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BOXSTER AND 911, 996 ENGINE REBUILD
PRICES & OPTIONS - SHORT VERSION

If you have an engine problem with your
Boxster or 996, there is no better place to
consult - than us.

We offer more options for a quick and viable

relatively easy when the only option offered is a
new engine), the differences in car specifications
combined with the fact that we offer more

alternative solutions (to almost any and every
failure) than anyone else (while giving customers
the widest possible choices) obviously makes
simple and specific advanced menu price
structures difficult to provide.

To help customers with engine problems, to decid
what action to take, we have come up with the yikel
cost that most customers seem to have to pay ¢
choose to pay — but in all cases the individualfin
cost can really only be established after furthe
investigation and choosing from the options avddab
The following engine repair and replacement price:
are therefore only guide prices — as in our expege
— no 2 rebuilds are exactly the same. This is wky w
have a massive spreadsheet containing all theusrio
alternatives to calculate prices quickly for specif
customers and to value various alternative optibat
they may be being asked to consider.

The following list of options and alternatives give
some idea of the complexity of the task.

(1) Although the Boxster and 996 engines ar
basically the same there is a cost difference
removing and refitting them.

(2) Air-con usually needs to re-gassed in a Boxste
if the engine is coming out but not in a 996 — s
Boxsters with air con cost more.

(3) Tiptronic models cost more for the engine to b
removed and reinstalled.

solution than anyone else and almost always a (4 When a rebuild is carried out — although we

rebuilt engine proves a better and less expensive

alternative than replacing with a new engine, a

used engine or a rebuild elsewhere (because we

offer solutions and modifications that are not
available anywhere else).

don’t give an option for replacing some thing:s
(like chains, new intermediate shaft bearings
gaskets, seals and shells which all engines gt
there are other options (like removing the
valves, decoking, regrinding and cutting seat
and fitting new stem seals) that alter the prices

Although potential customers naturally always _
want to get an idea of costs in advance (whici3s SOome parts from early engines are no longer

available and the modified — later part - may not
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mate with the other perfectly good old parts in
the engine - requiring more new parts being
replaced to get it all working again together
than are strictly necessary to repair the original
fault. We are gradually working through the list
of these parts and where possible manufacturing
or modifying alternatives to save unnecessary
costs, so prices will reduce as more options
come on line.
(6) In some cases (like a cracked cylinder
head) we may have a good used alternative
available and if so (and the customer chooses
that option) we charge considerably less than
the retail price of a new replacement (and we
stock all the new and used needed parts to
rebuild any engine type).
(7) If — while the engine is out — customers
take the opportunity to replace a worn clutch, an
RMS or intermediate shaft bearing etc, then the
cost of that work will be much less than the
usual menu price for that job on its own.
(8) If some diagnostic work was necessary to
establish what the fault is before realising that
the engine subsequently needs a rebuild, this
may be fully or partially charged for.
(9) If a customer requests an engine to be
stripped to find the fault and then prefers the
option of fitting a new engine, the old engine
must be rebuilt to exchange with Porsche and
avoid a surcharge of around £1-2K. Prices for
new engines therefore assume no rebuild of the
exchange unit because the decision to fit a new
engine was made before the strip down phase. If
however the customer requested a new engine
but wedecided to strip first (not them) then we
would cover the rebuild again costs.

(10)  If —in the course of stripping the engine —
some bolts are corroded into the engine and
damage the thread or snap off and need re-
helicoiling — or exhaust straps are so corroded
that they snap upon removal (etc) there may be
extra charges to cover the additional costs.

(11) No Vat, collection or storage charges
have been added to any of these prices yet.

(12) If the car is also having a service
(depending upon the type of service and
what is involved) there may be some
additional discounts taken off the total price
to reflect duplication (like new oil etc).

(13) Even making a chart to list price options
is difficult because - for example — if we
investigated a noisy intermediate shaft bearing
we may be able to replace it by removing th
gearbox and flywheel — without removing,
stripping or rebuilding the engine, by fitting a
new bearing, modified spindle and carrier “in
car”. Or — if bits of the bearing have broken uy
and damaged other parts and circulated deb
all around the engine oilways, the whole engin
may have to be removed, stripped and rebuil
Then - if the debris has also damaged th
cylinder bores and crankshaft journals, and/or
it needed some new parts that wer
incompatible with some other old parts, then i
may need new crankcases, crankshaft ar
intermediate shaft — at which point it may evel
prove better to recommend a whole engin
replacement (good used or new). So from th
initial diagnosis of a noisy intermediate shaf
bearing, we could end up with the *“in-car”
repair costing around £400 to a new engin
costing around £8,500 to £12,000 (dependin
on the model and specification) and all for the
same original initial diagnosis.

(14) We stock rebuilt bottom ends and
complete engines to save the customer tirr
waiting to rebuild their own bottom end or
engine.

(15) If a bearing or big end or main
bearing shell has been destroyed it can
spread debris around the engine that ends
up in all the oilways and pump housings
etc — so we have to undertake additional
stripping and cleaning of other parts that
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can add up to £120 to the cost of a stdhaft bearing and spindle, chains, gaskets , shells
rebuild in which the fault does not usuallyseals decoked etc Boxsters around £1700, 911’s
require it. around £2200.

The price charged will then depend upon théd) Typical bottom end rebuilt for exchange as
condition of the damaged bottom end ombove but also having one liner replaced, Boxsters
engine. So, an exchange unit, where tharound £2300, 911's (including the other 5 bores
replacement is a stock bottom end/engine thag-rounded with support rings), around £2600.
has already been rebuilt — will require the
original damaged engine to be stripped an(e) Engine exchange (not removed, fitted or
inspected to establish the faults and cost afinning) Full rebuild for Boxsters (including new
rebuilding it. Stripping and inspecting the oldintermediate shaft bearing and spindle, chains,
exchange unit is not charged for and if thegaskets , seals de-coked etc) around £3500, 911's
exchange bottom end/engine has had the sarfas Boxsters but also including re-rounded bores
work done to rebuild it as the damaged one and support rings) around £3900.
there are no extra charges and the cost is the
same, but if the damaged one has extra wolK) As (e) above exchange engine (not removed,
or parts needed (like say a new crankshaft orfated or running) but including a replaced cylinde
replaced liner) then the exchange unit will béiner, Boxsters around £3950, 911’s (including the
priced as if it was the original damaged enginether 5 bores re-rounded and supported) around
being rebuilt. Customers can always havé&4450.
their own engine rebuilt if they don’t mind
waiting. ENGINE EXCHANGE ENGINE REMOVED AND
RUNNING and TESTED AGAIN
The range of prices that follows is typical for
customers paying the full price (and who are ndig) Typical full engine rebuild removed, refitteddca
on our Maintenance Plan — which would beunning (including new intermediate shaft bearing
considerably cheaper with no labour costs, justnd spindle, chains, gaskets , shells, seals y-deH
parts). coked etc), Boxsters around £4450, 911’'s around
£4950.
WORK ON AN ENGINE IN A CAR
(h) As above (g) engine removed, refitted and migni
(a) Typical top end rebuild in car (valves ancetc but including a replaced cylinder liner, Boxste
heads not de-coked), with new head gaskets, oasound £4950, 911’s around £5450.
side only around £700 - both cylinders around
£1250. REPLACING A COMPLETE ENGINE WITH
ANOTHER ENGINE (Exchange)
(b) As above but with valves and heads etc
reconditioned — one side only around £900 — both (i) Remove original engine and replace with :

sides around £1500. good used engine — at current used engir
prices (check at time of job) Boxsters
EXCHANGE HALF AND FULL ENGINE around £4500, 911's £5000 to £5500.

PRICES (Customer removal and refitting)

()) Decide to fit a new Porsche engine (and get it
(c) Typical bottom end rebuilt for exchange — naunning again) without stripping the original
cylinder damage — received as a bottom end (t@ngine, Boxsters vary between about £7000 to
already stripped) - (including new intermediateE8600 (depending upon the current price from
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Porsche and exchange rates) 911's about £108B0new engine costs about twice as much as a
(with the same proviso’s). rebuilt, modified and improved engine (between
about £2550 and £5350 more — depending upon
(k) As above (j) but having stripped and rebuilthe model etc).
the old engine to exchange with a new one at
additional cost, Boxsters vary between £7500 tBE SURE OF THE DIAGNOSIS
£9200, 911's about £11450.
Finally — when making decisions about which
ADDITIONS option to choose - do be very careful to consider
For engines removed, replaced and running agdinat the fault (and therefore your choice of
- remember to add, extras for tiptronic (aroundolution) that you may be being informed about by
£170), air con re-gas (only Boxsters £100) andthers - may in fact — not be right.
Vat (currently 17.5%).
We have received many engines that were
In a “worst case scenario” If an engine has described as “beyond economic rebuild” that
damaged crankshaft, rods, oil pump housingctually had extremely minor faults that would
scavenge pump and an intermediate shaft (whidtave cost below £2000 to repair.
Is almost impossible to imagine ever happening)
— these could add about £3200 to the rebuild prid®y correctly diagnosing your fault, we may find
(if only new replacement parts are available). Sthat the new engine you were offered elsewhere
a 911 tiptronic that needs the above replacdsecomes a minor rebuild at a fraction of the cost —
could cost around £8320 to rebuild and gebr a full rebuild — still at a considerable lowerst
running again - but a new engine would cost
around £10850 (still £2500 more even in thighis is the end of the “Short Version” and the
“worst case scenario”). original long and details version follows but has
been brought up to date.
By comparing all the above typical prices, it can
clearly be seen that in most cases a rebuilt engildTRODUCTION. (please note that the
in the least expensive option. information provided here is to our best
knowledge correct at the time of going to press
COMPARING A REBUILT ENGINE WITH A in January 2008 — always check the current
GOOD USED REPLACEMENT price).

A rebuilt engine (fully running again) with or Before we start detailing faults and solutionssit i
without replaced liner — but with all new sealsjmportant to us to put the incidences of failures
shells, de-coked and with modified bearings anceported mainly on the Internet or brought to us
supported bores (911's) will cost between abodbr repair - into perspective. We do not know
£4450 and £5450 (depending upon the model etexact National or World wide figures but it is very
whereas a replaced used engine (that migbtear to us that most cars have been performing
already be damaged or worn out anyway) usualiyery well with no problems at all for many
costs between £4500 and £5500 (about the sam#é)ousands of miles.

The above prices for engine rebuilds assume fuNo one contributes to an Internet site to explain
de-coking and reconditioning but wherewhy and how their car never went wrong and
customers prefer to simply replace the originalvorked just fine — nor do they seem to praise
cylinder heads as they were (not de-coked) theseipplying dealers or service and repair centres
is a further saving of about £330. when nothing goes wrong. So it is easy to read
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into the complaints that do occur that there is amost rebuilds until the offending engine is
huge problem — which there is not. partially or wholly stripped down and inspected
and then will quickly be able to offer alternative
We think that the problem really comes about options to owners who can decide how far they
because the cost of repairs (if things do gowant to go with the rebuild. We also cannot
wrong) is quite high and in some circumstancesupdate this guide whenever a part price from
— higher than previous models — so for somePorsche changes or exchange rates alter — so
owners it becomes too expensive and hence thalthough - in this document - we provide some
complaints we all read about. typical examples and the associated costs, you
always need to clarify the current situation
This may be partly due to the fact that there arebefore proceeding.
relatively few specialists who can rebuild these
engines (compared to the older cars) and soThe Porsche warranty system, other warranties
there are a greater number where theand our own Lifetime Maintenance Plan also
recommendation is to simply fit a new engine. may influence the chosen rebuild route and
Similarly, if the cost of stripping down to therefore must be discussed. Finally different
investigate a problem is high and it seems models, whether or not tiptronic or Boxsters
certain that the result will require a new engine, with or without air-con influence the final price.
then it can be avoided by making that decision It is complicated to explain so please bear with
more early on — resulting in more ourapproach.
recommendations for the most expensive
alternative of a new engine. The fact that a However - if you have an engine problem with
number of engines were replaced underyour Boxster or 996, there is no better place to
warranty in the early years has also reduced theconsult - than Hartech. We offer more options
familiarity of both Main Agents and for a quick and viable solution than anyone
Independents with the internals and thereforeelse and almost always a rebuilt engine proves
delayed knowledge about the specific nature ofa better and less expensive alternative than
the problems and what alternatives can bereplacing with a new engine, a used engine or a
considered. rebuild elsewhere (because we offer solutions
and modifications that are not available
Some of the higher costs are incurred becauseanywhere else).
of design changes that have made the cars less
expensive (relatively) to manufacture and WARRANTIES (Hartech’s, Porsche’s, etc)
indeed to buy - but cost more to fix if they do
go wrong. Some are because repair workshoplf you have Hartech’s Lifetime Maintenance
labour rates have increased dramatically in thePlan cover, we will usually cover the cost of
last few years. Some are because desigriabour and charges for parts and sub contract
improvement have meant that only a new costs. However it is not our style to ignore a
redesigned spare is available and there may‘small print clause” and so we must explain that
have to be other replacements of perfectly goodwhen we introduced the scheme we did not
parts to mate up with the new design. have years of experience of these new models
and so put in a safety net clause to say that if a
We have prepared a comprehensive internalcommon problem emerges that affects a lot of
menu system so we can work out the costs ofcars and therefore is clearly a design fault or
different options — which covers hundreds of manufacturing defect then we may not be able
potential alternatives — giving a calculated to cover some or all of the associated labour
answer - but it is impossible to be certain about costs under the scheme. This was not an attempt
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to wriggle out of anything — just that we are too can result in a reconditioned engine at much
small a business to manage the consequences déss than the normal customer price. However if
a completely unpredictable potential problem the fault had nothing to do with the cylinder
that emerged in most cars over time and hadheads but they were already removed and the
nothing to do with our standards of care and customer wanted to take the opportunity to
was entirely out of our control. recondition them (de-coke and grind in valves
etc with new stem seals) then we would offer
So far — although we have undertaken a numbetthis at a modest extra option. Similarly with
of repairs (including engine rebuilds) we have replacing old cam chains — just the parts cost
not invoked this clause (and probably would try would be added.
to reach a compromise if we ever did) — but we
had to put it in because if (for example) every | suppose | should not really comment on the
single car has a serious but unexpected faultPorsche warranty system and readers should
after say 10 years or 150K miles that needed thecheck out the details for themselves in case my
full engine rebuilding — we could not afford to information from Porsche turns out to be
cover the labour cost for everyone on the inaccurate. But, in the context of this guide - |
scheme from the very small contribution the will outline what | understand to be the cover
Plan charges. These are typically £44/monthpresently provided. If this is wrong please
(6K cover), £55/month (12k miles cover) etc contact me and | will immediately correct and
plus Vat but that also includes 1, 2 (or more) publish the error. This Porsche warranty seems
free services (parts and labour depending on thea sensible option for owners of fairly new or
annual mileage chosen see relevant section) aneéxpensive cars and | frequently recommend
an annual MOT. Deducting our usual servicing callers to consider it while their cars are
and MOT costs the warranty element is very relatively new.
small (under £12/month + Vat for 12K/year
cover). Parts are chargeable but for most repaird believe that the first 2 years are included and
- usually form about a third to a half of the total then there is an option of an extension for a
cost — so the warranty still provides an further 5-7 years — so cover lasts for between 7
advantage if the worst happens at a modest cos& 10 years from new (depending upon who |
and of course it does cover just normal wearask). | understand that it is presently costing
and tear of parts like clutches, brakes, etc andE895/year (E75/month). | believe that (amongst
no need for a failure — just evidence of wear or other things) it also covers a first engine
a problem etc. replacement but not a subsequent one (only the
first time it occurs or is needed) and that
As our Plan has no age, time, mileage, claimobviously certain conditions have to be met
nor number of claims limits — we felt that we before the option is acceptable and | believe
had to protect our interests if ever it became some minor costs are still paid for by the
necessary through a common product fault andcustomer (for some of the engine removal and
not through any fault of our own. replacement time) — but please check for
yourself.
When we do rebuild an engine under the Plan
we offer to include fitting new parts (that were If a Porsche warranty is not in force then there
not part of the fault) free of labour charge (€th are some failures that may still be partly
work to fit them was no more than to fit the old covered following a goodwill request to Porsche
ones anyway) or for a small extra cost (if there from the Main Agent (and | believe this usually
is a little more work) but not the whole cost eg. applies up to 4 years old and/or 50K miles — but
new shells, rings, etc at parts costs only. Thisprobably is flexible — so please check). How
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much is dependent on too many details andWe have a policy that if we have to replace an
variants for us to cover here but can result in aengine with a used one, we do not usually pass
contribution to the full costs. on that strip down cost. However this is because
we exchange the old engine and out of it
| understand that Porsche Main Agents will recover some parts that may be useful in the
usually charge for stripping down even if the future.
engine is subsequently to be replaced (this may
well vary with the particular dealer) — but some However if we replace with a new Porsche
or all may be re-charged by them instead toengine - we are charged an additional £1,500-
Porsche - Germany. They also operate a menl£2,500 if we do not send back the old engine
system with many variants — so if you ask the fully assembled (after stripping it to find out
cost of an engine and say fitting it — there may what was wrong) — so there is a huge potential
still be other aspects of the job you didn’'t ask rebuilding cost involved there in our cost
about that may be charged — so you shouldstructure and no way of recovering anything as
always try an obtain a full estimate if you want the old engine is sent back. We have decided to
to avoid unexpected extras being charged afteronly partially charge for this rebuild as a gesture
the event. | also understand that the Porscheo our customers (unless there is a customer’s
warranty is free for the®12 years & if so a 7- own warranty in force and the engine needs to
year cover would be charged for the last 5 yearsbe fully stripped to analyse the cause and enable
and cost £4,475 the warranty assessor to see the parts and make
a decision about cover). In this case — if we
Lets say you buy a three-year old car and wantalready felt that we knew the cause and
to warrant it with Porsche for the last 4 years —therefore didn’'t need to strip it down but in
it will cost you £3,580 (if my maths are correct) order to obtain the warranty contribution a strip
plus the inspection fee (something over £100). down was essential — then some of that cost is
passed on — but the customer still benefits from
In contrast if we exclude our free servicing the warranty contribution.
(that's included) from the monthly charges
under our scheme for say 6000miles/year coverWith engine problems still reported on
— the cost of our scheme would have been £912elatively new cars — we think a Porsche
(over the same period) but then we do not coverwarranty is worthwhile considering as an on
the cost of parts — but then we continue covergoing cost although the incidences of major
for the life of the vehicle. In our view this failures still seem relatively rare.
Porsche scheme could be worthwhile now that
there are a few unknowns with engines andVarious other organisations offer warranties at a
transmissions — providing the customer cancost. Some may be a worthwhile option but
afford the cost — while ours seems more suitableothers may actually almost be a waste of money
for older cars where customers have bought anas they often exclude “wear and tear” items —
older example because they cannot afford aproviding an easy escape clause if the costs get
newer one and so are less likely to be able totoo high (and many have quite low thresholds).
afford the extra for the Porsche warranty and It is not uncommon for a warranty engineer to
want the cover to last longer or their car is too state that the engine or gearbox was Ok for “x”
old to be covered by Porsche anyway (we havemiles and “y” years - so any failure must then
no age limit for models covered or once on the be due to wear and tear so it is not covered.
scheme). Perhaps independent Porsche centres (like us)
are most likely to see cars without any
warranties (or non Porsche ones) and so the
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relative costs and benefits of warranties are CYLINDER CRACKS

irrelevant and the customer has a big problem

on their hands if they have an engine or The reasons for the cracks are not yet proven
transmission problem and needs viable nor agreed by everyone, but we are sure we
solutions. understand the problem.

Picture shows a Boxster 2.7 gearbox main inputWe have measured that the bores are going oval
shaft bearing failure that was repairable. The — wider in the pressure direction and narrower
broken bearing is visible at the bottom of the side to side. We think that this means that either
picture. the Lokasil pre-form is distorting within the
exterior cast aluminium sleeve (due to faults in
the cast-in interface) or the whole bore tube is
not able to resist the combination of cylinder
pressure and the driving force of the piston on
the thrust face.

Picture showing a typical cracked cylinder
block

There seem to be a small number of typicall
problems and some general ones.

GENERAL PROBLEMS

The main design of all the Boxster and 996
engines is the same and many parts are actually

interchangeable. The cylinders are part of theTg yse metal casting dies it is essential to
crankcases — so cannot be replaced individuallydesign casings without trapped sections and to
(as they can on older 911's or more powerful ayoid minute distortion caused by interior webs,
later models like the 996 Turbo). a straight tube offers uniform expansion - so —

, _ to fit in with both ideals, these bores are like a
A few std 996's have experienced cracked hollow tube with a cast in ring in the centre

cylinder liners and some businesses are NoWholding them in place.
offering replacement liners when a bore seizes

or cracks (our own version is currently under The following photo shows the tubular

test). protrusions that form the cylinders and that they
are not restrained around the outside diameter.
You can just see the ring around the centre of
the tube defining the join between the internal
Lokasil pre-form and the outside cast-on sleeve.
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thickness is similar. The 3.4 and 3.6 996 engine
has a piston 3mm bigger than the 3.2 S but the
outer casting mould is the same size — so the
cylinder wall thickness of this more powerful

engine is measurably thinner than the preceeding
engine sizes — resulting in a similar scenaridhto t

result of boring a conventional engine out bigger —

So whatever the technical reason for the gradual
ovality that we can measure on the 996 engines
(and eventual cracking), the increased power
combined with thinner cylinder wall thickness
seems contributory to their eventual failure. If-so
The difficulty is trying to establish why they we guess the problem will gradually affect more

have cracked. and more engines as they age. As it becomes
increasingly more difficult to justify huge expense
The cylinder liner is a “Metal Matrix Compositerepairing older cars — we are currently

(Lokasil) cast into the block. It is roughly halfet manufacturing and testing various affordable
thickness of the cylinder resembling a freestandigglutions.

tube with a piston inside pushing on the thrusefac
under load. All the 996 engines we have stripped and rebuilt

for any reason have shown measurable signs of
Lokasil technology has some good properties Btis €elongation of the bore on the thrust side
if the wall thickness is thin, it may eventually}going oval) and the amount is increasing with age
reshape or crack under stress, repeated heating &té mileage. If this means that it will eventually
cooling or interfacial bonding problems (or alfffect a lot of engines then any engine rebuilt

three) taking several years to move just 0.1 feeanwhile for some other reason may eventually
0.15mm oval. also suffer a cracked liner in the future — reogri

yet another rebuild. Or an engine with one cracked
If the supporting outer aluminium cylinder castindner repaired — may crack another one again later.
Is thick enough to withstand any movement of the
liner then it may be OK. But if it is too thin, theS0 to avoid this duplication, we have perfected
liner may distort with age and/or load and crackays to prevent future cracking by modifying
This would be rather like boring out an existingngines that are stripped down for repairs caused
engine for bigger pistons and more powdly other failures. The following report reflectsrou
resulting in thinner cylinder walls. (Historicallyfindings and progress.
many different manufacturers found out that
previously good engines became unreliable when
the capacity was increased by over boring too
much).

The 2.5 & 2.7 Boxster engines have the same
bore. The 3.2 Boxster S has a larger piston an
cylinder bore size (and more power) - but the
outside diameter of the casting mould has also
been increased to compensate, so the cylinder wall
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The technical explanation for the failures shown
above — that follows - may lead to many readers
and owners over reacting — because if | am right
— that the above failure may eventually affect
most 3.4 and 3.6 models that have been
manufactured. To enable the technical
explanation to be digested properly, rather than
generate anger and concern — | have put a
general review of the whole background to this
situation at the rear of this technical articleo— t
minimise any adverse consequences about to be
revealed and provide more general information
about the technical difficulties. This may seem
long-winded but | think that for those really
The photo above shows another typical liner interested in the problem — such a detailed,
crack on the thrust face of the bore — beforebalanced and progressive collection of facts and
complete failure. Notice how the cylinder looks experiences is necessary to grasp what is going
like a tube in space unconnected to the outeron.

cylinder block.

TECHNICAL  ANALYSIS OF THE
Below is another almost identical example PROBLEM  OF = CYLINDER  LINER
except it is from the other side of the engine andFAILURE.
therefore on the opposite face — but still the
thrust face of the engine when driving under Although there are issues with other mechanical
load. parts like intermediate shafts that can fail (ife.

you have an early car — you may also need a
Both of these engines were still running when new crankshaft to match up with the different
the car was collected and we have not yetintermediate shaft offered as replacement etc
received one that had the piece completelyinflating overall cost) there are many ways
broken out from the bore area. around pure mechanical problems — but the
cylinder liner failure is different because the
causes are unfamiliar and repair costs high -
having the biggest influence on repair costs
possibly looming for many owners.

CYLINDER LINER METHODS  and
TECHNOLOGY.

Let me straight away admit that | am not an
expert on metal matrix composites. The internet
is full of reports about books and studies that
you can buy and read but | do not have the time
to do so — and anyway it is not my remit to

solve the problem — just to try and help those
whose engines have failed because of it.
However | have managed to pick up some clues
and | find many similarities between what |
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speed read on the Internet and what | amNikasil.

finding in practice — all of which had brought

me to the following conclusions. While Photo of the Armstrong 250cc 2 stroke alloy
describing the whole situation | intend to use an cylinder with Nikasil bore that | designed and
analogy that will be a theme throughout — to developed in 1981.

help non-technical readers gain from the

experience.

| think we should start by describing previous
methods of making cylinder liners, seeing how
we can identify the strengths and weaknesses
and fitting them into a common analogy.

Cast Iron.

Used originally for whole crankcases — they
provided a relatively cheap and hard surface —
easy to machine and re-size — with good
lubricating properties. The main disadvantage
was lower thermal expansion than the
aluminium pistons and high weight. Natural

porosity provided the small pockets to trap and Other examples were similarly an aluminium
hold Iubricating oil. alloy casting or tube (with similar strength and

stiffness to cast iron) — plated with a thin hard
nickel/silicon type coating (typical thickness

They could also be cast into homogeneous
4 J 0.1mm) and honed to size.

monolithic tubes that had good relative stiffness

and strength
Advantages are closer bore tolerances (because

the expansion of the main tube is similar to the
aluminium piston as the engine heats up), good

Usually an aluminium bore is plated with a thin strength and stiffness and a hardwearing surface
layer of hard chrome. Unfortunately hard with microscopic porosity and excellent thermal

chrome electroplates quite unevenly and soConductivity.
must either be plated very thinly (to reduce the
unevenness) or must be ground to size
afterwards. The grinding in itself has to be slow
and with small surface reduction rates to stop
the localised heat generated from de-bonding
the interface behind - joining the chrome to the
aluminium. The result has all the advantages of

good thermal conductivity (heat transfer), light This i_s used in_ applicationg where the liner must
weight, strong and stiff base liner, but is very be thin and stiff (so needing the extra strength
expensive to produce. and stiffness of steel) and the surface is again

plated with a thin coating of Nikasil for hard
wearing.

Hard Chrome.

Disadvantages are that the manufacturing cost is
high and an engine problem can cause a score to
go under the plating and wreck the cylinder.

Steel (plated with Nikasil).

119



This now has the same wear advantages of ammasonry drills or lathe tool tips) into the molten

aluminium Nikasil bore, slightly more stiffness aluminium before the cylinder block is cast.

but the disadvantages of the same high cost and

similar lower thermal conductivity and Then they are then bored out and honed to leave

expansion as the cast iron bore. a microscopic surface of aluminium and nickel
silicon carbide.

Because (apart from any plating) the individual

molecules are monolithic and bonded togetherThe analogy | want to use (to help with the next

within the molecular structure of a pure metal - example mainly) is to imagine the grains of

all the above bore methods have what can benickel silicon carbide — to be much larger like

described as monolithic materials for the very small ball bearings cast into molten

majority of the bore — and if we imagine this to aluminium. When the bore is ground out it

be like a tube — relatively stiff and strong. | leaves a smooth bore - which is aluminium in

don’t think any analogy is necessary for the some places and hard ball bearings that are

majority of readers to picture what they are like ground into the smooth internal diameter in

or how they will behave. The stress is put into others.

the main material and resisted by all the

molecules being stuck to the next ones by beingThe problem is that the aluminium is not hard

bonded together across their whole surface toand will score — so if we wipe an acid down the

make one solid piece of material. bore to etch away a little bit of the surface
aluminium (but not the steel balls) — we are left
Alusil. with a surface made up of hard ball bearings

with the surface ground smooth and small gaps
Photo of a standard 944 Alusil cylinder casting. between them — allowing space to trap oil. This
is what is done to create an alusil bore — except

~ ™ " the grains are much smaller than ball bearings.
@

The tube will still be relatively stiff because the

ball bearings are stuck together with aluminium
all around every part of the balls and between
them and the next ball — making the material
almost monolithic.

Benefits are good tensile and compressive
strength and stiffness, lightweight, good thermal
conductivity, excellent wear properties.
Disadvantages are high cost because of (a) the
inclusion of the grains in all the casting mix and
(b) the bore preparation is expensive and time

This is perhaps the first alternative that needs arfonsuming.
analogy.

Because Alusil is so stiff — designers have

small ground up particles of nickel silicon block so that the central cylinder bore is a tube

carbide (like the stuff used to make the tips of Sticking up out of the block so the top of the
tube is not joined to the outside by any casting

webs etc (as shown in the previous photograph).
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explaining it to me). A monolithic material can
The advantage of this is that the tube is free toonly exhibit the qualities (and problems) of the
remain perfectly round and is not distorted by base material whereas if it were possible to mix
the differential expansion across a block anddifferent materials together — it would be
through the interference of any webs - possible to add good qualities to make the
connected to the cooler exterior. This enables aresulting composite perform better.
tighter piston fit and better cooling,
compression and longer life — although any Additions of molybdenum etc, to steel (for
distortion that might have occurred through example) has improved hardness and strength
joining the tube to the outer casting would have but being monolithic has not changed general
been minimal — probably less than 0.01mm properties much.
anyway — so although it is a good idea it is by
no means of huge significance compared to theA composite allows a material to be thought up
distortion we have measured. that exhibits the different qualities of the
But, because the material is so stiff and reliable different materials that it has been made up of.
— these - free standing round tubes have
become a good design feature. Plywood is a composite that joins wood with
the grain in one direction with wood with grain
in another direction — bonded together with glue
Lokasil. — to make a much stronger and stiffer composite
(in all directions) than comparison to a standard
The photo below shows on the left hand side anpiece of wood cut to the same dimensions.
original cylinder bore and reveals the line
dividing the central Lokasil cast in liner from Fibreglass and carbon fibre composites
the outer cast aluminium cylinder of the rest of similarly can utilise the high tensile strength
the crankcase. and relative stiffness of these materials by
bonding them together in different directions
and thicknesses with lightweight interlayer
fillers.

It seems to me that metal matrix composites
differ in that they are more like granules or very
short fibres of the various materials bonded
together rather than long fibres in a resin and
that the granules are bonded more interfacially
in a molten state than glued. My interpretation
of this expression “interfacial bonding” means
that instead of all the material melting into a
monolithic mixture, the individual grains of
different materials bond together leaving, for
want of a better description, small gaps between
them. The result would exhibit different
properties to those of a molten mixture because
each grain would maintain its original
properties rather than be changed as it was
melted into a diffused alloy.

Lokasil is a metal matrix composite. In their
pursuit of cost reduction and improved quality —
materials technologists have for some years
now been developing these “metal matrix
composites”. What are they? — well I am not
entirely sure (and would welcome anyone
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This process can enable them to be lowerfatigue influenced creep to apply) Meanwhile
temperature moulded more accurately than saythe traditional engineers only see the advantages
a steel casting — with surfaces already made ofthey have been told about and find it difficult to
hard materials (or whatever features the fault because they don't yet know enough about
designer wants) by mixing in granules with the subject and have no evidence to question the
different properties (that do not get modified glowing presentation.
because the method retains their original
properties) - saving manufacturing costs andLokasil is a metal matrix composite and is
often subsequent heat treatments. claimed to be 75-80% porous. It is therefore
light, and probably being made of what we can
From what limited research | have had time to imagine as being similar to granules of nickel
do — it seems that a metal matrix compositessilicon carbide with gaps in between to retain
can be made by diffusion bonding (where I oil.
imagine different granules are heated until the
surfaces stick together), powder metallurgy The liner (or tube) of the material is called a
(where | presume a bonding agent is used),“preform” because it is formed in advance into
casting (in which | presume the casting a tube and then is cast into the main aluminium
temperatures melt some of the chosen materialcylinder block in the same way that cast iron
but not others) and even laminating (by liners used to be.
wrapping or laying different layers of “tin foil”
type materials together and heating them in aThe result should be relatively cheap to
compressive mould. produce, light, with a very hard wearing bore
surface with excellent heat transfer qualities and
It is the technology of the future and will long life — so why the problems and why could
undoubtedly — over many years — gradually taketesting not show the problem existed?
over from traditional metal manufacturing
techniques for many applications. However it is Well Porsche would not be the first
in the early stages of development and not all ofmanufacturer to find out over a period of use
the problems or solutions are yet known. The that their latest bore finishes had problems that
general situation reminds me of my time within affected many of the cars (BMW being a
the composite industry and enables me to seecommon example).
why and where possible difficulties may arise.
If (as we suspect) the repeated application of
It often can be a problem when a group of heat, stress and fatigue cycles gradually — over a
highly intelligent boffins are defending the period of time — causes creep under load to de-
work they have done while probably equally stabilise the shape until it cracks — then the only
defensive traditional engineers are being askedway that could have been found out in advance
to take on the new technology. The Boffins over is by testing cars in a similarly way to the day to
state the benefits but often do not have enoughday use that now exposes the problem.
practical experience to foresee reasons why
applications may create a problem they didn’t They would have to be started from cold, driven
imagine (if they have made a composite to for say 20 miles — left to cool and then repeated.
achieve say a hard liner bore with good heatThis cycle would take perhaps 8 hours - so to
transfer and relative stiffness — they may not reproduce a problem that now affects some cars
consider how it would work when it was cast after usually about 75K+ it would be necessary
into another tube that perhaps was not stiffto drive the cars every 8 hours for an hour —
enough — or they may not expect heat, stress o24/7 — and to cover 75K would then take about
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3.5 years before it revealed itself. Furthermore -made - in time. Knowledge of the outcome will
if the problem @ 75K only shows in one in a enable the right decisions to be made by owners
thousand cars (say) then you would need 1000and hopefully some viable solutions to be
Porsche being driven for 3.5 years to find one found.
failure.- perhaps — if you were lucky. Then you
would have to decide if it was relevant or just a We think we know why they do fail. Several
one off. theories have been muted — some to do with the
stability of the deck, others considering
If — in the fullness of time — it turns out that a deterioration of the coolant causing local
high number of cars fail at say 150K — and this overheating. Some can be discounted like “that
turns out to be the norm — then it may have beencoolant seeps in and then the attempt by the
necessary to drive around for 7 years to find thepiston to compress the “incompressible” liquid
problem — which is totally out of the question — cracks the liner” since this would then happen at
the car would be out of date before it ever a random point around the circumference and
reached production. not always in the same place. So several people
are looking at the evidence and trying to deduce
So — even if you thought that there may be awhat the cause is so they can see if any
problem with creep and you tried to set up to solutions can be found.
test it — you could not possibly have the time or
resources to reproduce the circumstances thatWe know from measurement of all the liner
now lead to this unfortunate situation for some bores that something unusual is going on.
owners.
We are used to seeing bores that wear out and
So when new technology is being implemented obviously this is most noticeable in the thrust
even if there was someone clever enough todirection — but the top of a piston (above the top
anticipate a serious potential problem and ring) is machined much smaller than the rest —
wanting to test out the possibility, it would be so never touches a normal bore — leaving a step
practically impossible and it is unlikely that just down the bore where the ring has worn it.
anyone involved would seek “bad news”. Worn bores can therefore always be felt as a
step near the top of the cylinder.
This then refers back to one of my original
points — that if you want to drive a car at the No such steps are visible or measurable in any
forefront of technology, with the latest features, of the engines we have seen — yet they measure
manufactured at a cost you can afford (andlike the bores have worn — quite a lot bigger at
therefore with new production and materials the top across the thrust face direction (typically
technology) you have to accept the likelihood at least 0.1mm).
that there may be some unexpected problems
emerging that would be almost impossible to However if you now measure at 90 degrees
anticipate or anyway to test. (across the bore sideways) you find that the
Amongst the first engines to use these Lokasilbore there measures less than it was when it was
cylinder bores were the 2.5 and then 2.7 Boxsternew and smaller than it is further down the
engine. The 996 followed a year later — so if bore. Again this can be by as much as 0.1mm.
everything else was equal you could expect the
Boxsters to fail first. Owners and businessesUsing a 3-pronged bore micrometer (see photo
like ours — all need to know if this problem of following of a Hartech liner — note the lugs to
cracked liners — is likely to affect just the few hold the liner in a jig for reaming to size) - that
reported cases so far — or all or most of the cards designed to even out ovality. If a 3.4 bore is
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measured this way it seems almost the sameébe guesswork and conjecture — however | still
diameter all the way up because the think it is possible to predict some likely

circumferential length is the same and where qualities and problem areas and see how they
the ovality is — 2 prongs move in but where it is stack up with the evidence found in the failures
bigger the other prong moves out — minimising we have seen.

the affect — so the bores seem almost the same

size all the way up.

There is no other explanation that makes any
sense other than that the bore cylinder ha
distorted in an oval shape getting bigger in the
thrust direction (the direction of maximum
force).

Any investigation of the cause must then look at
the Lokasil preform technology to see if there is
any evidence (or logical explanation) as to why
the tubular liner can distort oval with use and
time when the old Alusil ones didn’t seem to.

So - to try and work out how these Lokasil
preforms will work and what the problems may
be - we must then delve into — what is for me —

an entirely new world of metal matrix materials |

technology.

If my past experiences are anything to go by
then we must be devils advocates when
presented with glowing benefits and must try
and put an almost tangible explanation together
for the failures we have seen. Much of what we
decide at this early stage of development - will

S

First we must try and imagine what the liner
will be like and see if this helps us to predict
any likely performance parameters.

This is why | used the ball bearing analogy
earlier because the difference in the Lokasil
liner to the Alusil liner can be imagined using
the same components.

Imagine now that rather than casting a tube
made up of ball bearings in molten aluminium
(in which the final mixture is completely solid),
we coat each ball bearing in a thin film of glue
and drop them in a mould made up of an inner
and outer tubular sleeve — so that when we
remove the sleeves we are left with a tube made
up of ball bearings stuck to each other with glue
and gaps in between where they are not
touching each other.

We then grind the bore accurately and have a
similar looking liner to the Alusil example with
ball bearings in the mix, except that instead of
there being solid aluminium between the balls
(that needed etching away at the surface) there
is nothing between them except a thin layer of
glue at the small contact points (and the
resulting tube is much lighter).

Each ball is therefore stuck to the next one

through a minute contact patch where the 2
concave surfaces touch and each ball probably
is in contact with 6 to 10 other balls through a

similarly small contact area.

| hope that you can imagine what this would
feel like and how it would be different to the
solid (Alusil) example. If you can - you should
be able to go along with the following
generalisations of what we can predict.
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Well the tube would be comparatively light, tendency to soften when hot — you could
porous and therefore have good lubricating imagine this happening at the joint faces quite
properties. prematurely. If the heat transfer were through
smaller areas (and therefore less) then you
How stiff would it be? Well the steel balls would also expect the temperature near to the
would be very stiff — so as long as the glue source (in this case the cylinder wall) to be kept
bonding them together remains stuck - the tubehigher and the temperature gradient across the
would be very stiff indeed. Stiffness describes matrix to be higher — although excellent thermal
how far something will stretch for a given load conductivity is generally claimed for these
(or stress) and it is called the modulus of materials.
rigidity (stress applied/elongation resulting).
You could expect the stiffness to be very good Why is this important? Well | know that Carbon
up to a load that started to break down the jointsfibre “creeps” under load, over a period of time
between the balls and then a sudden become when the resin softens and allows the forces
quite poor as the joints progressively pulled that are being transmitted through the fibres to
apart and the strength reverted to that of theallow them to slightly slide the fibre in the resin
glue. a very small distance (but does not fracture). If
this happened to a Lokasil tube — it could lead
How strong would it be (tensile strength)? Well to creep and therefore local deformation. It
again — as long as the glue held it would remainwould be slow and take a sustained force to
very strong but as soon as the load exceeded thenove very far — each time re-setting as the resin
strength of the glue, it would break very quickly cools - but would never the less be something
because the surface area involved, bondingyou could anticipate.
them all together would be comparatively small
and any crack or break would quickly overload Now we come back to the Boffins. Would they
the remaining contact areas to sudden failure.know about this potential problem (or if they
The change from being rigid to failure would did would they realise the significance of it)
then be quite sudden. when they are promoting its use in a cylinder
liner? If the aluminium tube that is cast around
So these considerations would expect athe Lokasil preform is thick enough to restrain
relatively rigid and strong tube up to a limit at any potential movement of the Lokasil preform
which it would quickly fail quite badly. (for any reason) then the preform would retain
its shape — hardly ever wear out — and become a
What about thermal conductivity? — well it superb solution to a previously expensive
would not be the same as the solid steel (that theelement of engine production.
ball bearings are made of) because the heat
from each ball that is in contact with the bore So would the boffins have thought to test creep
area can only now transmit it's heat through the resistance under load and temperature or would
small contact patches of glue that connect it tothey assume that the outer support tube would
the next ball and the oil that may sit in between be strong enough anyway to support it for all
the balls. time and just carry out their tests cold (as you
would with a metal liner). Perhaps they may
How would this heat all being concentrated even test out different thicknesses of outer
through the small contact areas affect the glue?support tube (but not be able to reproduce the
Well it would get hotter/unit area than if all the road tests for 70K described) to find a suitable
heat was transmitted through a larger area (thesize (but that may still lead to eventual creep
principle of a fuse — if you like) — so if it had a that they may not have adequately tested) — who
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knows? Would they consider that the
application is an unsupported tube and would THERMAL EXPANSION
they appreciate that 2 dissimilar tubes are not as
stiff as one monolithic one? Again - who knows What about heating and cooling? Well yes the
— but the evidence very strongly suggests thatcontinual differential expansion and contraction
the physical sizes of the parts (the outer of the balls and the glue (each with different
supporting tube) is not large (or thick) enough coefficients of expansion varying with the
to prevent some form of creep occurring and temperature gradients) may promote a kind of
that this is eventually responsible for the fatigue failure across the joint points between
failures. the balls. Perhaps this is where the creep comes

from?
Compressive strength.

It does seem that the thermal expansion of metal
Normally compressive strength is not a high matrix composites is generally lower than — for
priority when analysing the suitability of example —aluminium. Could this be causing the
monolithic metal parts because it is naturally problem between the co-joined materials?
very high in comparison to other materials —
because the part is solid. However an 80%Once the liner has been cast into the molten
porous composite would have gaps in betweenaluminium outer cylinder sleeve — what sort of
the component parts so any load that wasstress exists between the aluminium and the
applied that could either fracture the interfacial composite liner?
bond, or slip it a little (under perhaps load, heat
fatigue or all three) would allow the other If the outer aluminium sleeve always expands
constituent parts to move - resulting in more than the inner liner (even though the heat
crushing. So we would expect a metal matrix source is from the hotter inside) then gradually
composite — to crush sooner and more easilythe interface between the 2 different materials

than a solid piece of metal. will be put under a repeated type of stress
through tension and flexing of the substrate
FATIGUE materials. Are these the type of movements that

are causing the problems through a type of de-
The other possibility is fatigue — how would this lamination at the interface? Or could it simply
affect the Lokasil liner in particular. be that the support that the outer sleeve gives to

the inner composite gradually reduces through
Fatigue is caused by stress reversals. If thecontinuous  differential  expansion and
stress exceeds the strength of the component atontraction until the inner liner eventually is
the place where it is maximum (and therefore free to expand without the strength of the outer
maximum strain and elongation) then it can liner to support it and cracks. Indeed — if the
induce a small local crack. This in turn reduces outer aluminium got hot enough it could expand
the remaining surface area until it is too small to away from the inner composite liner — leaving it
withstand the loads and finally fractures. effectively unsupported. After this — if the inner

preform cracks under the load - does the load
How would this affect our ball bearing tube? get transferred wholly to the outer sleeve (rather
Well — if the glue we had used would crack say than be shared between the composite and the
after being stressed “x”’K times then the glue outer sleeve) so that eventually it is really just
would start to break down and leave less contactthe strength of the outer aluminium sleeve that
patches to bond the remaining balls together —has to support the loads from the combustion
promoting a kind of fatigue. and driving forces on the bore face? If so then
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the thicker or thinner the outer sleeve — the Because the piston is manufactured oval
longer it will last. How Should The Composite (nharrower side to side), and the drive comes
Behave? from it pushing on the cylinder wall - the piston
driving forces will concentrate on the centre
| think from this it IS possible to imagine how a third of the chordal width. The face that drives
tube made from glued together ball bearingsthe car would take the biggest force (although
would behave. the opposite face would feel the compression
stroke forces to a lesser degree).
It would be very stiff up to the failure point then
fail suddenly. It may creep under load — Although the Lokasil preform does not use ball
distorting little by little over time — the creep bearings but presumably small granules of the
because of loads, heat, fatigue, or all of themnickel silicon carbide type material — the logic
put together. of the analogy must be similar. If it was heated
then the ball bearings would not expand much
Remember also that the liner is loaded by theand there is not much glue in between them to
pressure of combustion and the force of theexpand either — so the overall expansion should
piston on the cylinder wall. be less than a monolithic material.

The pressure is constant but cyclic (and So although we are not exactly sure how a
generally proportional to throttle opening and metal matrix composite is constructed or works,
load) giving a repeated hoop stress to the linernor how the Lokasil cylinder preform is made —
every time the engine fires. The car only moveswe can never the less deduce that if it is used as
along the road because the piston cannot move free tube sticking up in a crankcase casting —
sideways — being restrained by the bore and it isthen the loads on it would be greatest in the
the force of the piston against the cylinder wall direction of thrust and near the top and greatest
— translated through the con rod to the of all on the driving face.
crankshaft that converts that cylinder wall
pressure from the piston to rotation to drive the We can deduce that the liner construction may
car through the gearbox and wheels. lead to gradual “creep” and that therefore the

liner could crack anywhere but still be
So the loads on the cylinder wall are high — andsupported by the outer sleeve (which if it was
add unidirectional hoop stress to directional thick enough, or the crack was too recent to
piston driving loads in the fore and aft promote creep or the preform is suitably
positions. While these stresses are repeatingsupported - may not get any worse), or
each time the vehicle is used, it heats and coolgyradually go oval towards the top until the bond
(another type of stress reversal) and the naturébetween the granules was broken and a crack
of the porous cylinder wall also exposes the would appear from which complete failure
microscopic surface granules to repeatedwould be imminent. We can also imagine that it
pressure cycles through the very porosity of could crush under quite low compressive loads.
their construction.

The same freestanding tubular construction has
The pressure of combustion is greatest near tofpbeen used by Porsche before without any
dead centre and the force of the piston on theserious problems but in those cases the material
cylinder wall (which varies with both pressure was monolithic aluminium and as such would
and con rod angle) would be greatest near thehave greater strength and stiffness. By casting a
top of the bore. Lokasil liner inside a sleeve of molten

aluminium (to make up the cylinder tube) the
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outer aluminium tube is much thinner than
before and if the inner Lokasil liner could not We would expect most failures to occur after a
support the loads over time then the outer wouldhigh mileage or frequent use and high mileage.
similarly not be able to once the crack has
initiated and the loads transferred out to the If the failure is influenced by something similar
thinner outer wall. to typical metal fatigue rules we would expect

to find a segment cracked almost through but
These types of unexpected failure can often bestill able to stay in one piece resisting the
cured by a very small increase in sizes — so ifcombustion and driving loads when only
the outside diameter had been increased by sagonnected by a small section at the bottom until
20% - it may well be that no failures would eventual failure.
have occurred.

If the cylinder became very oval but had not
If the technology was almost right but the size fractured this would increase the bore clearance
of the cylinder wall was just marginally too thin and also become too out of round for the piston
— then smaller bore versions of the samerings to seal properly against the different curve
crankcase construction would last longer of the cylinder wall. If this happened we may
(because the forces from the piston on theexpect to see evidence of blow by down the
cylinder wall - would be greater as the bore front and rear piston face below the rings.
diameter, capacity and power output increases).

Evidence of all the above is abundant.
So - if our completely amateur analysis above -
of what is going on - is anything like right - we
could expect the following evidence to emerge. THE EVIDENCE

Because all the Boxster and 996 engines areNe now want to see if the evidence we have
almost the same basic design - we would expecuncovered in the engines we have repaired or
the 2.5 and 2.7 Boxsters to give the leastrebuilt — matches the above expectations that
trouble, the 3.2’s some trouble and the 3.4’s towe have already deduced.
be most affected (because the forces will
increase with cylinder diameter). Compressive strength. At first we had reports of
a few 2.5 Boxster liners slipping down the bore
If the bores can “creep” we would expect to be until the top ring jumped out over the top and
able to measure that the distance (diameter)the piston dragged the liner down, wrecking
across the bore in the direction of the thrust faceengines.
will increase and the distance at 90 degrees to
reduce and the difference to get less as theAs we knew that the preforms were cast in — we
measurement is moved down the bore. Wecould not explain this phenomenon — until we
would not expect this to be explained by wear read that there was a production problem with
but instead for there to be little or no wear - some early crankcase castings and it was
only distortion present. We would expect the decided to machine out the “cast in” preformed
ovality to be measurable even if the liner had liners and replace them with machined Lokasil
not cracked and was still running perfectly. liners pressed in. Apparently it turned out that
they used too much closing force compressing
We would expect failures to only ever be on the some against a top hat shoulder and although
driving thrust face, in the centre 30% and at thethey couldn’t see the evidence — it crushed the
top. liner internally underneath the top (on some) —

128



which promoted the eventual failure. We
assume from this that they used a similar
pressure to what we would all be used to using
to compress a monolithic material liner (like
aluminium, Alusil or cast iron) but perhaps did
not appreciate the difference in its construction
to a monolithic material. This is good news
because it suggests that they did not appreciatg
that the normal loads you would expect to use
for a monolithic material were too much for the
Lokasil material — i.e. the compressive strength
must be less. Our first assumption about the
construction and its influence on properties -
seems proved.

Bore measurements. If — as we suggest — thg
preforms can creep under load and/or hea
and/or stress cycles (or perhaps some mixture o
2 or 3) — then liners that have not failed should
reveal that trend when measured.

Every 3.4 engine liner we have measured (and
that is a lot) whether the engine liner has failed
or not, shows an ovality in the 3.4 996 engines
of about 0.1mm (after around 50K miles) to
0.175mm up around 80K miles. What is more
convincing is that the measurement side to side

is actually smaller than the original bore size \jaasured  with a three-pronged  bore
and less than it is lower down the bore (where it jyicrometer the sizes seem almost constant

is joined to the_ main crankcase by a cast in ring(because — as already described) they reduce the
— so cannot distort) by about 0.075mm and theftect of ovality if the circumference has not
bigger they get across the thrust face — thechanged).

smaller they get in the opposite direction. | cannot imagine any other explanation for how

_ _ _ a tube gets gradually wider nearer the top in the
Some of this (about 0.05mm) is the initial wear st direction and narrower at 90 degrees
that all bores seem to take at the start as they,here there is no thrust) but has not worn nor

run in (or perhaps some settling of the liner 10 gtretched bigger in circumference - other than
aluminium bond interface) but the rest is iy5t the tube is distorting oval
distortion. '

Creep is a strange phenomenon because usually

The following photo shows different \hen a monolithic material is tested — as the
measurements taken at 90 degrees to each othk ass is increased — so does the elongation

at the top of a 3.4 cylinder bore. (stretch) and the divisor of the former by the

latter (the modulus) describes the maximum
load point from which the material will return to
its original shape and size when the load is
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removed. This is called the “elastic limit”. After expansion etc. and you know what — it is full of
this the greater load will permanently stretch the such topics (all mainly book adverts and
material to take up a new shape or size. reviews).

Creep seems to occur when a material can beSo as soon as | tested and researched the
tested once and does return exactly to theproblem and saw the evidence for myself - the
original size — but after repeated or prolonged cause of the cracks was easy to see. If the
loads, heat whatever — something else graduallyoverall size of the liner and the preform (the
changes things and a minute but permanent setylinder tube) was too thin — then the liner
takes place. This could change future testing forcould creep gradually bigger in the thrust
modulus to a more time based/heat gradientdirection (and this forces it to go narrower in
approach. the opposite direction) until the stretching
finally exceeds the elastic limit of the material
Previously most metal tests were done atand a crack appears. We may not fully know
constant room temperatures (because moderatavhy but it is probably caused by temperature,
heat made little difference) and the stretch wasdifferential thermal expansion rates, fatigue and
measured by strain gauges. stress related creep setting up the movement
and eventual failure.
Traditional strain gauges are temperature
sensitive and would give the wrong readings if It seems very similar to standard metal fatigue
heated too much during the test. Because of thigan metals (except they are not so prone to creep
there are not (or certainly were not) an but set up a crack initiation that grows with
abundance of test equipment suitable for testingtime) and if so you would also expect some
for temperature variable strain (and therefore other clues. For example it can be quite a
for the modulus) of material at elevated or predictable problem whereby the number of
increasing temperatures. This being the case itstress reversals can be tested and repeats every
IS not surprising that not only would it be time to failure.
impossible to practically reproduce car tests to
see what might happen after thousands of milesThe difference in the car engine is that the way
and warm up and cool down cycles — but it may it is driven will vary considerably. If the failure
also have been difficult to test raw materials to is mainly load or stress related then owners who
try and reproduce similar situations in a regularly use full throttle acceleration will
laboratory. experience the shortest cylinder “lifespan”. If it
is the number of stress reversals then the
If only I knew more about the subject — | wish | mileage and revs it was driven at will be the
did and | wish | had time to find out more — but main indicator. If it is the heating and cooling
| simply do not have. However — if our gradual cycle then the number of starts, stops and cool
analysis of the situation and the material was downs will have the greatest influence.
anything like right — you would expect the
Internet to be carrying a lot of information But many cars have a mixture of all three and
about books and papers written all about someanyway more than one owner — so to determine
of the following subjects relating to metal or predict how it was driven and what the
matrix composites:- “Interfacial Bonding, contributory factors are to calculate the exact
Elevated or high temperature modulus, mileage that a particular liner may fail — is
Incremental temperature modulus testing, Creepextremely difficult — in fact it is impossible. All
resistance of metal matrix composites, we can say is that it seems to occur from about
coefficients of thermal conductivity and 50K upwards, often around 75 K — but many
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engines are running OK after 100K — but all of
them that we have measured have oval borePHOTO measuring wall thickness of a 3.2
(worse as mileage increases) — so may crackengine
one day or allow such a lot of blow by that the
oil film supporting the piston against the liner There is a general manufacturing variance of
wall breaks down and they seize up. only 0.5mm between the cylinder bore and the
rough outside of the outer aluminium cylinder
So why are the different engine sizes apparentlycasting — so these figures are the averages
affected differently? (because the outside is not machined but a
rough cast surface). The casting sizes are very
With metal fatigue, once a problem has beenaccurate indeed but the position of the bores in
identified, it is relatively easy to prevent a the castings varies by about 0.5mm.
reoccurrence by increasing the section by as
little as 10 or 20% thicker. In steel this can The old 944 Alusil blocks had a wall thickness
change the metal fatigue failure from a low of between 8.4 and 9.2mm (depending upon the
number of thousands of stress reversals to armodel) — the cylinder tube height was greater —
infinite life. In alloys like aluminium — there but this was cast in a very strong and stiff
will always be an eventual failure number but monolithic aluminium.
still — small changes in sizes or design shapes
(to avoid stress raisers like sharp corners orThe 2.5 and 2.7 Boxster have the same bore of
sudden section changes) can increase the life85.5mm and a cylinder wall thickness of 8mm
span enormously. (the 2.7 obtaining its extra capacity by having a
longer stroke). | have only recorded the most
How this works out with metal matrix minute movement in these cylinders after huge
composites — | don’'t know but for sure section mileages — so they seem to be relatively OK.
sizes must come into the equation.
Logic would suggest that an engine with a
If this is right then there might be a clue to why bigger bore would need a bigger wall thickness
the 3.4 engines seem to be the most affected. Tdecause although the cylinder pressure from
test this out | have measured the wall thicknesscombustion (giving hoop stress to the cylinder
of the different variants. wall) may end up being very similar — the
resulting force on the bigger piston and the
larger internal cylinder wall area - will be
proportionally bigger and therefore — so will
both the forces from combustion and the forces
from the piston pushing on the cylinder wall to
drive the car. These extra forces combined may
not be exactly as high as the increase in bore or
cylinder wall area — but will still have some
proportionality — because although the piston
area (and hence driving force) is proportional to
the bore radius squared - the combustion
pressure is acting through an increase in surface
area directly proportional to the increase in bore
diameter.
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The 3.2 Boxster has a bore of 93mm and a wallAnother PHOTO of the interface between the
thickness of 8.75mm — 10% thicker than the 2.5 Lokasil preform and the alloy cylinder wall —
and 2.7 and so appears to be increasing in sizalso showing the burning starting due to
with increasing loads, in the right direction and increased piston clearance and ovality.
proportion.

The 2.5/2.7 seems to have a Lokasil wall
From this you could reasonably conclude that if thickness of about 2.75mm (hence an
the 2.5/2.7 Boxster does not generally have aaluminium thickness of 5.25mm.
problem with the cylinder liner cracking, then
perhaps the increase in wall thickness of the 3.2The 3.2 has a Lokasil wall thickness of about
may be sufficient for that to be OK too — or at 2.75mm (hence an aluminium thickness of 6mm
least the problems for both may not occur until — or 12.5% thicker). So far this would predict
very much higher mileages (and that does seenthat both would be reasonably as reliable as
to be the case and again measurements showach other.
very minimal ovality or movement). If the 3.4
engine (with a bore of 96mm) followed the The 3.4 has a similar Lokasil wall thickness as a
same rules as the 2.5/2.7 and 3.2 — as the bor8.2 @ 2.75mm, but because the overall wall
increases - then you could reasonably expect theahickness is less (7,5mm) the supporting
wall thickness of the bigger engine to be at leastaluminium wall thickness is much less at only
9mm+ (similar to the old 944) — but it isn't —in  4.75mm — which is 10% less than the 2.5/2.7
fact it is smaller than the other 2 @ only 7.5mm and a massive 21% less than the 3.2 engine and
and that is at least 17% smaller than the veryeven less than we would like to see it at for a
minimum we expected to find. 3.4 engine.

How significant is this? Well by ordinary metal So if — because of creep and lower initial
fatigue experiences — 17% it is a huge strength — the main resistance to the cylinder
difference — but there is another point that liner stretching is provided by the outer
makes it even more significant. These figures aluminium cast cylinder — the 3.4 has reduced
were obtained by measuring the whole of theits influence by about 21% while increasing the
wall thickness — that is both the Lokasil preform forces by somewhere between 4% (calculated
and the outer aluminium cast support tube from the increase in bore diameter) and 20%
added together. Now we need to check the(from the amount of power increase). Lets
thickness of both individually. round up on a figure of say 10% extra load for a
3.4 over a 3.2. If so this means that the 3.4 has a
generally weaker resistance to cracking (if we
ignore the contribution of the Lokasil liner) of
around about 40%. Well the Lokasil must have
some contribution — but from these calculations
the reduction in cylinder liner strength,
stiffness, creep resistance or fatigue resistance
of the 3.4 engine over the smaller Boxster
engines must be somewhere between 20 % and
40% - | would guess about 25% less.

Designing it this way seems a very odd thing to
do. | was puzzled until | noticed that the
reduction in wall thickness between the 3.2 and
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the 3.4 was exactly half the difference of the
difference in the bore diameter — suggesting thatlt seems to me that this is what has (in a
the outside shape of the cylinders was cast thenutshell) happened in a small way to the 3.4
same size for both. engines. Instead of casting the crankcases with
different internal moulds for each model (or
So | needed to compare the 3.2 and the 3.4making the 3.2 thicker than it needed to be) it
crankcase castings. Then | found that they bothseems as if the same basic casting has been used
appeared to use the same moulds to cast théor both but just use different sized Lokasil cast
internal shapes of the cylinder wall and in — preform liners and the resulting weakness
therefore had the same outside diameter of themay explain why 3.4 cylinder cracks are
liner despite having a bigger bore in the 3.4 starting to be such a relatively big problem (and
(and 3.6). In other words the 3.4 is like a 3.2 sadly the 3.6 engine seems the same).
bored out 3mm bigger in internal diameter
without any corresponding increase in the So what responsibility should Porsche have for
outside diameter of the cylinder sleeve despitethis outcome? That is not for me to answer.
the increased forces involved. Should they do anything more about it than they
already are doing? | am not so sure about that
either.

They have to push technical and cost reduction
frontiers and it is not possible to test everything
to reproduce road use over time. New
technology always throws up unexpected
problems and most failures not covered by
Porsche’s own warranty or extended warranty
are really too old to be regarded as the whole
responsibility of the manufacturer. How long
should a high performance sports car engine last
before rebuilds or replacement anyway?
Porsche have tried to come up with a cost
effective method of providing a long life bore
rs{vith good thermal heat transfer properties that

the right, shows that the increased liner PEMaps has not quite lasted as long as they

thickness off the 3.2 is because the bore isOf'dinally hoped or expected - despite -
smaller and that the same internal casting sizeé)rObany completely successiul practical tests

(and hence probably the same casting moulds nd trials: However — we feel that it cou_ld have
have been used for both. een avoided and that it was always going to be

a potential problem to reduce the effective wall
thickness so much — and because of that it
would be nice if some gesture could be made in
1the circumstances that would lower the cost of
repairs. Our philosophy (shown through our
Maintenance Plan) is that — if we are looking
after our customer's car permanently and
something goes wrong, that we should try and
share some element of responsibility — if we can
afford to do so and stay in business. However

The photo on the previous page of the 3.4
crankcase on the left and the 3.2 crankcase o

Now if we ignore the potential problems with

metal matrix composites and look at simple
common sense — anyone surely realises that i
you keep boring out an engine and putting
bigger and bigger pistons in it — producing more
and more power — while making the liner wall

thickness gradually reduce - the day must surely
come when it all turns to tears for someone!
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this is for our customers locked into a businessCHECKING OTHER POSSIBILITIES.

relationship with us, and Porsche do provide

their own alternative with their own warranty If we are right about the reasons for these

scheme so they already are similar. various failures - then a lot of engines are going
to be affected eventually - and the

Providing whole complete new engines (even consequences are wide ranging - so we did not

subsidised) adds unnecessary expense. Whagust sit back and assume out first explanation

would be better are subsidised crankcase setswas right. In fact we have machined out the

and/or short engines. This would reduce overall Lokasil liner to test its individual stand-alone

costs for all owners at any age. gualities. The material seems very stiff but
brittte and easily cracks at quite low

Although we can rebuild the whole engines deformations and stress levels.

there are not many that could manage the

crankcase rebuilds reliably — so short blocks Photo below of the Lokasil liner only after

would overcome this and the remaining rebuilds fracture testing. Notice the very coarse porous

would be quite manageable by most competentmatrix construction.

Porsche garages businesses World-wide.

But we don’t know what their philosophy is

towards longevity of the products and would
they consider the problem to be acceptable if it
turns owners away from long term ownership
towards a buying philosophy that encourages
buying new or almost new — who knows what
decisions have been taken internally. Certainly =
making a gesture over relevant prices (as’
previously suggested) would clearly
demonstrate that they do care! .
Many parts of the engine are very well designed i

and thought out so fixing this problem with ‘ . ,;‘-I-_,, q I e q
subsidised parts while designing out the W€ have also made smaller test pieces an

problem in future — would be a positive step in tested them to see what happens under heat and
the right direction. by h_oldlng a const.ant_b(_endlng stress an_d then
heating the material it is possible to find a
temperature at which it slowly but steadily
bends — until the heat is removed — when it sets
gain — rather like you might expect a plastic to
ehave. If the bend is too much then a surface
crack quickly appears.

Other evidence.

We would also expect to see some engines tha
haven’t cracked showing signs of burning down
the piston face and cylinder wall due to the

increased ovality and piston clearance and . . .
indeed - we have seen just that — in fact we have! '€ Following photo shows a piece of Lokasil
ermanently bent under heat and load and

seen 2 pistons seized only on one face (due t _ _ )
aving a crack starting at the point of

the bl by burni dd ding the oil
th:re).ow y Burning and degrading the ol deformation — as expected. The load on it was

constant but the bend only occurred at one high
temperature and quickly stopped as the heat
source was removed
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through temperature variations (expansion and
contraction during the hot molten aluminium

flowing up against the colder liner) or perhaps a
gassing problem. So we machined the outside
aluminium cylinders gradually step by step

smaller and smaller until we revealed the

Lokasil tube inside — but in each case the bond
area between the two materials looked sound.

Photo of the aluminium part of the liner being
machined off gradually in steps to find out how
centrally it was located.

As a result of this test, we also wondered if P
inside the cylinder - a minute space could have S
appeared between the Lokasil preform and thel

outer cast aluminium through a bad inter- §
material bond and that this allowed the Lokasil
liner to crack under load and move over to

well - in the process.

The following photo shows us machining out a
Lokasil liner to see how central it is and how
well it is bonded. Shading shows it having been
cast off centre but the bonding seemed OK. Cracks Before Failures.

We have often seen what appear to be cracks in
the Lokasil cylinder wall in engines that have
not shown any signs of liner failure — see photo
below of a typical crack.

The crack is at 25 minutes past the hour and is
not in a vertical line with the cylinder but veers
off at an angle.

We suspect that these are the first signs of the
problems of a relatively weak preform made of
a metal matrix composite — failing to a small
surface crack (for whatever reason — be it stress,
heat, fatigue, thermal expansion/contraction,
We also considered if the molten aluminium interfacial bonding problems etc, etc.) that later
bond where it flowed on to the Lokasil liner will put all the load onto the exterior support
may have caused a problem at the joint facealuminium tube — that in the case of the 996, 3.4
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and 3.6 is much thinner than the earlier Boxster SOLUTIONS

models of the same basic engine. If so it may be

perfectly acceptable if the outer sleeve canFrom the manufacturers point of view - it seems
withstand all the resulting loads (or at least lastthat casting a thicker outer cylinder wall, or
long enough for the life of the car) but not if the supporting it with webs to the outside or a
outer sleeve is too weak closed deck design — would have solved the
problem (or making the Lokasil preform with

perhaps a carbon fibre (or similar) spun outer
diameter to resist movement) may have
prevented this problem — but we have to live
with it as it exists and solve the problem with
existing engines.

We originally decided to manufacture a
replacement liner to repair a cracked single liner
— when we imagined the problem was caused by
a manufacturing fault.

But looking back on my own experiences when
Carbon Fibre Composites were relatively new Bes=S
and the huge (almost insurmountable) problemsges
that the traditional engineers had in finding the S
right applications and understanding the
important design criteria — | can only conclude
that Metal Matrix Composites are going through
a similar learning process.

I applaud Porsche for pursuing new technology ppotg of the casting and finished machined liner

and modernising their production — so that they e produced and also showing the inside of the
can continue to provide such wonderful sports ¢rankcase half with the original liner machined
cars and | accept that not all new things cang

practically be tested to reproduce exactly what

happens out there in normal use. We manufactured a pattern and produced a cast
liner that was machined and Nikasil plated — to

However the 996 seems to have thinner cylindergi 15 5 damaged crankcase half and all that went
walls than anything similar and we are sure that ok

this has created a problem that may cost several

owners a considerable amount to repair as thye arranged the casting so we could machine it

cars age. Because of that - if only they offered a4 e supported inside the outer crankcase half

gesture of some sort to make rebuilds {4 jnprove rigidity and then we realised that we

reasonably viable — no one would be able 10 ¢4y1d machine 2 diameters and fit rings inside

criticise them too much for these failures. the top of the other blocks — to prevent them
from cracking in the future.
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The photo below shows the bottom liner being afail in the future. So this seemed like the most
Hartech fitted Nikasil liner; the centre one has is cost effective solution and is one of those we
an original cast in preformed Lokasil liner offer (together with fitting a used engine etc —
machined ready to receive the support rings andplease refer to other parts of this guide for
the top liner has already been fitted with those details).

support rings.

Photo showing a set of support rings that will
prevent further movement of the liners in the
block and stop them cracking or going more
oval despite the thin cylinder walls. If the bores
are not badly oval (say in a low mileage car that
was stripped down for another reason other than
the bores being cracked) then we recommend
this extra job to prevent future failure of the
cylinder liner.

But what about bores that are not cracked but

The other bores showed no sign of wear at the@’e very oval already?

top — so we assumed they were OK, but when _

we did eventually measure them and discoveredVell, we have tried and tested a great many
the problem of ovality — we realised that the Ways to re-shape the oval bores that have not
additional piston clearance may present acracked to return them to a round shape with the
problem and after researching the whole thing right piston clearance. Eortunately a parthular

and realising the causes, we put the re_5|eevin9comb|natlon of pressure in 2 different directions

development on hold until we explored other @nd temperature, achieved the movement we

solutions for the other un-cracked but oval Wanted - so we can now fit the top support
bores. sleeves and therefore not only return the bores

to a more round shape with a reduced piston
With new crankcase sets costing about £2500 +Cléarance, but also prevent further movement.
Vat * — it is viable to rebuild a damaged engine This now makes the option of just replacing a

with new crankcases (and hence bores) and ifcfacked liner and re-shaping the other oval
we also fitted the new support rings in the top bores and then supporting them, a viable option

they would be unlikely to ever become oval or (OF in engines stripped for other reasons, re-
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shaping and fitting the support rings as a undertaken. We want to establish the lengths
preventative measure). This has become thehat we have gone to so far and the quality of
best and cheapest option available. the work we have done in trying to understand
and provide a viable remedy for this problem —
So far we cannot reproduce the repeatedwhile simultaneously informing interested
heat/load/cooling cycles that may have createdparties what we think about the whole situation.
the movement over many years in the first placeWe do not know how far through the production
i.e. whatever tests we do - the bores remain justruns - the problems will manifest themselves —
as oval even after repeated heating andwas there a point where Porsche improved the
squeezing cycles - but then Porsche didn’'t seenconstruction of the preforms — or did they
to manage to reproduce the problem under testhange something in the manufacturing
conditions, either. process? We will endeavour to find out by
inspection — to assess what we need to do in
So this seems to reinforce our theory that thegood time to help repair engines that have failed
movement is indeed the result of very long term - but it may just take time (as the other failures
continuous stress, heat, expansion, contractiordid) to find out how extensive or short lived this
etc over several years and cycles (creep) — thaproblem is.
neither we can produce — nor were Porsche able
to (it seems) at the outset — until the evidenceMeanwhile all we can do is offer our opinions,
emerged years later. solutions and various options for repair and re-
assembly — making our own recommendations —
We have now covered enough test miles to bebut allowing the customer ultimately to make
satisfied with our replacement single liner the decisions about what to replace and how far
option for cracked bores — and customers canto go — depending upon their circumstances and
choose to also have the other bores machineduture plans for the car.
externally and fitted with these restraining rings
(they take support from the outside casting
which is many times stronger than the bore ang’™** """ """ = T rres s rrrrms s naa,
resist any further movement). Or they can Hartech Liners.
choose to have them re-shaped to reduce the

ovality and fitted with the restraining rings to Qur Hartech replacement cylinder tubes don't
keep them the right shape just sit up without any support (like the original)
but sit against a machined surface in the original
Where bores have already distorted very ovalhore — to support them and prevent distortion
(but the strip down is not for a cracked liner) we \hile the homogeneous thickness adds strength

can offer to fit our special restraining rings (t0 to resist hoop stress and we consider the Nikasil
prevent further movement) or re-shape the finish superior.

ovality away and fit the restraining rings

(whichever the customer prefers) to all six Qur cylinders are designed to be fitted
bores. Customers can therefore choose if theyindividually but if more than one or two bores
do or do not want these extra preventative stepsare damaged then rep|acement crankcases are
also available from Porsche at little extra cost —
We have taken the trouble to explain all this so customers can choose between a re-sleeved
partly because other independent specialists ar&et or a new replacement — with an extra cost

aware of what we are doing and trying to copy for the Porsche alternative. Different prices
our initiatives — and we want the credit for the apply to different models.

extensive research and development we have
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Picture shows a liner being assembled into a
crankcase.

Our system has been specially designed to sui
applications where only one or two cylinders

need replacing in the original block — when this
is a much less expensive option than changing
them all or a new set of Porsche crankcases
(and if the other bores are visibly and measure
OK or can be re §haped more round again ".deOTHER ENGINE TYPES
supported). But this is not a guaranteed solution

as the reasons for the crack may mean that th
other bores still fail in time (especially if the

problem is caused by a void behind the pre-
form — between it and the outer casting tube
that will still allow it to move even if the
outside is restrained) — but it is a relatively
inexpensive  potential  solution that is
worthwhile and has proven OK in all the
engines fitted with them so far. Only time and

%\Ithough the wall thickness of the liners in the
Boxster 2.5, 2.7 and 3.2S are thicker (and have
not yet shown signs of “going oval’)- some
" have failed for other reasons (often debris from
another failure or seizure from another cause)
and so we have now produced liners for all
these models.

. : . The left hand side picture is the 3.4 and 3.6
mileage covered will prove or disprove the . : :

; ) ; liner, the centre is the 3.2S liner and the one on
value of this modestly priced extra option long : o :

: the right hand side is for the 2.5 and 2.7 engines

term, but there is so far no reason to doubt that, . .
. ) (which have the same bore but different
it is a permanent solution.

strokes).

The following picture shows a 996 block with
the nearest cylinder fitted with a restraining ring
at the top, the next centre cylinder has been
machined to accept a restraining ring and the
furthest away has a Hartech Nikasil plated
replacement liner fitted.

(see photos overpage).
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Pictures show the intermediate shaft bearing
failure and the damaged internals.

OTHER FAILURES

Cylinder heads fit 3 cylinders and are not

individual as before. This can increase The stud holding the bearing together was
replacement costs. Crack visible in next griginally only 8mm diameter and sometimes

photograph near spark plug hole. breaks whereas the replacement is very much
larger. We are now manufacturing a

replacement stud with a larger diameter that
enables us to replace an intermediate shaft
bearing in the car (if it has only worn and not
yet failed) and also to fit this to full rebuilds a

a stronger alternative to std.

The intermediate shaft sometimes has a bearing
failure and since they modified it in the last few
years — only modified shafts are now available.
This may have a different chain drive (a Hivo
chain instead of a roller chain) — so if you have
an early engine — a new crankshaft may also be
required (even though yours is OK) — just so it
can run with the new replacement intermediate
shatft.

The following picture shows the difference in
the old and new intermediate shafts.

We (amongst others) are developing a more
cost effective solution to this problem.
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Picture shows a damaged big end journal

A picture of checking for crankshaft run-out.

We have found a crankshaft where the main
bearing failed and the subsequent loss of oil
feed to the big end resulted in that also failing.
Upon stripping down - the crankshaft was found
_ _ _ _ to be bent. We are not sure at this stage if the
If a big end or main bearing fails, the crankshaft had bent because the big end failed
crankshafts cannot be re-ground (being and hammered against it or the big end failed
Tuftrided) and anyway — even if they could be — pecause the crankshaft was bent and the extra

there are no oversize bearings available. So goad on the main bearing initiated the wear on
crankshaft problem may require a new the shell.

crankshaft, which is only available with the new

hivo chain drive so if you have an older engine \whenever a big end fails like this the crankshaft
you would need to replace the intermediate js ysually scrap and the con-rod is also damaged
shaft as well for compatibility. because the bore becomes oval. Con-rods are
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split by being cracked into 2 pieces leaving a version of the seal that should improve the
broken joining face (common modern practice) problem (time will tell). However very few
and will always need replacing if the big end engines have a chain running near the rear main
was damaged. We have found big end shellsseal (AND THIS ENGINE HAS TWO). So we
that have curled inwards yet still run OK so this also think that it is the oil being thrust at high
may be a potential future trouble spot causingspeed against the seal inner face by the
them to overheat and we recommend replacingmovement of the two chains running around the
them whenever we undertake a full strip (some crankshaft, that makes sealing more difficult
944’s circa '86 had a similar problem and and have tested a couple of shields to provide a
solution) long term solution.

The following picture shows the remains of a Picture of our in house RMS alignment tool.
big end bearing shell - after failure.

This tool has improved the resulting quality of
life expectancy but may not overcome poor
_ _ basic seal design — so is not always fool proof.
New Con rods are only available in matched
sets of 6 even thOUgh you may Only need OneVAR'OCAM CHAIN GUIDE RUNNERS
We often have good used examples available at

a lower cost. The guide supports with the oil fed lubrication -

_ on the Variocam hydraulic chain tensioners —
Although Lokasil bores are supposed to be ablegeem to wear out very quickly and so nearly
to be re-sized, oversized pistons are nOtaIways need replacing.

available from Porsche (although we have

placed an order to manufature ocversize pistonstpe following picture shows the typical wear on

ourselves!). A scored bore may therefore yhe cyrved surface that should be smooth.
presently require a new engine (from some

suppliers) or at least a re-linered one (from
others), or a replacement crankcase - until
oversized pistons become available.

RMS — the much talked about rear main crank

seal — is prone to leak. We have made a special
tool to help align it and can now supply a better
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ENGINE REPAIR CHOICES

There will be a lot of choices to decide upon
when considering the right option to follow. For
example, the prices for new engines and an
alternative of new crank-cases, vary
considerably with the model, exchange rates
and Porsche’s own pricing policy (that has
resulted in fluctuating prices in recent months).
The type of engine (age and specification) may
or may not influence additional costs when only
redesigned parts are available.

Prices of good used engines from breakers vary
CHAIN LIFE. with their own pricing policy and the market

demand (but could get cheaper as scrapped cars
Chains have been known to snap — so weage and are worth less or more expensive if
always fit new chains during a rebuild (as they demand outstrips supply and Porsches prices
add little to the rebuild cost). increase).

VALVE SPRINGS. Porsche may introduce a short block option one
day that will reduce rebuild costs and increase

We have had one incidence of a valve springthe number of places capable of handling the

failure. The customer had no compression onrepair.

one cylinder (assumed to be caused by a

cracked liner initially) so he was extremely Of preference, some customers may lean

pleased with the relatively low cost of the repair towards a new engine (regardless of the extra

(especially as he was on our Maintenance Plancost), others may prefer to replace

and had no labour charges). cracked/seized bores with Porsche’s own new
crankcases and others with a Hartech
Picture shows the LHS valve spring broken. replacement liner or a competitors alternative.

Some will prefer to take the opportunity to
replace some other relatively inexpensive bits
(that hadn’t failed yet) for very little extra cost
but improving the potential life of the rebuilt
engine while others may just want the least
expensive option to get the car running again.

Sometimes a failure sends debris into other
areas and damages them and on other occasions
the very same failure doesn’t — so there is a
potential difference in costs there that can only
be established after a full strip down, clean and
inspection.
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So, every engine failure will result in a different doing it all again (i.e. will make a loss on that
set of recommendations and it is therefore veryjob).
difficult to provide guide costs. It would
therefore also be very easy for an unscrupulouslt has never happened that one failed within 1
dealer to suggest a modest cost only to inflate itmonth (in fact — touch wood we have never had
hugely after stripping and inspecting the engine. a failure at all) but if it did | suppose we would
lose out again although they are all still running
While we will never rebuild an engine perfectly OK — Jan 2008). The one month grace
knowingly that would have a very short lifespan period does not cover minor things like minor
(if asked to - we would simply request the oil leaks or noises that were not so loud (say) in
customer take all the bits away and pay for ourthe previous engine etc - as long as the engine
time to date), never the less we do accept thatworks OK as a used engine there is no liability
for some customers — they just want the carfrom us or the supplying breakers that it has to
running again — just as it was before the be as good as the customers old one before it
problem. This would result in us only fixing the failed.
problem and any obvious subsequent damage so
that when the engine is rebuilt it should be just Used engines have been a very good option to
as reliable and last just as long as before thedate - however the day is bound to come when
incident — but may not be any better than that. one will fail and the customer will no doubt be
upset. They therefore offer a good cost option —
In this case valves and heads may not be dewith a small risk but no come back if after 1
coked, (although we insist that all chains, shellsmonth a failure of the original engine occurs.
and seals are always replaced) etc but the
engine and its overall life expectancy should Furthermore we have bought some engines
still be as good as all the others of similar agefrom breakers that were taken from crashed or
and specification that are still running OK. burnt out cars — that actually had damaged parts
Indeed it should in some ways still be better asinside, leading to speculation that the owners
it will still have some newer parts. knew of the engine damage and chose a
different way to get a payback from their
Very often - replacing a damaged engine with ainsurance company.
used one from a breakers - is a viable option but
of course there is no guarantee about theWe do sometimes get offered very low mileage
subsequent life expectancy of the engine. ones (usually at a £500 to £1K premium -
recently fitted a 4000 mile engine for example)
Breakers rarely accept a warranty other thanand as the customer is paying extra it must drive
that it works OK when it is fitted. | suppose to as well as that claim would justify. We often
be fair they have no way of knowing either swap items like water pumps and alternators etc
when they buy the crashed car. so the customer gets his own back (at no
charge) to be sure that they are as good as the
Because we buy a number of engines andoriginal (because that’'s is what they actually
gearboxes from them and have a goodare). However if the replacement engine
reputation in the specialist field we usually get 1 appears to us to have covered less miles or to be
months grace and they play fair with us - in better overall condition than its predecessor
however it costs us a lot to remove and fit anthen we may leave in the auxiliaries on the
engine and if we do so and it doesn't work right grounds that they should be an improvement not
straight away - we have to accept the cost ofa disadvantage and therefore to our customers
benefit.
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Similarly - if we fit a used engine on the
Obviously we therefore also take a considerablecustomer’s behalf - and it goes wrong - we lose
risk when we try and help our customers by because we have to remove and refit another
fitting a used engine - but for some it has beenone. It would be better for us if the customer
the only option they can afford and so we bite bought the engine and we just fitted it - so it's a
our lip and get on with it. their risk - but then the breakers could exploit

the customer’s technical short-comings and not
A rebuilt engine usually costs about the same asworry about losing the customer in the future -
fitting a good used engine, and we warrant all as they will be unlikely to ever deal with them
our workmanship and that we have fitted all the again anyway (but some breakers are
parts we claim to have done, so with all parts reasonably trustworthy). So by us buying and
inspected, new shells, seals and chains etc — isupplying a good used engine - there is some
must potentially be a more reliable option. control over quality and some come back (all be
Furthermore - if anything was done wrong there it limited).
then we would be liable for the cost of fixing it.

If we rebuild a customer’s engine the advantage
However - if any part subsequently failed soon is keeping the same engine number and
afterwards it may be a more difficult situation to replacing a lot of old parts with new ones, and
handle. If the failure was caused by a part thatmodifying some known weak areas to improve
we recommended but the customer declined tothem in future — resulting in a very good quality
fit - we have no responsibility as our best advice engine on completion. However — although we
was not followed. If a failure was a part that rebuild to the best of our ability — if something
was not damaged or involved in the failure but else goes wrong we may or may not feel some
just happened to reach the end of its life (as itresponsibility depending upon the individual
would have done if the engine had not failed circumstances, so we are very careful how we
somewhere else in the first place), then againadvise and rebuild engines.
we do not feel liable - but depending on the
circumstances we may consider a shared cosWe are trying to offer something sensible that is
compromise on fixing it if the customer was worthwhile for both us and our customers - but
reasonable. If we were responsible we wouldit is not a big profit earner and subject to
repair again at our full cost difficulties with customers who anyway may be

thoroughly fed wup with the cost and
We offer more options than our competitors if a inconvenience of the repair and are looking for
customer’s engine fails — with a wide range of a messenger to shoot.
costs and solutions. But while the repair or
replacement of Boxster and 996 engines mayTo help us to work out the options for our
help our customers make the best choice forcustomers in such complicated variations, we
them, if we replace with a new engine, we lose have prepared a very comprehensive internal
the old engine and if a new one is being menu system to help us both guess in advanced
replaced, we have to reassemble it for return tothe likely costs and also actually work out the
Porsche or face an uneconomic surchargefinal cost once the full extent of the problem is
Although our labour cost is much lower than known.
Porsche’s, we still have to subsidise this work
to make it competitive (as we have no reclaim We try not to estimate on a best case scenario
structure from them). and then add more as time goes by and the full

extent of the damage is revealed — but instead

prefer to include typical expectations so often
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the final cost is similar or slightly less than our
estimate.

Of course we cannot work out every possibility
but do our best in good faith. We are aware that
competitors may estimate a price and then add
to it as they find more things needing
replacement. We try not to do this and prefer to
work on the basis of our usual experiences. Our
estimates may therefore seem higher than others
initially but probably be more accurate by the
end. Our estimates therefore include the other
items we generally find damaged and are not
therefore always going to be the cheapest at the
estimating stage — but often will prove the Furthermore the assembly system is extremely

lowest upon completion. time consuming and difficult — much more than
any previous engine we have encountered — so
RE-BUILDING A DAMAGED ENGINE. it is expensive and takes a lot of hours.

Whenever an engine suffers a serious problem itThe next picture shows the crankshaft housing
is impossible to guarantee that every being assembled.

consequential piece of damage has been found

and corrected.

It is not viable to test every metal part for
hidden cracks that may have occurred and
difficult to measure any distortion that may
have happened to bores, the flatness of faces
and the general condition of castings etc. So any
rebuild is prone to have a small element of risk.

More robust engines (like the older 911's and
the 944/968 range) tend to be less difficult to
find all the potential problems and rebuild
(perhaps because their origins go back so far
compared to these new engines). _ _
Differences in labour rates can make the
The very design of the Boxster and 996 engine"€Puilding of an engine not viable in some more
make it more difficult to check everything and €XPensive repair centres but viable in others.
they seem a little more fragile in some areasFurthermore there is a good argument for
that could still provide a problem in the future. ~deciding as early as possible to replace an
engine (if it has to be replaced with a new
Picture of a partially assembled 996 engine, ~ €Ngine) before stripping it right down —to avoid
unnecessary strip down and rebuilding costs — if
there is an imminent part exchange with
Porsche (and no warranty implications).
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Owners have to weigh up the advantages and

disadvantages — how long they want to keep thePicture shows the collection of debris in the
car — how much risk they want to take when sump from a failure.

authorising the rebuild and selecting the choices

made.

An engine with a cracked liner may just need to
be repaired with one new liner, and various
gaskets and seals, oil, coolant and power
steering fluid (lost during removal) — and the
final cost may be quite modest (perhaps under
£4000+Vat). However — if that is all that the
owner authorises (and no other damage), then
the opportunity to replace some other
vulnerable components at the same time is lost
and there is no guarantee that the next liner will
not fail soon afterwards — incurring the labour
and fixed costs again. A more common price
including usual replacements would be around
£4500 + Vat.

Even if an engine runs on for a few seconds,
small pieces of debris quickly circulate around
the engine — despite the various filters and
gauzes and can always go up the bores between

Alternatively the owner may decide to have rthe pistons and cylinder walls.

new crankcases or even all 6 liners replaced (o
bores reshaped round and support rings fitted)
the valves overhauled (and as with all rebuilds
we insist must have new chains, shells and seal
etc) it can virtually end as a fully reconditioned
engine that should last for many more miles
(and may prove more reliable than the original
as a result of gradual improvements in parts and
the improvements expected from the Nikasil
bores and supported liners) — for a very similar
cost to the same exercise on any other Porsche
engine.

'Picture of a typical collection of debris after an
gngine failure.

If the engine was an old design and needs a new
crankshaft or intermediate shaft and the
shrapnel from the failure has damaged the oil
pump then the cost of the rebuild can be very
much more than if it was a newer engine

anyway. A rebuild where the bores are Ok and|n g|| this we provide options and allow the
another part failed can be relatively cystomer to decide what they want to do.
inexpensive. For example, a std intermediate However, we refuse absolutely to re-fit
shaft repair with a Hartech bearing and strongergamaged parts or rebuild in such a way that we
spindle, may cost under £3,500+Vat but is know will imminently fail. We will not
usually nearer £4500 + Vat (with customers therefore be a party to an attempt to just get a
usual option choices and other typical damage). gy running long enough to dispose of and give
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someone else the problem of another imminent
failure on an engine we have recently rebuilt.

Picture shows an oil pump housing damaged byto provide cost

debris from a different failure.

However the choice of replacing say a new
cylinder head or a second hand one that is
perfectly OK — is an acceptable option.

Some parts (like chains) that are showing no
sign of failure — but are relatively inexpensive

Very few places can manage the repair of these
engines and gearboxes and even less have tried
effective solutions and
engineering alternatives — but they are great
cars and a few failures that are repairable at
reasonable cost are — in our humble opinion, a
small price to pay for the pleasure of owning
and driving such a fabulous car (pictured in our
showroom below) — especially as the risk seems
comparatively low.

to replace and are known weak spots — we insist

upon replacing and will not take a risk with
ourselves. In other areas where we do allow a
customer choice - the level of guarantee we
offer will reflect that choice and while we
always guarantee our workmanship — we do not
cover parts or work that we recommend but the
customer decides not to replace or have done
This decision and risk is entirely their own. The
whole problem of repairing a potentially
expensive problem is therefore never entirely
risk free because even a new engine may
eventually fail (as the original one did to inigat
the problem in the first place and they have
been known to fail at under 10K miles).

Picture over page shows a rack of engine parts
not including the crankshaft housing, pistons,

Inlet system etc.

Repair centres (whether they be Porsche main

agents or independents) are in a difficult
position whenever a failure occurs and the
customer wants to take out their frustration and
disappointment on someone - or to find
someone to take legal action with.
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later. If this ever occurred we would try to work

with the customer to minimise the cost and
consider if it was appropriate to share the
responsibility — provided that we feel we have a
productive relationship that is likely to result in

a satisfactory solution.

We will not however offer any help in situations

where our good intentions have failed to

provide a perfect answer and the customer
immediately becomes legalistic and

confrontational. The situation is not one that
will ever be solved by such an approach and we
are advised to react likewise if it occurs.

This picture shows just how complicated the
engine is and how many parts are involved in
the work even after it has been removed from
the car.

In the same way that the original Porsche the

customer bought may not have been expected to

fail so soon, the independents that do try and

offer a viable solution, do not have the smallest

fraction of the resources to test out their

solutions and it may therefore take many years

to find out what the best options are. They do

have an advantage however that (with the

benefit of hindsight) they know exactly where

those weak areas are and can concentrate on a

solution without worrying about politics, legal So — if you experience a failure please
arguments over who should pay, re-tooling, re- remember some key points.

manufacturing or replacing FOC. They can

simply concentrate their energies on a solution (1) The problem exists through no fault of

and make it available to the public. Hartech and we are trying to find cost

effective solutions to suit the future
Where we offer a less expensive solution than needs, requirements and financial
say a new Porsche engine - there is therefore an resources of the customer.

element of risk and anyone accepting the
options to save money must also accept the (2)Such a huge range of options come into

possibility (however rare or unexpected) that play that it is impossible to be certain
the engine may one day need to have a further about a cost until the whole situation is
rebuild to correct something else that failed reviewed and the availability of parts
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and current prices have been The following examples rely on current prices

established. and may vary considerably and should be
confirmed at the time of an enquiry. Porsche

(3) More often than not we find that what price changes - may alter which solution is most

has been described as a serious failurefavoured!

elsewhere - requiring a new engine -

turns out to be repairable at modest Crankshafts and Intermediate shafts are only

comparative cost. supplied by Porsche to a new design — so if
either fail the other may have to be replaced on

(4) Repairing an engine takes time and earlier models to match up (and crankshafts cost

cannot always be started immediately — almost £2K) until our (or other) less expensive

especially if there are others in progress options are proven and available.

and parts and other stripped engines and

cars are already under way taking up The present cost for fitting all 6 Hartech liners

storage — even when you enjoy the is almost as much as a new set of Porsche

space in our 10 ramp workshops, crankcases — this is why we designed them to be

photographed below. used — mainly as a one off replacement for a
cracked liner. We believe that our support rings
will prevent the remaining liners from suffering
the same fate.

TYPICAL ENGINE PROBLEMS & COSTS
Cracked cylinder liners (all prices add Vat)

If you have an early type Boxster and a cylinder
liner fails & others are found to be cracked, it
will cost around £7000 to re-liner all 6 bores
and replace chains, recondition the top end etc
which is more than if the customer prefers new
Porsche crankcases instead of liners (@£5800),
because the liner solution is specifically
designed to suit single or double liner failures.
If the engine was also so badly damaged that it
(5)The 0rigina| cause of the failure may needed crankshafts etc as well then it would
indeed be a part that is not directly Probably be cheaper (for this model) to buy in a
linked to the engine (like perhaps a New Porsche engine and fitit (@ about £7000 to
Computer or fuel injection System £8600) than have it fU”y reconditioned.
causing an engine to blow up or a

doesn't leak once the coolant has was OK and the customer really only wanted

drained away). This will be impossible that repaired - it could cost as little as £3700 if

to detect until the engine is repaired and N0 other damage had occurred and no other
may then delay final completion and reconditioning or preventative maintenance was
add further to costs. This would be as carried out (although it is more often £4500

frustrating for us as the customer and With customers full options exercised).

again - patience is requested.
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However, with the 996, even if all 6 liners were premature decision is taken to avoid a full strip
replaced (or the crankcases replaced) it woulddown and recommend a new engine.
still be over £4,800 cheaper than a new engine
because new 996 engines are currently muchn many of the cases we have received - where a
more expensive than Boxsters. new engine or gearbox was previously
recommended elsewhere, we have managed to
In both cases, although the price of a good usedebuild or replace it with a good used one — for
engine is always subject to change and there areonsiderably less cost and with excellent
the risks described earlier — never the less theyesults. This may be because the decision to
offer a solution for a slightly the lower cost that replace with new was taken without a full
usually works out just fine (subject of course to investigation or because the labour rate to do
availability). that elsewhere was too expensive to make it a
viable option.
Intermediate Shaft Failure.
However — there are occasions where the
If the intermediate shaft bearing fails there is evidence of the failure is sufficiently clear to
usually a lot of oil dripping from the bell make an early decision and often then a new
housing area under the engine. replacement engine becomes a sensible
alternative.
If the car is a later type then the least expensive
repair (with no other reconditioning) could be So far — although there have been common
reasonably inexpensive (from around £3500) failures — the results have been quite different.
but if it is the earlier type then the only Porsche
supplied replacement part available - will not fit For example we have had a lack of cylinder
- and a new crankshatft is also needed, when the&ompression being both a cracked cylinder liner
cost becomes much higher (from around £5,000(that was expensive to repair) and a broken
typically with a used crankshaft or £6,250 with valve spring (which was inexpensive).
a new one). Because of this we have found a
new bearing to fit the old shaft and expect the We have had a noise like a big end — turning out
eventual minimum cost then to reduce to aroundto be a big end (and very expensive) and also
£3500 (or under £800 if it can be repaired in the being a damaged later type intermediate shaft
car because it has not yet completely failed or(much less expensive).
put debris around the engine).
There are still things to be learned about these
Crankshatft Failure. engines and very few places where they can
strip down, analyse, come up with cost effective
If the car has a later intermediate shaft then asolutions and rebuild them — so customers must
typical repair to replace a crankshaft will appreciate these difficulties and be patient when
usually cost around £7,700 or £6,800 if a good we are trying to establish causes, remedies and
used crankshaft is available and chosencosts and also expect to be without their cars for
(depending on the model and what other some time. We are now rebuilding exchange
damage/reconditioning work is bottom ends (with and without replaced liners)
requested/essential) as crankshafts cannot béo reduce rebuild times by exchanging like for
reground. It is very important to remember that like damaged bottom ends.
because of the additional costs of rebuilding
engines for exchange to Porsche — often aOur cylinder re-linering service has been
designed to enable us to repair the crankcases
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the moment they are apart, by machining themof potential alternatives but does allow us to

internally and fitting pre-manufactured stock quickly provide a price (or price alternatives) in

liners the same day — to avoid delays. advance and during rebuilding to allow the
customer to steer their eventual solution in the

Despite the various uncertainties — we feel that -direction they want and for a price they

if you have a problem with your Boxster or 996 hopefully can afford.

engine or gearbox — we offer the widest range

of cost effective solutions. GENERAL DISCUSSION POINTS OF
GENERAL INTEREST Etc.

It may turn out that your problem is quite

inexpensive to repair or a potentially very (1) Cutting Edge Technology

expensive one — but whichever it turns out to be

— we at Hartech have the widest possible rangePorsche have always been at the forefront of

of alternatives available with different options making the latest technology available to their

to suit all pockets and customer requirements. customers through early application in customer
cars. This is partly what has created the

Any general prices we have mentioned areexcitement and satisfaction in owning and

usually for typical rebuilds or replacements driving their products over several decades.

(including decoking parts, new chains etc —

unless otherwise stated). Vat is extra. All other They were amongst the first to provide their

usual extras associated with a typical examplepublic with turbo charging, 4 wheel drive, 16

have been included. Prices were correct invalves, variable cam timing and lift, stability

January 2008. control etc — but always those brave enough to
put new technology in the hands of customers

All rebuild examples have new head gasketsrun greater risks that there will be some initial

and seals, full engine rebuilds with cranks teething problems - than those that sit back and

and/or big ends & mains - also have a new wait for them all to be ironed out — while their

bottom end gasket set, shells and seals. own customers drive outdated technology.

Extras. If the car is a Boxster (or a 996 where So — over the years — although Porsche have
we cannot avoid loosing the air—con gas onbeen at the cutting edge providing exciting
stripping down) and the customer then wants it technology for enthusiasts to own and enjoy —
re-gassing you must add £100+Vat to the abovethere have always been occasional problems
Ccosts. associated with the latest developments. This is

in my opinion a small price to pay for the sheer
If the car has a tiptronic gearbox it is more exhilaration of their ownership — of which the
expensive to remove, replace and bleed so yoyroblem with liner cracks seems a typical
must add £170+Vat to the above costs. example.

If the car is a 996 you must generally add £100(2) Manufacturing Techniques
+ Vat to the costs.

There is also a pressure upon manufacturers to
The internal Hartech menu system has overreduce manufacturing costs — without reducing
1000 lines of choices, compounded by aquality - through new manufacturing
variation for all the different models and techniques and materials technology.
specifications with an over ride for different
disasters and conditions. It provides thousands

152



Porsche perhaps never previously had sufficient
resources to modernise their production But although their parents are more used to
techniques for the relatively small numbers having things repaired than simply replaced —
made — gradually falling further and further even they are finding that as overheads escalate
behind others — and stuck with labour intensivein the West and labour costs become the
methods and products. This progressively dominant cost in pricing work, a new
reduced profits and forced them into a vicious replacement (made by modern techniques at
circle — increasingly impossible to escape from. lower relative retail prices than ever before)
So while they were implementing leading edge becomes and attractive alternative to a repair.
ideas into their products — they had to do so by
fitting them on to cars that cost too much to Manufacturers are taking this into account when
make — almost going bust in the early 90’s. deciding what spares to offer and at what prices
— so it can be more viable for everyone
They had to change to survive and so the newconcerned to quickly replace a whole unit that
generation of whole cars (including engines) was manufactured for a low cost as a whole
had to embrace all the well established rules forentity (often manufactured in a third World
modern manufacturing — of reduced componentCountry) than to strip and repair one that cost
parts (to reduce handling costs), radical reviewsmore to make in the first place, needed lots of
of each machining operations (is it really different spares to be stocked and handled and
necessary etc) and new materials technology.considerable skilled labour to reassemble.
Perhaps it was this that led them beings
amongst the first to include metal matrix It has now become possible to reduce
composite liners cast into the new crankcases -manufacturing costs by making parts that used
offering reduced manufacturing costs and to be manually assembled in a more modern
improved long life expectations. Without way — so that half covers (for example) may be
modernising their design and manufacturing bonded together around a central electric motor
processes — Porsche would have either goneather than bolted together by hand with screws.
bust or priced their products into a range that Similarly parts are pushed together in a way that

few could afford to enjoy. small moulded-in clips pop into place to hold
them together (rather than lots of screws) —
(3) Fashion. great for reducing assembly costs but often

making them impossible to strip down without
Our whole society is changing and our young breaking the very parts you need to rebuild
are more ready to discard products because thewpgain (of which dash boards of the latest cars
have become unpopular, unfashionable or forare perhaps a good example).
minor technical problems than their parents
before them were. The resulting assemblies may work just as well
but are increasingly impossible or expensive to
This is just a function of the increased relative repair but cheaper to replace than trying to
wealth of a Country and when it reaches a pointrepair the older screwed together versions.
where people can afford to be seen in new
things rather than old worn out ones — they Engines and their associated components are all
cannot resist the temptation to buy new rathermoving towards this solution as labour costs
than keep old things going for longer. increase for highly skilled mechanical work.

The problem with repairing the 996 engines is
epair Costs. typical because they are very labour intensive
(4) Repair C ical b h lab ' [
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and some parts are also expensive while others
have to be changed to upgrade to a later spedf we do not want to strip the engine down
(the earlier one being discontinued) which adds (because we are sure that the cause makes
unnecessary costs. replacement the best option) but the customer
still wants it stripping down — then that will be
If — after stripping down to inspect and evaluate at their cost including any exchange rebuild.
a rebuild — the option of a new engine is taken
then it is bad enough that someone may have tdf a good used exchange engine is the final
pay for the initial strip down — but because option (regardless of how much or why we may
Porsche require a fully built exchange engine to have stripped down the original engine) then we
avoid their surcharge of around £2500 - this will usually make no charge for that strip down
also has to be added to the cost because- only charging for removal of the old engine,
someone has to rebuild it again to send back tosupplying and fitting the replacement and
Porsche. getting running again etc (although some used
engine suppliers — aware that they can
With Porsche main agent labour rates beingapparently get a good price for even a damaged
roughly twice that of our own, it is usually engine from Porsche are adding this to the cost
cheaper for them to make the decision as earlyof a used replacement). An old used engine is
as possible — to simply replace the engine with aalways a risk for everyone although — so far —
new one — before the strip and rebuild coststouch wood - we have had 100% success with
become too expensive. this solution (Jan 2008) but one day it is bound
to result in further problems.
Even independents would have to rebuild an
engine again to avoid the customer losing the A better solution is a rebuild so that at least the
surcharge and although this is less expensive -condition of the internals are known and/or
it still adds to the cost. replaced — and this often cost about the same
anyway and gives more peace of mind.
So early decision-making is essential.
If the best choice is for the original engine to be
Our policy is to do what we reasonably can to rebuilt — all the costs for work done are
help the customer — but ultimately they will chargeable — but the customer still has several
have to make the decision about which solutionrebuild options to consider. They may want to
suits them best (and our menu system helps tonly have the actual problem fixed and
estimate the cost of various options to assistreplacement of any other parts necessary for a
with this decision making process). rebuild (like gaskets etc) but to keep costs down
they may not want to take the opportunity to
So if we want to strip down the engine in order replace other parts that are old, worn out or
for us to make a decision about the best finalvulnerable — but that are still working OK at the
option — but then decide that the best option istime. In this case any future failures are entirely
for us to supply a new engine — then we will at their risk.
only partially charge for our strip down and
rebuild for exchange (unless a warranty is in If they follow all our best advice and have
place in which case we will adjust up our everything replaced that we recommend, then
charge to share the benefits with the customer)we do offer an element of goodwill if — in the
This reduces our profit but helps the customernear future — something else goes wrong that
and is subject to our discretion at the time andneeds fixing again. It is practically impossible
depending on all the factors. to work out in advance exactly under what
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circumstances this would work — or what we into providing a free replacement at the
would be able to do to help — but our reputation minimum and even compensation if possible.
is excellent and customers would have to rely This in turn makes manufacturers reluctant to
upon our discretion and integrity in the say - “OK — sorry we didn’t get that bit of new
circumstances at the time — to achieve sometechnology quite right — so we will offer you a
redress. replacement at half price” (or whatever) for fear
that some high powered lawyer somewhere will
However — if we are trying to help extend the use that admission to win a case to set the
life of an engine by trying to avoid future precedent that this proves a manufacturing fault
problems by implementing some new solution —and is their whole responsibility — and that
customers must accept that we cannot then put &veryone should be compensated thereafter
mileage or time limit on the resulting repair or while their image is permanently damaged. So
modification, because basically it is not our what can they do to avoid a problem adversely
fault that these engines have some weak areasffecting their image?
and although we will be doing our best to help
solve a customers problem - if the Well it seems that Porsche already do a lot to
manufacturers themselves could not make thehelp. The car is covered for the first couple of
engine more reliable in the first place — and years under warranty and then they have
could not predict what would go wrong over dispensation to still accept a warranty fault and
time and use — then it would be unfair to expectreplace an engine FOC or ask for a reasonable
us — with our comparatively miniscule resources contribution — if circumstances permit.
— to carry the can.
Then they offer a warranty (admittedly at
The Consequences of a litigious society customer’s cost) that covers engines up to 10
years old and (I think) 120K miles. So far - not
Taking on board all of the above — if you want bad at all.
to drive a car that out performs most
competitors and embodies latest technologicallt is what happens to customers who didn’t take
advances and features and as such invokes sudip the warranty and have a car say over 5 years
admiration and pride of ownership (and old and have a problem (or over 10 years old
whatever else you may describe a Porsche agind 120K and have a problem) that most of the
doing for you) AND you want to be able to complaints refer to.
afford to buy it in the first place - then you have
to accept that there may be some adversdorsche have a problem with this group because
consequences of the manufacturer trying tothey may be unlikely to admit a manufacturing
design and build to that exacting specification — weakness and only have a limit to the length of
especially in the early stages of a newtime it is reasonable to expect them to
technology and a new product. compensate owners of older third or fourth hand
cars for mechanical problems. Yet the publicity
The manufacturers are also aware of this risk —-may be damaging and owners possibly
which they simply cannot avoid — if their whole disillusioned, which is still bad news.
product ethos revolves around superior
competitive performance.
The Influence of the Internet.
However — one of the consequences of our
modern society is a tendency to try and force All Porsche’s (and other comparable cars in
anyone providing a product that has a problemgreater or lesser degrees) in the past have had a
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small number of reliability problems - the old engine) and while this may be right for
insufficient to seriously dampen their reputation replacing a nearly new customer engine under
but the Internet has enabled a small number ofwarranty — it is not necessary - nor viable - for
complaints to quickly be read by a considerablethe owner of an older car. They do not need
number of people through the ability of the (nor would expect) new inlet or exhaust
Internet to find information by search topic. manifolds, alternators, starter motors, wiring
looms, power steering pumps etc all thrown in.
This has made a comparatively small number of They just want the main engine problem fixed.
failures appear to be affecting almost everyone
and can quickly diminish the reputation of It is a well-established practice elsewhere to
product and service providers and worry new offer replacement engines without all the
and prospective owners unnecessarily. auxiliaries and in “short block” form.

The problem of the cylinder liners failing on My suggestion is for Porsche to offer engines in
996 3.4’s may be typical and may be harming 2 new forms.

Porsche’s reputation, however - most engines

are presently working just fine and only a few (1) Complete with cylinder heads and

are experiencing the problem — so it has been camshafts — but without all the other
magnified out of proportion — but — if my auxiliaries.

analysis of the causes and consequences is right, (2) As short blocks without even the heads
then | suspect that many more engines will and camshafts.

eventually fail in the same way — and so the
problem may very well get much worse in the And they do not then need the old engine
future and hence this lengthy attempt to makereturned so saving the rebuild costs.
sense of the situation.
If they didn’t subsidise the costs — they should
A SUGGESTED PRACTICAL SOLUTION stil work out at about — at a guess £4K
complete with heads and perhaps £2.5K as short
When this new generation of water-cooled 6 blocks (or if not — | feel sure that Porsche could
cylinder engines came out (Boxsters and 996’s)sell them for those prices without it adversely
there seemed to be very few manuals generallyaffecting their present profitability).
available to the independent sector and very
little internal engine and gearbox spares If they did subsidise the costs as well without
provision for repairs. We were informed that admitting any manufacturing fault — or losing
countless parts were simply not available. But any money on the deal - then they could be

as time has gone by — more technical priced at perhaps say £3K and £1500.
information and a wider range of parts has made
rebuilds possible. It may well be that this idea would be less

practical if Porsche main agent hourly labour
The weak areas seem to be — the cylinder linerrate prices were added to then swap the other
cracks — intermediate shaft bearing failures, old parts over from the old damaged block to
chain and tensioner failures, big end and mainthe new one — but owners of cars in the over 5
bearing failure and the RMS. year old (or even over 10 year old) category are
qguite likely to have the work done in the
New engines are available at between £6K andindependent network where it couid viable.
£10K — but come complete (and have to be
fitted — with an expensive surcharge attached to
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In any case we have had to change parts over
when fitting new complete replacement engines THE PROBLEM WITH NEW TECHNOLOGY
anyway (and almost always when fitting used
replacement engines from crashed cars) and thé have fortunately been intimately involved in
older they are the more likely it is that wiring the difficulties in implementing new technology
looms etc are particular to the vehicle and by being in charge of a Carbon Fibre research
would need changing anyway (and tiptronic or and development facility for three years (put
air con cars have differences). together by a manufacturer — in the early
1980’s) to help industry to use the new
People generally accept it when (on an oldertechnology. What | discovered immediately was
car) a water pump, alternator or starter motorthat nothing worked as reliably as the boffins
fail and | don't think they are important to their that were involved in producing the new
thinking when an engine fails big style — so material intimated. Their extremely complex,
providing those parts new - simply adds to the unfamiliar and challenging formulas for
costs unnecessarily. Similarly the inlet calculating how to use it were out by factors
manifolds are unlikely to need new replacement often as high as 3 —10 times and applications
— etc. failed that they thought would be OK. This led
to a lot of initial disillusionment by traditional
This solution would standardise the spares“metal engineers” trying to use an unfamiliar
specification (gaining benefits of volume and new material to advantage.
simplicity while reducing stock inventory) —
reduce transport physical sizes and costs andsince my job was to find suitable applications
placate all the irate owners — restoring an and develop markets — it was essential that |
excellent public image for Porsche and becomeunderstood exactly what could and what
a marketing triumph — and all at no cost to couldn’'t be achieved, what applications were
Porsche. suitable for the material, how strong and stiff
etc it actually was and what unknown factors
Why do we propose such a step — well ourthere were.
analysis of the problem inevitably draws the
conclusion that we really do expect many more A good practical example that may interest car
existing engines to suffer in these areasenthusiasts (and is actually very relevant to the
eventually — so by offering a short block cylinder liner problem) was when Lotus asked
Porsche would be replacing all the main parts me to re-design the front wing support tubes for
that are known to go wrong prematurely in Ayrton Senna’s car.
some engines — all at a stroke.
They were using tapered carbon fibre tubes
New crankshaft, rods, pistons rings, extending from the central tub and they were no
intermediate shaft, main drive chains and where near as stiff as the technical formulas of
tensioners, and cylinder bores — would all be the time predicted. The result was that at high
provided at one go enabling the damagespeed - the wings dropped down toward the
limitation by rebuilding the engines in a reliable road surface — which increased the “ground
way for renewed long life at reasonable costs. effect” and drag and slowed the top speed down
Even if the liner problem has not been resolvedwhereas when they braked for a corner and
by then the new engines should still last for needed the “ground effect” they sprung up
over 70K more — and if it has been resolved —again and lost it. It worked the opposite of what
even further. they wanted.
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They wanted a new strut that weighed the sameWell we did manage to develop a tube that was
but was 10 times stiffer — an incredibly difficult 10 times stiffer and only 10% heavier or 9 times
task. stiffer if the same weight (not bad) — only
because we had worked out how the material
However — our research showed that tubes arevorked based on actual tests rather than
the least likely structure to be stiff in a academic theory (the result actually being a
composite design — and only really have any mixture of square section small tubes and “I”
merit if they are needed to be very flexible (like sections inside a round exterior packed out with
fishing rods), to have a good coefficient of a lightweight spacer material).
restitution (as in gold club shafts) or are made
of a homogeneous or monolithic material like Similarly (and again relevant to the cylinder
steel. liner failures) there were many applications
where heat was involved that did not work out
This is basically because whichever direction as stiff as original design calculations
the fibres (or granules) are laid in - the tube suggested. | remember asking the “boffins” at
exerts loads and forces in all directions and sohead office to confirm that carbon fibre worked
there is always one direction or another that thethe same at elevated temperatures — which they
fibres are not working in. Beams in bending are again confirmed absolutely with some irritation
stiff if there are some layers put under stressthat | would ask such a basic question — yet tests
and strain by bending that are put into tensionproved otherwise — as temperatures rose (even
and compression and by keeping those layeranoderately) — so stiffness reduced.
apart by using a central stiff spacer. So an “I”
beam works because the top and bottom layer isThen we realised the significance of the fibre
perhaps 70% of the material and the centralbeing bound in a resin and as the fibres were
vertical member keeps them perfectly apart simply like human hair — they were actually
forcing bending loads into becoming tensile and only stiff because of the resin surrounding and
compressive loads — which the materials arebonding them. So we tested just the resin and
best at resisting. this reproduced the same elevated temperature
stiffness reduction — and we were able to add
A hollow tube in bending — has no central another parameter to our own predictive
stiffener to keep the layers being most strainedperformance charts that varied with temperature
apart, and also in addition allows the sides at 90and resin type. Unbelievably - the “boffins”
degrees to that to stretch outwards (making thereally had not considered this aspect despite
tube section go oval) which then reduces thethem manufacturing the very resin bonded
distance between the stressed surfaces evenarbon fibre material that we were using!
more and promotes more bending. We also(Carbon-Carbon as used in brake discs of
found that 2 tubes (one fitted inside the other) course eliminates the resin weakness — because
were not as stiff as one homogeneous tube ofit bonds carbon to carbon without a resin and
the same outside dimensions because thedoes therefore eliminate heat from reducing
interface allowed some additional movement effectiveness).
under load. So we found that tubes are also not
naturally as stiff if they are made up of more We also noticed a new phenomenon (to metal
than one monolithic tube outside another one (aengineers) that we called “creep” namely that a
Porsche cylinder liner made up of one cast linercomposite under load and elevated temperatures
inside another will therefore not be as stiff as awill very slowly creep towards a small but
monolithic liner of the strongest material). permanent deformation — even though the loads
were within the “elastic limit” determined by a
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one off test. This is also not uncommon with shortcoming and what the limitations were. |

plastics. think that the problem with the Lokasil
cylinders as fitted to the Porsche 3.4 and 3.6

We never had to work on elevated temperaturesengines - may fall into the same category.

AND tubes under bending stresses — but our

development work would suggest that (1) they It has not been our intention to criticise Porsche

would not be very stiff (would easily distort — or Lokasil - indeed we have tried to present a

oval) and (2) they may creep under elevatedbalanced view of things and support their use of

temperatures. new materials technology. We also think that
they provide comprehensive warranty options to

Although the understanding we developed cover typical potential failures.

enabled us to accurately predict the results of

various designs and situations (almost for the The age and mileage at which a manufacturer

first time with any accuracy), the sheer number should still feel a responsibility to subsidise

of influential “boffins” — involved at the time, problems (if at all) is not for us to comment

made acceptance of our findings unbelievably upon but does not seem unreasonable. We do

slow and generated huge  mistrust, however, have a responsibility to our customers

competitiveness and politics. So - although we who usually have slightly older than new cars

could predict within about 5-10% what the and often considerably older and higher

outcome would be - the difficulties in mileage.

persuading the “materials fraternity” to accept

these findings and the difficulties for practical Our intentions in raising discussions about the

“metal engineers” to communicate effectively causes and consequences of engine problems

with them was huge. are merely to enable us to communicate with
our customers about our findings and the

Such problems with new technology are not solutions we offer to them — if any of the

uncommon. Not everyone can think of or failures affect them or they want to take timely

predict all the problems and solutions in preventative measures to protect the future

advance. For example - although metal fatiguereliability and longevity of their cars.

was understood - | don’t think it was

considered when the first jet airliners were

pressurised (to fly higher) and that each take off

and landing would result in a stress reversal that

would eventually cause them to crash through

metal fatigue failures (I think to the windows or

window rivets of the Comet). Similarly the

inner bulkhead design of ships failed by the

same lack of application of well-known

technology in that application. However once it

was understood - the solutions were relatively

easy to find.

It was just like when | was in the Carbon fibre
composite industry 20 years ago — it wasn't the
technicalities that were the problem but
understanding how to apply them (or if they
needed to be applied) that was their
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