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Page 6. Line 22 "eall” to read "ealled” or "named".

# 11, t 20 "opate” to read "Coats'.

"o13, " 45 "nood” to read Yiop" and "screen® to read "gin
" 13. " 16 "wood® to resd "top" (twice). '
A & 4 16 "Daimler Go." to read "Enight & Kilbourne®

"16, " g Upnolo-French® to read "Franco-British".

* 1s, " 25 "Meetin' to read "meeting"”

® 20, 7 122 It is not clear how "M'E for meny years thé
~ mepufacturer to employ it" {(the 383V).

" 22, - m 25 "superseeded™ to read "superseded”.

"o23, % 4 4dd the words "at Paisley near Glasgow

"The works". This to avoid confusion-
Dunfries works mentioned in line 1l.

¥ 25, ¥ g The “"palancing® of port height does nok’
sealing at working stroke.

" 25, "o14 "okew! to read skew. %ﬂ,ehaai

" 25, " 93 Yyith' to read Tto"

T 25, ", 23 The ball joint was first introduc
Ia (Glasgow) Mark ¥ engline and was n
war Argyll. .
" 25, " 26 This sentence is incorrect inasmuch as

?L drive is now superseded by the
’ Continental. The new Aster drive is @
¥r, Burt. t consists of the Sergent

drive.

1 2g, " 15 After "menufacture” add "outside of Br

Ranﬂ

¥ 26, i 25 "and” to read

n og, 1 27 "loppy® to read "truck" and after &
"the Locomobile Co. also made tests on

T g8, " 5 "ppopeller! to read "airscrew”

" 28, " 12 "6 H.P." to read"B.H.PL |

"o 28, " 14 After "at" =dd “"The Royal pirveraft ééct
® 28, " 18 After "tests® add "it may be pointed

contestants withdrew due to broken cr

" 28, " 23 "Bailis" to read "Ballie".
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Delete sentence and replace by "Accordingly e
12 eylinder engine with steel sleeves of 100 m.m.
bore was designed to develop 180 to 200 B.H.P."
"Head qusarters® to read "Headquarters®,

to read "Liberal®,

"hear" to read "heard®,

first "or” to read "with'.

Delete "of courss',

"gacure™ to read "sécure“

"had to leave" to read "left!,

ﬁbrggking" to read "brakeing"

"Jone" to read "June”.

"Enowledge" to read "knowledge".
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Delete Séntenee ang

12 eylinder &

bore wag designed %
"Heag Mmarters” to peag "Headquaxr

ngine

Tr¢place by *
With steel a3
¢ develop 180

nliheral” Lo read "Iinews

”haazﬂi n .

fheap” tgo rea

d

",

firgt Hgpn to read Tt tht,

Delete fgop course®,

"sacure” 4o read "secure”

"had 4o lenvye®
“breakingﬂ to reaq “hraksing“

"Jone® o read ®Jumet,

”Khawiedge“ to read "kncwledge®
b ¢

fong ol
el g b sl
{:)

113

%9 read "lefg®,

Aeeardingly
eeves of

tg 200

tepg?,
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THE SINGIE SIREVR VALVE EEGITE

& glanee thrsuzhy +the patent referencs files will zonvinge
°ne that mueh time anad thought has been given to the dssign of
valvss anpd valve operating mecnanier Ffor internal combustior engines,
The predominating inventive thought would sppear to bs that of re=
pPlacing the conventional poppet valve witk 2 valve of azdifferent
type, vositive ana quiet in action. Thus we nave rotary valves,
riston valves, cuff valves, and sleeve valves, The latter have
Drobably received mors consideration then any of %he other typss,
but it would seem that most ¢f the sleeve valve types pstented have
failed, or would fail comrercially, becsuss of complication, the
mechanism for inmparting the desired motion o the sleeve being zs
elaborate that %he designe ave oubtside the ephere of prectiesi DX Om
daction, Simplicity is the keynots of ¢ ke only slesve valves engines
thet havs stood the test of time; namely the double slseve or Enight
and the single sleeve or Burt-lcCollum. The lattex type forms fhe
subject of this paper. It is thonght that & general description of
Such an sngine will prove of Interest st this tire Seeing that there
is every iaéigatian of intensive production in this comntry .

Piret, let us review briefly ths historical aspect and so dise

&

pel any robion that the Single sleeve valve engine is something new

and untried,
In the year 1911, afier shopt two years of resesrch work,

Argylls Ltd., of Alexandrie, Seotland, announced the introdugtion
of 2 chasgis eguipped with the Burt-Melollum engine. The car found
& ready merket, the public's fait: ir the new type of engine beiang

Qo doubt strensthened by the knowladge and appreciation of the picneer
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T af I ; 5 = )
work of Nyx. C., v, Xnight, whoss doubls sleeve valve engine had, at snst

time, besn in production at the Daimier Motor Co., Coventry, Eagland
for over two years.

Buring ﬁhe yesrs 1909 fe 1914 Argylls Ltd., held & monoply on -
the engine and manunfactured it for their exclusive use. About s
rmonth before the outbresk of the way ths 47gyll econcern h=d the ris-
fortune to be plzced in receivership, with the result that the vatent
rights on the engine reverted to %the inventor Mr. Feter Burt,

Work on the engine was vragtically &t & standstill during the
war years 1914 to 1918, but soon afier the Armstics +- patents were
purchased outright by Wallsce {Glasgow) I#d., who vlaced on ths
markzet & series of stock anbtomobile engines, and granfed licenses
te other companies for the ménufactare of industrisl, marine and
metor eyecle enzines, both ailr and waler cooled, s¢ that it was not
antil 1919 that the single Sleeve valve engine was placed on the o
Qpen merket,

Last yeer the Continentsl Motors Gorperation negotiated a desl
which resulted in their obbaining the World's rights to manufactnre
end lidcence the gingle sleeve valme engine under the Burt-Melollum

patents.,
It may not be out of place to comment briefly on ths petent

situatien, as we are often asked what it the 1ife of the patent
and what does it cover. Purt’s criginal patent was Ffiled on iﬁgust
€th, 1909 and scceptsd on the 8th of August the following year.
4 four years sxtension was grented last year, s9 that the dste of
expiration in Britain is Aungust Bth, 1929. Application for an
equivaient United States patent was filed on Angonst 3rd, 1910 and
granted om July 22nd, 1919, thus giving en exzpirstion date of

suly 21lst, 1936, Perheps the brosdest claim contained in the United

States patent is that which reads:
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"A rechanism for the purpose specified, comprising & mein
eylindsy having intake ard outlet ports near its head, a piston
enclosing oylinder, movebly fittdfg within ssid main cylindsr, to
ast as & valive and bhaving intake =nd outlet ports, and movable for
for bringing the respective ports into alternating registering re~
lation therewith, = piston resiprocating within said enclosing
c¢ylinder, and &y meang for Imparting synchronouns longitudinally
reciproecating and oseillating movement to sadd piston inclosing
c¢ylinder, the range of longitudinal-movement being less than the
pi8ton momementend grester than the longitudinal dimension of the
ports™., |

Je HEo K. MoCollom's patents which wers assigned to Argylls
Itd., and others, consiste of a sleeve outside of the main eylinder
instead of between t@e eylinfer and pisten, ané two operating
mechenisms for imparting the reciprocating and oscillsting move=
meat to the gleeve.

An interesting side light on the patent situstior was the
action for infringement bronght against Argylls Itd., by Rnight &
Eilvourns in November 1911. The case was tried in July 1912 and
- resulted in Judgment for the defendants. An a?peal held in Februayy
-1913 also went in faver of Argylls Ttd. It should be pointed out,
however, that the Enight censtruction, patented in 1905, wnder which
the suit was brought, was not %the doudle sleeve type, but a cylinder

seting as = single sleeve vealvs, bhaving interrupted reciprocating

motion without oscillation,

KECEANTCAT DESCRIZTION:

Referring to the Cross Sectionel Arrengement, Fig., 1, it will

be seen that the crankshaft, connecting rod, and piston are of the




conventional design and not necessarily differant fron those ussd
in & poppvet valve type of engine. The essential difference lies in
the substituting of & sinzle sleeve Talve oF eylindrical form in
place of the usual poppet valves.

The eylinder is open ended and has port openings cut ¢n its
circumferance irmediately belew the bottonm edge of the eylinder
head or stationary piston. Intake and exhanst ports are on aﬁposite
gides 9f the eylinder block so that separate menifslds are employed.

The water jacket surroundine ¢ inders is free from pockets
g P

and tortuous passages and provides inspection apeass %0 water cores

between the exhanst port passages through openings on top face

of ejlinder, A water header casting encloses the top of water jacket,
the necessary water joint being made by securing hesader 192 c¢ylivder
by means of ring nubts on cylinder heéd, Over the water hesder is
placed & stamped cover which scts ag an igrnition wire carrier and
serves to enhance the appearance of the engine. ﬂ

The tubular sleeve valve is interposed between the cylinder
enc the piston, and has porbs cut at ifs upper end to register with
those in the eylindsr wall.

The valvesghaft, eguivalent o the camshaft in a poppet valve
engine, ig located below the sleeves and at one side, its axis lying
paraliliel 1o that of the érankshaft. It ie driven at engine speed by
chain or gear train from the crenkshaft, snd hes & worm gear situsted
&t the cenbterline of each cvlinder.

At the foot of sach cylinder, at right angles to the axis of
ths erankshnaft, and irmediately above the valveshaft, lies the
slesvesheatft, éensisting of & single cranked shaft sad & worm wheel
mounted on & suitable bearings withing the ersnkease. The wornm
Wheel meshes with the valveshaft worm gesr, and rotsbtes at & ratio

of one Te two or half engine speed.
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A aniversal c¢oupling or ball aznd socket connection is vlacead

within housing nrov1ded at the foot of the sleeve velve, the
’soc&et being fixed to the slesve ?hile the sphere zone is free o
rotate and slide on the Sleeveshaft crankpin which engages in the
bore of this member.

Rotation of the gleeveshsft imparts to the slesve = vartly
rotating and partly Teciprocating movement. 4ny point on the sleeve
surface travels in & elosed curved path elliptic in shape. The path
of travel of the sleeveshaft qiank end vhitersal coupling at point
of setuation is cireulsar, but when projectsd on %he sleeve wall
1% becomes elliptical owing t0 the radins of the gleeve surface
being less that the distsnce from asxis of cylinder to point oFf
actuatiosn, and the fact that the sleeve oscillates aronnd the eylinfer
axis

The general appearance of = tyrical engine msy be seen from
the iniet end exheust side views.

Fort Cycle Diagram, Figs 2, shows one eomplete cyele of sleevs

movement,tre relative positions
of the piston , . C:ja,[:ﬁ - being indicated
Giasgramaticall; ‘ "-j [ME" [7 " Q et the side of
the ﬂ..’Z‘aWiIlga mﬂngauwrfonnu . FRINS POINT \At the begiﬂniﬂg
of the intske | E Pe . stroke ths slesve

B e
is at its (g | d [pottom center,
AS the ?iStOE J a : | @ ’descenés, the
1 ? ety o
Slesve moves : around and up

INTAXE CLOJED l EXHAUST FULLY OFCN

the lower left PORT CYCLE DIAGRAM Fic2 thand portion of
the travel o ellipse, the ig-

take ports in the silseve uncovering the intake ports in the cylinder{y)

s




Intarze ¢i0sing ocoyrs 7a8n the bottom 8lraight sdgs or the Flsege
port ¢Cincides 7ith the top straighi edge of $re fized port ig the
67linder (e}, ag the piston turms °n The comprsssion stroke, the
Slesve cmbinnes uUpwards, Teaching its top center 8t the same time
55 the piston (g), During tns POWEr stroke ths slseve moves over
and down the Top rignt hangd Portion of +ne travel ellipse,_Exhaust
°pening takeg place when the bottom edga of the $leeve exhapat port

- Beets ths fop edge of the POT% iz the oylinder 88 shown at (g), the
8lseve moving downward ag the piston moves upward on the exnaust
stroke, At (g) meXimum exhangs opening oeours, tha sleave travelling

o0n the loweyr right nang POTtion of +ye ellipse wnti] the flank ®lzes
97 ports ¢olineids, closing the ports ang completing +he CyClg.

SIEEVE DRI¥mYG MECEANTSW,
The design of mechanism For actrating the sleeve 1g an interw

time, Ebwever, &ll things Considered, +he 8€ar type drive in vearions

forms nag Droven the mogt satisfactory. Soms of tne drives in Use

ars shown ip Fiz. 3

!

SLEEVE waLye DRVES




4% {a) the originsl Argyll type is showa. This employs skew

g8ars 9 transmit the drive from %he valveshaft to the sleevashafit.
On the inner face of the slesveshkaft & hole is borsd parallel to,

and at & definite distance from the shaft axis. Inio this hole the
actuating pin is entered, the nead of the pin being machined with

fiats to form =2 hings connschtion with the lugs at +the base of the

sleeve by the aid of a pivot pin. The actuating pin is fres %o

9scillate in the slasveshaft hels 2nd 89 cpmpensate for the varisncs
of ftransverse distance betwssn the cenberline of sleeve and the axis

of hinge pin during oper ation. This mechanism works satisfactorily
but is somewhat heavy =nd eostl ’ Qartly owing %o the liberal use of
ball bearirgs and bsll thrusis.

The second type shown {b) waszused by Picesrd«Pictet et Cis of
Switzerland. This gives a rigid and practically wearless mechanism,
but has the éisaﬂ?agﬁaga of teing mueh too heavy, the placing
of the sleevs luzs betwsen the cylinders adding considersbly length
to the engine. Two valveshafts are euployed; one at each side 8f the
engine. These run &t half engine speed and are identical, taking
the form of small throw crankshafts, having a tarow for esch cylinder.
The throws are connected by means of a cross link, one end of which
is flosting to allow for 8light inaccuraciss in synchronism. it
the center of each link connection 4is msde with the sleeve by meang
°f o hinge joint as at (a). It wonld seem that this type of drive
is best snited for sxtrs large engines of bus type. The cross link
¢onld be mede of duralumin or other light alloy.

A modification of type {v) is showr &t {e¢}. This 1s Xmown as
the link drive and was firgt used on the 1919 model Argyll "Mark AT
engine. It is ligkter and cheaper +hen type (b), dut cvviously

inferior mechanically. The nscassary lengthening of the engins is
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& disadvantage ag is also the fac: that, 1ixe type (v} assembly of

driving Bechanism has 4o be done in position in crankcase, 4p

4
i
fu
B

advantage whien Skould not pe 9verlooked is the coupling efrfact
driving escn 8lesve fron g eonmon valve erankshaft, $o that the valve
timing is f001l=prog?,

The present slesve driving mechanism is shown at (4}, =nd in
Cross Sectionsl Arrangement Fig. 1; thnis 1% Will be seen, ig =
modificetion of +he original fype (&) drive, Introduced in 1921 in
the "Mark mv sngine it has given entire satisfaction, The sdo ption
9f & universal ball ang Socket conneetion hag many advanteges: it 4g
lighter, SCccupies less gpace, and allows Ffor any 1nacearaeles in
The aligmment o2 varts. The distance form +he ¢ylinder axis to centnr
9% actuation is less than in any previous drive, thus giving s
Smaller sleeveshaft stroke for g given ares o¥ port opening. If the
Port area of type fa) for o givsn stroke is one square inch, then
. the area of the other types would be .85 sqguare inches,

The gleeveshari and worm wheel in type {d) are built up ag a

dig
unit in g bearing housing, the eutside 65 which is Qsaeentrle to
the bore in order to facilitate assembly. It will te notlcea tnat

gears run in a econstant level 011 bath.

An interesting drive ig incorporated in the new Aster engine.
The sleeve is aetuated between cylinders by mesns of a small
auxiliarg crankshaft ang duralumin connecting rod, the latfer being
pivoged at its center withsin o 8liding oross head, the connection
o the slseve being made with the conventional ball and socket Joint.
The travel of £lesve surface is approximately D shaped instead of
elliptic.

Apart from tha fundamental degign considerations, the desirablse
Gualities of g mechaniem for imparting the elliptiec motion ¥9 sleeve

are that it be fres from awkwsrd assembly Operations, sueh ss
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connscting parts together in position inside the crankease; each
8lesve shénlé be similiar, the center distence form sxiz of sylinder
%o point of zetuation kept at e minimum, and the length of drive
Zeopt within the diamater of gylinder.

e

STEEVE VAIVES:

The charscteristic twisting motion of the sleeve has many ins
herent sdvantages, although primarily conceived for the purposs of
obtaining the proper seguence of valve operation when using one
glseve dnstead of two, it subsequently proved to be & descided benefit
in other respeets. It is a natural lubricating motion, the 9il being
r211led smenly over the"entire sleevex Zafifdbe, and not 1céalized and
sheared, as in the case of & sleeve or piston heving a reciproecating
rovement only. 0il grooves are not necessary on the surfsce of &

singlis sleeve valve.

The movement of the sleeve approsches bérmonic motion, and does
not call for a sudden reversal of directisn of travel as doss &
sleeve with purely reciprocating movement.

Agddn,the twist dissapates heat loss %o the sleeve wall over
alarger area, giving more evend temperatures, therefore, redumeing
distortion 0 a minimun. During compression and power strokes, whsa
the slseve is subjected to the greatest pressure, it is moving with
the piston, and the sleeve ports are protected between the water
cooled surfaces of cylinder and eylinder hsad.

It has not been Ffound necessary +o fit ssaling rings to the
cylinder head, as used in +the double slssve valve engine. This is
no doubt due to the baffle effect caused by the twisting movement
winich smooths ount minute surface irregulsrities, coupled with the

fact thet there is 2 sealing surface at both sides of the siesve




wall durzn7 comprassion,

-

The fact that piston end slesve move in the same dirsction
at 4 fferent speeds during sressure strokes results in a considerspie

redustion iz piston rubbing speed compersd to that of the conventions 1

POppet valve engine, and 80 redneces piston wesr. The wesr of the
8lesve surfacs is practically negligsble., Tt will be noticed %hat
the sieeveshaft crenk is near ths 90° pestion et the time of intake
closing and exhsngt Opening, 80 that the sleeve ig moving witk
maximum velogcity and prectically in = vertical direction, therefore,
giving the desireble quick opening and closing of valve poris. The

motion is & friction redueing one and mey be likened to %the action

[ =)

T the replacing of & cork in = bottle,

Slesves are usually made of ¢ylindsr cast iron, cast in a
rotgting moulg, althongh ordinary sand castinge ere entirely satis-
factory if carefully made. The wall thichness 0f sleeve is really
gomerned by what the machine 8u9p cen handie without fesr of hreakage.
This will be found ample for sirength worknig conditions. The wall
thickness, in practice, rangss from 5/64" for 2=3/4" bore to o /64"
for 5" pore.

Steel sleeves are sometime used when high engzine speeds 2re feom
sired. It is ususl to manufacture *hem from 50lid drawn steel tubing,
the boss for actuating being formsed by extruling operstions.

A slesgve of averace diaretar i fiﬁ%ed to the cylinder bore with
& tight 003" and 2 slack .QOBY feeler

The ball socket connection has evolved Prom = selsf aligning

D
b
D
12}
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=
(4]
-
in)
11v]
<
¥
i3
[¥2]

ball bearing of ths S.X.P, tyee, 9 the present s h
& pressure die-cast babbitt socket cast in position, It is foung
that the fit of pe1l in socket can be varied by the pressure arplied,

The dismetsr of Splhere zong is gensrally made .E5D while the slesve-

shaft crank pin approximates ,19D, where D equals the outiside
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Ciemster of ths glesvs. Origicelly ball and socket were made dstachable
iy )

but this reduced bearing erea dune to flate nilled on ball o allow of

agssembly,

CYLINDER HEABD;

A detachable head per eylinder has ths adventage of obviating
the use o? a large casting and gasket. 2hy cylinder msy be examined
without disturbing the joint of the remainder. Expiosion balance is
&ssured as the combustidn:space is completely machined, while spark
pluog is 1deally placed and effectively water cobled,

Cast iror is ususlly employed, althbugh aluminim is sstisfactory
and is usef where weight is of the first importance,

Y¥any shapes of combustion chambBers have besn tried, and slthongh
the hemisphsrical type is theoretically idesl, it does not nrove in
practics to he as good sg the cone frustum tyre.

The head is made & light push fit% in the sleeve, and ssenred to
Tthe c¢cylinder by four cap screws, an extra thin gasket being intsra

cosel bastween thé head flange and cylinder. It should be noted +hat
the head joint is not subjectsd %06 dirset explosion pressures.

In common with other sleeve valve engines the power output im-
Proves as carpom builds vy sround the hezd.,

4 gtandard sgpark plmg is nsed, the long reasch plug end extension,
characteristic of the early models has hsen discarded due to adoption
of cone frustum type eylinder head.

Freszing troubles have not bsen experienced in connsction with ths
¢ylinder head, although &% Ffirst sight this would appear & probable
gcource of trouble, A syphoning tube ig sometimes Fitted.

Due 50 the shape Of the comhnstion chember it is possidble to

Ewmwasy ratio without Fesr

a8dopt & comparitively higher compression

¢f detonation, B t3 1 being generally used orn automobile engines.
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The size and shape of ports is dsbermined by the area and valvs
timing required, In common with the pUppet velve these can saly
be settled by eXperience, each partieculsr type of engins bveing con-
Sidered agcording to the performance required of it.

Yaximum area with minimum travel is obtained by using & port

S v ,

} L
a. b, c,
SHAPE EVOLUTION

e | G2 (2] (205D 050 B oo
[ LS [N e
pagvalvasloe

Stéped as shown in Fig. 4 at (a) but, apert from machining &ifficultiss

: 3 INTAKE 2 EXHALST

Rrazivasivawican| e

’ PORT ARRANGEMENTS FIG. 4

i

i

Sucn & shape is impractiesl owing %0 interfersnce betwesn sleeve snd

cylinder ports on ths downward shroke oF the sleeve. This interference

&

[

is overcome by rounding off the cormere of ail ports as indicated

et (b). In order to simplyfy the machining of the port cubtting cam

it i usual to modify the port outline o give & straight flank edge
ag shown at !e)."This results in & elight reduetion in ares for o
given slesvechaft stroke, dbut gives & better machining proposition.,
The rading at corner of port is usually mede 1/87 this being considers
od as small ss possible consistent with cutter upkeep. The baok edge
0f port need not be vertical, but may be curved to conform with patn
of travel,

The number of poris incorporated in the desiin of engines sf




different tyres ranges from two intekes 2rd two exhauss, to four intake
enl four exhsust., Some 0f the possible arrengements are shown in Fig.4.

~ Takiddg -z given srea, the fewer the poris, the greater is the slsevew
shaft threw reguired; so like reny other enginesring conditions a

comprozise iz . maede. Thres intgite and two exhaust ports have besa fommd

j 7
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! g
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' ]
; ]

[\
| 0
? g
H &
|
\! CRANKSHAFT TRAVEL, DEGREES.
i 3 BORE,3IN.& 2 EX PORTS.

| VALVE OPENING DIAGRAM, FIG. s,

te be the 5est all-around combination for sutomobile engines, Thig
érrangement gives s sleceveshaft throw of moderate dimension, P2addinabls
water cores bebween %he cylinder ports, while the meximum pert opening
obtainable compsres favorably with goos poppet valve praetige, a
condition which has proven satisfactory for &verage sangines,

In each of the port setbtings, 1t will be noted that one oFf +he
S8leevs porbts scis elternately as intake and exhanst, Thig is known
ags a "double purpése" pors, and is really the Joining fogetrer of
adjacent inteke and exhanst ports. Ifs inclusion serves %o give &
greater valve ares, as Pfull uss is zade of the slseve cirecumference,
in case of g Singls cylinder engine, it is possible to maks every
por? in the slseve of the "doubls purpose” type. This resalts ip

neximum port asres dhub complicates manifolding,
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A typical valve Opening discram is shown in Fig. b, This &

Ln‘

ows
the guick opening and closing, also the decided Mawell™., A sleave

et

valve vort will admit more sir iz = given time, then will & vow

IS 3

8%

*r.:i

valve of egual erea, dus to lower temperature of intaks char~e =nd

reduction in restriction ani friction; that is one of The ressons
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VOLUMETRIC EFFICIEENCY FiG &

Why equal areas sre sufficient in srdinary practice. Thigis borns

cut in the vslumefric efficiency tests conteined in = paper on Sleeve
Velve Engines, by Es» B. Wood # in which it is shown that uhier equal
conditions the single sleeve valve eugine has at 1eést 20% better
volumetric efficiency than %he oovpet valvs engine; tests were msde
with & streight-through carburetor without externsl heat. My 4 Woods
volumetric afficiency grarh of a poppet valve and & single slesve
valve engine of egqual capacity is reproduced in Fig.5.

Another point %o be noted is the fact that in a single gleeve
valve engine the brake msan effectivs bressure doeg not fall off
un¥il & gas veloeity of 110 Fi. per gecond is reached, whereas in
Ths case of g poppet valve engine, the falling off %akes rlace iz the

. :
T See Proc. 1,48, (Tondon) vols ZVII page 289,
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in the regicn of §0 £%, per second., This is gshown gravhigally in
Fig ¥ 3l i

g« 7 whare seversl modern poppet valve sngines ars plotted
2gainst the latest Single slseve valve sngins, Figs 6 and 7 make it
¢lsar that the intake System on a single sleeve valve engine has
t¢ be conzidsred somgwhat differently from that of = ronpet valve

engine. In common with Boppet valve engines, the sleeve valve
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GAS VELOCITY, FT, PER SEC. .
! GAS VELOCITY. BMER FIG. 7
}

timing varies &ccording to the engines reguirements buf, wlike the

poppet, it is congtant irrespective of engine speed.
Average sinzle sleeve valve rractice is as follows:

Type of Eng, Intake Dpens Intake Closes Exh. Cpens Exh. Cloges

Tow Speed 10%7, 15° 7 45°g 1007
Yodinm 1097, 200 1, 45%g 10°z
High Speed 591, 20° 1, 60°E 1591,

T§Ming tolerances . . .
allowed on 2%E to 5% 4%F 40 49T  4%F o 49T  £0m 4. o0
produetion 4°E to 47  B%E t5 297
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Fig. 8 shows the rower cutput per cubic inch of thres engines

having valve timing as given in table. The engines Ffrom which curves
were taken diffsred mechanieally in some respects so6 that an sbsolutew

1y true comparisen of effect of timing only is not represented.
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| 3
!' § ‘ ]
| " =
! i LAl
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QD . % all 2
t g /4/
T iy
L L1
e 5
I 7| I
[ [ [ 1]
-] sog oo o L L e oo g 2400 &aoo <800 o000 Aoy
’ © RRM.
Q=0L, 5L, 45", 0L b=(0L, 257,45, 5L. €~TDC, 301,602,151
POWER QUTPUT AND \ALVE TIMNG FIG. 8

The chief adventages of & single sleseve valve gngine are, sustain~
ed operating effeciency, good power output, and silence ir operation.
& thousand hour test run under fnll load at 2000 R.P.Y. was

recently made on & six eylinder 2-7/8" bore by 4=1/2" gtroke engine.

During the first hundred hours the power outpat gradually built up
to 44 B.E,P, after which it remsained congtant until the completion
of fest. Measurement of slseve driving gear backlash was mads by
means of an extended arm attached to the slesveshaft and although

& meximum incresase of .Ol?“‘on pitehline was recorded, the gears ren
as quiet as at the atart of test. On dismentling the engine it was
found thet the meximmm wezzm on the piston skirt was .001" while the
wear on the outside diameter of sleeve was undescernable. Fig. 12

Shows a power output curve taken from this engife after the 100D
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The adoption ofs Sleeve valve cbvistes suck things sas "grinding

inf_ef valves, ingress o® unwanted zir through worn valve guides,

N
TaLY

€ distortion or sticking, elearanee-aijustment, valve gpring brsske

é
ag¢ and frequent decarbcniziag.
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The rapia epening of ports, the tyoe of port Opening obtained,
positive timing, undbetructed intake passages, and increased compression
Tatio all contribute to good power output,

Silence in Operation is achievaa by avoiding the hemmer and
anvil blows of & popret valve, and the fact thet the valve actuating
mechenism does not extend outsids of tre engine body. The sleeve
valve engine not only can ne made to run quietly, but i% etays guiet.

The weight of = single sleeve vzlve engine compsres favorably
with that of & popret valve, Then = separate oylinder block is used,
the added deptn of sngine body dus t0 the shortness of the sleeve

Valve eylinder gives strength ang rigidity and aliows the nze of
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aluminum. 4 cast irom sleeve For an engine of 2-3/4" bore wsighs sbount

£ 1bs., while the weight of valves, springs, and tappets for a popoet

" -

vaelve engine of even bors approximates 1~1/4 1b bS., & saving of 3/4 1v.

(%
[{1]

v
per cylinder in favor of +the poppet. Ir shonld bs dorne in mind,
nowever, thet the slseve valve eylinder head construction is consider~
8bly lighter them that of the poﬁget.valve. Tn practice it is found
that 2 single sleeve valve engine of a¥erage bore, with an sluminum
casing, is ebout B0 lbs. lighter thar a pogppet valve engine with the
conveational cast iron camstruetion, other things being equal.

ﬁhe lubrication of the crankshaft and connecting rcéé beerings
is pressure feed of orthodox design. 4 pressure lead is connected 1o

the valveshaft tunnel in the walls of which are overflow holeg placed
80 as 0 maintain an 0il bath for the sleeve gears. The sleeve and
piston are lubricated by 0il mist, care being taken 4o avoid direect
sklashing of o1l on sleeves.

The Engine Sub~Committes of the Britisnt Aeronautical Committee
in their repodt for 1925-26 meke the follewing comments regarding the
single sleeve valve enginses:

"During the ecourse of the year the Sub=-Cormittee have given
;cﬂnsi&erable attention to the results thet have been obtained in the
development of single sleeve valve engines (Burt-MeCollum type). They
arexof the opinion that these engines offer definite edvantages for
use in aireraft, It has been ﬁrove& without eny doubt that the absence
of hot exhanst valves dimighes the tendency to detonstion, and inm
conssquence allows a sleeve valve englne %o be used at a higher
compression value than & poppet valve engine of corresponding size.
The incresss in efficisncy so obtaineﬁ is important. It also appears
that the wieght of = eomplete engine is not likely %o be substantially

increzsed by the substitution of single sleeve valves £o2 poppet valves.




19,

The Sud-Commitise cenéider thet the ressarch work h&S now reached
Such a stage that the Gevelopment of multi-eylinder airerart engines
using slesves valves should be encouraged.”

in a supplesment o the above report the following appears:

"For some time past, work has been in pragress on the evolutien
0f the sleeve valve engine suitdble for airorart purposes. In &
Tecent rsport on the present position, Mr. E.R.Ricardo stated that as
the result of from nine months to two and = half years® running
eXperiencs on seversl éngines the coneclusion has been rsacuesd that
Tiae single slsevs valve gives better performance than the poppet
vaive engines? the same glze, maintaing its performance far longer

énd possesses very considerable mechsnical adventages,
The Sub=-Committes neve exarmined in detail the results of

all tests undertaken, end consider thet the potential value of the
gingle slseve sngine for sircrsft Purposes has been fully demonstrated,
In particnalr, eXperience has shown that it is possible to keep ths
sleeve fally lubricated without an excessive il comsumpbion, and

that the zbsence of not exhaust valves 4in = sleeve valve engine

reduces the tendsnecy to detonation of %he fuel, and therefors allows
the use or nigher compression rgtios then a poppet valve engine of

similiar size,”
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ZORT CALCUTATION:

'n .@\ n A L) - )
Befors procesding with the caleulation of ports the following
varticualrs Tequire to be settled:

A= Arrgngement and. number of ports,

L 4

Qutside diamster of gleeve in inches.

L ¥

D
C = Distance from axig of eylinder to centsr oP actustion in inchss
P = Throw of g8leeveshaft crank in inches. |
¥V T Valve timing.
4As already mentionéd, it is desirable to use three intake ang
two exhaust ports, +this combination being a compromise between fewer
borts witn larger slseveshart crank throw, giving greater overall
height of éngine, and larger nowber of ports, with smaller erank
throw, reducing the height of engins, but complicating coring in
eylinder ang ineresasing port cutting time. Reference ghouia be meds

to Intake Port Opening chart, Pigz., 9, from Which the maximum sres
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INLET POQRT OPENING CHART FIG &

in squarexineches for different errangements of port Settings may pe

Seen. If threse intake by two exhaust does not give sufficient sres
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for a particaiar engine, taking a poppet valve as & basis, then two
Entake gnd fwo exhanst anonld be adopted.

The outside diameter of the gleevs D is obviously determined

7 the bore of engine and thichness of sleeve wall,

Using the ball and socket type of eeunlzag, the distancs from
éxis of cylinder to centerline of ball equals,

C = .625D to the nssrest ever dimension it 4 ko i ],

The sieeveshaft crsny threw T is determinad by the ovutside
diameter oFf sleeve, the center distance C; and the port arrangement
A given 8§ %he total number of ports per ceylinder. The stroks oFf
Bleeveshaft crank is approzimately equal $o the width of port, and
Space betwesn ports, so that, if the circumfersnce of sleeve outside
diamefer be divided by twice the numbser of ports, minus ¢ne, - there
'belng ine lsss spece then ports, the approximste stroks of slesve is
obfained;

w0 223 -1

The sleeve wall is st & different distancs from the axis of cylinder

than is the poiat of actuation, therefore, an sllowsnce zast be made

in caleulating the ersnk throw T

énd «28D for two intskes snd two exhaust ——«av-ﬁﬁ-a~~ﬁ~~ma~~u~gﬁwﬂ»am4

Teking & 2-2/4" bore engine of the passenger car type for.
éxample of port calculations, the neceseary particulars are first a
determined, A poppet valve sngine of even bore and conventional design
bas & maximmm intake valve diameter of hal? the engins bore, so that
with & 1/16" deep seating the port dismeter equals,

{8 2 2.75) » 195 = 1.25" diameter.




Assuming ¢ valve 1ift or 1/4n the meximur vaive dpening arsg is
approximately:

1.25 x.'z 28 = ,gg 8¢, in,

Referriug to the Port Upening Chart, Fig.9 1t will be geen thai
for gug/an bore = péxt TEERIRE arTangement of thres iﬁtake and two
exXhanst gives a valve ngizzg area equal to that or & poppet valvye,
therefore, thig setting will provide ample valve sres Por the type
°Ff engine under consideration, r

4 % B Intaxe ang 2 exhaust, “

Bore = twice sisevs thickmess = 2,75 . *15625 = 2,908" g4q,

D=
C% «625D = 625z 2,0 = 1.972pm

= 218D = 2218 x 2.9 = +632 Bay .625¥ ,

¥ 2 Assume intaiks °p, B%L, ¢1, 3201 Exhaust op. 44°%m, o1, 1091,

Referring +o Fig.10 the sine of balf the anguler travel of sieeve

squals the slesveshars throw divided by the cember ¢istanve betweep

the sleeve axis apg point of setuation:

Sin g- = 1/2 Angulal‘ Tra?el : g ﬂ-’-:ﬂ:-ns-aa'cﬂéhﬂ-aaanﬂﬁcuﬂﬂﬂnaaann?’_.5
C

Do

iy

6256 = L3448 = 20% 101

1 -8120

.




therefore,

5= lnguler Iravel =« pgpo 0T x g2 = 4p% 207
The horizental travel or latersl movement of sleevs measnred on
the osuter surface of gleeve well nhas next %o be found,

H = Horizontsl Pravel Z awyp = ax Dx .008wp IRl T T

f& geal from the herizontel travel, This seal, or ¢over, ag it is
ealled, ig nscessary in order %5 prevent pressure lsakace during the
passageaf 2 sleeve port between adjacent vorts in eylinders, The
amount of cover may be varied in order %o bring the port length to an
€ven dimension, but should never he less than .057,
Zength of nort equals:
I = HE = Cover = 11,0089 . 0529 2 L9 e
Fext, +the wiatn 0f the largs spaces between ports is Touné by
adding a variashile cover allowzncs to the herizontal travel, so that

& Sprace equals:
W = H ¢+ Cover = 1.0029 ¢ .0501 = 1,073" s e

Having length zwi of port and width ot large

Space, the Spacing of ports around the eylinder circumfersnce can
now be settled, In the Z inteke sng % exhaust port arrangement wnder
congideration thess are:
5 Ports at .opv
¢ Bpaces at 1,073" = £.8107
8.065"

4.88"

i

B0 that tanis figure subtracted from the circumference of the slseve
outside dismeter gives the sum of the re maining small spsces, Therefore

&.small Space squals:

+5 (.785¢4 D% « §,089) = .5 (9.1202 ~ 8,069) 5 ,5 x 1.0872 = 55068

—sa“-—-\aa.ag
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The height of ports is contrslled by the throw of the sleeveshaft

&nd the valvse timing at the intske ¢loging and exhsust crening positicns
In Fig. 11 three Timing Disgrams sre given, the Tirst being the

crankshaft or fiywheel viming, while the second shows the same timing
transferred to the half engine speed slesveshaft. The third is
simply the center diagrer with the datum points moved aroungd or ad-
Vanced so =g t0 bring the intake cloging and exhaust opening points fo
& uniform distance from the horizontal centerline, the timing periods

remaining unchanged., The advence o angular distanece through whiekr

)
|
|

i
10k

i
;

Aaz:_l__44 L_z &
CRANKSHAFT SLEEVESHAFT
UNBALANCED
i
' TMING DIAGRAMS. FIGiL
i

the sleeveshaft crank is moved ahesd of crankshaft equsls (X -~ Y} < %

Gegrees on Sleeveshaft, this for the exsmple tekeh egquals

22 = 15 = z°

2

It shounld be clearly understood that this sdvance doss not alter the

timing in any way, but simply changes the relative position oFf sleevew

shaft to crankehaft; so that when the latter is at its top center, on




Closing 0f exhaust are next dstermined. To Obtain these dimens

20

compression stroke, the former is 5% ovex top center, sr in other

words, when the sleeveshart orank is on its top center, the crankshaft

s . ﬁ o a'r 2
is 8" 2 2 % 6 pefore its top center.

b3

he height of port equals the slesveshaft crank throw pluns the

rroduct of the threw multiplied by the sine of the imbake opening or

exhaust closing sngle %sken from the balanced timing diagram,

T

=

i

L

H

625 = (.625 x Sin 19°) I .s282
It will b& seen that %4he object of advancing the slesveshsf:

¢rank in relation to the crankshaft is primerliy b0 make intske and

¢xhaust portsxz of eguel heights and so simplify port cutting eperatien.

%here ig, however, & other advantage which should not be overlooked,
The height of oylindriesl portion of the combustion snsee is governed
by the height of port; that is, the top of piston at top centber
celncides witk, the lowerdedgs of cylinder ports, while ths foot of
the eylinder head is placed shout 1/32" sbove the top edge of ports.,

A reduetion in port heigkt, due tso balancing, alleows a réduetion in

.height of eylindricsl portion with & corresponding incresse in the

belght iz cylinder nead. Tuis tends to promote better gss turbulence
and et the seme fime raises the gpark plug out of a desp pocket, a

characteristic of early model sngines, whiech had intake and exhanst

- -
. ports of different heighte cabeoulatsd direet from an unbalanced timing

" dizgram,.

The port flanks sngleswhash zovern the opening of intske and

ong

te

11 and 1e arg first solved.

s

Inteke port f2il = I, %= 5E - (T Sin& .50 ) e L b
+5 x 1.0229 * {4625 x Sin 5-1/2° = .s017)

i1

» 46347

I
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a
.5 x 1.,0229 4 (.625 = Sin % = .8017)

By

11

-5812"

Tiank angles is as follows:

BE I« {1 or 1, =ar)

o
[
B
&,
H
H
I
.
on
1=

= 90° - §

z - g

Por {the example taken the flenk anzle I egiels:

(i

Intaks —emmwdg® 4717

Rxhanst ==--51° 28°

Having 2ll port dimensions it is & simnle matter to construct
a port opening disgrar. Adjacent intake and exhamab on eylindem, and

:

the slesve travel ellipse are drawn on an enlarged scale, say ten times
full size. The travel ellipse being constrmcted geometrically from
the sleeveshaft stroke and ths norizontaltravel, using 10° aivisions
for convéntence. Sleeve timiﬁg marks should be clearly indicated. Next
the sleeve ports, one intske and one exhenst, zre drawn on a separate
‘plece of tracing vaper, and piaced over the cylinder port drawing so
that ports are in line, with inteke port flanks coincident snd %u= in
this position a mark is placed over the travel ellipse at the point
0f intake opening. Keeping ports horizontal =mmf the merk is moved
around the travel ellipse, the ares of opening being measured by

lanimeter at every 10% of travel. Afber makine correchion for enlarced
p g g

gezle and aetusl nunmber of »orte, the resdings are plotted amsinst
s g P tAs




