as the flat valve. If it is to be blocked in the
ition, the work may be done by clamping the
as described in the answer on page 18. If it
locked with wood on the inside, a piece fitted in at
and bearing against the heads of the steam chest, as
Fig. 11, will hold the valve in any desired position.
this kind of blocking is to be done the best way is
e both steam chest heads, set the valve in the cen-
jon, and fit in blocks that will just bear against the
| the valve.

ver, it is definitely known whether the valve has
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+~—BLOCKING P1sToN VALVE IN CENTRAL Posrrion
WITHE Woop AT EAacH END.

‘outside admission a shorter plan may be followed.
the valves against the front head and clamp it in that
on. This will permit the cylinder to be filled with
which will hold the piston against one head. Discon-
main rod and push the piston to that end of the
der where the steam will tend to hold it and block it
(see page 20). This is shown in Fig. 12, where the
surface indicates the live steam.

-his method must not be followed, however, unless a per-
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fect certainty exists as to the construction and action of the
valve,

Q. Is there any tendency on the part of piston or flat
slide valves to move in the steam chest that makes it neces-
sary to block them when the engine is disabled?

A. No. The steam pressure upon a flat valve merely
tends to hold it firmly to its seat, while the piston valve is
supposedly perfectly balanced and has no tendency to move.
It is unsafe, however, to trust to this as the jarring due to
the motion of the engine when running, may serve to move
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F1G. 12.—METHOD OF BLOoCKING PIistron VALVE WITH
STEAM PRESSURE,

the valve, or the diameters of the piston valve may be such
as to cause an inequality of pressure and a tendency to move.
Under no circumstances, then, should an engine with a dis-
abled valve be moved by its own steam without first block-
ing the same.

Q. If, when an engine is disconnected and the valve
blocked in position, it is found that steam leaks into the cylin-
der through the blocked valve, what should be done?

A. The cylinder cock at the end of the cylinder at which
the piston is blocked should be removed. This permits the
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escape and does away with any tendency to move it
that position. It will be better to leave the other
eock in place, as steam in that end of the cylinder
in holding the piston in its blocked position.

one edge of the main valve is broken?

effect will be the same as though the outside
he valve had been removed on that side. This causes
t-off for any given travel of the valve, besides
wider port opening. The result on a locomotive
that, with the link in full-gear, the broken edge of
may travel so far as to uncover the exhaust port
s permit the live steam of the chest to blow into
er and out at the stack, while it may or may not
ﬂle port at the end of its stroke. The course to be
d will depend upon the extent of the break. The
of steam out at the exhaust may be prevented by
g the travel by hooking up the link, so that it may
to continue running with no other change.



CHAPTER II.,
Accidents to the Valve Motion.

Q. If the rings of metallic piston-rod or valve-stem pack-
ing are broken, how can the trouble be remedied?

A. The gland should be removed and the broken rings
taken out of the stuffing box. If any are in good condition,
as some will usually be, they should be left in position. If
all are broken select the least damaged one and put it in at
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FIG, 13.—STUFFING Box PACKED wrra HEMP ON Top op
BRrROKEN RiING.

the bottom. The space previously occupied b-y the rings

removed should then be filled with a fibrous packing, as in

Fig. 13. For this purpose it is possible to use hemp or

other packing, wicking, strips of cloth, or waste. The box

packed in this way should be covered with the gland and

may be run for a long time in that condition if the work is
34
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: well done. The principal precautions to be taken are that

the packing is not put in too tightly but in such a way that
t will preserve a certain amount of elasticity, and should be

- thoroughly saturated with oil.

Q. What should be done in case a rocker arm is broken?
A. If it is the upper arm that is broken the piece should

‘be disconnected from the valve stem and the valve clamped
- in the central position as described in the answer on page 18.

The main rod should then be taken down and the crosshead
blocked (see page 20). There will be no necessity of taking
down any more of the valve motion, and the engine can be
run under steam with the other side.

If it is the lower arm that is broken proceed in the same
way and disconnect the fractured piece from the link block,
unless it is evident that it can hang down and swing clear of
all other parts when the engine is in motion. The better
way, however, is to remove it.

O. When an upper rocker arm is broken how can the
valve be brought to and set in its central position?

A. Ordinarily this is done by placing the rocker arm in
its vertical position, but, when there is no arm to so place,
the one on the opposite side of the engine should be so ad-
justed and a measurement taken of the distance from the
face of the steam chest to some well-marked point on the
Valve stem, such as the rocker arm pin hole or the key. The
parts on the disabled side can then be set to the same meas-
Hrements and clamped in position.

Care should be taken to measure from the face of the
Steam chest and not from the gland as the location of the
latter is apt to vary.




