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MODERN
ENGINES

ARLY in November 1932 came
cne of the bigger surprises of post-

war motor  cycling:  Triumphs
anmounced an eotirely new oho. light-
weight to e known as the Terrier, Suce
the resumption of civilian producton, the
new Meriden factory lmd cenfiped its
setivities 1o the very popular, medium-
capacity wvertical twins, and so radicat
change of policy was uncxpected but miest
welcome. The Harls Court Show that
year had barely opened when it became
evidemt rthat, in the Terrier, Edward
Turner had achisved unother ontsranding
suceess, worthy. of taking irs place along-
sicde his Triamph Specd Twin
The Speed Twin set a new standard for
five-hundreds and staried one of the majer
design trends of recent years—ihar of two
cylinders instead of one, Witheut in any
way decrving the Speed Twin, I thiok it
is easier 1o design a world-beatung big
machine than on equally successful light-
weight, In the larger sizes one has so
many cubic centimetres to play with that
abmost any characterisic can he achieved.
A resuicted engine capacity, on the other
hand, brings other resiictons in its Uain.
Tt is not uadaly difficull © extract
plenty of power from a small engine, but
1o amain reat fexibility withour making
the machine depressingly slow is a very
different matier. :

Performance Compromise

Although o lightweight should be
capable  of undertaking  serious  road
work, it mmay be resarded primarily as a
ghorr-distance machine, Particularly in
this country, that means that much of
irs running mus be done in traffic of
a1 least moderate density.  Usder such

conditions it is clearly undesirable 1w

mave high pesformance at the exponse of
rractability: an excessively “soft™ per-
formance, however, is almost as bad.

In the first csse rhe rider is being
copsmntly frustrazed by other wehicles,
while in the other be s unable w take
full advantage of his machine’s mobilivy.
To possess a wide appesl nowadays, 2
lightweight must combine docility and
performance, and the most successful
designer is be who best resolves the
compromises involvad,

The Terrier undoubiedly has  wide
appeal, 5o 3t seemed apposite 10 Dpen WY
discussion with Mr, Turner by ssking how
he set ahout bis ask and why the Temier
engine s whit 1C 15

Ouestion: “Why did you decide on an
overhead-valve one-fifiy engine for the
Terrier? ™

Ansivers © Bafore the war Triumphs
prochced a 250 oo, oy, model weighing
about 246 b, As it was desired W g
back inbo the lighrwelght business, we
tnew that 2 modern o.juv. 159 oo engine
in @ sl lighter frame was capable of

e 149 c.c. Triun
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EDWARD TURNER, Triumph's Managing Direcior and Chiel Designer,
ALAN BAKIR, Dissect a Lively Overhead-valve Power Unit of

giving sbout the same performance with
eyven better économy and-lower first cost
Since motor cycles are rather expensive
i these days, in common with svery other
post-war engineering commodity, the new
mching was 1o be a study of how simple,
Hght and efficient & Hrde motar cycie could
be and st give a men-sized road per-
formance.

“ Overhead-valves were chowen becauss
the rwosstroke field is well covered both
in this country and sbroad, snd it is my
opinion that.an o.bv. four-sticke costs so
little more {expressed us ¢ percentage of the
cost uf the whole maching) =5 0 be well
worth the extra, in view of the very much
superior rev range and. geneyal perform-
ance. In any case, the slight expra cost s
more than saved, by lower petol con-
sumpriion, in the first vear of the average
machine’s fife, While it is true that two-
strokes perform remarkably on petroil, 1

Robustness and simplicity of consirucrion hons bee
carefully combined in the Terrer engine, | Full umil
constraction of crankease aid geor box 15 emiplayed
and a cleen gppearance Y ghoen By the smonth con-
! A pevical shajt, dviven by
shewe poars From: the, crounkshaft pindn of the tuing
pears, difues the distyibrror and the ofl pump 5 the

yours of the side covers.

camshaft 15 wpported fn d brovze bush ai cach g,
The four-speed gear box, which {s nor disctissed in

still prefer bearings fo be lubricated by
green ol instead of slightly  coloured
petrol.

“The side-valve principle did not
appeal o me for this particular applica-
don on the score of it inferior breath-
ing at high revs and i unsymmetrical
cylinder section which, on a small engine
working at full shrotile, might result in
distorzion; also, to give the same perform-
ance as an oy, vait, 4 side-valve engine
would have o be larger, which was con-
trary 1o the fundamental principle of s
light, efficient machine,”

Question: *'The bore and stroke are
gearly squafe a1 57mun and 38.5mm
respectively.  The proportions, therefore,
differ considerably from the 0 ce
Spesd Twin (63 x 80mm) and the 850 ¢
Thunderbird (71 x 82mm). What is rhe
reason for ihe difference? ™ .

Ansiwer: “1 chose a pearly square bore

iy erticle, 15 of strafphtforvard and sturdy design
et the selatror mechanism fs wmeal ¢ the dam plote
¢ actuared divecdy by spring-loaded plingers howsed

i o boss o the peay-pedal shaft
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and siroke becauss such  proportioning
makes for  the smallest and  lightew

engine for 3 wiven power, and because, for
a four-stroke, there i3 o minimumn size of
piston which, with commercipl wlerances,
results in a satisfactory job, The Speed
Twin bore and stroke, 63 ¢ 80mm, were
dictated by an enurely different ser of
condinons.  There my problem was maxi-
mum crankshalt stiffness and minlmum
widih berween the main  bearings; in

G T
case ymmer doif.
BRESGT

addition. there was no  restriction as
repards height—the Speed Twin & very
mich shorter than the 300 e, single
which it replaced.”

Chresrion: “Though 1 s in Hne with
current Continestsl designs, vour layour
is unwsual for this coumry in that ihe gear
box is in full unit construction with the
engine,  Why did you decide agaimnst
separate or bolied-on gear box? "

Answey: ¥ Unit consteuction, Lo, engine
and gear box in one casting, was cheosen
because of the opportunily it afforded o
make the minlmum amount of metal per-
form the maximum dury,  Unit construc-
non is lghter and 15 of course, s#fer,
and  grester  eytenior  smoothne wilh
fewer cavities makes for ease of cleaning
and generally symmeirical appenrance.

* At has been found thar g shori-centee

IRRCTse 08 ST swell fo the feft &t engine
¥ howrer fle drive-side iy bearing wnd 15 Tnregral
Plarn bearings ave wsed ]

Tappets run divectly v the adseeining: crathease
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cemire drae o Hie detaeh
il rhe elicre.
and she cinanp-side

"o i b

roller-chum drive properiy lubriceted wil
run almost to the exwent of s useful e

withour requiring adjustment, w0 there
Wis DU onecessity o provide  gear-box
adjustment. Apother advamage of unit

constructon is that the whole of the Jight-
afloy structure is in direor thermd contact
with the hotter zones of the unir, thereby
assisting in overall coohing

Summing up, uni struction, whers
it 1y posuble w oapply i, iy lphrer, siifor,
cheaper and cleancr. It alse obwiates dis-
turbng the tepsion of the rear chain for
primery chale sdiusrmem.”

Abthough the wansmussion s, strictly
speaking, ourside the scope of this nriicle,
the engiee and gear box were designest s
o, &0 1 oinguired the resson for the
detision o adopt Tour ratios, The reply
swas that, although the Termer was 10 be
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i tdond frome phe
gritd shdpe

arsy, ared there 15 a com
rap i the flyahed

s Hght, m;\g’mamn DT Ujdn, there was
ne mtentos of compromising on the
specification.  The normal  four-stroke
power-curve  characteristics  demended
four speeds if full adveninge were W be
maken of the engine performance under
all road snd wrafhe conditions likely o be
encpuniered. :

When we rned our agiention o the
compenents of the cnging, it was obvious
thar rhe crenkease snd crankshaly lavour
wiy unconventdonsl in several imporand
TEAPRETS,

One-piere Crankease

Question; * The consiraction ol your
maln crankesse-gear Doy wnl i antistal
in that it is not uplit slong e longi-
mdinal centre hHne: the division occars
e or less i the plane of the drive-side
sain bearing.  What are the advantages
of this layout? 7

Anseser: “ By arranging for the crank-
e 1o be in one pieve, with the Sywheet
sssemibiy covered by a side-plate which is
et of the chain cil-bath, great geonomy
of casting is awained snd @ much more
and  accurate crankaase assamhh’
CTHIEN

Y This i ot pracueable on the larger
vrighnes, ar where 2 can be done il an
obwious advantage 1o hove fewer parts and
segtiong, thus achieving maximum soff-
mess. The orrapgement alse enables dhe
drive.side main bearing o be replaced
withour  complets smantling of  the
cngine; furthermore, the enmne can be
Adismantied n s f‘rﬂ]f(.f"y without distarb-

Vi

¢ g the gear box,
C‘ju.{c .\f:mz !
En3

“The shouldered crankp
nickel-chrone  case-bardenir
et interference
are of high-grade, high-
Oin che niming side,
ém g_ :"i wici ahe ; (-L‘L

el

is

pressed-in cand s prevented ir«m‘
ritating b) serrated  Hange. \X"h

ence i thie mainghs
On the more lightly loaded
the shaft is relatively shor
~backed, white-meial-
lired bvesh, sp-irom shafy, which haes
excellents  wearing  propervies, is quite
sirone cnough for the duty. To deal with
the heavier drive-side loading 1 decided
i oy the overhunyg
imdinﬁ{ s such that oust iron would not
7 muugh, 50 ¢ separate shaft was

there this

Answe
timing side
angd runs
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§0-ton tensile sivenpth, | Uw
roughened, nickel-chrome stecl connaiiing
rod has a mmsu,i—in big-end. busk which,
like the timing-side main beating, is avh e
metal on 4 \fu“! bucking., Farliey engines
embodied & roller-bearing big end, bur zhc
change to o plain: bearing was made
zive longer fife snd rather quicter nmmmm.
Friumphs' experience with plain big ends
on the fwinsg has besn very satisfactory n
vhose respects.

TECHMNICAL DATA

CAFPACITY: 149 c.c.

BORE: Y mm,

STROKE; 58 5mm.
COMPRESSEON RATIO:. 7 o |,

PISTON HING END GAPF: Compression
and srraper ings, 00046 1o 0.0,

PISTON RING SIDE CLEARAMCE:
Lomprestlan vipgs, 000 e DO03Ha:
seespay ring, 00013 1o 00033 s,

YALVE CLEARANCE: Engine cold—
B01Gin inlet and sxhaest.
VALVE TiMING: Wih 8850 walee

cdearpnce—inlor valve opens 30 degrees
befnre top dead conre and closor 50 degrees
aftes bettom dead rencre; exhadst saive
apers 5% degrees belore botfram dead
cenirs and choses 5 dogrees afrer top dead
LEnTrE,

FERIITION TIMING: On full rerard
contact-breaker  pointz begin i open
B degrees {in) before rop dead centre,

EMGINE DIMENSIONS:  Crankshafc
driveside baHt bearing, 2Wmrm bore =
RImm outsrde dizmener x 15mm wide
eraniishalt timing-side plain bearing, liin
bore x Hin Sung, pig-end plain bearing,
Hiin borex 3h Teng: Smalland bush v
bare ¥ fin fong{ coanecting-rod Iwgm bsz,
end o smaibesnd ceorres. djing Yalve
dizmeters, mlet and exhaust: heoad, [iin;
hrear, 1&g seem. Thim Valva-teat
angle, 45 degress.  Valve tity, 0.280in.

CARBURETTGR: Amal, type 33110 choke
diamerer, Hing 25 dogrees of downdraught.
90 matn jer. Mo, 4 throttla  wabve.
Needie clip fizoed in third groowe from wp,

in the

Having 2 onc-plece crankshafy, the twing
must be fied wih splic big- ed bearipgy,
bue splitting is unaecessary on the Terricr
with 1ts built~up shaft, Asolid bearing 1%,
of course, Highter and more robuse sy wdi
s L’}L.i;}nr than o bearing of the spi
Lypu.

Oueston: “The dming  pipon s
integral with the skew gear which drives
the distributor and oif pump,  The o
gears have a tapered shaft which engages
with g female waper In the mainshal,. A
jong  bolo sorcwing e the  fywheo]
sectires the gears and there s @ posidon-
g dowel for  valve-liming  purposes
What s the reason for this mthey e

arthiodox mtechment method? ™

Tae Mormor Cyone, 30 Decesmper 1954

Assgners S Rince cast fron hos o a low
tensile strengih, i1 woukl pot have been
pood praviioe (o mount these gears on g

relatively  slender  shafi, The sethod
wdopred,  though unconventionsd in the

mator-cyoly industry, s sound enginesring
praet

Question: “You omploy 3 double
plunpger oif pump, a5 on the larger models,
bur 11 i driven by g small conpecting rod
fromm an esccentric on ihe eod of the dov-
mg shufl, insiead of dircctdy from the
0T Why do vou prefer plunger ©
: parmnpy amd whe did you adopt
this  different J;zwl?“ sveies o on
Terrier?™

Vertical-shaft- Drive

Ansreery * Although the gear-type 5
13 :..aps,)biz. of hmh mmpws‘ oIy
sensitve o mi Vssmqw th“m 1ht’ pbmw.r

vhe il is L@Id and Umh
umable o prmk irself SO0 FuR
immersed aod s critical o air leaks, I
therefore consider the plunger pump 1o
e more reliable for normut purpases,

*To be incorperated in the Terrier lay-
wut, the 0il pump had w be mounzed in g
plane different feom that on the rwins.
Since we already bad 3 vertieal sheft o
drive the distributor, it was conunon sense
1o nse that shaft alse for the pump.
connecting-rod drive then presenied |
as the ohwious methed.”

The lubrication system of the Tu‘ru*: i
orthodor. O is deibvered by the *s:\j
pump 1o the mming-side mam beatin i,
whence i1 eniers the mainshaft mmu;*.n
drillwayvs which lead it o the big-end
bearing, A centrifueal shadee xmp, the
vuter end of which s closed by = p%
removable for cleaning, is ncorpon uw m
the timing-side HAywheel

In normal Triumph fashbion, the aver-
herd rocker gear i lubsicared from tiwe
scavenge side of the systam,  Somce of the
il draing down the poshrod cover tibe 10
jubricate the cams, mappets and oming
gear, while that which collects in the
valve pockets drains back w the crank-
case through drillways in the oviinder
head and barrel,

Camshaft Material

The thoing gear ix exerenely simple
and comprises only two pinsons, ?.he;
coms wre integral with thetr shalt, on o
which the cam  puni L e nnd
beyed,  The gomshalt iy suppotied in o=
bronze bush ar each end,

Oresrion; “Whar  nmterial  do you
cinploy for the cpmshaft, and why?

Ansawer: © Case-hardened mild steel is
used becsusg iU mives an extremely hard
and therefore durable case,  Since the
shaft s short, suff and well supported,
there s no  disadvantage in L;cmg a
material  which hay a  relatively  low
strgngth of core”

Hardenad-stes! mppers operate dircatly

in the slumisiom of die crankease,  Sinve
thiy is a rather unusius! pracice [ tnguired
of Mr. Turner why renowable guide

bushes were not fued.  He replivd that
the bearing ares provided was so grost in
relation o the Ioading thay w Hiv sepamie

bushies wouald be an unjustifiable come-
plication.  Iodeed, the wpper-guide sur-
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cvlinder Jwand

faves on the Ternter were targer than those
on the Speed Twin and, {rom their experi-
ence, should cutlast the engine before wear
hecame (?.‘»\IC(;'-SE]‘IVQ_ i

Chrestion: © Another interesting feature
of the valve gear is thiet the push.a‘&d:; have
hardened-sieel end caps ondy at she top.
\‘vhy do you nor fin urui caps also at E!n.’
bortom of [h{ rods? "

Angwer: *The snguisr movemens of
the lower ends of the pushrods redative 1
the tapper cups 15 so wmall duaring valve
opeciion  thut the amount of mb’v:m
which occurs is segligihde.  Since the
mating surfaces ave well lubricated Dy il
drainirtg down the pushrod-cover tibe,
the rate of wesr is minute and it iy guite
unnecessary o A hardened ends. Also,
dee so owould inerease the reciprovating
weight of the valve v

Integrel Rocker Boxes

The crlinder hewd 15 die-cast in o high-
arade, sper-contaming light alloy, amdd
has integral rocker bowxes with pressed-
steel covers ower the valves: each cover s
secured by a single stud and nu T on-
guired why 1t was decided w employ
imegral coastroction instead of separate
rocker bowes such as are wsed on the
TWITLS.

Answer: “The swing, except for he
Tiger 100, have cast-iron cyvlinder heads;
separate sluminium rocker boxes are used
becmse their detachability simplifies work
on the top half of the engine. Becaust
of s smaller size, the Terrier Is more
aceessible, and 1 decided idally 10 use a
fight-zlloy head in order o mike &
mpderately high compression ratio prac-
ricable. Integral rocker boxes were jogical
for this engine hecause they cost less, are
very ®igid, and provide an excellent
hemt path w aid cooling of the coylinder
Gead.”

Ouestion: "The rockers, T know, are steci
forgings, hardened snd ground in the bore,
and  rum  directly on  hardened-stee
soindles.  Did  technical of  economic
onsiderztons  influence  your decision
aguinst the employment of bronze-bushed
rockeTs

Answer: “We have always run hoerd-
ened-steel rockers on sieel pins with

Tt i: unnccessary o bush
AUsG ih(f Chﬁ.ﬂ‘.ﬂl{’.f of the
; with  unilateral

SVerY SUCe

i Pressurey,
rroimteresting fewure of
t s the hesringbone lavowt of the top
; the uheot s 1o give 1he best possible
cooling.  The exhaust rocker box effec
dvely diveris direct arr Bow from the
muddle of the head; thos sransverse or
fongiokdnal finnimg woukd be of lude
bonelin,  Cool air 15 deflected fmward from
ench side of the head by dhe hermingbone
fing, and the gap burween the fwo sols
af $ins enables the heated air to ger away,
an essential factor 0f clfective cooling 1
10 b achreved,

Valve-gear Details

Inlet and exhaost valves are of the same
size amd run in normal casi-iron gundes at
i included angle of 73 degrees. The
combustion chamber form: ks part-spheri-
cal, The valve included anghe is relatively
amadl, and 1 ascertsined thar s adoption
wis governed proimarnly by the desire io
use a single pushrod cover obe, in the
mrerests of near appearatice and minimum
wekght; s wder angle would have mcant
increwsed  rocker-arm length, The angle
chosen 1y also near-ideal for the bore,
strome and comprassaion satio of the Tor-
iEr engmne,

Walve-seal imserts are of a special cast
tron which has a high coef teicnt of ox-
mn&iaﬂ to match that of she cvlinder

head,  The inserts ore cast i aped an
untssuzl mathod of securing them 15 em-

ploved: twy have a2 wapered periphery
which gives a dovewilpd effect, The in-
serts are hemed  before the  aluminium
alloy s poured.

Queston! “ Although vou have a fight-
alloy cvlinder head, The barrel is of cast
wen, Why did veu nor adops light slloy
for the harrel aldo, and wihy d{) you peint
the barrel aluminm, g finish which does
ot promete effective Q{!]mg! ”

Answeer: V¥ The cast-lron barrel used on
the Terder is almost compleely
mietrical i cross-section and, thereifs
cian be made very thin with cloge- pitch
fins w‘m."z give adequate cooling, A lighi-
alloy ¢ fmm‘ would inmroduce unnecessary
Cum;lm ations. A falgly substantinl casi-
iront Hner would be necessary, and o cere
min minhnom section is reguired for a
lighr-alloy barrel w retsin conract with the
Hery the biqmnem! ammngement would
result o greater cosy, less rigidity and
cgual weight, 1o no advantage,

Cranhcase Breather

“The Terrier barrel 15 painted alu-
dum in avoid bresking up the colour
pattern of the whols
wdeal finish would be black, Ihc barrel has
ample conling capacity for rhe gluminiam
finish 1o be practicabie.”

Oueston: 1 sec that you employ &
ported crankease breather in the ouer
camshalt bush.
breathing, 1 should have thought the of
seal outboard of the drive-side main bear-
ing was unnecessary. Why do vou fit the
seaie

Answer; © The breathing arrangements
are so effective thar there i & pressurs
differentisl between the chainbath amd the

thre cylinder

engine; although the

In view of this conirolied

crankoase, with the anendant danger
losing oil to the main system a s
penst of the chain; henee a oseal v neces-

sary,t

Ouesiion: “The Terrier engline was
ahvioushy maed from the with
an AC, atiy in view,

Such g
15 rtuntizelog of course, climinates the need
for nwo elecineal instruments lor igniion
and Lghtng purposes, and thereby saves
weight, cost ahd poswr Jms. Do your finmd
the vxma overhung welght of the rotor on
the mainshalt has any adverse effecr on
munn-bearing e ”

Awpser: ¥ There 53 oo disadvaniage s
the overhung rotor, or approciable o
tosd on the main besring which has
support the welght of the rotor also.
a nmatter of fact, the moment of nerp
the rotor has the benefoind effect of can-
celling our ceortiin louds on the man
berring.”

Distributor Accessibilify

“The distribotor locanon, on
first-cluss

Qestion:
P of LE&L vr;ml\c:ase, provides
aceessihii
without solne }il&l'hit)l'i[iﬂ[l, as marring the
appraranee of an otherwise shapely power
it Wiy did you not delve the dism-
bmor from the emed of the cameshafty and
enclose it within the dming-side cove
with an i cumi  plate provided i
the cover lor comjaci-biresker  accessi
bility ™

Ansaeer: 1 disagree with the criviciag
of the position of the disiribater. Aciu-

ally, we went 1w considerable rouble and
expense in order to provide tha position:
the firss requiremsent was that the dist
buior xnmiH he accessible, Furthermaore,
with g vi ribwitor there s olearly
less aLﬂdLﬂ\,}' for oil 1o seep inte the con-
rets. Driving the disiributor {from the
ened of the camshalt wonld have incren :rd
considerably the overall widih and weight
of the un,”

To round off the

discussion, 1 asked
Mr. Turner my  usual Queston aboul
power and torgue figures, for the benefit
of the moere technically incdimed. T was
told that the averape enginge, with silencer
and air cleaner firted, develops £.3 bhuop.
an s pesk speed of 85309 rapam.

The rorgue peak ocours shghtly below
5800 rpm. and the magimum valoe
185 i in. Ahhough the pesk ocours
a foirly high engine specd, the surve is
comparatively Hat and the torque ar 2,750
rpa is 153G 0 in

sAn sl taper fomg is emploved to eteech
the Umfrg-gedr pinton fo the mopashaft sub
of the cast-iron fivabhesd




