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WALSCHAERT VALVE GEAR

Serial 400342 {RART 1) Edition 2

ARRANGEMENT L__..__,.,.HraU OPERATION

ACTION QOF GEAR

INTRODUCTION

L. The Walschaert valve gear wag invented by Edige VWal-
schaerisin 1844, In naming the gear, the lust Telier of the name
has been dropped. The gear, although tsed to a large extent
in Contmemal Durope, was not applied o locomwotives in
America o any extent until ahott 1900, when locomotives Tani
increased in size 1o such an cxtent as to make i impracticalile to
use a valve gear like the Stephenson, which is placed between the
wheels. At the present time the Walschaert and olher gears
have cotirely superseded the Stephenson gear om new loen-
molives,

The only valve gear that can he success[ully applied ta a mod-
ern locomntive 35 nne that, like the Walschacrt or some nther
gear simdiarly Incaded, is placed outside o the frumes, The
reasuz an inside valve gear cannot be ased on 1 modern loenmp-
tive Ts that the axles are s lirge as o tequire eccentrics and
eccentrle straps of too great a size. In addition, laree locon
tives require cross-hracing between the main rames and also
hetween the irames and the bodler, so 25 o maintan alinement
and stability and to reduce frame failires, and the braving inter-
fercs with the application of an inside valve wear,

The sdvantages of the Walschaert  valve gear over the
Stephenson are that it is light, accessible for inspection and mafn-

tenance, and Inw inmaintenance cost, and that it will koep square
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2 WALSCHAFRT VALVE GEAR, PART 1

from shopping to shopping when once correctly sef, The gear
does not interfere with the proper bracing of the frames, which
15 most essential with heayy locomntives,

PRINCIFLES UNDERLYIKG GHAR

2. Characteristics of Walschaert Gear. A characteristic
of the Walschaert valve rear as compared with the Stephetison
gear is that the former uses hut ot eccentric crank for hoth
the forward and hackward metions, The eccentric crank also
has no angular atlvance, which means that it is set at approxi-
mately 90 degrocs, or a quarter of a turn from the main crank-
pi.  With the Stephenson grar lhe eccentrics have to be set
to displace the valve the amonnt af the lap plus the lead [rom
tuid-position when the pistan is at the beginning of the strolke,

3. Investigation of Principles—An investigalion of the
principles mnderlying the arrangement and operation of the
Walschaert valve gear will show why one eccentric crank can
be uzed for hoth forward and backward motinns, a5 well as the
reason why the eccontric erank rentires no angular advance,

Like any other device, the arrangement of the Walschaert
valve gear can be traced hack to some elementary type of mear
aof very simple design. Therefore, it is desirable when bepin-
ning an investigation of the principles an which the gear is based,

o start with a simple pear and trace jts development to one of -

the Walschaert type,

Aogimple form of valve gear is shown in Fig, 1 (&}, and it will
be explained how 4 gear can be evolved that will use but one
eceentric crank ol with 1n angular advance for hath forwan]
and Dackward motions ; o is the main axle, ab the eccentrie cranlk
for moving the vabve through the eccentric rod B, and ae iz the
main eravk with the main pitt 6. The valve, that is inside admis.
sion, has no lap or lead: that is the width of the valve hetween
the steam and the exhanst edges iz cxactly the same us the width
of the steam ports.

4. Position of Valve With Respect to Piston.— Ty start the
piston tnoving when the wheel iz given a slight turn in the direc.
tion of rotation, which, in this case, is forwards, the valve with

WALSCHAFERT VALVE GEAT, PART 1
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4 WALSCHAFRET VALVE GEAR, FART 1

the piston at the beginning of the strolee must be at the point
of admitting steam to the cvlinder in front of the piston, or it
must be i1 the pesition shown n Fig. 1 {a}. In this position
the valve is at mid-stroke or in mid-position, hecause the ling 7
drawn throggh the center of the valve (hail-way betwoen Lhe
vuter ends ) comes midway between the steam ports in the valve
seat, The valve when in mid-position iz one-hali of a stroke
behind the piston, and if this difercnce in position is maintained,
the steam will he admitted to and exhavsted [rom the sylin
in such a manner &5 to keep the piston, and, therefore, the driv-
ing wheel in motion as long as steam iz supplied.

5. Paosition of Valve Crank With Respect to Main Crank,
The position of the valve cranl ab, in Fig. 1, in relation to the
tnain crank e, it order to keep the valve one-half of a stroke
hehind the piston, will be next considered.  To keep the valve
one-half a stroke behing the piston, assumineg thal the deiving
wheel i5 turning Torwards, the eccentric cranl must be placed
one-nuarter of o turn behind the main crank, bevanse the eccen-
tric crank i mnoving the valve is similar to the main crank in
maoving the piston where g one-guarier turn of the erank moves
the piston one-half strok

6. Operation—The operation of the valve gear in keeping
the engine in maotion is as Tollows: When the main crankpin
turiis in the direction of the arrose, the rotation of the axle a,
Fig. L, imparts to the eccentric cranl b a circular tnotion that
draws the cocentric rod bd and the valve to the right,  When
the main pin ¢ arrives at the bottom-quarier positiun, the platon
is af practically half stroke, anid the cecentric crunk is then at e
The valve has now moved the limit of its travel to the right, and
will have the front port wide open for the admission of stean,
and the buck port wide apen to the exhaust,. When the main
pin reaches the back dead center at o, the eccentric crank is ar
ab’, and the valve 4z in mid-position. A Tarther movement of
the main pin causes the ecceittric crunk to move the valve and
open the hack stearmn port Tor steanand the froot port to exhanse,
Accordingly, the valve gear shown in Fig. 1 (a) will keep the

WALSCHAERERT VALVE GEAR, PART 1 5

piston in motion and the driving wheel turning forwards so long
{

as the steam supply 15 maintained,

7. Gear Not Reversible—While the wvalve gear shown in
Fig. 1 {a) mparts the proper movewnent, to thi valve tn keep
the engine running farwards, vet it is deficient to the extent that
lhe engine cannot be reversed and nm backwards., For exam-
ple, if the main crankpin ¢ is turned backwards, the eccentric
crank will draw the cecentric rod &d backwards snd the valve
will open the Lback steam port nstead of the fronl port. To rive
the valve the proper movement for a backward rotation of the
driving wheel, it is necessary mercly o set an cecentric erank
e the axle, the satne distance {rom the main pin with the engine
rusiing backwards ns when rumung forwards, Lf the cocentic
crank ab iz given one-half tum and set at a’, the crank will he
the same amoant behind the main pin o when the engine 1s mov-
ing back as when moving ahead. When the wheel is turned
backwards, the ecceniric crank o will push the valve ahead
and the engine will continue to move in the reverse direction,
It would be impracticable to give the eccentric crank one-hali a
fiir ech tme 1t wos desived to reverse, and more conveniemnt
means must be devised to give the same effect s moving the
cecentiio when it s desired to run haclowards,

8. Arrangement for Reversing.—An arrangement that pro-
duces the same effect as i1 the eccentric cranl were moved one-
hall tirn oo the axle when it is desired to reverse the engine,
iz showsn in Figo 1 (&), The arrangement is very simple and
requives merely the addition ol a slotted link ed, and a rod go,
to the parts shown in view {aj. The link is arranged 1o swing
on & pivot f, and the eccentrie rod 3d is connected to the lower
cnd.  The fromt end of the rod og 15 fAexibly connected Lo the
valve rod as g and the back end is frce to slide in the slot oe in
the link de. The rod og will be referred to as the rofiur rod,
hevatse it 15 the radios of 2 circle of which the link slot g 15 a
part. If the wheel is turned forwards, the arrangement shown
in view (#) is in reality the same as in view (a) because the
eecentric rod B and the radins rod og may be considered as one
continuous rod thal conpects the eccentric crunkpin & to the




] WATLSCHAERT VALVE GEAR, PART 1

valve stem gh, To reverse, it is only necessary to raise the radiug
rod oy to ge. Then when the main pin ¢ is turned in the reverse
directinn, the eccentric crankpin & moves the eccenirie rod and
the bottom of the link hackwards, atd as the link pivots at f, the
upper end ¢ of the link, the radius rod ge and the valve move
forwards or to the right.  When the valve moves to the right,
the steam enters the cylinder through the front steam port and
the engine will continue to run backwards.

9. Dy the use of alink ed, Fig. 1 (), with a fulerum at the
middle, the same movement is inparted to the valve as i the
eccentric were given one-half tum and moved from b to M. In
other words, the effect of moving the radios rod to the upper
end of the link is precisely the sume as ii the rod were left at go
and the eccentric crank were moved to &, a distance of one-hali
turn.  Therefore, when it is desired, as in this case, 1o develop
a valve gear with it one eccentric crank for both motions, a
fink arranged as shown in view (b)) forms a convenient means
uf reversing, for the reason that it makes one eccentric performn
the work of {wo. )

10. Effect of Lap and Lead on Arrangement—A steam
englne cannnt he operated economically unless provision is made
[or moving the piston by the expansive force of steam, and this
can be done only by oivitg the valve steam lap.  The steam lap
makes the valve wider than the steam pott and, therefore, intro-
duces an interval between cut-off and release, instead of these
valye events necurring stmnltanecusly as n Tig. 1 (a) and (£},
and during this interval the steam expands in the eylinder and
maves the piston, The effect on the arrangement in view (&)
when the valve is given lap and lead, will be considered nest.
The changes in the valve gear when lap and lead is given will be
seen by referring to Fig 1 (¢},

In view (¢} the same parts are used as in view (5], but the
yalve has heen given steam lap and lead. This requires the
eccenivie to be moved away from its mght-angle position at ab
tovaf in order to displace the valve from mid-position the amount
of the lap and lead and so bave the front steamn port open when
the piston is at the end of the forward stroke. The reason is if

WALSCHAERT VAIVE GEAR, FART 1 7

the position of the eccentric crank were not changed, the valve
would be in mid-position with the piston at the end ol vither
stroke.  In this event the steam cdges of both ports would he
blanked the amount of the steam lap, and steam would not be
admitted to the cylinder until the piston had moved some dis-
tance on its stroke, The change in the position of the ecceentric
pulls the link de out of the position shown in view (b} to the
position shown in wiew ().

11. The arrangement in Fig. 1 (¢} will cause the valve to
operate properly so long as the engine is moving forwards, but
will not permit the motion to be reversed, for the [ollowing rea-
som: I1 the radius rod is moved [rom go to the top of the link,
the effect, as already explained, is the same as if the ceeentric
crank of were given one-half a turn which, in this caze, would
bring it to aj. The valve, instead of being the amount of the
lap and the lead to the right of the mid-position with the eccen-
tric at af, is now the amount of the lap and lead to the left of
its mid-posilion, and hence will open the back steam port o
steamn. The piston cannot move backwards because it is blocked
by the steatn behind it

12. In TFig. 1 (&) the eccentrie erank al’ must be the same
distatice behind the main pin ¢ when the engine 1s running hack-
wards as the crank ab is behind the main pin with the engine
rumming forwards. The effect of moving the radius rod from
go tu ge iz the same as if the eccentric crank were given one-hali
turn from ab to ab. 1t is only when the ceceniric crank and
the main crank are at vight aneles Lo each other that the eccentric
crank, when given one-hall turn, will still be the same distance
from the main ctank., For example, with the eccentric crank
set at o, view (¢}, the effect when the engine is reversed is to
sive the eccentric crank af one-half a turn to f, and the erank
at af is farther from the main crank ae than at i,

The foregoing shows that when one eccentric is used for hoth
motiong, it cannot be given angular advance or moved to displace
the valve, the lap and the lead, because i1 it is, the engine cannot
be reversed, Therefore, the right-angle serting of the cecentric
crank must be adhered to, as shown in (&), and some other
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means must he found to obtain the Bpand-lead displacement of
the valve.

13. Arrangement for Displacing Valve Lap and Lead.
The right-ancle setting of the eccentrie erank can be adhered to
and the lap-and-lead displacement of the valve with the enging
on, the dead center can be oblaitied theoretically by the use of
ancdher crank set at right angles 4o the eccentric crank, Thus,
in Fig. 1 {d}, the lapand-lead crank, with o throw equal to the
lap znd the lead i5 set 90 degrees abead of the cccentric crank
with the locomotive moving forwards, and 180 degrees [rom the
main crunfpin, the valve being outside adission. Lot it now he
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asstumed that the two cranks are hoth connecled to the valve by
some mechanism that duaplicates the action of the actual gear,
The position of the lapand-lead cranle displaces the valve Trom
its mid-pesition anamount equal 1o the Tap ard the Tead ; then the
[ront steam port will have the required lead opening.  When
the main crankpin has made one-hall turn, the lap-and-lead crank
will hawve displaced the valve the required amount to obtain the
lead opening at the back port,

14. With an inside admission valve, Fig. 2, the lap-and-
lead crank must be set N derrees i advance nf the ecceniric
crank with the locomotive moving forwards, Howewver, as the
eoceniric crank in this case is assumed to follow the miain crank-
pin, the lap-and-lead crank will be at no angle to the wain crank

WALSCIIALERT VALRVE /GEAR, PART 1 ]

instead of being at an angle of 180 degrees from it as with an
outside admission valve.

15. If the lap-and-lead crank was alone acting on the valve,
its mowerment would be equal only to twice the lap and the lead
for ench one-hall turm of the driving wheel.  1f the eccenirie
crank was alone acting on the valve, it wonlkl move its specified
travel, bt it would not he dimed properly with respect 1o the
piston, that is, the valve would he in mid-position with the piston
at the end of its stroke, However, the combined action of both
cranles will bring the valve to its proper position.

W

16. Action of Cranks. The actinn of two cranks ol unequal
length on the movement of an inside admission valve 1s as Eol-
lpiws: With the main cranlepin passing the front dead center,
Fig. 2, dhe eccenltic crank acts to move the valve forwards, the
lap-and-lead] crank tends to pull the valve Dackwurds, as this
cranl 18 now leaving its forward dead center. The action of
the Innger crank predominates but the fTorward movement of the
valve is retarded by the lap-and-lead crank., This action con-
iinues wntil abowt 1ol port opening is ehtained or until the eranks
arrive in the position shown in Fige 3. At this point the valve
stops hecause the action of the eccenttic crank 18 now equal ta a
crank of a length eb, which In turn is equal to the length of the
equivialent lap-and-lead erank Be. Henee, the eccentric crank
is now mowving the valve shead at the same rate s the other
crank 13 moving the valve back,  Also, the valve is moving slowly
when the ceanls are approaching and leaving these points,

17, Tn Fig, 4 hoth cranks are acting on the valve to draw
it hackwards sud close the front steam port and this action con-
tirmes unlil the cranks assume the posilion shown in Fig. 5, The
eccentric eranle in the ahsence of the lapeand-lead erank would
place the walve in mid-position, but with this crank acting with
he eecentrie crunk the speed of the valve is increased, and this

cotnbined with the setting of the lap-and-leasd cranle places the
valve one lap plus vne lead irom mid-position with the crank-
pin o the center,

The activn of the cranks on the walve as the main eranle-
pin passes the back cenler iz similar o their action when the
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crankpin passes the Torward center; that is. the eccentric crank
is moving the valve back to open the back steam port farther and
the lap-and-lead crank is delaying this movement. This action
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comtinoes until the cranks arrive in the positdon shown in Fig. 6.
The valve now stops motnentarily for the same Teason as glven
when considering Fig. 3; that is, the aclion of the eccentrie
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cratk on the valve is now equal to that of the lap-and-lead cranl,
owing to their effective crank lengths being the same in this
position, o
Tn Fig. 7, hoth cranks are acting on the walve, its velooy 15
therehy increased to such an extent that the valve is displaced,
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an amaant equal 1o its lap and lead, from mid-position with the
erankpin on the forward dead center and the piston at the end
of its stroke.  Itwill be noted that the action of the cranks catses
the pert to open slowly for the admission of stemm hut to close
rapidly.  In order that the cranks may increaze the speed of the
valve when they are both operating together, it miust be assumed
that the two cranks are comnected (o the vabve in such a manner
as 1o cause them o act on it independently of each other.
Then when so connected the valve will have a higher speed
when the cranks are working together thun when warking in
oppositicn.

18. 1II the eccentric crank were shortened, this giving in
eombination with the other erank an effect equivalent to hooking
up the actual gear, the valve travel would be shartened, but the
action of the lap-and-lead crank would be the same: that {s, it
would still act Lo vary the speed of the walve, With the eccenttic
crank shortened to less than the lap-and-lead crank, the latter
cratnk would limit the valve travel 1o dotble the lap and the lead ;
the eccentric crark would then act to vary the valve speed, I
the length of the eccentric crank were decreased to zero the total
valve (ravel would still be obtained from the lap-and-lead crank,
It will he noted, after the corentric crank has been shortensed
to less than the lap-and-lead crank, that any further shortening
does not allect the valve travel ; it remains equal to (hat imparted
by the lap-and-lead crank,

18, It would be difficult or probably impossible to desien
the necessary mechanism to eonnect the eccentric crank and the
lap-and-lead crank to the valve, However, it 12 possible to use
the main crank for a lap-and-lead crank, provided the movement
of the main crank or the crosshead, becavnse they both move
together, s reduced o the proper amount.  This is accomplished
by means of a lever known as the lap-and-lead lever, or the com-
bination lever, with one end cornected to the crosshead at i,
Fig. &, and its upper end connected to the rading rad dt s, The
reduction in the movermenl of the crossbiesd or the main cranl
to twice the lap-and-lead movement is brought about by con-
necting the valve rod {o the lever at the point g°. This point

T g
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is so located hetween the eads of the lever that the crosshead
movement at the lower end of the lever is reduced to a mave-
ment equal to twice the throw of the lap-and-lead erank at the
valve rod.  With the paint m held fixed, the movement of the
crosshead and the lower end of the lever from {to ¥ moves the
valve from ¢ 1o g, ot twice the lap and the lead,

20, The arrangement of the cccentric erank and the com-
hination lever will produce practically the same action on the
ilve as the two cracks already described.  That s, as the com-
hination lever replaces the lap-and-lead crank, this lever, except
as explained below, varies the speed of ,nr.c _,_p:.;p.. and .Szmﬂ..,._
it to he displaced, its Jap and lead from mid-position with the

piston at the beginning of its stroke. The dﬁﬂ_u__n speed
imparted to the valve by the combination lever results i the port
opening slowly after the lead pening has been ar.E_Ei_ E_.a
closing rapidly. Therefore, I [ull gear as well as in the ordi-
nary working cat-offs, the lap-and-lead lever neither adds 1o nor
sulitacts from the valve travel o any extent.

e snovement jmpurted to the valve by the eccentric crank
Jecreases as the reverse lever is drawn up until finally a point
is reached on the quadrant where this movemnent hecomes less
han twice the lap-and-lead Lravel; the cecentric crauk is then
cut ot. The coudition that now exists is similar to that referred
toin Art, 18 that 1z, the total valve travel is then obtzined from
the combination lever and the ecceniric crank acts only to vary
the speed of the valve. The valve travel now remains the same
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as the lever continues to be drawn haclk, even to mid-gear, hut
in the latter position the action of the eccentric crank fn varving
the speed of (he valve iy eliminated,

Generally, the valve movement is derived From the combinas
tion lever at cut-offs less than 13 per cent. At these cut-offs
the steatn is cut off from the cvlinder later in the siroke than
in mid-gear, although the valve travel iz practically the same.
The reason is that the short arm of the eccentric crank that acts
with the combination lever except in mirl-gear counteracts the
movement of the Jever on the valve, This causes the valve 1o
remain stationary at the end of its stroke through a longer are
of the main crankpin than with the combination lever alone act-
ing as it mid-geir : hence the cut-nff i= later,

With the combination lever all the way forward as with the
crosshead at its extreme forward movement, Tig. 8, the equiva-
lent lap-and-lead crank would be on its front dead center.,  With
the lever all the way buck, the eranle would be on the hacle dead
center, and, with the crosshead hallway in the guides, the crank
would be on the quarter. )

21, In designing the gear, the eccentric eranl is designed
with a throw that will give the valve its specified travel, 73,
8 inches, cte, or whatever it may be,  As the movement of the
eccentric cranle iz (ransmitted to the link some distunce helow
the link block, the throw of the crank must necessarily be eon-
siderable fn excess of the valve travel. Iz throw generally
exceeds the valve travel by at leasi three to one with the reverss
lever in [ull gear.

GERERATL, DESCRIPTION

22, Views of Valve Gear. The ordinary type of steam
Incomntive has two walve gears, or one for each valve, so con-
tected as to be moved by one reverse lever, Lach valve gear
consists of the same parts, and, therelore, when identilving the
parts, both gears do not hive to be shown in the same view.
However, it is necessary 1o show the two valve pears it arder
to understand how the movement nf the reverse lever is trans-
mitted to hoth, Tn Fig 9 (&), (00, and (o), are shown three
gide views of a vcomplete single VWalschaert valve gear when an




14 WALSCHAERT VALVE GEAR, PART 1

insldeadmission valve is used, and Fig. 10 is 4 partial view
which shaws how the connection is made between the gears on
cach side so that the movement of the reverse lever and the
reach rod can be transmitted to both.  Similar parts m all ot
the wiews have the same reference figures.

23, Names of Parts—'he numes of the parts of the gear
shown in TFig, 9 are as follows: 1, the ectentric crank; 2, the
secenitiie tod ¢ 2, the link with the link foot 4; 3, the Tittk blocl;
&, Figs. 9ard 10, the reverse shaft: 7, the reverse-shall crank
arme 7amd & &, Fig, 10, the reverse-shaft amm; 9, Fig. 8.
the rading rod or radius har: 70, the radins-rod hanger; 11, the
comibination lever, comhbining lever, ar lap-and-lead lever ; 72, the
umion link: I3, the valve stem; 14, the valve-stem crosshead
guide; 75, the valve-stem crosshead ; fa, the gear Trame or the
link support here shown cast with the guide yoke; 17, the reach
rod; 18, the counterbalance spring and casing.  The valve gear
35 shown in forward gear in Fig, @ (a), in mid-gear in (&), and
in hackward geat in (o).

24. General Arrangement of Parts. —The general arcange-
it of the parts of the Walschaert valve gear will be explained
by referring 1o Fig. 8. A detailed explanstion of the arrange-
menit and crmstruction at the different points in the gear will be
given further on.

The cecentric crank 7 iz placed on the end ol the main crank-
pin @, The bolt &, which passes through the eccentric erank,
and a eircular slot in the side of the crankpin, keeps the crank
fromi coming off the pin, and the key ¢ prevents the crank from
turning on the pin.  The rear end of the eccentric rod s placed
an @ pin in the eocentric crantk which is usually made in one piece
with the erank and stands at right angles to it.  The frout end of
the evcentric rod is forked and is connccted to the link foot 4
by the pin . The gear frame 16 is here shown as heing made
in one piece with the goide yolke 2, but it 35 usually made sepa-
rate. The muide yoke is bolted to the end of a eross-tie ¢, which
ewtends across the frames 10 the other side and serves as a sup-
potl for the other combined yolke and gear frame, A hraclet
ot knee 15 holted tooeach frame at the point where the cross-lie
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crosses it and the cross-tie is bolted (o this knee.  The link 3
iscarried i the gear Trame on the link trunnicns £ {one on cach
¥. The radius rod @ is forked where it passes through the
link, snd the link block 5 sets between the forks and iz held in
the rad hy the linle-block pin 7. The Ink block 5, which moves
in @ zlot in the link, shown by dash lnes, when the radids rod is
raised and lowered, is used to transmit the backward-and-for-
wurd movement of the link to the radius rad. The rear end of
the radius rod swings on the radis-rod hanger 10 which is con-
nected at the upper end to the arm & of the reversa-shait erank,
while the fromt end of the tod is connected by the pin 4 to the
top of the combimation lever 77, The councction belween the
valve-stem cross-head 75 und the combination lever 77 iz made
By the pin § and the lower end nf the lever is comnected to the
gnion link 72 by the pin . The back end of the union link
wiorks 1reely on the outet end of the wristpin L The valve-stem
crosshead puide 14 is cast in one plece with the back-valve cham-
ber head and the walve stem 13 i3 connected to the crosshead 75
by a ke, not shown,  The end of the reach rod 17 is forked and
is connected to the anm of the reverse-shalt crank 7 by a pin .

258. The valve gear on each side of the locomotive is con-
nected by the reverse shaft ¢, Iy, 10, which tums in boxes d
on the gear frames when the reverse lever is moved. The
reverse-shaft crank 7, made in one plece, s keved or bolted to
cne ond of the reverse shalt, and the teverse-shall arm & o
the oiher end.  The bwe reverge-shaft arms & and & are con-
nected by the radius-rod hangers 20 to the radins rods 25 henee,
when the reverse lever s moved, the reach vad 77 through its
connection with the reverse-shaft erunle 7, turns the reversc
shaft 4, and, depending ou the dirccton of movement, raises
ar lowers the enms § and & and the radius rods 2, The com-
tined guide yoke and gear frame 74 bolts at the points w o the
rectangular plate or casting ¢, Fig. 9, which extends aeross and
is connected to the frames by brackets.  Strictly speaking, the
msting ¢ 15 the guide wyoke, and the part 14 is the gear
frame and puide-voke end,  The purpnse of the counterhalance
spring I8, Fig. 9, which iz connecled to the reverse shalt 4,
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Fig. 10, by an arm and a rod &, is to malee it casier to move the
reverse lever avainst the weight and friction of the valve gear.
The spring I8, Fig. O (&), is compressed when the radiag rods
are lowered to the hottom of the links, hetiee the expansion of
the spring helps to lifs the tods to the top of the links as shown
i view (el

26, A complete locotnotive valve gear, by which is meant
the 1wo gears a part of which is shown in Fig, 10, may he con-
sidered us made up of two purts.  One part iz direetly concernedl
with valve movement and is i operation when the locomotive
is in mation, while the ather part is used to {ransmit movement
torthe fivst part through the reverse lever, “The eccentric cranks,
the cocenitic rods, the links, the link blocks, the radius rods, and
{he combination levers, there heing two of each of the ahowve,
are the parts of the gear which have to de with moving the
valves. The other part of the gear comprizes the two radius-
riad hemgers, the reverse-shaft erank, the reverse-shaft arm, and
the reyverse shall,  These parts are used o trausmit the move-
ment of the reverse lever cqually 4o the yvalve gear on each side
of the locomotive

GENERAL OFERATION

27. Movement Imparted By Reverse Lever.—Any move-
ment of the reverse lever changes the position of the link blocks
and radiug bars in the links.  The action that occurs when the
teverse lever is moved 1= as Tollows: In Fioes. @ (0) and 10,
when the reverse lever and the reach rod I7 are moved Torwards,
the reverse-shall crank arm 7 moves 10 the same direction and
turns the reverse shaft 4. The reverse-shoft arms & and &,
Fig, 10, move upwards and the radinz-rod hangers 70, the rading
tinls @ and the link blocks are raized tn the position shown in
Fig, 9 {a). Therefore, m this case, the link blocks are in the
upper half of the links, in Torward gear.  When the reverse
Tever, Figa. 9 (&) and 1), is moved from the front to the bacl
corner of the quadvant, the reverse-shailt cranle 7 turns the
reverse shaft & and the downward movement of the reverse-
shaft arms & and & lowers the radins-rod hangers, the radius
rods, and the link Mocls to the fower hali of the links. . The







