26th June, 1962

Major ¥.T., Mountford
¥r. J.J. Booker
Kr., Go¥e Bsker
My, P. velsher
o ¥r. Bele Thomas

(1) Original lo- cospression plstons for Cruseder engines were
made from Meteor plstons b adiing valve clesrance slots. These
wers eut at 22i° from the horizontsl slthough the valve sngle 1s
32:%,  Tuls difference of 10° was to allow for the slight doming
on the exhaust valve head (which 1s the ~ore likely to hit) and wes
correet for thess lovw compre-slen ristoms vhieh had only smsll walve
clearance slots to miss the edge of the wvalve.

(2) “ith the introduction of the high compression riston, however,

the valve clearance =lots beceme larger. At first, to obviste melking
them excesiiwely large, they were msde to allow 1/32 in. less clesrunce
between valve and plston. This, hovever, slloved the edge of tae
exhauet valve to hit when the engine was over-reyved snd loter we altered
the angle 5f the elesarance slots to 324%(1l.e. 0° stecper), This gave
more cleapance with less cut out of the piston crown but cut decper into
the crowm in the vielnity of the ring grooves. This slteration was nade
to the drawing of the plston {drg. ¥o. 9444%. vWork No. 42273, H.%.G.
Rel. Wo. 1381%) on 0th April 1961, I sent a print of thls to

¥r. D, Smoll wood on 24th April and Hepworths wers giver instructions

to meke this wodifieation to future pistons as soon s possible without
aff=cting deiiveries. Hepworths sccepted these instruetions but moved
the two top ring grooves down /%2 in, (reducing the width of the t ird
land from § in. %0 7/32 in.) o 22 to leave pore metsl between the bottom
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of the valve pockets and the top ring groove., They effered to send

o sample istons for teste I declined these since this would have
mwesnt s delay of € weeks and we were snxiovs to have the modiflsd
clesrance slots as soon #3s posslble, being in trouble with the old ones,
It secnmed t0 me reasopable to acoept Hepworths sdvice regerding land
widths snd in fact T have no evidence of swy trouble from the use of this
narrov bottom land on the Hepworth 1781% easting which has plenty of
metal behind the scraper ring groove, 4 piston of this type was returned
recently by Xings of Oxford with loesl scuffing at odd places on the
skirt and both comrression rimgs stuck in thelr grooves, bedly soulfed
and apparently having been fitted with insufficient geps. The sersper
ring is, hovewver, guite free in itz groove and the lsfects in the npluton
are hot attributable to any feult in the design.

(%) it sbout this time consideration vas glven 0 & still blgher come
pregsion plston for the Cpuseder Suver 5 engine whiech wasz required to
have the whole top face of the plston raised by LO® in, (exeept for the
faces of the walve cloarance glots). To have machined ¢t is from the

old 12917 pasting would have made a very heavy pizton obviously (uite
unsuitable for a high revving sngire, particulerly besring in nind that
we were already having troubla vith the commectiing eyes, caps, bolts

and bearing shells on the Crussder Eports when used at really high spesds.
To have fittsd s heevier platon ln = Mgher revving engine would
obviously have caused still more trouble. Vve therefore called for the
Super 5 plston to be msde fro» the lighter Constsilation emsting. By
this time we had besn using this plston . uite satlisfectorily for several
months in the Constellation eugime whose plstons differ externslly from
thoss used in the Crussder Sroris only as regards the depth and angle

of the valve clearance slots., Bons of the troubles hud cecurred whleh

I had thought poscible, 1.2, holes In the croun, distortion of skirt, ete.

Megsrs. Hepvorth & Grandage sdvised us thet in thelr opirion machine
ing the lsrger evalve clearance pockets on this lighter casting would
leave the erown loeslly toe thin. +e tierelure sgreed to a small modifi-
cation of the core to thickep up the crown under the clearance pockets 2ven
though thils meant adding about © drams to the welght of the pleton vhen
machined for the Constellation engine.

Plstonzs from the modified lighter ecastings were calied for both
with am extra 040 on the Grovm for the Crusesder Supesr % (Drg. No. 30278,
York ¥o. 46912 H.%.G. FEef Ho. 15662) snd to the standari bheight for the
Crusader 2% and Crussder Svorts models (Drg. No. 4%°7%4, H.4.0. Hefa No.15664)
but so far nome of the latier type have been sup lled, :
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(4) To use up surplus Constellstion Platons 1t was declded instead

of ordering ristons to our draving ¥o. 47273/ to modlfy existing
Constellation slstons (Drg. ¥o. 9996¢ , vork No. 4537%, Hot.G. Kef, No.14843)
cutting on thew valve clesrsnce slots az on the Cpusader plztons. This
was taking a enleulated risk since these platons wers frow the 1ight
eastings vithout the locsl thickening up bemeath the clearansce slots
referred to sbove, They had, morsover, not got the cospressiom ring
grooves lowered by 1/%2 in. 0 that not only was the metsl too thin
bencath the clearsnee slots but also the corner of the clearsnes slot wss
dengerously near th beck of the top ring groove. Eefore sndopting this
eourse, hovewer, a modifled Constellatlon plston withs the valwve clearames
pockets eut deaper than eslled on the Dreving ¥o. 4227%4 wa: rum in pro=-
totype Super 5 engine with the cylinder barrel shortened by 00 ine
This gave no trouble.

Eregent Iroubles
(5) Troubles with vsrious 250 risions osn be deseribed as follows -

Tris 1s not atiributsble o the crowe belng too thin since it hos &
miniuvmue thickness of U.26 in. The basie reason ls that the compression
ratlo g too high, This is nominelly 97 to 1 tut & varistion of loe

in compression volume, easily produced by variations im mocining, mekes
a difference of ¢ rstic, so that sows engines may wsll have 2z ratio
bigher than 10 to 1. This hes alresly besn des 1t with by

(1) Stenderdlsing 83 instead of WBZ spsriing plugs
(11) Raising the carburettor needle one noteh
(111) Pitting one slrze larger msln jet
(iv) Issuing s Service Bulletin rec smending the use of 10V oetave petrel.

In sdiition 1t 12 nov proposed to fit 2 compression plate sbout 010 in.
thick beneath the erlinder.

()

This seems in gomeral to be assoelsted with rings butting. The ring
dravings oell for elesrances of 017/ 018 in, for the top ring end
011/.016 in. for the other two when messured in = ring gauge 2.751 in.
dlasmeter {the sylinder dlameter.) Rings to these disenstons bave been
uped satisfactorily for yesrs in Crussders, Bull 2ts and Twins. 4 lerge
nusber of ringe vere ehecked in & geuge 2,79 ins. diusseter. The chrowe
plated top rings wers found to have gaps everaging SI0 in. plus snd the
other rings 008 in.plus. Allewingthe oxtrs 00714 in. gop for exirs
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+H1 in, bore it appears thel these rings are on the low linlt for gup.
fepvorths' recommendation iz for .00% in. minious gap per ineh of bore for
normal engines and.00% in. minisum per ilneh for alr-cocled recing engi.mt,
f.2. for tide slze of gylinder a mininmus of 00825 in. for normsl englnes
or J1%75 in. for racing engines. OUur »inimus figure of L1l in., would
therefore seas to be sdeyuate and has ir fact proved to be s0 in the
pasts It appesrs, howewsr, that conditions in our 250 ce engines vwhen
driven hard are close to those in & recing engine and thet more clesrance
ig reguired, Instructions have nov been glven t0 incresse the cep on
&ll rings to LO1% 00 in., 150 sete of rings vith these gepsill be semt
to ug on 25th inat o enable rings on pletons in stoek 40 be changeds.
These rings will be charged but eradit will be sllowsd on return of rings
removed from plstons.s It will be noted that the rings fitted by
Hepworths to our pistons sre in sccordence with the drawings which we
bave approved although at present thelr gups sppear to be 2t or near the
low limit. ings to these drawinge huve glven seticlactory serviece over
meny pears in T shgles and 50 and 70U twins and have been satisfactory
up to now in the harder worked 2% singles. V¥hy we should now [ind the
gaps Insafficient ls not clder. Fossibly howev ., previcus pistens for
Crusader Sporte engines have had rings with gaps pearer to the nigh limit.

(e} Gollspes of Pig

This has ocourrad on the re-werked Consiellstion plstons. A8 already
stated & celoulated risk was taken in cuibing Crusader valve glesrauce
slot: om these light castingsvHel had neither the top ring groove lowered
por loeal thickening bDenssth the sglote. The justification for taking
this risgk wae the successful ugs of sueh a platon with the slots cut decper
than standerd to enabls it 10 b2 run in & eylinder L40 irn. shorter than
standard., It now appsars thet in adiition o taking this esleniated risk
an gnknown Tsetor was brought Irto the plelure by the faet thst the slote
whils have besn added %o thaaa Consteil ation ptatm:s havae in fact beer cut
at the old angle of 272% instead of 324% . This improves the resition so
far as thickesss of setal botwesn the cleurance slot and the riug groove

is concerned and does not decraxse the inimuw thickness of metal., It does,
however, mean that the thin metal extends over z mueh larger arse. In
soveral instaness this has resulied in partial collapse of the piston
erown ss & whole and/or locally is the sulidle of the valve clearsnce
pockets. In some instances this has resulted in freacture of the material,
par=itting ths hot gases to blov through creating s small round hole whieh
ig cuite different in character from the larger, rougher edged holes in the
eroune of someol the Supsr © plstons.

To over core this a cgnstnllatim pistor is being wodilied with walve
clesrance slois cut at %2¢° a&s on the current (rusader plston draving but
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with the shape of the sxhaust clearance slot redifisd to follovw nore
closely the furm of the valve hee’ thus glving more metsl betweon the

slot and the top ring groove. Tiiz modification to the shape of the
clearance slot does mot aprly in the gase of the inlet slde, since the
inlet valvs head is basleally flat vith & centrel rdeess. Tests with
plasticens heve, hovever, showa that with clearsnce slots as shown on

the present Urusader piston drawing there is approximately %72 in. betvesn
the piston and the valvs at the elosest point. It is not neces-ary to
give 80 much clearsnes as this in the case of an inlet walve which is
clogest to the plsteon vhen the welve is opening, wheroas the exheust velve is
closest when it 1s closing. 1If the engine is over revves the exhmust say
cloge late and hit the pigton but no smmount of over revving con canse the
inlet velve open earller than is intended. On the irlst side 1t is there-
fore only necessary to allow for the valve to elesr the pistonm when the
engine is turned over slowly plus a smaell allowsnee for varistions in
mashining and for comnecting rod strsteh.

This sample Constell ation plston 1z therefore having the inlet
elearsnce slots cut 1/72 in., shallower than called for on the current
Cruseder plston drawing. This will give spproximstely the same metal
thickness betwsen the slot and the ring groove as om the Crusader pieton
Vhich hag the ring groove 1/72 in lower.

()

Jn sove plstons the sersper ring groove has closed in st the fromt and rear
of the platon trepoing the ring amd alloving excess 0!l to resch the come
bustion chamber. At Cirst this trouble wes motloed only on Super~S pistons
which arc made from modified 1ight Constellation omstings and have the top
two ring grooves lowersd by 1/72 in. leaving the land immedlately above the
serapsr ring groove omly %/%7 in. wide. The hsavier Crusader Eports

pistons (V.4%273) vith $dentieal ring groove positions did not show this
trouble, nelther did Constell ation pletons made from the 1lght easting (W4%37%)
with the two upper ring grooves 1/3” in higher glving & land width of § in.
immediately above the seraper ripg groove. 1 thought at first thersfore

that this groove eollapse was due to a combimation of the Iight casting and
the narrow thi=d land., Unfortwhately, however, st lesst two Cunstellation
pistons hawe now come to light which have been used iw Vrussder Sports engines
{after re~cutting the valve clesrsnce slots) end whieh shov gollapse of the
seraper Ping grooves as well ss of the viston crown. These plstons heve

no halss in the crowm so the coll apee of the ring grooves is not dus to
exeessive heat due to hot guses reaching the inside of the piston. It

#rems therelore that collapse of thls groove is liable to occur with the
light cesting, when used under the more arduous conditions of thé 2%0 ¢c
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englne, irrespective of the width of the tuira land. Novertheless, the
use of a land only /%2 in, wide se we undesirable im o hlghly stressed
plstoh and 1f the expsriments with the moiifted valve glesrance slots
prove sueccessful there iz no ressenvhy the tvo upper ring prooves

should not be ralsed 1/72 in, to restore them to their original position.

Letion Taken
(1) Corburettor setiing for Super-s elready slterzd. plugs changed to HNT,
(2) One dozen 0il seraper rings L0L in, nerrover ithan standard recelved
from Hepworth & Grandage for test in fupr-% pletons to pininise
eifeet of coll apse of oil sersper ring groove, I succssaful
future plastons to have dhis groove LUl in. vider.
{Z) 1% sets of rings with increases gape belng despatohed om Monday(25.6.62)
(4) Constell ation yiston baing re-vorked with modified valve clssrance

slots at correct angle (3%:°) but giving sdequste metal thickness
betueen clearance slot and top ring groove

(R.4. m;.im ont s




APPERDIX ‘At

o™ H.e: G

Thls is the originel high compression pigon for the Cruseder %0

and Crusader Sports engines. It 1a mede from 2 'heavy' carting with

& minimum crown thickmessof 025 in., Most of these plstons were mschined
with valve clesrance slots at 22:% and the third land § in. wide. There
is = slight loeal thickening on the under side of the erown to allow for
the clearance slots at 22{°, Later plstons of this type had the angle
of the clearance slots sltered to 32i° and the twe top rings lowsred by
1/%2 in. giving & talrd land width of %/32 in, It is doubtful if any of
these later type pistona were used in production but some have certsinly
been supplied as spares. They are qulte satisfactory though a little
heavy. The earlier plstons with 22:° angle clesrsnce slots are liatle
to hit the exhsust walve if the engine is over-revved.

W 4727%/4 Drg 4 _H.& Ref

This is the plston shown on current schedules Jor the Crusader 2%
and Crugader Sports engines. Externall y it is ldenticel with the later
plstons to W.4227% with 324° clearanse slots and & %37 in. wide third land.
The casting is, hovever, much lighter with & minimum crewn thickness of
0.22 in. end less metal behind the ring grooves, particularly the scraper
ring groove. The castings are in fact wade from the current light
Constellation piston dles modified to msintaln 0.22 in. thicknes: beneath
the valve clearance slots. Nu pistons of this type have yet been suprlied
but pilstons from thils casting machined to leave the crown 040 in. higher
are used in the Super-5 engines under ¥.46912, Drg. No. 10278, H.2.Ce Ref.
15663, The Super-5 plstons and Constellation pistons used in Crusader
Sports engines are subject to coll apse of the seraper ring groove, thepping
the ring. Both ¥.46912 snd ¥.4327%/4 pistons are now being redrewm shoving
extrs metal behind the scraper ring groove, the two top rings raised by 1/32 in.
to glve & § in. wide third land and the modified valve closrance slots to
ensurs sufficisnt thickness of metal between the slots and the ring groove,

Thesé plstons will be re-numbered V.4691°5/4 and V,.4237 respectively. .
Sinea wewr  Q\earawae Slots ..,Rﬁ Wardase &\._/_ Qompressing éﬁ u\ap:; WO \z‘\,ﬁ% ,Rar
W, 4, H.8 G. Ref, 17 recoumted atimus Lo HACQ Gr o veductin.

LUVGEP WS VLY, o

Thils plston was originally used in the Constellation and 1 ate 1in the
% Brilet and 2% Clipper. It is mode from a "heavy' casting with & minimum
erown thickness of 0,.2% in, Vhen mschined with valve wlearunce slots as on
W.43273/4 the crown thickness 1s reduced but not seriously. These slots,
howsver, come dangerously near the top ring groove which is 1/22 in. bigher
than on ¥.4%27%k. The modified clesrance slots as on V.4307%/8 will moke
these plstons it for use in the Crussder 2% snd Crussder Sports.
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.45 Drs 864, i,°.G. Ref.

This 1s current Conztellation piston made from thg lightened easting.
“hen incorrectly cut with velve clesrance slots at 225" the ecrown beneath
the slots has proved too thin. Slots at 2240 a8 on Y.4327%/4 1 save the
erovn much stronger but are dsngerously nesr the top ring groove. MYodifisd
slots as on Y.4227%/B should meke the piston crowms safs but these oistons
when used in & 50 oc engine are still 1liable to odllapse of the scraper
ring groove.

¥.43788 »

)5
Ihis 1s the current %% Bullet piston. It:mdo from an identiesl
casting and machined to the same dimensions as We45%7% ubove, the only differerce

belng the scraper ring ejuipment. The remsris re Y.45%75 abvove thersiore
apply to W.45788,
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EFFECT OF DIFFE

APPENDTY B¢
MILI

os 1., ¥ 224° as om orlgirel ¥.43273 and up to now on re-
worked Constellation pistoms (not sale, velves
hit and crown toc thin on 1light castings)

Bo, 2. ¥ 325° 88 on 1 ster W.43273, V.4327%/4 sand V.46912
(Super Sports). Too little metal betwesn
clearance slots and top ring groove if this
willing 15 used to re-work Cons:ellstion or
Bull et pistons.

Bo. 3, Milllng  324° double angle on exhaust side, lnlet left 1/3:7
higher than with No. 2 milling.

5 Pt Ho. 2, Milling 9.8% 3 1 = 28 ee
¥o. I Milling 10.35¢ 1 = 26.5 ce
Foe. 2, ¥illing vith eompression plate 017" thick
{two paper washers) 9.2 : 1 (®.2 co).
(To be used for Surer-5 for the present).
Crugeder Sports Wo. 1. ¥illing 8.5 3 1 = 3% cc

No. %, Milling 9.4 1 1 = 29,5 co
or Buillat P41

No. 3. Milling with compression plate 017" talek
(two paper washers) 8.8 1 1 (Z1.75 o).

{To be nused for Cruseder Syorts till stocks of
re-worked Bullet and Constell stion pilstons have
been eleared)

Ro. 1, ¥illing with compresszion plste 017" thick
(two psper washers) 25.2% oe = 8,051 1

(Buggested for use in 2% Clisyers as » posslble way

of using up about 200 Constellstion pistome with this
®illing which are lisble to collapse if rum 2t 8.5 5 1).
To be tried.





