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Introduction

The land rover came with a standard induction system consisting of twin 1.75” SU carburettors
fitted to a 3.5 litre 9.35:1 compression ratio rover V8 using electronic ignition. The vehicle
employed a stainless steel exhaust system coupled with log style exhaust manifolds. However,
even after rolling road jetting of the carburettors and with good and tight linkages for both throttle
and choke, they were the usual SU horror to drive with. The mixture was generally fairly good on
cruise and part throttle — but cold starting was erratic to say the least, and carburettor icing
occurred regularly unless the weather was warm. It was quite typical to experience boggy
stumbling running when having the audacity to approach traffic lights if the engine was anything
other than fully warm and even when fully warm, the engine idle speed was impossible to set with
any degree of precision.

Many will disagree, and some off roaders have very good reason to prefer carburetion over fuel
injection — but speaking personally, while I admire the elegance of the constant vacuum
carburettor, | have had first hand experience of both Stromberg and SU carburettors on three
vehicles in my life, and have equally loathed them all.

This paper describes the conversion of the existing carburetion system to a fuel injection system in
full and is designed as a maintenance aid.

The conversion project started in February 2010 with an extended period of research. By the end
of May the basic injection system was running. Fine tuning was then undertaken over a period of
months.

As stated, the primary intention when drafting this document was to have a maintenance aid.
However, anyone thinking about attempting the same carburettor to EFi conversion on a Rover
engine may find these notes useful even if just for background research — and so | took the
decision to make these notes available on the web. If this is your aim - have fun with the
conversion. | can say that once it works, it is a vast improvement on even an ideally setup
carburetion system.

Overview

When it comes to injection systems there are a number of systems capable of fueling a Rover
216CID small block engine.

A company in the US called FAST have created a system known as EZ-EFi which is a self learning
fuel injection system consisting of a large four barrel plenum fitted to a custom manifold. The kit
comes with an ECU capable of learning the fuel requirements of broadly any size engine — but the
system is costly and very much aimed at larger displacement engines (the CFM capability of the
four barrel body is well over 1000CFM). By the time all aspects of system design were considered,
the cost became prohibitive as did the injection air flow rates — suggesting poor low speed
performance for what would be a low revving four wheel drive vehicle.

Another off the shelf DIY system is known as megasquirt. This consists of an ECU designed along
the lines of open-source with enough instructions / help to build a fully working injection system
using additional off the shelf sensors, injectors etc. Megasquirt has a significant data logging
capability which when coupled with a laptop provides a tremendous degree of flexibility. It is also
very popular and clearly is a viable option for this engine. However, it works by referring inputs to
a fixed map of fuel requirements. That means that any change to the engine necessitates the
rebuilding of fuel maps in order to achieve proper fueling — an aspect that appears only to be a
useful asset when selling the product. To the end user it is a potential liability.
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There are advantages and disadvantages to these systems — but it is worth factoring into the
decision land rover research leading to a flexible, self adaptive system known as the C family and
which culminated in the 14CUX. This system has two major advantages. Firstly it is self adaptive
because it measures air flow into the engine using a mass air flow sensor — using that to determine
the required amount of fuel. The air flow sensor employs a hot wire anemometer to sense air
intake — and is consequently known as a hot wire system. Within certain limits, engine changes
including displacement changes from 3.9 to 3.5 litre do not significantly alter the 14CUX’s ability to
correctly fuel the engine. Even aggressive profile cams are well within the range available to a
14CUX — except when the overlap becomes greater than about 12 degrees. The second advantage
is that it is a readily available given it was used extensively from 1990 to 1995 on range rovers —
many of which are now being retired and broken.

Bosch began the line of development for this system with the 4CU flapper system in 1990 — so
called because air flow into the engine was monitored by a moving flap in the air flow. From 1985
to 1989 the 13CU hot wire system was built which used a hot wire system, cooled by incoming air,
to detect the precise air flow into the engine. From then on, the hot wire system was the primary
line of development leading, in 1990 to 1995, to the 14CU system which culminated in the 14CUX
system. The 14CUX included a small degree of diagnostics and was capable of fueling the stricter
emission controlled engine requirements of a vehicle running catalytic convertors running in
different geographical markets.

Injection systems following on from the 14CUX (including the GEMS land rover system)
incorporated fuel injection and per cylinder ignition and so are far more difficult to transfer
between vehicles.

The 14CUX system was the one selected for the job of injecting the target engine.

It is important to understand one key feature of the 14CUX system — namely that there is no
programming capability and little or no data logging built into the system. Effectively the 14CUX is
a closed box. In reality, it is a straightforward microprocessor based system using an EPROM
(27128) to hold the program code along with a number of fixed fuel maps for open loop operation.
The system is also capable of using lambda sensors in closed loop mode at low speed.

Selected Donor Vehicle

Type: Range Rover 3.9EFi
Registration: KXXX XXX (VIN confirms the year of manufacture is 1993)
VIN: SALLHAMM3KAXXXXXX
VIN decoded:
. S=Europe region
. A=UK origin
. L=Land rover manufacturer
. LH=Range rover model type
. A=Wheelbase which includes
o Series 111 88”
o Defender 90” extra heavy duty
s Range rover classic 100”
o Range rover (38A) 108~
o Freelander
. M=Body style which includes
o Defender 5 door station wagon
o Range rover classic 5 door
o Range rover (38A) 5 door
o Discovery 5 door
. M=Engine 3.9 & 4.0L V8 EFi petrol
. 3=Gearbox — Chrysler 747 3 speed auto RHD
. K=Year of manufacture 1993
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. A=Built at: Solihull, UK
« XXXXXX is serial number off the line

Donor vehicle parts supplied
The donor vehicle supplied the following parts.

1. Full wiring loom including main and fuel relays and a socket for the air conditioning control
relay

2. ECU — stamped 14CUX

3. Intake manifold

4. Air horns

5. Plenum

6. Throttle blade and linkage control

7. Throttle potentiometer

8. Air bypass valve stepper motor

9. Under plenum heater

10. Pipe work linking to mass air flow sensor

11. Mass air flow sensor

12. Air filter housing

13. Air fliter

14. All 8 injectors

15. Fuel rail

16. Fuel rail regulator

Missing parts

Key parts not included (could not be sourced from the donor vehicle)
1. Inertia cut off switch
2. Road speed transducer and twin speedometer cables one leading from gearbox and one
leading to the speedometer.
3. Oxygen (lambda) sensors

Project duration

The procurement of parts and research for the project began in February 2010, with the start of
the hardware phase commencing on the 12th April 2010 (the day the major bulk of the
components arrived). The project technically ended on 30th May 2010 with the resolution of the
last bug and the successful firing of the engine — a total of 49 days, but fine tuning and design
improvements were then carried out on the system over the following six months in order to
improve the reliability and operational stability of the design.

The project was split into two parts — refurbishment and fabrication/design

Refurbishment process

Refurbishment involved stripping the received donor parts into individual components while
analysing the condition and operation of each to understand function. There were a number of
missing components — for example all the fuel system components up to and from the injection rail
were missing, as were all the vacuum plumbing components. The throttle cable and all the water
plumbing parts were missing — and what made matters slightly more interesting was that the
water plumbing was quite different for the new intake manifold compared to the old.
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Figure 1

— 1992 3.9EFi dnor vehicle parts as shipped

The general condition of the donor parts was good and it was clear that the seller had done a good
job of carefully removing the components in order to minimise damage.

Figure 2 — Plenum side view

The idle control system was intact, as was the throttle linkages and the fuel regulator (at the back
of the fuel rail). The throttle linkages did however appear to be in a bad state of repair.
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Return

Injector 7

Flow

Figure 3 — Plenum rear quarter view — fuel flow and return

In the above photograph, you can see the flow and return feed pipes to the fuel rail, connected to
the even bank of injectors (with the injector for cylinder 7 visible at the back left). Note the fuel rail
connections — using a standard hose jubilee pipe on the low pressure side of the fuel regulator, but
a machined fitment on the input high pressure side. This machined connection was tackled by
removing the olive and the free rotating nut and using a standard jubilee clip connection on the rail

after soldering a lip onto the pipe.
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Figure 4 — View of stripped intake manifold

The above photograph details the front of the intake manifold when both the upper plenum and the
inner runner manifold have been removed (shown just in shot on the left). Looking at the intake
reveals all 8 injectors (the even set of four on the left of the photo, the odd set on the right)
connected between the fuel rail and the intake manifold. Note the four bolts (one was missing)
fastening the intake to the manifold. You can see the fuel temperature sensor screwed into the
front of the fuel rail — and observe that this is not exposed to fuel. The sensor housing is actually
brazed to a closed fuel pipe. On the thermostat housing another sensor exists (to drive radiator
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fans — but which was not employed in my design) and just underneath that is a coolant temp
sensor used to drive the dash board gauge. On the front right hand of the manifold you can see the
coolant temperature sensor used by the fuel injection system screwed into the manifold. Just
above that is a water coolant pipe that feeds hot engine water to the under plenum preheating
plate.

At the back of the manifold fuel rail you can see the fuel inlet right at the back coming into the fuel
rail, which sweeps round to all 8 injectors exiting into the fuel regulator — with its vacuum hose

connected (this hose routes to the vacuum port directly under the idle by pass air valve stepper
motor.

Figure 5 — View of Intake runners '

The above photo shows the intake runners which bolt to the intake manifold via 6 bolts, and which
the upper plenum (shown below) screws to via 6 hex head screws. An important point to note here
is that the intake runner platform is actually reversible — and can be mounted either way on the
intake manifold — a design advantage that was used to simplify the vacuum pipe routing.

Figre 6 — Underside of plenum.
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The underside of the plenum in the figure above and below shows the plenum pre-heater plate with
two water hoses and the idle bypass air valve stepper motor as well as the throttle linkages. Note
also the cable and plug for the throttle potentiometer sensor.

-

Figure 7 — Close up of plenum chamber pre-heater

The above figure shows the plenum upside down. The primary metered air entry point is the large
round point, and the pre-heater plate is shown above with the two heater hoses.

Rivets

Figure 8 — Close up showing the throttle linkage

The throttle linkage looked in a very bad state during the initial inspection — however after cleaning
and refurbishment it quickly became clear that the linkage was in exceptionally good condition with
very little wear. Stripping the linkage involved drilling the rivets (shown on the RHS bearing) and
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replacing.

Figure 9 — Drilled throttle assembly rivets

With the degreasing and refurbishment complete, a new coat of paint was required. Matt black was
used for everything other than the fuel rail (which was sprayed a bright red colour from Rover).
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Figure 10 — Painted pleﬁum - minus all ancillry components
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Figure 11 — Sprayed idle bypass air valve housing and plenum pre-heater
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] Fgure 12 — Sprayed plenum complete with rebuilt throttle linkages

Meanwhile — all the work required to clear the old carburetion system on the land rover had
commenced to the point of leaving the valley clear
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Figure 14 — Left and right views of the V8

A good deal of time was spent carefully cleaning the matting surfaces of the two heads, and also
thread chasing all the intake mounting bolts using a stainless steel head bolt cut with a slot
(obtained from Real Steel).
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Figure 15 — Underside of original carburettor manifold (showing the plumbing)

With the original intake manifold the top and bottom radiator hoses followed a conventional route —
although the top hose was interrupted (close to the radiator) by a metal unit holding two
temperature switches designed to operate the two electric radiator fans. Closer to the manifold, the
water pump had two ports which connected to hoses — one which was about 4” long and which
connected to a corresponding metal pipe in the intake manifold front body (shown above as the
bottom right hand most pipe). The second connected to a full length metal pipe screwed to the
underside of the manifold. At the back of the manifold the screwed pipe and a second metal pipe in
the intake manifold rear body acted as the flow and return feeds for the heater matrix.

s ’
Figure 16 — Underside of injection manifold

The new injection manifold had no full length pipe screwed to the underside and only one port at
the front. There was no port at the rear. An additional complication was the fact that the water

pump and manifold had 19mm (3/4” fittings) but the heater matrix had 16mm (5/8” fittings). The
photo above illustrates one aspect of the plumbing solution adopted.
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The existing steel port on the front of the injection manifold was connected to a 19-19mm U bend
in silicon, and routed under the intake using a steel metal pipe. Underneath the manifold (towards
the rear) the steel pipe connected to a 19mm to 16mm silicon hose reducer (still under the
manifold) and the 16mm outlet was then connected via domestic half inch copper to an upright
which connected to a 16-16mm right angle in silicon, connecting to the heater control valve (a
sluice valve from an early VW Sirocco mounted on the firewall and shown as “V” in the figure
below). On the other side of the sluice valve, a short length of 16mm rubber hose connects to the
flow side of the heater matrix.

Heater matrix

L L

Intake manifold with pipe
running full length
underneath

I
T n

Water pump
A . with 2 ports

Figure 17 — Cooling plumbing for the heater matrix

The matrix return routed via a long sweeping 16mm hose, clamped just above the throttle linkage
and routed from there to a straight 16-19mm reducer in plastic, and from that to the water pump
port via a 19-19mm right angle in plastic. The innermost unused water pump port is blocked off.

Each of the water pump ports were odd, in the sense that they had no lips — which meant that
when under pressure, even well clamped hoses could theoretically push off. (The author has
experienced precisely this occurrence at speed in a vehicle with a small block Chrysler 360CID
engine — with the instantaneous loss of all coolant). With that in mind, the pipe work has been
fitted in such a way to physically lock each pipe into place on the water pump ports before being
clamped with strong jubilee clips.

The metal pipe under the manifold was constructed using new steel pipe, with soldered lips at both
ends, cleaned and painted matt black. It is not fixed.

There was one other complication with the cooling system involving the thermostat housing. The
injection manifold came its own thermostat housing (which included a temp switch sensor).
However, offering up the new intake manifold to the engine revealed a fouling problem between
the thermostat housing and the distributor advance/retard vacuum actuator. A good deal of time
was spent reviewing this problem — including an attempt to swap the original carburettor manifold
thermostat housing onto the injection manifold (which failed because the top hose then fouled
other components).

The solution involved fitting the housing as close to the manifold as possible by removing the
gasket and using silicon to seal, followed by grinding additional clearance into the body of the
housing. As it stands, the clearance permits slightly more than 12 degrees BTDC of advance before
fouling. It is also relatively easy to remove the housing, albeit tricky to refit while keeping the
thermostat locked in an upright position in its recess.
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Figure 18 — Intake front and rear view

As part of the refurbishment, all eight injectors were sent to a specialist cleaning company (who
also supplied the oxygen lambda sensors). Their injector cleaning service included replacing the
pintle heads, all O rings (2 per injector) followed by ultrasonic cleaning and then a testing phase to
assess the coil electrically, and to check the flow rating for each injector at 3 bar pressure along
with measured leak down loss and spray pattern.

INJECTORA CLEaMNIMNG

Laty _ Zelsfie
Fre b lopn
T jeries o B Pangrn [F egina Florm (™4
i %ﬂ_ Wi | ¥ g f;‘ &
s e 1 ¥ o gl | &
L] i i Ba 1 .
i (L] | Fge= i |-.7-F5 ]
y i | Pl ﬂ‘:'-:r Epr A
& i | i &0 1
H k|| #a e ﬁ (P
§ {iﬂ,.. [Tl =T o -l |
" DA || Fad ) | OK )| el Ml ] | Finar | | Gl | | W) | P ) | Wi | |
ED s, || Pad | Ok | Fad | Wl ] | W | [ Gl | ] Wl ] | e ] s ] |
L] D] W N e )l W | ] sl || M) | P ] e | I
L F; I | | Tl | 1| Pad Wl | | Wpar | | sl | | Whali] | Pair | ) el 1 |
Pl Clann
Feprutar Laouk. | ani Spray Paibprs Sisdk perwy Pafiers Pypsmic o frr's)
i |1 Fudd i Wi | ! Ilﬂ:u‘l 1
s i| Fad | i & 0
1 | Faa | W [F ]
i Fail 1 (X
4 5?-4,. i [ g1
[ [ | M L& |

5 (] M Tag |
" Et'.'j P el | sl |
L] | oo | Fail] | Aad |
L] JOENE | Pl ] ] B ] Faer ] Gl | ] B I
it O P | Wl ] P ] e | ] B i
i2 § N pE P | Bl | W || il | ] B i
Paris Keplaond
Vel lankeis i |
Tep 18wy I
s Sty -"'"I
Mt i 'r";
Paarls {wpa I
o{ e ing Timar .i:';.pl Slmuiey
Pargsan I Har
i St T T aevoele i MRS duny ol 1 Beueng ooer - Tmower © e
R L]

Figure 19 — Injector testing results
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Mew fuel flow connection - redesigned for hose and jubilee clip

Figure 20 — Finalised injection intake base

The figure above shows the fully built injection manifold complete with refurbished injectors and
fuel rail — note the converted fuel pipe connection on the rear of the fuel rail - now converted to
use a standard hose connection

The injector and fuel rail refit involved the following steps.

1.
2.
3.

o ¢k

Oil the manifold injector bores

Lightly oil the O-rings on the bases of the injectors

Carefully push fit all eight injectors into the bores without damaging the new O-rings and
with the electrical connections in the upright position.

Lightly oil the injector upper O-rings

Place one side of the rail onto the even set of four injectors

Using a clamp with rubber jaws, press fit the rail onto all four injectors observing the mount
positions to prevent push fitting the rain too far down.

Place the odd injector side of the rail onto the remaining four injectors

Using a clamp with rubber jaws, press fit the rail onto all four injectors observing the mount
positions to prevent push fitting the rain too far down.

Move across the rail to ensure it is evenly pressed onto the 8 injectors.
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10. Fit all four fuel rail mounting screws and tighten to 10ft/lbs

Fabrication / Design process

Following the refurbishment of the injection hardware, the engine fitting process began.
Broadly this involved the following steps

Fitting the intake manifold with new valley gasket and front and rear valley seals.
Deciding on the orientation for both the intake runners and the plenum
Fabricating and fitting the throttle linkage

Fabricating the air intake filter and mass air flow sensor mount

Designing the PCV system

The fuel system

Designing the vacuum plumbing

Fitting the electrical wiring loom for the ECU

Removing the two down pipes of the exhaust system — and fitting the mount points for both
lambda sensors

10. Designing the road speed transducer system

11. Designing the mount for the ECU and main + fuel relays

12. Fitting the ECU

13. Wiring the loom into the ECU

14. Fitting the 14CUX diagnostic reader.

©CX®NOIORWNE

This was the time consuming part of the project and proceeded as follows

Fitting the injection Intake manifold

Fitting the intake manifold was the one area of ambiguity given it was from a different
displacement engine. As it happens, the intake fit was fine — although it is worth saying that all
mount bolts were extremely tight to get threaded. A full set of new multipoint head stainless steel
bolts were available, but the decision was taken not to employ them as the original bolts were in
good condition after careful cleaning. With that in mind, one stainless bolt was sacrificed as a
thread cleaner and chaser — which given the state of the existing heads was a step well worth
taking.

Use caution on the front two intake bolts. They are notorious for rusting and then sheering on
removal.

The intake valley gasket was a fabric type (nhot pressed steel). Silicon sealant was employed on the
four water openings (front and back, left and right), on the front and rear valleys and on all four
outer valley corners where the head butts into the intake. Silicon was not used around the inlets.

Selection of orientation of plenum and trumpets

The selection of orientation for the trumpets was easy — given it is a reversible section of the
intake. The external vacuum ports on the trumpet housing were the deciding factor given the need
for the brake servo on one side, and on the other a PCV feed at idle, and the vac gauge. (Note that
the distributor advance/retard is fed from the port on the upper surface of the plenum, and the fuel
regulator is fed by the port under the idle bypass air valve stepper motor).

http://www.conehead.org/Projects/L androver/EFi/efi%20-%20web.htm (19 of 55)16/10/2010 9:03:18 am.



LAND ROVER

Figure 21 — Underside of pleﬁum intake trumpet housing (note vacuum ports)

The plenum orientation again was an easy choice given it is also reversible. Fitted correctly (ie:
with the 3.9 emblem visible at the front) the air intake fouled the land rover wing. Flipping the
plenum with the air intake onto the drivers side of the vehicle not only resolved the fouling
problem but also meant it was possible to reuse the existing carburettor throttle cable.

The one downside with this arrangement was that the route from the air intake to the logical place
for fitting the mass air flow sensor required a tight C shape.

L NG

F"I'f':.'

Figure 22 — Final position of the plenum
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Throttle linkage

The arrangement of placing the plenum chamber with its air intake towards the drivers side meant
that it was possible to reuse the existing throttle cable.

—

i

\

-

Figure 23 — Throttle fabrication

However, the existing throttle assembly steel frame fouled the intake metal air pipe running from
the plenum to the mass air flow sensor assembly and so had to be discarded. The throttle
assembly was cut back, and welded strengtheners were added to the existing frame. A bracket was
then constructed (see below) and welded to the assembly to accommodate the throttle cable (the
mounting bolts were then removed and the holes filed with weld).

=

{:}_._______.__—-—-—-— Mounting bolts

N

Figure 24 — Throttle cable mount bracket
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The arrangement permits ingress of the fine throttle cable through the slot, at which point the
whole throttle cable assembly can be moved forward to permit the mount screw thread to enter
the main hole shown above. Once in position, the slot does not permit the throttle mount screw to
exit.

The throttle linkages on the plenum are sprung at wide open throttle when the back stop is
reached. In other words when the throttle blade is wide open, the throttle actuator can be opened
slightly wider (by about 5 degrees of rotation). The cable was adjusted so that that springing state
is only just engaged — which means that WOT is possible and accommodated accurately by the
linkage system.

Mass air flow sensor and air filter

The mass air flow sensor is the electronic unit used to measure the precise amount of air entering
the engine. It does this by using two wires in a balanced bridge circuit. One wire is exposed to the
air flow entering the engine, and the other is encased and hidden. As air flow passes over the
exposed wire, it is cooled, and its resistance alters. The bridge circuit measures the difference
between the two wires to determine relative air flow.

S0mm @
72mm @
Mass
Plenum Air Flow Air filter D
Sensor

il

l

Cable to injection ECU

Direction of air flow

Figure 25 — Mass air flow sensor schematic

Filtered air enters the MAFS unit which is cabled into the injection loom via a four wire connector. A
hose connects the outflow side of the MAFS unit directly to the plenum intake.

There is one interesting oddity about the design — which is that the diameter of the MAFS outflow is
different to that of the plenum inflow. The MAFS unit is 80mm OD, whereas the plenum is 72mm
OD — consequently the standard land rover plenum flexible hose used to make the connection has
two different sized ends. 80mm diameter pipe is fairly easy to source, but 72mm is difficult to
obtain and so this aspect of the design, coupled with the rather tight almost-but-not-quite C shape
and long length has been the most problematic to resolve — all the more so given that it is vital
that the hose connection linking the MAFS to the plenum is air tight in order to ensure that all air
entering the engine is metered by the MAFS unit.

The solution (which passed through three different unsatisfactory designs) consisted of the
following. First, a 20mm deep stainless steel sleeve was manufactured with a 72.1mm inside
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diameter, and 80mm outside diameter. The sleeve was designed to be an interference fit on the
72mm collar of the plenum chamber. Silicon sealant was then applied to the inside of the sleeve
and it was then driven carefully onto the plenum — and left to set for 24 hours.

Two brushed aluminium pipes with 80mm outside diameters were then purchased, one a right
angle, and one a 45 degree. Both had been bent using a mandrill press resulting in a smooth inner
radius. These two pipes were then cut, dressed and smoothed, and joined to the plenum, at the
centre and to the MAFS in three places using silicon 80mm ID soft pipe and large jubilee clips.

One complication to this solution was that the 90 degree radius pipe when fitted fouled the throttle
assembly frame. In order to resolve this, the entire throttle had to be disassembled, cut and
welded to permit adequate clearance while ensuring it was strong enough not to flex.

Figure 26 — MAFS air path

With the main air intake pipe routing fitted and with clearance ensured all round the intake pipe
(especially near the power steering reservoir canister — allowing for engine torque motion) the
mount for the MAFS box and air filter was then created.

- )
Figure 27 — MAFS mounting bracket

There are four bolt holes in the MAFS mounting bracket. Two bolts mount the bracket firmly on to
the adjustment swing arm used to hold the alternator. An additional two bolts are used to mount
the MAFS air filter case to the bracket. It is important to realise that there are two levels of
adjustment deliberately built into this bracket. The mount holes for the MAFS air filter case are
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slotted — permitting the entire MAFS assembly to move. In addition, the left hand curved mount
bolt hole (see above — closest bolt to alternator) is also slotted, whereas the right hand lower bolt
hole is fixed. That means that the entire assembly can rotate around the right hand lower bolt. The
combination of the two adjustments allows the MAFS position to meet the intake pipe, while coping
with minor adjustment changes to the alternator position.

During the fabrication phase, some time was spent reviewing adequate air filtration for the MAFS
unit with an investigation of K&N filters and other third party units. However, the manufacturers
filter case has the significant advantage of being equipped with a strong MAFS coupling which any
third party filter would not. In addition the land rover air filters are very much cheaper than after
market dress up models, and supply more air flow.

The donor vehicle air filter unit was a large metal canister using a solid clip coupling to the MAFS
and a lid with nozzle for the raw air intake. There was interestingly no air preheating feature. The
outer canister steel was badly rusted on the donor parts even though the base was in good
condition. An elegant solution involved grinding off the outer canister welds leaving a base with
proper clip couplings to the MAFS and an elongated bolt fixing mechanism for the air filter (a
standard range rover filter).

Figure 28 — Mounted air filter (outer canister removed) clipped to MAFS

Positive crank case ventilation (PCV)

The standard PCV system is designed to draw un-burnt hydrocarbons resulting from blow-by past
the piston rings, into the combustion process. This process removes hydrocarbons from the engine
where they would otherwise reduce lubrication efficiency increasing wear (and emissions from the
engine) while also creating a mild depression inside the engine to assist the gasket sealing process.

The original carburettor PCV system employed a filter (actually a plastic fuel filter) free standing
and connected via a hose to a metal pipe on the rear of the engine valley. Additional hoses
connected half inch ports on both rocker covers separately to a pair of flame traps and from there
to vacuum ports on each carburettor. This design applied engine vacuum to both rocker covers —
while drawing fresh air into the crankcase via the small plastic filter.

The design may have been adequate for a 1970’s vehicle, but it is all but unusable for a fuel
injected engine. PCV acts as a secondary source of air entering the system, and so considerable
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care is required to meter the precise amount of air it passes, while ensuring that it functions as a
self contained system of crankcase ventilation.

The standard PCV system designed by Rover for a fuel injected engine requires the use of different
rocker covers (a new set had to be sourced from eBay). The key features of the new rocker covers
are a built in PCV breather metered orifice (see (c) below), a screw thread capable of
accommodating the oil separator (see (D) below), and a separate screw thread fixed in a raised
tower for oil entry. A schematic of the final PCV plumbing is shown below.

Note that the oil entry screw thread on the passenger side rocker cover isn't shown and that the
original pipe on the back of the valley is blocked off and sealed.

/ (A)

Plenum

(B) "

]

Idle bypass

air route > I:l

P s

Drivers side m :
side

3.5 litre W& block

(<)

Figure 29 — PCV schematic

The passenger side rocker cover is fitted with a fixed small round metal T piece raised above the
cover by perhaps 1cm (see (C) above). The stem of this T is drilled with a small 0.5mm hole
passing into the inside of the rocker cover. A plastic shroud encases a gauze filter which clips onto
the top of the metal T piece. Metered airflow draws into the engine via this filtered path and from
there passes through the head into the main crankcase where it combines with oil and any
hydrocarbons. It is then drawn out of the driver side rocker cover via a screw-in oil separator (see
(D) above) which as the name suggests allows oil in the air flow to drain back into the engine while
also acting as a flame trap in case of backfire. Airflow from the oil separator is drawn into the
plenum via a T shaped plastic connector (supplied by Rover) and hose pipes.
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A large diameter hose (13mm ID)
connects the oil separator directly to
13im;” I the large 13mm side of the plastic T
P piece. A second 13mm hose connects
the other 13mm side of the T piece to
a port on the plenum on the
atmospheric side of the throttle
housing. This path will only apply
engine vacuum to the oil separator
Nt when the throttle is off idle — with the
» g amount of airflow largest at wide

' open throttle.

a3mm orifice
Figure 30 — Rover PCV coupling "T" piece

The plastic T piece has a third metered orifice (a 3mm hole) which is connected to an engine
vacuum port on the plenum, via hose pipe. This path is designed to provide a metered amount of
vacuum to the PCV system when the engine is idling, with the throttle shut. It is worth noting that
the amount of air flow is substantial, even with this metering orifice — a fact which has a bearing
on the engine idle speed as the PCV system behaves as an alternate source of air flow into the
engine at idle. The implementation includes an additional copper pipe in the path (see (A) in the
PCV schematic figure) which further reduces the air flow via a 2mm drilled solder restriction.

The image below shows the PCV hose run  The close up below shows the
from the oil separator to one side of the  routing from the rear of the T
plastic T piece. piece to the plenum port (via a
15mm copper U bend painted
red). The third vacuum pipe
leaving the plastic T piece Is
just visible heading down under
the plenum chamber.

L
Figure 31 — View of the PCV system pipe routing

The fuel system

Fuel injection relies on high pressure fuel being delivered to the injector rail under all conditions.
When the injectors open, the high pressure fuel instantly atomises into a fine spray and this effect
greatly eases the traditional problem of vaporising fuel prior to combustion.

The 14CUX system requires the following fuel circuit
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Figure 32 — Fuel system schematic

14CUX production implementations generally employed wet fuel pumps mounted inside the fuel
tank along with non-serviceable gauze intake filters. The pump pressurises fuel to about 3 bar and
delivers it to an inline replaceable filter and onto the fuel rail — connecting to all 8 injectors. At the
distant end of the fuel rail, the pipe connects to the inlet of a fuel pressure regulator designed to
regulate the pressure between 24 and 36 psi, relative to engine vacuum (the higher pressure
obtained when vacuum is lowest). The outlet of that fuel regulator then feeds to a pipe designed to
return excess fuel to the tank at relatively low pressure.

The land rover solution adopted is essentially identical — except that a dry inline Jaguar XJ6 fuel
pump rated at 3 bar is mounted on the mid horizontal chassis rail along with a high pressure fuel
filter (taken from a Katterham Seven vehicle).

The plumbing around the pump is worthy of note due to the odd mix of pipe sizes.
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¥16 2 Bar Pum
i g8mm high
Flow gmm to :
from tank 12rmim _ Pump with 12mm pressured
in 8mm S inlet, and 8mm outlet DIN rate

hose

Filter

[

Filter with 8mm inlet
and outlet

Flow feed to injection rail and back to the tank - all via 8mm high
pressure DIN rated hose {even on the return).

Mote that there is an aluminium tap off point located on the driver side
rocker cover to permit the fitting of a non-permanent pressure gauge.

Figure 33 — Fuel pump and plumbing schematic

The fuel circuit was plumbed using predominantly 8mm fuel hose (rated to DIN standards for fuel
injection). A small amount of 12mm hose was used to couple the inlet of the fuel pump.

Where the fuel line runs up the firewall to the rear of the engine, it connects to an aluminium block
threaded with three holes — two designed to accept 8mm hose ends, and a third tapped to suit a

1/8th NPT non-permanent fuel gauge. After testing this gel filled gauge was removed and replaced
with a threaded block plug.

Figure 34 — Fuel pressure tap off point
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The fuel tank

During the early part of August 2010, the relatively new fuel pump failed as a result of an electrical
fault (not linked to any plumbing problem). The pump was replaced (and a second spare pump
purchased at the same time).

Later that month, a series of odd running problems hit at more or less the same time — but which
were clearly linked to the recent rework of the induction intake routing. There had been a
noticeable smell of fuel in the cab — which couldn’t be traced and which lasted about a week. At the
tail end of that week a series of intermittent misfiring problems occurred on part throttle cruising
during a long drive into town — a condition which would appear and just as quickly vanish. During
low speed parking manoeuvres the engine exhibited surging and stumbling with revs dipping below
500rpm. The 14CUX reported error code 48.

Based on the smell of fuel, and the surging (and code 48) it seemed reasonable to assess the fuel
system for problems.

The one area of the system which hadn’t been closely assessed was the fuel connections to the
tank itself — so the panel under the driver seat was removed to gain access. It was immediately
obvious that at least some degree of fuel was leaking from the tank seals — probably when the tank
was filled to absolute capacity.

There are five pipe connections to the tank. A large fuel filler pipe coupled with a smaller breather/
vent hose connect to the tank just behind the driver chair back. Closer to the front of the vehicle
there are three brass units screwed to the tank and sealed with rubber gaskets. The first is the fuel
level sender unit. The second is the return fuel line brass housing, and the third is the flow fuel line
brass housing.

All three units were removed and cleaned — as was the surface of the tank. The return brass fuel
pipe housing, and the electrical sender were immediately refitted using silicon gasket sealant on
both sides of the rubber gasket surface to ensure correct sealing.

The brass flow fuel line housing unit was altogether more interesting. Two things were obvious
after it was removed. The first was that it was coupled to a hard style plastic fuel hose pipe via a
screw thread affair — which resulted in the 8mm pipe being reduced (easily) to less than 5mm
diameter — a reduction constituting a very unwelcome restriction in what is the low pressure (suck)
side of the fuel system. In addition, at the other end of the pipe (which would be inserted down
into the fuel) there was a soldered sintered mesh filter screen fitted over the pick up end of the
pipe with a rather unfortunate 5mm square hole in it. An attempt had been made to repair that
hole by filling it with silicon — which had come lose and was flapping around in such a way to
intermittently block the pick up.

Two steps were taken to alleviate these problems. Firstly, the upper fuel housing screw thread was
discarded and drilled out to accommodate an 8mm interference fit copper pipe. A short length of
pipe was then soldered into that hole. Secondly the sintered mesh was removed from the pick up
end of the pipe and the broken end was cut off. A second area of the mesh filter was then cut off,
flattened and hand soldered to close the pick up end of the filter. The pick up pipe was dressed to
remove its sharp edges, and then the completed filter was refitted and soldered into place. It has
to be said that the end result was not at all pretty, but it would form a capable filter which was
vastly better than it had been before. The pick up was refitted and sealed, again using silicon. Time
will tell if there is any leakage when the tank is filled to capacity.

An addition check was made of all the fuel line couplings at the back of the engine to try and find
the elusive petrol smell. With the engine cold, the injection system was primed four times, at the
end of which fuel could be found leaking from the flow side of the pipe work. All the jubilee clips for
both the flow and return hoses were tightened and the leak was resolved. The fact that the engine
was cold made that problem vastly easier to locate.
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Vacuum plumbing design

Connections to the engine intake are used by a number of key engine components. There are five
vacuum ports on the engine...

Primary vacuum feed for the brake servo

Advance / retard vacuum feed for the distributor

Vacuum feed for the fuel pressure regulator

Vacuum feed for the PCV (crankcase ventilation system) from two sources.
Vacuum feed for a dash board gauge.

arwNR

The brake servo connects directly to a driver side port screwed into the plenum intake runner
manifold using silicon hose. It is exposed to engine manifold pressure with no restrictions.

The passenger side of the plen