
This document is useful for early Jaguar/Daimler V12 engines.  Further observations regarding that particular application 
can be found here: Paul's Daimler Diary on the “Stromberg Pages”. The final two pages are scans of the emissions 
equipment and the carb vacuum tubing arrangements for the Jaguar V12 carb engine. 

Don’t forget, when (!) your Lucas OPUS amplifier quits, visit REOPUS
 

TR250 - TR6 Carburettor Overhaul 
Part I - Disassembly & Theory  

By Nelson Riedel, nariedel@adelphia.net 
Revised 12-22-2001  

 

These notes were initially prepared and published as a three part series in the Buckeye Triumphs Newsletter in late 
winter & early spring of 2001 and  then placed on the Buckeye Triumphs website.  Over the next six months input 
and useful suggestions were received from a number of folks.  I also rebuilt several more carb sets and realized that 
the information could be clarified in a number of places.  The carbs originally described in these notes were powder 
coated, which required the carbs be taken apart again and further disassembly of the temperature compensators, 
bypass valves  and float chamber vent valves.  Some problems were encountered tuning the powder coated carbs. 
These problems caused a review the previous suggested tuning procedures. Turns out the procedures were correct, 
the problem was in another area of the engine.  I decided to revise the notes to work in the additional information, 
corrections and suggestions and add parts describing how to powder coat the carbs and how to install adjustable 
needles in the early non-adjustable carbs.   Hopefully someday I'll be able to add a part describing how to replace the 
throttle shaft bushes and a part on the use of exhaust gas sensors.  NAR 11/2001.   

Another update:  I built an air/fuel monitor and used it to tune the carbs described in Parts I, II & III.  The use of the 
monitor provided considerable insight into the operation of the carbs.  However, the optimum adjustment determined 
from using the monitor was the same as determined earlier without the monitor (see Part III).  The monitor is 
described in the accompanying notes Air/Fuel Monitor and Using an Air/Fuel Monitor.  NAR 12/22/2001      

It’s early February; too cold to do much work in the unheated garage and the ’76 TR6 is off to the painter anyway.   I 
started the TR250 about a month ago and noticed that the rear carb was leaking. That’s happened before ---- a 
sticking needle valve in the float chamber.  About two weeks ago the BTWebmaster received an email from someone 
who started their TR6 after it had been setting for a few months and noticed one of the carbs was leaking.  This week 
an acquaintance emailed with questions about a leaking carb.   All these leaking carbs --- I got to thinking maybe I 
should take a look at the carbs on the ‘76TR6 before I reinstall them.  After inspecting the carbs I realized they are a 
later design intended as universal replacements.  I then decided to get the original carbs out of storage, rebuild them 
and install them on the engine.  Since I have the time I decided to document everything for others who might want to 
work on their carbs. 

Before we start, a few comments about the Zenith-Stromberg 175CD  carbs are in order.   CD is an abbreviation for 
Constant Depression.   The meaning of depression in this context isn’t the despair you feel when the spouse buys a 
$500 frock.  Nor does CD refer to the hopelessness some folks feel about the carbs.   Depression in this context 
refers to a lowered air pressure, usually as compared to normal atmospheric pressure.  The term tropical depression 
is a similar usage.   The CD carb is designed to have a near Constant Depression in the mixing chamber and over 
the fuel jet.   The meaning of this and how it works is discussed later.  

Many folks complain about the carbs and are always adjusting them.  In some cases the adjustment screws have 
been turned so many times the threads in the aluminum parts have been worn out --- stripped.   I’ve found that the 
carbs very reliable (except for sticking needle valves) and are relatively insensitive to many of the adjustments.  One 
might ask – why do folks keep adjusting them.  One answer might be that the folks are trying to compensate for poor 
compression (rings or valves), partially plugged fuel lines or filters, or ignition problems.   One friend says as a rule of 
thumb, 90% of all carb problems are ignition related.   If one is about to undertake a carb rebuild to fix poor 
performance, it's probably a good idea to make sure that the problem is really in the carbs.   For example, I recently 
overhauled and reinstalled a set of carbs.  Everything was running perfectly.   I then pulled the plugs to check the 
compression.  After I put everything back together I noticed an occasional misfire, black smoke from the pipes and a 
black soot on the rear bumper.  Carb problem????  No way.  I put the timing light pickup on each plug wire and found 
number two occasionally misfiring.  Pulled the plug and found it was black (as expected) and also found that the gap 
was about 0.005".  Then I remembered dropping one of the plugs -- must have been this one.  Pulled the other five 
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again and made sure gap was proper --- it was.  It was interesting that all were pretty black even though only one 
plug was acting up.  After fixing the gap on the one plug took a seven mile drive and then pulled a couple plugs from 
the front three and a couple from the back three and found all had the proper light brown color.   

Many have noted that a Triumph is second only to a women as a money pit. (I'm fortunate that the wife is an 
excellent manger allowing my three TRs to be the major money pit).  However, fixing something that ain't broke is a 
real waste of these funds. My guess is that a a significant percentage of TR repairs, maybe half, are to fix things that 
ain't broke.  I have two strong suggestions, first, don't show this to the wife, and second, try to make sure that a 
repair is actually required before spending the $$$.     

Carb Variations 

These notes apply to TR250 and TR6 carburettors. They may also apply to other Triumph models that use the same 
or similar carbs.   

The carbs used on the TR250 through the ’76 TR6 are nearly identical.  The TR250 and early TR6 carbs had fixed 
metering needles (carb models C3150 & C3292).   The changeover to adjustable metering needle was made during 
the ’70 model year.  (I wasn’t aware of the fixed needle variation until researching this article.  My TR250 and early 
’70 TR6 both have the adjustable meter needles.   Apparently a previous owner had upgraded the carbs, at least on 
the TR250.)  There are numerous variations in the ports used to connect vacuum lines through the years.  An 
emission breathing port was introduced on the ’70 TR6 and a float chamber emissions vent port was introduced in 
1973.    The return spring on the cold start valve (choke) was discontinued in 1974, which in turn required the use of 
stiff wire rather than flexible choke cables.  TRF catalogues are a good reference illustrating the variations between 
models and year of manufacture.  The metal tag under one of the top cover screws list the specific model that can be 
matched to the TRF catalog.    The following summarizes the major characteristics of the various models.  

 

General Carburettor Characteristics 
Carb 
Model 

Adjustable Bypass 
Valve  Carb Tag Application  Needle Choke Spring  

175CD-
2SE C3150 L/R TR250, '69 TR6 Varies Yes B2Y-Fixed

175CD-
2SE C3292 L/R '70 TR6 Yes Yes B1AF-Fixed

175CD-
2SE C3365 L/R '70 TR6 B1AF-Adj Yes Yes 

175CD-
2SE 3385 L/R '71 TR6 B1AF-Adj Yes Yes 

175CD-
2SE C3337 L/R '72 TR6 B1AF-Adj Yes Yes 

175CD-
2SEV C3508 L/R '73 TR6 B1AF-Adj Yes Yes 

175CD-
2SEVX C3613 L/R '74 & '75 TR6 B1AF-Adj Yes No 
175CD-
2SEVX C3771 L/R '75 & '76 TR6 B1AF-Adj Yes No 
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Carburettor Ports 
Vacuum Ports 

Rear Carb 
Near Manifold 

Front Carb 
Near Manifold

Float 
Chamber 
Emissions 
Vent Port 

Emission 
Breathing 

Ports  
Carb 
Tag Application Bypass 

Valves
Top 

Covers
Top Bottom Top Bottom

C3150 
L/R 

TR250 & 
'69TR6 No No Yes No Yes No No No 

C3292 
L/R '70 TR6 Yes No No No No Yes Yes No 

C3365 
L/R '70 TR6 Yes No No No No Yes Yes No 

C3385 
L/R '71 TR6 Yes No No No No Yes Yes No 

C3337 
L/R '72 TR6 Yes No No No No Yes No No 

C3508 
L/R '73 TR6 Yes Yes No No No Yes No No 

C3613 
L/R '74 & '75 TR6 Yes Yes No Yes Yes Yes No Yes 

C3771 
L/R '75 & '76 TR6 Yes Yes No No Yes No No Yes 

 

 

The overhaul described in the following consists of taking the carbs apart, cleaning thoroughly and then reassembly 
with new float valves, throttle spindle seals, and gaskets.  The carbs are then reattached and tuned.  Those of you 
that are having trouble with leaking gas and don’t want to rebuild the entire carb should refer the sections on 
disassembling and reassembling the float chamber in Part II.     

The version of the 175CD carbs used on the Triumphs have only a few adjustments, many less than the versions 
used on some other cars of the period.    We’ll discuss these adjustments (carb tuning) in Part III.     

Carb Removal  

No special tools are required to remove and disassemble the carbs.  (However, two special tools discussed in Part III 
are required to tune the carbs.)   

There are two ways to remove the carbs.  One or both carbs can be removed from the intake manifold on the engine 
or the manifold with the carbs intact can be removed and placed on the bench and then the carbs removed from the 
manifold.  Whichever way you choose, you have to face the task of using an open-end wrench to remove the carb 
from the manifold since there is insufficient clearance to use a socket.  

The first step is to disconnect the choke cable.  Use needle nose pliers to hold the swivel through which the inner 
cable threads and loosen the screw sufficiently to free the cable.  The screw is shown in the left photo below. Once 
the screw is loose, remove the clip retaining the cable to the upper part of the carb.  The fuel and emission breathing 
hoses and vacuum hoses are then disconnected.  

Next, the screw securing the spring coupling to the throttle shaft on the carb to be removed is loosened with a ¼ nut 
driver (see right photo below) and the coupling is slid off the shaft. 
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Four studs hold each carb to the manifold.  The throttle linkage support bracket shown in the next photo is mounted 
on the lower inside stud of each carb and must be removed before either carb can be removed.  The remaining three 
nuts on each carb are then removed and the carbs lifted off.      

 

   

Disassembly 

It is recommended that only one carb be disassembled at a time.  This prevents mixing parts and assures that you 
have a model should you have trouble figuring how to reassemble the carb.    

The first step is to clean up the carb.  I apply degreaser, then detergent and then rinse with hot water.  You all may 
wonder why I spend so much time cleaning the stuff before I work on it.   This work is done in the basement where 
the cats live.  Since they crawl over everything, I’m concerned that they might track the grease all over the shop.  
Further, I like to snack while working and a dirty carb adds new meaning to the term greasy potato chips.  

I then clean the carb again with solvent to remove the varnish like coating.   (Remember that the carbs are located 
above the exhaust manifold so this stuff is literally baked on.  Fortunately, the carbs set out a little from the exhaust  
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so the leaking gas doesn’t drip on the hot exhaust system.)  I use lacquer thinner.  Caution, lacquer thinner is very 
volatile and breathing the fumes is harmful.  Read the warnings on the container. A couple inches of thinner in 
a 39 oz coffee can makes an excellent parts bath.    The plastic cover seals off the fumes when not in use (don’t want 
the cats injured by the fumes).  The entire carb is too big to put in the can but can be held over the can and the 
thinner applied with a small brush.     

The top cover is removed first.  A local teenage Triumph 
enthusiast commented one time that the screws in the 
top cover are not Phillips head but some other type and 
may be damaged with a Phillips screwdriver.  I told him 
that was new to me.  While looking up parts in a recent 
Moss catalog I found a note describing the screw heads 
as Posidrive and a recommendation that a Posidive 
screwdriver be used to remove the screws.   The Phillips 
worked fine but it shows I should listen to the young folks.

 
When the top of one carb was removed a note (in my 
writing) dropped out saying that oil leaks out of the 
damper.   We’ll get back to that later.   The previous 
photo shows the air valve return spring sticking out of the 
air valve.  The adjacent photo shows the air valve being 
removed.   These parts are then cleaned with the thinner. 
Don’t let rubber components such as the diaphragm soak 
in the lacquer thinner --- it might dissolve it --- the same 
for rubber seals and plastic parts.   The screws are kept 
together with the top cover and set aside till later. 

 
Next, the carb is turned upside down and the sealing plug 
is pried out of the float chamber with a screwdriver blade 
and then the six screws are removed and the float 
chamber lifted off.  The floats are then pried out of the 
retaining clips.  The photos show this work.  The parts 
are then cleaned in the thinner.  Avoid leaving the plastic 
floats in the thinner for an extended period.  Note: early 
carbs have a brass plug with a screwdriver slot that is 
removed by unscrewing it.    
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The throttle spindle (shaft) is attacked next.  The disk and spindle shouldn’t be removed unless replacement of 
the spindle seals is anticipated. The two screws securing the throttle disk are removed.  The screws are copper 
and are difficult to remove because the ends have been spread to prevent them coming out in normal use.  Be sure 
to use a slotted screwdriver with a blunt end and try to avoid damaging the head.  After the screws have been 
removed, rotate the throttle spindle about 90 degrees and slide the disk off the spindle as shown in photo. 

Next, use a small file to smooth any burrs from the screw 
holes to prevent damage to the spindle bushing and 
seals when the spindle is removed.  The spindle is then 
slid out.   The disk is put back on the spindle and screws 
reinstalled loosely on the shaft so the parts won’t become 
separated.  

 

   

  

  

Removing the small subassemblies 

Next, three small sub assemblies and the idle trim screw are removed from the main body.  Each is cleaned in 
thinner after it is removed and set aside together with the associated screws.  The following photos show this 
process.    

 

Removing the cold start valve (choke).  

  

  

 

Removing the Temperature Compensator: one screw on 
each side and then pry out. Be sure to not lose the two 
fiber washers, one around the part that extends into the 
body and the other at the bottom of the hole in the body.  
These washers are not included in some rebuild kits.  
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Removing the Bypass Valve: the three slotted screws. 

 

Removing the idle trim screw. 

  All the nice clean parts:  

 
So, how does the carb work?    

Being an engineer and teacher, I just can’t help lecturing a bit on these little beauties; fine examples of precision 
engineering and manufacturing.  This discussion was deferred until the major components have been shown in 
photos.    

The next sketch is taken from the Haynes manual and shows the cross section of the carb body.  Recall that the job 
of the carb is to mix air and fuel in exactly the correct proportions as required by the engine.   Also recall that the carb 
connects to the engine intake manifold.   The engine creates a depression in the intake manifold as it sucks the fuel-
air mixture into the cylinders. In response to this depression, air is sucked into the carb on the left side of the sketch, 
flows over the bridge where fuel is sucked out of the jet and mixed with the air and then past the throttle plate into the 
intake manifold. 
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The air increases in velocity as it flows through the constricted area above bridge.  The airflow creates a depression 
on the sides of the constricted area.   This depression makes the air pressure over the jet less than the atmospheric 
pressure on the fuel in the float chamber.   The higher atmospheric pressure pushes fuel up through and out of the 
jet. (Another way to say this is that the depression over the jet sucks the fuel out of the jet.)  This process of fluid flow 
past an open jet sucking out another fluid is called venturi action and is also the principle used in spray guns, siphon 
sandblasters, and perfume atomizers.   

The amount of fuel sucked out of the jet is controlled by the fuel level, the area of the opening between the jet and 
the metering needle and the velocity of the air moving past the jet.   The fuel level in the float chamber is kept at a 
constant level by a float-controlled valve.  The jet and metering needle are precision components manufactured to 
close tolerances.   If the throttle plate is opened, the velocity of the air going by the jet will increase substantially and 
too much fuel will be sucked out of the float chamber producing a much too rich mixture.   

The system is designed to keep the velocity of the air over the jet and hence the depression at the end of the jet 
nearly constant as the throttle opens and closes, thus the name Constant Depression or CD.   This is accomplished 
by raising the air valve (that big piston shaped thing) to enlarge the cross sectional area for the air to pass allowing 
more air to pass at the constant velocity.  More fuel is required to mix with the additional air to keep the air fuel 
mixture at the correct value.  The tapered metering needle attached to the bottom value of the air valve accomplishes 
this.  As the air valve moves up the tapered needle is withdrawn from the jet increasing the open area between the 
needle and the jet.  This is similar to opening a faucet.  Let’s go over that again: the throttle opens, the air valve 
moves up and we get more air and more fuel ---- just what the doctor ordered!  It is no small engineering and 
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manufacturing feat to make all this work such that the correct fuel-air mixture is delivered over a wide range of engine 
speeds and loads.  

Now, what makes the air valve move up when the throttle is opened?  There is a diaphragm attached to the top of 
the air valve, which together with the cover and the inside of the air valve form a suction chamber.  There is a vent 
hole in the bottom of the air valve connecting the suction chamber to the mixing chamber.  When the throttle plate is 
opened, the air pressure in the mixing chamber drops and air is sucked from the suction chamber through the vent 
hole thus reducing the air pressure in the suction chamber.   The under side of the diaphragm is maintained at 
atmospheric pressure via a vent on the air input side of the carb.  The higher atmospheric pressure on the bottom of 
the diaphragm pushes the diaphragm up and the air valve with it. Offsetting the force lifting the valve is the weight of 
the valve and the force of the spring.   As the air valve rises, the depression in the mixing chamber reduces, reducing 
the depression in the suction chamber.   At some point, the forces caused by the differing air pressures exactly offset 
the weight of the air valve and the force of the air valve spring and the air valve stops rising. It is very easy to observe 
this operation on a running engine with the air filters removed.  When the throttle is opened, the air valve goes up, 
close the throttle, the air valve drops.  You will also note that the control is proportional, the more the throttle is 
opened, the higher the valve goes.  The depression over the jet is nearly constant for all stable positions of the air 
valve.    

Now lets talk about oiling the carbs.  Yes, these carbs require oil in the guide rod (that tube pressed into the air 
valve). The oil is added through the center of the top cover after the damper assembly is unscrewed and removed.  
The Haynes manual says to use Zenith lube oil.  I’ve never seen it for sale. Other manuals have suggested regular 
engine oil. I prefer SAE20 3-IN-ONE electric motor oil sold in 8 oz cans.  The guide rod should be filled to within 
about ¼ inch of the top of the rod.  After the oil has been added and the damper reinstalled, the air valve should be 
lifted (with your finger through the big opening to the air filter) to the upper most position.  This allows excess oil to 
exit through the vent at the top of the cover (making a big mess) and positions the brass colored thimble like part on 
the damper assembly (next photo) into the top of the guide rod.  The thimble, apparently provided only on the ’75 & 
’76 carbs, must be in position to align the air valve and insure that it can move up and down freely.    

 

While lifting the air valve you’ll notice there is resistance to lifting it rapidly.  (You can try this on the carb you haven’t 
disassembled.  If there is little resistance, try adding oil.) You’ll also notice that that when released, the air valve 
drops quickly.  When the throttle is opened, the damper slows the air valve rise causing increased velocity and 
increased depression over the jet sucking in more fuel and producing the richer mixture desired when accelerating.  
As the air valve rises, the depression and hence the mixture is leaned back to normal.      

During deceleration, a process in reverse to the above takes place.  When the throttle closes, the amount of airflow is 
reduced radically.   If the air valve stays up, the velocity of the air over the jet drops to a very low value and the 
mixture is very lean.  This can cause a slow burn in the engine resulting in popping back in the carb and explosions 
in the exhaust system (backfires).  The air valve must drop very rapidity during deceleration to prevent the overly 
lean mixture and associated side effects.   

Next question --- how come the air valve goes up slowly but drops rapidly?   The answer is the design of the damper. 
There is a small clearance between the air guide and the little piston on the damper (the damper piston).  The 
damper piston pressing against the oil in the bottom of the air guide prevents the air valve from rising until some oil 
squeezes by the damper piston into the upper part of the guide rod. If the lifting force to the air valve is maintained 
the oil will slowly flow by the damper piston allowing the valve to rise slowly.  The valve is much less restricted when 
dropping because of the design of the piston.  The hole on the inside of the damper piston is much larger than the 
damper rod.  The piston is also free to move up and down on the rod a short distance between a beveled stop on the 
top and a C ring on the bottom. When the air valve is dropping the little piston moves to the lower position on the rod. 
In this position oil can flow relatively freely between the inside of the damper piston and the rod allowing the air valve 
to drop quickly.   Note that when the valve is moving up, the damper piston moves to upper position on the rod.  In 
this position, a beveled washer on the top of the piston rests against the beveled stop sealing the passage between 
the inside of the piston and the rod.   Neat huh?      
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Fixing the Leaks  

Remember, I got started on this because of the leaking carbs.  The float chamber has a needle valve and float that 
work together to maintain a constant level of fuel in the chamber similar to the float and valve in a toilet tank.  When 
the level is too low the float allows the needle valve to open letting more fuel into the chamber.  As the chamber fills, 
the float rises causing the needle valve to close when the fuel is at the correct level. 

The major cause of leaks is the needle valve not closing when the chamber is full allowing it to overflow.  The two 
other sources of leaks are the float chamber gasket and the O-ring around the sealing plug in the bottom of the 
chamber.    

The typical leak starts after the car has been setting for many months.  When setting for a long period some of the 
fuel evaporates from the chamber causing the float to drop and the valve to open.  It’s likely that a residue on the 
valve left from the evaporation prevents the valve from closing when next used.  

Often the leak from the stuck needle valve can be fixed without removing and disassembling the carb.  The first thing 
to try is to rap the float chamber with the handle of a medium sized screwdriver several times.  

If the rap doesn’t work, one can try pulling the sealing plug and draining the chamber.  Next, insert a small wire such 
as a straightened paper clip thought the plug hole and gently move the floats.  You have to do this by feel since you 
can’t see what is going on.  Next, disconnect the fuel line at the carb and spray carb cleaner into the fuel input tube.  
The needle valve is at the end of this tube.  Hopefully the cleaner will dissolve any deposits that are preventing the 
valve from closing.  After letting it set for 30 minutes or so reinstall the plug and fuel line, cross your fingers and test 
it.  

If the above procedure fails to fix the leak then the carb must be removed and the float chamber opened.  Once 
you’ve gone that far, it is probably a good idea to replace the valve as described later.    

Float Chamber Vent  

The air above the fuel in the float chamber must be 
maintained at atmospheric pressure for the carb to 
work properly.  There is a passage in the main 
casting from the the float chamber to the air filter 
assembly to allow free air flow. The photo at the right 
shows the port where it connects to the air filter 
assembly.  Note that the vent in the photo has a 
brass sleeve used on '73 and later carbs  The early 
carbs have a plain hole in the casting that leads to 
the float chamber.   
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Float Chamber Emissions Port  

A valve was installed in the float chamber vent path of '73 
and later TR6s as shown in the sketch on the right.     

When the throttle is in the idle position, the valve is 
pushed to the right against the brass sleeve, which blocks 
the vent to the air filter.  The float chamber is vented to the 
carbon canister when the valve is in this position (idle). 
This serves to collect any vapors that escape from the 
chamber when the engine is not running. 

When the throttle is advanced, the valve moves to the left 
opening the vent path to the air filter and closing the path 
to the canister.   This makes the operation with the throttle 
off idle the same as without the emissions connection. 

The middle photo shows the actual valve 
components.  The brass sleeve is on the right.  The 
white disk is the valve.  The springs, not shown in the 
above sketch, push the valve to the right when the 
throttle is at idle and push the valve to the left as the 
throttle moves off idle.   

The lever that operates the valve is shown in the last 
photo.  The adjustment of this lever is discussed in 
Part II.   The vent is also used in conjunction with 
with the anti run-on valve to eliminate dieseling also 
discussed in Part II.    

We start the reassembly in Part II. 

  

           

Repair Parts  

A few words are in order about parts before we get into the overhaul.  Both TRF and Moss carry most carburettor 
maintenance parts.  If one is doing a complete overhaul then the TRF major rebuild kit ZEMS577 listing at $26 per 
carb is probably a good choice.  One thing that you’ll definitely want to consider if the carb has been leaking gas is to 
replace the needle valve in the float chamber.   One problem I’ve always had with the kits is that they contain about 
three times as many parts as needed (last one purchased about 10 years ago).  With all the extra parts you’re not 
sure you’re using the correct part and you wonder if you’re using all the parts you should.   I think (make that hope) 
the extra parts are used on different models for different applications.  The following shows the extra parts from 6 
kits. 
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If you’re only worried about fixing a leaking carb, then at most you only need a new valve, float chamber gasket and 
O-ring for the plug in the float chamber.  Bought separately, they cost about half as much as the kit.  Both TRF and 
Moss sell the Grose Jet after market needle valve replacement for about $6.   I much prefer the Grose Jet because I 
believe it is less prone to sticking.  TRF major rebuild kit ZEMS577 normally contains the Grose Jet.   Unfortunately, 
the manufacturer quit shipping the Grose Jets about a year ago and neither TRF nor Moss have any in stock.  So, for 
now, it’s the old style needle valve.      

If one is working with 1974 or later carbs that use the stiff choke cable, consideration should be given to purchasing 
springs (Moss carries them) and modifying the cold start valves (choke) so that the more reliable flexible choke cable 
can be used.  See the discussion under the cold start valve.  

If one is doing a complete rebuild for the first time then the throttle spindle (shaft) seals should be replaced.   TRF 
sells the neoprene seals alone for $1.50 each or the seals with metal shell for $9.50 each.   

Many of the non-wear carb components are no longer available so one should not pass up the chance to purchase 
one or a pair of old carbs for spare parts.  One might ask, “If they’re non-wear parts, why do you need the spares?”  
The answer is that when amateur mechanics take the carbs apart, we sometimes loose parts (the cat drags it off) or 
we break them because we don’t know how to take them apart (or we don’t own a Posidrive screwdriver).  
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TR250 - TR6  Carburettor Overhaul 
Part II – The Overhaul 
By Nelson Riedel, nariedel@adelphia.net 

Revised 12-21-01  

 

We removed, cleaned, and disassembled the carbs in Part I.  We also talked a little about carb theory.  We talk a 
little more theory and do the overhaul and reassembly in this part.  We reinstall, tune and troubleshoot the carbs in 
Parts III. 

Float Chamber Overhaul & reassembly    

As you look at the parts you quickly realize that all the parts attach to the main body and can be reassembled in 
about any order.   I choose to start with the float chamber because it is nearly always the source of the fuel leaks 
that got me interested in working on the carbs in the first place.  

The floats were pried off the steel clip when the carb was disassembled.  The only thing left to remove is the needle 
valve.  This should be unscrewed using the correct size wrench or socket.  The valve I removed was 17/32 and I 
just happened to have a socket.  A 14mm wrench or socket is the next closest fit and would probably have worked. 
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If the valve has been acting up it should be discarded at once lest it end up back in another carb.   If the valve is to 
be reinstalled or kept as an emergency spare, then it should be soaked for an hour or so in the lacquer thinner. 

There is a thick aluminum washer under the needle valve.  A new value is usually supplied with several different 
size washers. The correct thickness is 1/16 inch.  The valve is installed (or reinstalled) first and then the float hinge 
pin with floats is inserted into the steel clip as shown below.  Note the position of the float.  Check that the clip 
grasps the hinge pin securely.  (If not, remove the pin and squeeze the clip together with a small pair of pliers.)  
Make sure the float moves freely  

 

With the carb inverted, make sure the tab on the float is against the valve holding the valve closed and then check 
that the highest point on each float is 16 to 17 mm above the face of the body as shown in the next photo.  (Note: 
every reference I have has the float setting as 16 to 17 mm but all have different settings in inches.  The correct 
conversion is 0.630 to 0.670 inches.  The Haynes manual lists 16 to 17 mm or 0.725 to 0.787 inches. (Is it any 
wonder the carbs get screwed up?)  Bend the tab as required to meet this specification.   When done make sure 
that the tab contacts the valve at a 90 degree angle.   
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The float chamber is then reinstalled on the body using a new gasket.   (Never use an old gasket; it’s too much work 
replacing a leaking one.  Also, gasket sealers won’t seal gasoline so trying to repair an old gasket with sealer is 
futile. It’s wise to always to have a spare gasket on hand.)  Make sure the two shorter screws are in the correct 
holes and then tighten the screws uniformly.  Finally, lubricate a new O-ring and slip it on the sealing plug and then 
inset the plug into the hole in the chamber.    This completes the work on the float chamber.  

Replacing Throttle Shaft & Bushes   

Inspect the throttle shaft to see if there is wear where the shaft rotates on the bushes in the carb body.   If there is 
wear and the shaft is loose in the bushes then both the shaft and the bushes must be replaced.  I understand 
bushes and shafts are available from TRF and Moss.  I understand that the bushes must be reamed after 
installation using an expensive (~$100) reamer.  I've not done this job yet as the bushes on the dozen carbs I have 
all seem to be in good shape.  This may be because TRs in Ohio tend to rust through before they wear out.    I'll 
update this should I do a bush replacement in the future.     

Replacing Throttle Shaft (Spindle) Seals  

The throttle shaft seals prevent air from leaking into the intake manifold.  Small leaks around the throttle shaft are of 
no consequence when the throttle is at least partially open.  However, the leaks can cause a rough idle.    It is 
doubtful that the seals wear out because the typical Triumph gets very little use, especially here in the mid west.  
However, the seals are subject to deterioration due to age.  If the seals have not been changed for 10 or 15 years 
it’s probably a good idea to do so when the carb is off. 

The seals are located in the outside ends of the holes that hold the throttle shaft.  The seals are removed by 
inserting an awl or scribe along the edge of the seal and then lifting the seal out as shown in the photo.    
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The new seals are inserted with fingers, flat side out and 
positioned as necessary with a blunt screwdriver.   The 
seals are then lubricated and the throttle shaft is then 
carefully inserted and the spring end is positioned as 
pointed to by scribe in the photo. The spring should be 
under tension and the shaft held firmly against the idle 
adjustment screw.   

The shaft is then rotated to the full open position and the throttle disk is inserted into the slot on the shaft.  The 
correct position for the disk is with the two dimples below the shaft and pointing out.  The manuals recommend that 
new screws be used and the ends blunted to prevent them from working loose.  I chose to use the old screws 
together with a small amount of thread lock.  After this part is assembled, be sure to check that the throttle shaft 
rotates freely and the spring holds the throttle closed.  

Note the adjustment screw and lock nut to the right of 
the end of the throttle spring in the adjacent photo.  This 
is the vent lever stop screw.  The vent lever is shown in 
more detail in the next photo.  The vent lever is on later 
carbs, beginning in ’73.  This venting is discussed at the 
end of Part I and in the Emissions section next.   

The manuals I have show no specification for setting the 
vent lever adjusting screw.   The two new carbs I have 
that I know nobody has screwed with have the lever 
adjusted so that it is vertical when the throttle is closed.   
I used that adjustment as a starting point.   Next, I  
inserted a suitable hose into the vent opening with the 
brass sleeve on the air filter side of the carb.  I then 
sucked on the other in the hose and noted that as the 
throttle is moved off idle, the vent is opened.   I adjusted 
the stop screw such the vent is just sealed when the 
throttle is returned to idle. I then adjusted it a further half 
turn to make sure it is sealed in the idle position.    

 

This completes the reassemble of the throttle shaft.  

Emission Breathing  

The ’70 and later TR6 carbs are arranged to dispose of fuel vapors from the fuel tank collected when the engine is 
idle and crankcase by-pass gasses when the engine is running.  In the ’73 and later TR6s, vapors from the carb 
float chamber are also collected when the engine is off and disposed in the same way as vapors from the fuel tank.  
This later addition is also used together with an added electric valve to eliminate “running-on” or dieseling as us 
yanks call it.  

The breathing apparatus is shown in the next sketch from a Triumph Maintenance Manual.  The fuel tank cap seals 
the tank when closed.  The tank is vented though a vapor separator connected to the top of the tank and via hose 
#5 to the top of absorption canister #4.  As the vapor laden air passes through the canister active charcoal granules 
absorb the vapors and clean air exits through tube #9 at the bottom of the canister.  Tubes #2 vent the float carb 
chambers in the same way on ‘73 and later carbs.    
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Hoses connect the valve cover (#10) and the canister to ports (C) on the carbs.  These hoses are much larger than 
the ones that connect to the fuel tank and the float chambers.  The ports at (C), located above the idle trimming 
screws, feed directly into the mixing chambers on both carbs.   

When the engine is running there is a depression in the carb mixing chamber that draws fresh air into the bottom of 
the canister through tube #9 and out of the top of the canister port (B) and via tube #3 into the carbs.  When the 
fresh air moves through the canister it purges the carbon granules of the vapors and carries them into the carbs 
where they and sent into the engine and burned.  Bypass gasses from the crankcase rise to the valve cover (#10) 
where they exit though the port #1 to the same large hoses to the carb ports.  The by-pass gases are also sucked 
into the carbs and burned in the engine.  

Doesn’t the big opening in the side of the mixing chamber upset the depression, airflow, etc discussed previously?   
The change isn’t as much as one might expect since the airflow is limited though the canister and the carbs are 
designed to handle this air.   However, cracked or broken hoses can cause leaks that will upset system operation 
that is most noticeable at idle.    As long as all the hoses are in good shape and connected, the system seems to 
have no effect on performance.      

The last part of the breathing apparatus is the electrically operated anti run-on valve introduced on the ’73 TR6.  
Power from the ignition switch in the OFF position is feed through the ON position of the oil pressure switch to the 
valve, #6 in the sketch; the valve operates when the ignition is turned off and there is still oil pressure. The operated 
valve closes the external air input to the bottom of the canister via tube #6 and instead connects tube #6 to the 
intake manifold via tube #7.   The depression in the intake manifold sucks air out of the canister and via tube #2 to 
the float chamber creating a depression in the float chamber.  This depression in the float chamber prevents fuel 
entering the carb via the jet thus preventing run-on or dieseling.  The valve releases a few second after the ignition 
is turned off when the oil pressure drops.     

Temperature Compensator, Idle Trimming Screw & Bypass valve Overhaul.  

These components are on the side of the carb body that faces the front of the car as shown in the diagram below.  
There is an air channel from the air cleaner to the throttle plate side of the air valve used by both the temperature 
compensator and the idle trimming screw.  The temperature compensator consists of a temperature sensitive bi-
metallic blade that moves a plug attached to the end in and out of an orifice from the air channel to the main 
chamber.  The plug controls the flow of air that goes around the air valve.  Adding air from this channel leans the 
fuel mixture.   When it is very cold the plug is in all the way in cutting off the extra air path thus giving a richer 
mixture.  When the engine and surrounding air is hot, the plug is all the way out giving maximum additional air and a 
leaner mixture.    
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Temperature Compensator: The photo shows the 
temperature compensator with the plastic cover removed.  
The bimetal strip runs the length with the plug on the right 
end.  The first maintenance concern is to make sure the 
plug moves freely and that it responds to temperature 
changes.   The one shown in picture had a stuck plug.  It 
freed up after soaking in thinner for a half hour or so.  Cold 
faucet water was run over the bi-metal strip and the plug 
moved to the fully closed position, as it should.  Next, near 
boiling water was run over the bi-metal strip and the plug 
went to the fully open position, again as it should.   

Steve Sutton has researched this issue and found 
considerable variations among temperature compensators. 
He even found new ones set as much as 20 degrees 
apart.  His research has shown best operation with the 
valve just starting to open at 1150 F and fully open at 1400 
F.  His view (which I concur) is that matching the 
compensators in a multiple carb system is probably more 
important than the actual temperature at which they open.  
He put together a neat note with additional information on 
the compensators at:  
http://www.vtr.org/maintain/temp-compensators.html  

Note from Paul Clarkson: The above link now seems to 
be obsolete.  However, the article and my own (more 
accurate?) version of balancing are on my web site … 
Paul's Daimler Diary on page 5 of the Stromberg 
pages. 

After reading Steve's note, I decided to tune up my 
compensators.   The middle photo on right shows a 
completely disassembled unit. First, the bimetal strip was 
straightened using pliers.  The unit was then reassembled 
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making sure to not over tighten the adjustment nut. 

A tea kettle of boiling water and a pitcher of warm water 
were taken to the workshop.  The two temperature  water 
were mixed the water to get a 115o F solution. The nut was 
then adjusted so that the compensator just started to open 
when placed in the water.  Hot water was then added to 
bring the temperature up to 140o F and tested again.  It 
was found that  the nut could be  tightened a little and still 
be fill open at 140o F.  Cooler water was then added to 
bring the temperature back down to 115o F and double 
checked.  The next time I do this I'll swipe a second freezer 
container from the wife and set one up at 115o F and the 
second at 140o F.  That will allow me to go back and forth 
and do the adjustment in a couple minutes.  I'll probably 
use more water so that the temperature will remain fairly 
constant over the few minutes required. 

The thermometer pictured cost about $5 in the house 
wares area of the local supermarket.  It has a 0o F to 225o 
F scale. The calibration was checked with ice water and 
boiling water and found it to be accurate. I use it to check 
radiator coolant and oil temperatures also. The wife has 
similar thermometers she  uses for cooking. It would 
probably be OK to use the cooking thermometers if 
cleaned afterwards but I didn't out of fear she might catch 
me. 

The compensator is reinstalled on the carb body after 
placing the smaller washer in the hole in the body and the 
larger washer fitted on the spout containing the plug. 

Idle Trim Screw: The idle trim screw uses the same chamber as the temperature compensator to provide a minor 
idle mixture adjustment.  The richest setting is with the screw all the way in blocking any additional air.  The screw is 
cleaned and then reinstalled and initially set to the fully closed position.  

Bypass Valve:  The bypass valve provides a channel 
for air to flow around the throttle disk.  A very high 
depression can exist in the intake manifold if the engine 
is operating at a high RPM with the throttle closed such 
as might occur when decelerating.   Poor fuel 
combustion occurs in this situation giving increased 
exhaust emissions.  This is frequently evidence by 
exhaust popping during deceleration. The bypass valve 
senses the high depression and allows some air to go 
around the throttle plate to reduce the depression to the 
desired level.   The sketch on the right shows a cross 
section of the bypass valve.  Normally the valve is held 
against the seat by the spring.  The pressure on the carb 
side of the diaphragm is the same as in the mixing 
chamber and the pressure on the other side is kept at 
manifold pressure by the sense port. If the manifold 
pressure drops and becomes a depression, then the 
pressure on the carb side of the diaphragm will push the 
diaphragm and valve away from the seat opening a 
passage from the mixing chamber to manifold bypassing 
the throttle plate.         
Two variations in bypass valves were used on the TR250/TR6s.  The early valves on the TR250 and '69 TR6 used 
external hoses and pipes to sense a manifold depression.  The left photo below shows that type of valve on my 
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TR250.  After '69 the valves have an internal passage to sense a manifold depression.  The right photo shows that 
type of valve on a '76 TR6 carb.   A second variation is whether the valve is adjustable. The valve on the right can 
be adjusted by turning the screw on the outside end of the valve. The nut on the other end of the adjustment screw 
pushes against the spring.   Turning the screw clockwise pulls the nut away from the valve reducing the spring 
compression hence allowing the valve to operate at a lower manifold depression (operate easier).   The valve on 
the left has a blunt end rather than the adjustment screw.  I think this type of valve can be adjusted from inside the 
valve.  I’ve been told that if you remove the brass plug, there is an adjustment screw inside.  On the other hand, it is 
my opinion that valves with no external adjustment screw will likely not need readjustment since it is unlikely anyone 
has been able to screw up the adjustment. 

  
The bypass valve is attached to the carb body by three slotted head screws as shown in photos above.  The valve 
is constructed of two sections held together by three Posidrive head screws as shown in the left photo below..  The 
three screws are removed, the parts separated, and the diaphragm removed.  All parts, shown in the right photo, 
are then cleaned thoroughly with lacquer thinner.   Special attention should be given the area where the brass valve 
seats against the inner casting to make sure it seals properly.  The diaphragm in the left photo was old and brittle.  
A replacement diaphragm that comes with two mating gaskets is shown in the right photo.    The spring in the right 
photo looks a little mangled.  A better spring from a junk carb was used when reassembling the unit.    

The left photo below shows the area of a late carb main body where the bypass valve attaches.  Note that a gasket 
that goes between the body and valve is in position.  The gasket has a small hole near the top for the manifold 
sensing function. The carb rebuild kits comes with two types of gasket, one with the little hole as shown and another 
type without the hole for the early carbs that sense via external tubs and pipes.    Note: In new gasket sets, there is 
a gap in the gasket between the large holes.  This allows a small amount of air to bypass the throttle plate even 
when the bypass valve is closed.  One might ask, why did they do that? I don't know but one possibility is that if the 
gasket completely seals the two sides, then it might be prone to fail in that spot.  If the gasket failed, the idle speed 
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would increase significantly. So, maybe they just cut out that part -- essentially making the failure standard 
production.  (That is probably a poor choice of words.)      

The right photo shows the side of a late bypass valve that mates with the carb body.  The sensing passage is 
indicated at the top.  When the valve is closed, the brass plug is firmly against the back of the round hole in the 
center sealing the passage.  When a large depression is sensed via the sensing passage, the the brass plug lifts 
away from the round hole allowing flow from the the triangular hole to the round hole.  The earlier valve is identical 
except instead of the sensing hole there is a small tube at the top of the valve.  

 
Before the final assembly of the adjustable bypass valve, the adjustment screw, spring washer and adjustment nut 
are assembled into the larger casting.  The initial adjustment should position the nut about one screw turn after it 
enters the hex section of the casting.  This is the minimum sensitivity position and keep should keep the valve firmly 
closed during initial carb tuning.  

The left photo below shows the placement of a gasket and the diaphragm on the smaller casting.  A gasket has 
been placed on the diaphragm and the spring positioned in the right photo.  The larger casting is then placed over 
the smaller casting and secured with the three small Phillips head screws.  The valve is then attached to the main 
body using the three slotted head screws and a gasket between the valve and body.   

  

Cold Start Valve (Choke) Overhaul  

The components discussed above (temperature compensator, idle trim screw and bypass valve) are positioned on 
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the forward side of the carb and alter the carb behavior by changing the air flowing through side passages.  This 
section deals with the cold start valve (choke) that is positioned on the rear side of the carb and alters the carb 
behavior by changing the fuel flowing through special passages.   The job of the cold start valve is to provide a 
much richer that normal fuel air mixture when starting and operating a cold engine.  

The backside of the carb body with the cold start valve removed 
is shown on the left.  The scribe is pointing to a passage to the 
float chamber.  Across from this hole is a recessed slot with a 
hole that leads to an outlet in the mixing chamber.  Air passing 
this outlet creates a depression over the end on the outlet like 
the depression created over the main jet.   In normal operation 
with the cold start valve off, both the hole and the slot are 
covered and no fuel flows through these passages.  When the 
cold start valve is turned on, a passage is provided between the 
hole and the slot and fuel is sucked out of the float chamber 
and into the mixing chamber of the carb.   

 

 

The thick disk provides the fuel control.   There is a passage 
inside the disk from the slot to the four small holes.  The disk is 
held against the carb body by a spring.   For valve off, the disk 
is positioned such that both the hole and slot on the carb body 
are covered. Rotating the disk turns on the valve.  In the 
minimum on position, the slot on the disk is over the hole in the 
body and one of the little holes in the disk is over the slot in the 
body allowing fuel to flow through one small hole.    As the 
valve is turned on further (rotated) the slot on the disk will still 
be over the hole on the carb body and two of the small holes on 
the disk will be over the slot in the carb body allowing more fuel 
to flow since it may flow through the two small holes.   As the 
valve is rotated further fuel can flow through three and then in 
the full on position, four of the small holes.       

The cold start valve is disassembled by removing the nut.  The pieces are shown in the next photo.  The overhaul 
consists of inspecting all the components and cleaning all passages.   It is possible to assemble the valve with the 
disk rotated 180 degrees.  The disk is positioned correctly if, when rotated to the off position, both the holes and 
the slot in the disk are nearer the bottom. (That other carb that hadn’t been disassembled came in handy here.) 
The valve is reinstalled using a new gasket between the valve and carb body. 

 

Modifying Late Cold Start Valves  

The TR250 and TR6s through ’73 use a flexible choke cable.  These cold start valves have springs that return the 
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valve to the off position when the cable is slackened by pushing the choke knob in.  

The later cold start valves don’t have a spring.  In fact, there is a spring-loaded ball that rubs against the cam on the 
valve that tends to restrict movement.  There is a detent is the cam that the ball fits that tends to lock the choke in 
the partial on position.   The choke cable is a stiff wire that is supposed to pull the valve open and push it closed.    

I’ve had a lot of trouble with the stiff cable.  The problem is that when pushing the choke knob in, one or both of the 
outer covers are forced out of the fixture at the knob end of the cable.  Both ’76 TR6s I bought had cables that failed 
in this way.  I bought a new cable for the one that was restored.  It lasted less than a year. Bought another one and 
it only lasted about 6 months.    

At $50 a throw, I decided to repair the two broken cables.  First tried squeezing the crimp fitting of the fixture on the 
outer cover.  Lasted a few days.  Epoxy next, lasted a few weeks.  Finally designed a clamp to really squeeze the 
fixture on the cover.  Worked for a few days then one day when the knob was pushed in, the stiff wire from one carb 
bent, folded and broke where it connects at the knob end.  Rats!   Must have squeezed the outer cover so hard that 
it squeezed down on the inner cable.  Moved the clamp to the other broken cable but didn’t tighten it so much.  
Outer cover came out.  Made it tighter, a wire broke the next day.  What a pile of crap!   The area that fails is shown 
in the following photo.   This cable has been repaired with epoxy.  The masking tape was to hold the two cables in 
position while the glue dried.   Another advantage of the early cable is that it can be locked in position by rotating 
the knob 1/4 turn clockwise.  

 

I think this was about the time I bought that new set of carbs that were on the ’76 TR6.  These carbs have spring 
loaded cold start valves.  I bought the earlier design cable with the flexible inner cable.  That was in ’84 or ’85.  It is 
still working.   Moral of the story --- don’t try to push a wire. 

The later valves can be modified to work with a spring.  The valve is disassembled, the frame placed in a vise and 
the cylinder housing the spring loaded ball is driven out with a punch as shown in the photo below.   Springs are 
purchased (from Moss) and installed as showed in the right photo below.  Note that the steel ball is gone.   With the 
spring installed, either the older or the newer design cable can be used.  Even a cable that has failed by the outer 
cable coming loose at the knob end will probably still work with the spring loaded valve.    (The cable shown earlier 
had been repaired with epoxy and used several years on a ’73 that had spring loaded cold start valves.)  
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Overhauling the Top of Carburettor  

The parts accessed via the top of the carb include the damper assembly, the air valve, air valve return spring, the 
diaphragm and the metering needle and associated parts attached to the bottom of the air valve.   The four screws 
securing the washer and diaphragm ring to the top of the air valve should be removed, the diaphragm lifted off and 
then all the parts thoroughly cleaned and inspected.     

 
 

The following sketch taken from the Haynes manual shows a cross section of the components associated with the 
adjustable metering needle on the ’70 and later carbs.  A long Allen wrench (taken from the mixture adjusting tool 
discussed later) is used to turn the needle adjusting screw.  Turing the screw clockwise raises the needle making 
for a richer mixture.  The opposite direction yields a leaner mixture.  The needle adjusting screw has an O-ring seal 
that prevents the oil from draining from the air valve guide rod.   Remember that note about the carb leaking oil that 
fell out of the carb when the top was removed?   Well, it’s that O-ring that is at fault.  The only reason to remove the 
needle is to replace this O-ring or a broken needle.  (How does one break a needle?????   I’ve seen several --- 
maybe someone was so upset with the carb that they ran a blunt object like a hammer through the main chamber.) 
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The needle is held in a carrier by a spring and is free to move side to side.  This allows the needle to adjust position 
as required when the air valve moves within the design clearances.  The needle and carrier are removed together 
and no attempt is made to separate the needle from the carrier. To remove the carrier, carefully turn the adjusting 
screw counterclockwise. The retaining screw is left in so that the needle carrier doesn’t turn with the adjusting 
screw.  If the adjusting screw becomes hard to turn, remove the retaining screw.  The needle carrier should be 
extended far enough at this point so that it can be stopped from turning with your fingers.  

The needle and carrier can be pulled free once the retaining screw is removed and the adjusting screw is 
completely unscrewed from the carrier.  To get at the O-ring, a steel rod is inserted in the bottom side of the air 
valve guide rod and gently tapped with a small hammer driving the adjusting screw and the retaining clip out the top 
of the air guide rod.   These parts are shown in the next photo.  Left to right at the bottom are the retaining screw, 
the adjusting screw, the retaining clip and an old O-ring.     

 

The new O-ring is lightly lubricated before it is installed on the adjusting screw.  The adjusting screw can then be 
inserted in the top of the air valve guide followed by the retaining clip and tapped into place with the steel rod and 
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hammer.  Be sure that the retaining clip is firmly against the needle adjusting screw. The needle valve and carrier 
can be reinserted and the adjusting screw tightened to lift the needle into position.  The retaining screw is installed 
next; making sure the spigot end of the screw enters the slot in the side of the needle carrier.    

Next, test the the needle adjusting screw.  Turn it as far as it will go clockwise.  This pulls the needle up into the air 
valve to the highest position corresponding to the richest  mixture.   Now turn the needle counterclockwise and the 
needle should move lower. Count the turns of the screw.   You should find that after about three and one half turns, 
the needle stops dropping --- the screw is out of the carrier.  The screw must be engaged in the carrier when in use 
to prevent the needle from dropping further.  About three turns is the maximum the needle should be set off from full 
tight.  This corresponds to the leanest setting.   If, after the air valve is installed,  the screw is turned too far so that 
the screw is out of the carrier, it may be necessary reach into the air input with your finger and push the needle 
carrier into the air valve to get the screw started again.  

The correct starting adjustment for the needle is one turn counterclockwise from the upper most (screw tight)  
position.   

Next, the diaphragm is installed on the air valve. There is a slot on the top of the air valve that mates with a tab on 
the diaphragm.  It is difficult to position the diaphragm correctly and then hold it in position while installing the 
sealing ring, washer and four screws.  It's easier to install all the parts with the screws loose, then position the 
diaphragm tab in the slot and tighten the screws.  I came across a car with diaphragms of differing thicknesses.  
Best to replace all rather than one only and end up with mis-matched carbs.   

The air valve is lubricated with light oil (SAE 20) and then carefully inserted in the carb body, making sure that the 
needle slides into the jet.  There is a tab on the diaphragm that mates with a slot in the carb body.   If every thing is 
positioned correctly, the two vent holes in the bottom of the air guide are on the manifold side of the carb body.  The 
air valve return spring is then inserted over the air guide rod and the cover attached.  The cast boss on the side of 
the upper part on the cover is positioned to the air filter side of the carb.  The four screws secure the cover making 
sure that the identification tag is secured under one of the screws.  A new gasket is inserted over the threaded part 
of the damper assembly knob and the damper assembly is screwed into the top. 

We install and tune the carbs in Part III    

  

TR250-TR6 
Carbs: 

Part I - Disassembly & Theory 
Part II – The Overhaul 
Part III – Reinstall, Tune and Troubleshooting   
Powder Coating ZS Carbs  
Replacing Fixed Needles with Adjustable Needles 
Air/Fuel Monitor  
Using Air/Fuel Monitor   
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TR250 - TR6  Carburettor Overhaul 
Part III –  Reinstall, Tune and 

Troubleshoot 
By Nelson Riedel, nariedel@adelphia.net 

Initial 2-2001,  Last revised 8-13- 2002  

The first two parts described  removing, cleaning and disassembling the carbs and then the overhaul 
and reassembly.  In this part we reinstall the carbs and then tune them.    Some troubleshooting hints 
are at the very end.  
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Installing the carburettors  

The installation of the carbs on the manifold is the 
reverse of the removal process described at the 
beginning.  Make sure that a spacer with a gasket on 
each side is fitted between the carb and the manifold 
with the notches toward the front of the car as shown in 
the adjacent photo. 

The carb throttle linkage, fuel lines, breathing hoses, 
vacuum hoses and choke cables must be connected.  
For the choke cable, I tighten the screw to the roughly 
correct position on the inner cable and then make the 
final adjustment (cold start valve closed with choke knob 
pushed in) by moving the outer cover in the clip 
(unfastened) at the top of the carb.   

Tools   

 

Two special tools are needed for work on carbs; a 
mixture-adjusting tool shown on the left of the photo 
and the Unisyn used to synchronize multiple carbs 
on the right of the photo.  TRF sells the mixture-
adjusting tool for $10 (list) and the Unisyn for $30 
(list).   Since these are fairly expensive, maybe one 
can borrow them from a friend for the job and then 
return them. (A good feature of borrowing and 
returning the tools is that one won’t have the tools 
to use to wear out the threads of the adjusting 
screws.) 

Adjusting (Tuning) the Carbs:  

The carb adjustments are:    

• Synchronization  
• Mixture    
• Idle speed    
• Bypass Valve  
• Fast Idle speed    

Before starting, the following should be done:   

1. Verify all the emission breathing hoses are connected and oil filler cap is in place and fuel cap 
closed.   

2. Verify the vacuum hose from the manifold is connected to the brake servo unit (been there, 
done that).  

3. Verify the small vacuum hoses to the distributor and bypass valves (early carbs), etc. are 
connected. 

4. Remove the dampers (don't add oil to the dampers yet).  
5. Lift the air valves and verify that they move freely and return to the down position with an 

audible click.  
6. Verify that the throttle shafts turn freely. 
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Next, start the engine and run it until it is 
hot.  This may require some fiddling with 
the idle screws to keep it running if the 
adjustments were changed radically 
when the carbs were overhauled or if 
the  pervious adjustments were way off.  
It might be a good idea to verify that the 
thermostat is operating properly by 
measuring the fluid in the top of the 
radiator.  It should be in the  160o to 180o 
F range.  The carbs can't be tuned 
properly if the temperature is well below 
this.   

After the engine is hot, push the choke 
knob all the way in and make sure that 
the cold start valve is closed and the fast 
idle screw is not touching the cold start 
valve cam.  If this is correct there should 
be a gap as shown in adjacent photo.  
(This photo was taken after the carbs 
had been powder coated.  It looks like 
the vent hoses are getting a bit 
checked.)   

Next, verify that the air valves are 
operating properly.  Open the throttle and 
verify that the valves go up, and then 
come back down when the throttle is 
closed.  If there is a problem here, 
remove the top cover and verify that the 
two holes in the air valve are on the 
manifold side and verify that the 
diaphragm is not torn and that it is held 
firmly to the air valve.  When 
reassembling, make sure the lip on the 
diaphragm rests flat against the carb 
body and the little tab is positioned in the 
matching slot in the body.    

Next, adjust the idle screws for an engine speed of about 900 RPM.  If it is impossible to reduce the 
engine idle speed to this level, then something is wrong that must be corrected before proceeding.   
Clearly, fuel is getting to the engine when the throttle plates should be closed preventing fuel from 
reaching the engine.   First, examine the linkage to make sure nothing is holding the throttle partially 
open.    Another possibility is that one or both the bypass valves are misadjusted or defective.  
Remove the bypass valves one at a time (slotted head screws) and cover the two holes in the body 
with duct/masking tape.  If this fixes the problem, then examine, repair and adjust the valve for 
minimum sensitivity (see Part II).  If covering the passages to the bypass valves doesn't fix the 
problem, then there is likely something preventing the throttle plates from closing.  Pull the carbs and 
examine the shaft and throttle plate to make sure that the springs are holding the plates closed.  Also, 
make sure the plate is aligned on the shaft properly such that it completely closes the carb opening.  If 
the plate is misaligned, loosen the screws and work the throttle back and forth until the plate comes 
into alignment and then retighten the screws.      

On '73 and later carbs it is a good idea to temporarily disconnect the the hoses connected to the float 
chamber vent ports while the engine is running.  The engine speed should not change.  An increase in 
engine speed when the hoses are disconnected indicates that the anti run-on valve is either stuck 
operated or the there is incorrect wiring or a fault in the electrical circuit causing the valve to be 
operated. This should be fixed or the hoses left disconnected.   
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Manifold Vacuum:  If one has a vacuum gauge, it's a good idea to measure the vacuum before 
proceeding.   I connect the gauge to the port to the anti run-on valve on the later cars and the port to 
the brake servo on the earlier models.   The hose to the brake servo is harder to get off and requires a 
reducer to  match the gauge hose which is why I use the anti run-on valve port, if provided.  The 
vacuum should read between 17 and 20 inches of mercury (Hg) and be pretty steady.  If it is slightly 
lower, the timing may be too retarded.  If it's much lower, like 10 or less something is likely wrong with 
the valves.   If the reading is about correct but not steady, then one can go ahead and tune the carbs 
to see if that smoothes the operation.  If the reading is much below 17, the problem should be fixed 
before proceeding because tuning the carbs will have little effect on the engine performance.  
     

Before going ahead with the next section, 
check out the notes from Roger Bywater 
here: Paul's Daimler Diary, balancing the 
Strombergs.
 
Synchronization: After the idle has been 
successfully adjusted to about 900 RPM,  
slacken one of the spring coupling bolts to allow 
the carbs to work independently and then use 
the Unisyn to synchronize the two carbs. The 
Unisyn measures the airflow into the carb.  It is 
placed over the air intake port as shown in the 
next photo  (on a TR250 --- the TR6 hadn’t 
been reassembled at this time). The little red 
plastic cup in the tube rises in proportion to the 
amount of air entering the carb. If it doesn’t rise 
at all, the disk in the center of the tool should be 
rotated clockwise to close the opening 
somewhat.  If the cup goes all the way to the 
top then the disk should be rotated 
counterclockwise.  The disk should be adjusted 
such that the cup floats at the calibration mark 
halfway up the tube.  The Unisyn is then moved 
to the other carb and the idle screw adjusted 
such that the cup is also halfway up the tube. 
Sometimes this process will have to be 
repeated several times to sync the carbs since 
adjusting one carb changes the engine speed 
which in turn changes the airflow through the 
other carb.  The spring coupling screws are 
tightened after the carbs have been 
successfully synced such that the cup is in the 
identical position on both carbs. 

Crossover: While fooling with the synchronization one observes that the engine can be made to idle 
properly with one carb completely closed.  How is that?  First, recall that little cutout section of the 
bypass valve gasket lets a little fuel through even if the throttle plate is completely closed.  However, 
the major reason this happens is the bridge between the front and back half of the manifold that 
contains the manifold vacuum ports. The cross sectional area of the bridge is small compared to the 
carb throat so there is little effect if the carbs are running full open. However, only a few percent of the 
carb capacity is used at idle and the bridge has adequate capacity for a carb on one side of the bridge 
to supply the three cylinders on the other side of the bridge.   

Bypass Valve Adjustment:  Disconnect and plug the vacuum connection to the distributor vacuum 
retard unit.  The idle speed should increase to about 1300 RPM.  Turn the bypass valve screw 
clockwise until the engine speed increases to  2000 - 2500 RPM indicating that the valve is floating.  
Then turn the bypass screw back (counterclockwise) until the speed returns to 1300 RPM. Use the 
throttle to rev the engine to about 2500 RPM and then release the throttle and verify that the engine 

 4

http://www.pclarkson.plus.com/Stromberg2.html
http://www.pclarkson.plus.com/Stromberg2.html


returns to 1300 RPM.  If it doesn't, the valve is floating requiring that the adjustment screw be be 
turned further counterclockwise until the speed drops back to about 1300 RPM.  Once the valve is 
adjusted such that the speed drops back to 1300 after the engine is revved, turn the adjustment an 
additional half turn counterclockwise to seat the valve.  Repeat this adjustment on the second bypass 
valve.   

Mixture Adjustment: The mixture is 
tested by inserting a long thin screwdriver 
into the air intake and lifting the air valve 
as shown in the adjacent photo.  The air 
valve should be lifted approximately 1/4 
inch.  If the mixture is correct the engine 
speed should be steady or increase 
slightly at near the 1/4 inch lift point.  If the 
valve is lifted further, the engine should 
slow down and possibly stall.    If the 
mixture is too rich, the engine speed will 
increase maybe 10% or more, and may 
not tend to slow down till the air valve is 
lifted much more than 1/4 inch, depending 
on the richness of the mixture.  If the 
mixture is too lean, the engine speed will 
decrease and possibly stall.   Before each 
test the throttle should be opened 
increasing the engine speed to about 2000 
RPM for a few seconds to clear all fuel 
from cabs and manifold.    

The mixture can be adjusted on the ’70 
and later carbs.   This step is skipped on 
the earlier carbs with fixed metering 
needles.   The assumption is that the 
precision design and manufacture of the 
earlier assembles is such that no 
adjustment is necessary.  This is refuted 
by the later design improvement that 
incorporated adjustment capability.    

 

The mixture is set using the mixture-
adjusting tool that is inserted into the air 
valve guide rod after the damper assembly 
has been removed from the top of the 
carb. The Allen wrench engages the 
mixture adjusting screw and is turned to 
raise or lower the metering needle. The 
end of the aluminum outer sleeve of the 
tool is inserted into the end or the air guide 
with the pin on the sleeve fitting into a slot 
on the air guide.  The knurled knob is 
grasped firmly before any adjustments are 
made to prevent the air guide from turning 
with the mixture adjustment screw.  Failure 
to do this may cause the air valve to turn 
and tear the diaphragm.  The photo shows 
the tool in position.  

Before the adjustments are made one 
must decide what do to do with the idle 
trimming screw.  If one is comfortable with 
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making the adjustments and then leaving 
everything alone the screw can be fully 
closed and forgotten about.  If one needs 
to frequently lift the bonnet and tweak the 
carbs (possibly due to excess 
testosterone) then the screw should be set 
open by one turn.   The screw can then be 
tweaked to satisfy ones primitive impulses. 
(This screw can be used to make minor 
idle mixture adjustments on the early fixed 
needle models.)   

The idle trimming screw is set as desired and then the mixture is checked and adjusted for each 
carb.   I make identical changes to both carbs and then test both.  Because of the crossover, it is 
impossible to isolate the effects on the individual carbs at low rpm.  The tests are made with the 
damper assemblies removed. The mixture-adjusting tool must be removed before testing the mixture.  
If the carbs test too rich, the screws should be adjusted ½ turn counter clockwise; if it tests too lean 
the screws should be adjusted ½ turn clockwise.  After the adjustments the carbs are tested again and 
adjusted as required.  Remember that the range of the screw adjustment is 3 turns counterclockwise 
beyond which the screw is may come out  of the needle carrier. In practice, one should not go beyond 
3 turns counterclockwise from the tight position.    As mentioned earlier the carb adjustments are kept 
identical.    These are tweaked later after the road test.   

Idle Speed Adjustment:  Once the mixture has been set, 
both idle screws are turned in the same direction an equal 
amount as required to get the idle speed to about 850 
RPM.  The synchronization should be checked again to 
make sure it is equal and if not, it should be adjusted..   
One bolt in the spring clip for each for each carb is then 
loosened and a 3/32-inch drill shank placed between the 
tongue and the slot of the interconnection lever (see 
sketch).  While holding the drill in position tighten the 
spring coupling bolts on both carbs and then remove the 
drill.   

 

Next, open the throttle enough for the engine to run at about 1500 RPM and use the Unisyn again 
verify that the carbs are balanced.  If not, the previous step should be repeated until the carbs are 
balanced at both idle and at about 1500 RPM.  (See why this procedure is called tuning?)  

Next, pull out the choke knob and insert a 5/16-inch drill between the 
cam and stop on the cold start valve (see sketch) on one of carbs.  
The choke knob should be pushed back in enough so the cold start 
valve spring or the stiff choke inner cable holds the drill in position. 
Next, slacken the nut on the fast idle screw and then adjust the 
screw such that it just barely touches the cam.  Tighten the nut to 
secure the adjustment.  Repeat the adjustment on the second carb. 
Start the engine, pull out the choke knob and verify the speed is 
1100 to 1300 RPM.  Make identical changes to both fast idle screws 
as necessary to bring the speed into the 1100 to 1300 RPM 
specification.    

Fill the air valve guide rod to within ¼ inch of the top with oil.   I prefer SAE 20 3-IN-ONE electric motor 
oil sold in 8 oz cans.  Motor oil is also satisfactory.    Install the damper assemblies in the top cover 
and then raise the air valve with a finger to the maximum up position to force the thimble on the 
damper assembly (later carbs) into position in the end of the air valve guide rod.  Next, clean up the oil 
expelled from the vent in the top of the carb because you over filled the valve guide.   

The final step is to install new filters in the air filter housing and mount the housing to the carb after 
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placing gaskets between the cleaner housing and the carb.  I usually affix the gaskets to the air 
cleaner housing using a small amount of gasket cement to prevent them from falling out when the air 
filter housing is mounted.      

The test drive 

The best check of carb tuning is the test drive.  The test drive should be such that the engine is at 
normal temperature for at least the last 10 minutes. During the test drive observe the following: 

• Does the engine run pretty well and not misfire when cold without the choke knob pulled?  If 
so, the mixture may be too rich.  

• Test the hot engine under load in all gears between 1000 and 3000 RPM.  If the engine 
misfires, then one or both the carbs may be too lean.  

• If misfires occur,  repeat test with choke knob pulled part way put. If it no longer misfires, then 
at least one or both of the carbs are very likely set too lean.   

• Downshift and decelerate.  If the engine backfires or pops under this condition, one of the 
carbs may be too lean.  ( A air leaks in the carb or manifold gaskets as well as a faulty bypass 
valve can also cause this condition.)   

After the test run, pull all the spark plugs.  Note that the front three are associated with the front carb 
and the back three with the rear carb.  If the end of one of the plugs in the front or rear group looks 
significantly different than the end the other two, something else is wrong (consider a compression test 
or an examination the ignition system).   If the end of all the plugs in a group of three have a brownish 
color, then the associated carb is probably adjusted properly.  If the plugs are black, the associated  
carb is probably set too rich.  If the plugs have a whitish color, the associated carb may be set too 
lean.   Evaluate all these data and adjust the mixture as appropriate, maybe a half turn at a time. Take 
another test run of 10 minutes or so.   Check for misfires as above.  It is necessary to check only one 
plug in each group after this test run (assuming all the plugs in each group of three looked the same 
after the first test).  Continue to repeat adjustments &  test runs as required until good performance is 
achieved and the plugs look right.    

The left plug in the photo is  
white indicating that associated 
carb is set too lean.  The right 
plug is black indicating the 
associated car is set too rich.  
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The brownish color over the tip 
and part of the center porcelain 
on the left plug indicates a carb 
with proper mixture.  The uniform 
more whitish color of the right 
plug indicates a carb that the 
mixture is still a little lean.   

Two plugs with the brownish 
color indicating carbs with a 
properly adjusted mixture.   All 
the plugs shown are Champion 
N12Cs.     

Anti run-on valve test  

Before wrapping up the carb overhauls I usually test the anti run-on 
valve on '73 and later TR6s.  The valve is located below the carbon 
canister that is secured to the right side of the radiator.  The photo 
on the right shows the valve in my '76.  The canister has been lifted 
away to expose the valve.     

The first test is to verify valve operation.   Disconnect the two wires 
at the top of the valve.  Use a clip lead to connect one of the valve 
terminals to ground.   Then, with the engine running, connect the 
second terminal via a clip lead to the positive battery terminal. There 
should be an audible click as the clip lead is touched against the 
battery terminal.  If not, connect the clip lead to the positive battery 
terminal and then use a voltmeter to verify there is 12 volts across 
the valve terminals.  If not, fix the clip leads.  If there is 12 volts 
across the terminals and the valve doesn't operate, it is defective 
and must be replaced.   

If the valve operates with a click, the engine speed should increase slightly (as the mixture leans) and 
then stop.  If the engine doesn't stop, then check the hoses from the carb vents to the valve and from 
the valve to the intake manifold.   If the hoses are in order, disconnect the hoses from the carb vent 
and put a finger over the end of each hose and see if there is very slight suction when the valve is 
open.  If there is no suction, then the valve is not functioning properly and probably needs to be 
replaced.   

If there is suction at the end of the hoses that connect to the carbs and the engine continues to run 
after the valve is operated (with hoses connected to the carbs), then the vent valves may be defective 
or misadjusted.  See the discussion on adjusting these valves near the end of Part II. 

After the valve is verified to operate properly with clip leads, normal operation should be verified by 
listening for the valve operation when the ignition of the running engine is turned off.  There should be 
a click when the ignition is turned off as the valve operates and a second click a few seconds later 
when the oil pressure drops. If the valve clicks are not heard, the electrical circuit probably has a fault. 
The white with pink stripe wire at the valve connects to the oil pressure switch which should ground 
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the wire when the engine has oil pressure.  The brown with red stripe wire should have 12 volts on it 
when the ignition is off.    

The 12 volt side can be checked by removing the white/pink stripe wire and leaving the brown/red strip 
wire connected.  Then, with the ignition off, use a clip lead to ground the terminal where the white/pink 
strip wire normally goes.  The valve should operate when the terminal is grounded.  If it doesn't, then 
the fault is in the wiring between the valve and the ignition switch.   

The ground side can be checked by removing 
the brown/red stripe wire and leaving the 
white/pink strip wire connected.  Then, with 
the engine running, use a clip lead to connect 
12 volts from the positive battery terminal to 
the valve terminal where the brown/red strip 
wire normally goes.  The valve should operate 
when the 12 volts is connected.   If it doesn't, 
then the fault is in the wiring between the 
valve and the oil pressure switch.  This is the 
most likely source of the problem since the 
wires at the oil pressure switch are easily 
disconnected and none of the documentation 
I've see shows the terminal configuration of 
the switch.  The terminal arrangement for the 
switch on my '76 is shown in the sketch on the 
right.  If the wires are connected properly, use 
normal electrical troubleshooting techniques 
to determine whether the fault is in the wire 
between the the switch and valve or in the the 
switch.    
More on Mixture  

The desired mixture is the one that produces 
maximum power with  minimum fuel 
consumption    The sketch on the right shows 
that there is a tradeoff between power and 
consumption.   It should be noted that a too rich 
or too lean mixture produces both decreased 
power and increased consumption.  The range of 
mixture shown in the graph represents more than 
doubling of the air to fuel ratio.  The desired 
operation area represents about a 25%  change 
in the air to fuel ratio.   An overly rich mixture 
causes poor economy, some power loss and 
excess emissions.   The overly lean mixture also 
causes poor economy, considerable power loss 
and probably excess emissions too.  The overly 
rich mixture is easily recognized by black 
exhaust gases (black bumper) and black spark 
plugs.  The overly lean mixture is recognized by 
engine misfires under load and white spark 
plugs.       

It's natural to try to relate the graph to the needle adjustment.  Dick Taylor passed on a couple 
calculations of the effect of the needle adjustments that I found really interesting.  Some time later I 
ran across the specs of the B1AF needle and was able to enter the data into spread sheet and 
calculate the open area between the jet and the need at various needle depths.  (The jet diameter is 
0.10 inches.) The amount of fuel delivered is proportional to this open area.  I assume (but don't know 
for sure) that the proportion is direct; if the area is doubled, the fuel delivered is doubled, etc.   Recall 
that the maximum needle adjustment is a little over 3 turns or a little over 0.01 inch --- roughly one 
step in the chart below.   
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Needle (B1AF) and Jet Geometry 
Open area between 
needle and jet (sq 

inches) 
Distance from 

needle top (inches)
Open area (percent of 

maximum) Needle diameter (inches) 

0.000 0.0951 0.0030 19% 
0.125 0.0942 0.0035 22% 
0.250 0.0923 0.0046 29% 
0.375 0.0897 0.0061 28% 
0.500 0.0864 0.0080 49% 
0.625 0.0835 0.0095 59% 
0.750 0.0798 0.0114 70% 
0.875 0.0771 0.0127 79% 
1.000 0.0749 0.0138 85% 
1.125 0.0731 0.0146 90% 
1.250 0.0712 0.0155 96% 
1.375 0.0695 0.0162 100% 
1.500 0.0695 0.0162 100% 

The next thought was --- where does it run at idle?  The needle in my '76 is around the 3/8 inch height 
(+ or -) at idle.   My guess is that carb runs at about 3/4 inch needle height when cruising at 70 mph on 
the level.   

My '76 TR6 seems to be running great. It is a bit non standard.  The head is from a '73 and the air 
pump, exhaust air injection and EGR valve have been removed. The compression measures between 
150 and 160 psi on all cylinders.  The carbs are original with original throttle shafts, bushes, needles 
and jets.  My guess is that they have a total service of about 75K miles.   These carbs have been 
completely disassembled in the last few months and powder coated.  As far as I can tell, they are in 
like new condition.  The ignition is standard points with 6 volt coil.  The timing is set at TDC with retard 
unit connected.  There is a slight ping at around 2000 RPM when under heavy load using 89 octane 
fuel (at ~ 1,000 ft above sea level).    

I did a set of short test runs in the '76 at various mixture settings.  All tests were made with the 
dampers removed and with the exception of the first run, with the idle screws unchanged.  Each test 
run is seven miles over a country road.  The middle part is straight and flat where I get up to ~ 70 mph 
and then turn around and head back.  The first part is winding and down hill and of course uphill on the 
return where the engine can be loaded at low RPM. The  mixture setting is based on the number of 
turns from the full up setting.  For example, 0 is all the way up (screw tight), -1 is down one turn, etc.  
Small spacers were fabricated and placed under the adjustment screw to allow the needle to be raised 
above the normal maximum up (0) setting.  One of  the spacers is shown in the next photo.  The 
spacer OD is .370 inches and the ID 0.313 inches.  This allows the spacer to rest on the shoulder that 
the bottom of the adjustment screw normally rests and the ID is large enough for the needle carrier to 
pass.  The sleeve is 0.065 inch high but when rested on the rounded top edge of the shoulder raises 
the maximum height about 0.070 inch or about 2 turns above the 0 position.    

The test results are shown in the next chart  The plug color refers to the major color of the darker half 
of the plug tip.  About half of each plug was pretty white and the other half changed color with the 
mixture. Number 2 and 5 plug plugs were pulled and checked after each test run.  In all cases the 
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plugs were nearly identical.       

Mixture Tests 
Adjustment 

Screw Setting 
(Turns) 

Idle 
RPM Plug Color Air Valve Piston Lift 

Test Exhaust  Other 

+2.0 stalled Black speedup - never 
stall No Popping Ran Great 

+1.0 500 Dark 
brown 

speed up - never 
stall No Popping Ran Great 

0 700 Brown speed up  -never 
stall Mild Popping Ran Great 

-0.5 750 Light 
Brown 

slight speedup - 
stall More Popping Ran Great 

-1 800 Tan no speedup - stall Much Popping  Ran Great 
-2 800 Tan no speedup - stall Much Popping  Misfire under 

load 
-3 700 Tan no speedup - stall Much Popping  Misfire under 

load 

The air valve lift test refers to what happens when the air valve is slowly raised about 1/4 inch and 
then raised to full up.  For the richer settings, the the engine speed increases when it was raised about 
1/4 inch and continued to run (rather poorly) as it was raised to full up.  The likely explanation is that 
the other carb is supplying enough fuel to keep it running.    

I ran another test of operating the anti run-on valve when it was idling.  In all cases except the -2 and -
3 setting, the speed increased before it stalled.  It stalled with no speed increase in the leanest two 
tests.  For the cases where the speed increases, the mixture at idle is richer than peak power on the 
curve.  As the depression in the float chamber increases after the valve operates, the mixture leans.  
The speedup indicates that more power is generated at a leaner mixture.   

There was a significant increase in the exhaust popping as the mixture was leaned.  The exhaust is a 
stainless dual sport system with several leaks.  I plan to remove the exhaust manifold for powder 
coating in the near future.  An attempt will be made to fix the leaks in the pipes when the system is put 
back together.   This will be updated after the pipes are fixed.         

Apparently the carb design is such that it runs richer at idle than when the throttle is opened further ----
possibly to insure a smooth idle.  

I did a ~ 125 mile test drive on highways and country roads at the +1 setting and measured a 23.2 
mpg performance.   

After all these tests I decided to use the -0.5 turn setting -- until I tweak it the next time. I also adjusted 
the timing to 4 degrees ATDC to eliminate the occasional pining with the 89 octane fuel.     A 
subsequent test drive showed 26.7 mpg economy.   

Note that it was impossible to adjust the carbs rich enough to turn the plugs black without using the 
little spacers.   That would probably not be the case if the needle and jet were worn making the open 
area between the needle and jet larger.  It is also worth noting that it appears the standard carbs can 
supply sufficient fuel to reach the maximum point on the power curve, and if one uses the little 
sleeves, sufficient fuel can be supplied to exceed the maximum power point.   I guess that means it is 
a waste of money to replace the carbs on a standard engine with carbs that supply more fuel  --- you 
loose power and economy really goes to pot.     

Dick Taylor suggested several alternatives to the little spacer to achieve a richer mixture.  One is to 
push the jet down about a tenth of an inch.  Another is to carefully file a flat on one side of the needle.  
Dick suggests reducing the diameter measured to the flat by .002 inches from the thickest part to 
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about the middle of the needle.     

Note:  after this note was written I built an air/fuel monitor and used it to check out carb mixture. This 
work is described in the accompanying notes.  The mixture measurements are in the note Using 
Air/Fuel Monitor. While that note provides considerable additional information, the conclusion is that 
the best carb setting is between 1/2 and 1 turn below the maximum up position, the same as found 
above.     

The main thing learned from these tests is that no matter how badly the carb mixture settings 
are screwed up, the car runs pretty well.  A corollary is that no matter how the carbs are 
adjusted, a screwed up engine probably can't be made to run well. 

Troubleshooting:  

The following are some trouble shooting hints: 

Possible causes of poor idle quality:    

• improper synchronization 
• air leaks around manifold 
• air leaks around throttle shaft 
• temperature compensator stuck open 
• damaged diaphragm 
• stuck or binding air valve 
• misadjusted float 
• incorrect timing  
• misadjusted idle trim screw  

Possible causes of poor engine braking: 

• misadjusted or defective bypass valve 
• defective ignition retard unit  

Possible cause of run-on (dieseling): 

•  defective anti run-on valve 
•  fuel octane too low for engine compression  

 Possible cause of exhaust popping: 

• misadjusted or defective bypass valve 
• exhaust system leaks 
• too lean mixture     

Possible cause of poor performance at high temperature:  

• misadjusted, stuck or defective temperature compensators 
• carb tuned at too low temperature because of defective thermostat  
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Powder Coating ZS Carburettors 
by Nelson Riedel, nariedel@adelphia.net 

Initial 12-21-01 

 

The carbs for my '76 TR6 were overhauled last winter.  Before the carbs were installed I got interested in powder 
coating and put together a power coating setup.   (There are notes on this website describing both the carb 
overhaul and the powder coating equipment.)  I decided to powder coat the carbs after observing how great the 
powder coated clutch master cylinder looked in comparison to the stained appearance of the carbs.   Before 
jumping in and screwing up my good set of carbs it was decided to do a test run on an old carb.  It went pretty 
well.  The major problem was a few bubbles probably caused by out gassing from the castings when they were 
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castings before doing the cleanup. 

The carbs must be bead blasted to clean them before powder coating.   There are a number of small passages in 
the carbs that can be plugged by the beads.  There are also some precision parts whose dimensions that can be 
altered by the blasting thus destroying them.    The way to cure this is to remove or cover the critical parts during 
the blasting operation.   

Because complete disassembly is required it was decided to do one carb at a time so the other carb could serve as 
a model as to where everything goes.  The first challenge was to deal with the float chamber vent valve provided 
on '73 and later carbs described in Part II of the carb overhaul notes.  It is impossible to seal the passages well 
enough to keep the small beads out of the valve and the valve won't operate properly if there are any beads in it.  
(I know this from experience because I  blasted the trial carb without removing the valve and plugged everything 
up).   I hadn't seen any documentation on how the valve operated or how to disassemble it.  My guess was that 
the brass sleeve was pressed into the carb body so the first step was to press the sleeve out.  Unfortunately there 
is no access to the back side of the sleeve to press it out. The technique used to remove the sleeve was to enlarge 
the sleeve ID with a  17/64 inch drill to a depth of about 1/4 inch and then thread the sleeve 5/16-TPI deep 
enough so that a bolt can be screwed in about 3 turns. The taps are tapered so a little torque is required to get the 
last couple turns on the bolt.  The bolt was then removed and a nut, washer and spacer placed on the end of the 
bolt and the bolt was then screwed back in.  The nut was then tightened to draw out the sleeve. See photos 
below. 

The next photo shows the sleeve and valve components.  

Next, the carb was disassembled as follows: 

Top Cover:  The top cover was removed and the air valve with needle, spring,  damper  and screws were set 
aside. 

Throttle Plate & Spindle:   The throttle plate screws were removed and the plate, spindle and spring were all 
set aside.   The throttle bush seals were also removed and set aside. 

Float Chamber:  The float chamber sealing plug, floats, screws and float valve were all removed and set aside. 

Vent valve Lever ('73 & later):  The vent valve lever clip was removed  and the plastic sleeve inside the lever 
was removed and set aside. 
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Cold Start valve (choke):   The cold start valve was removed and disassembled with all the parts except the 
outer aluminum casting set aside.  

Temperature Compensator:  The temperature compensator was completely disassembled and everything 
except the casting set aside. 

Idle Trim Screw:  The idle trim screw was removed and set aside. 

Bypass Valve: The bypass valve was taken apart and all parts except the two castings were set aside.  

Breathing Port:  The plastic sleeve was removed from the emission breathing ports (not provided on all carbs).

Choke Cable Bracket:  The choke bracket was removed and set aside. 

Next, all the aluminum castings were heated in the oven at 450o for about 30 minutes to drive out any gasses 
trapped in the aluminum.  The parts were then washed thoroughly in hot water and dish detergent.  

The following bare castings were then reattached to main casting (no gaskets): 

• top cover  
• float chamber cover  
• bypass valve castings  
• cold start (choke) outer casting.    

These parts were attached using one round head screw per part.  The regular screws were not used.   The 
attachment of these parts served to cover and protect the mating surfaces from the blasting and painting.   Next, 
the very small vacuum ports adjacent to the manifold were plugged and covered with duct tape to keep the glass 
beads out of the small chambers.   Plugs were inserted in the throttle bushes and a rag was stuffed into the main 
carb passage.  The unit was then bead blasted until shiny bright over the entire exterior surfaces.   The inside and 
plug portion of the temperature casting was covered with tape and also blasted.  The vent lever was also blasted 
separately.   

After the blasting, the castings were separated and washed in metal prep and then rinsed in clear water and 
blown dry.  The small castings were then reattached to the main body using the one screw per part. The surfaces 
that mate with the manifold and air filter were then masked as were all brass tubes and the vent lever shaft ('73 & 
later).  All ports and screw holes were then plugged with silicone plugs.   The photos below shows the masked 
carb.   The 5/16 inch bolts with wire between were used to suspend the carb while powder coating and curing.  

 4



 5



The last photo on the right above shows the carb after powder coating and before curing.  The temperature 
compensator (everything masked except visible exterior) and vent lever castings were also powder coated and 
cured at the same time as the main castings. 

After the carb was cured, it was disassembled and the parts washed thoroughly to remove and beads than may 
have got into the internal passages.  A tap was then ran into/through all threaded holes to remove any beads.  If 
this is not done, a screw may hang-up.   A small wire was run through the small holes that lead to the vacuum 
ports to the distributor, EGR valve etc. to make sure they were clear. The castings were washed again after this.  

The steel parts were then blasted and powder coated.  The cold start, choke cable, throttle lever and spring were 
coated with "translucent gold".   The screw heads have not been coated yet.  If I decide to PC them I'll  probably 
use the stamped steel color.  

The first thing assembled was the float chamber vent valve; the valve with the little springs was slipped into 
position and the brass sleeve pressed home.  The rest of the carb was then reassembled, reinstalled and tuned as 
described in the carb overhaul notes. 

The photos below show the finished carbs installed on my '76 TR6. The temperature compensator covers can be 
spray painted with ordinary car aerosol touch–up paints to whatever color you fancy. 
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TR250 & Early TR6 Carburettors 
Replacing Fixed Needles with Adjustable Needles 

By Nelson Riedel, nariedel@adelphia.net 
Revised 12-21- 2001 

My friend Ryan Miles has recently acquired a fleet of TR250s.  He plans to build an enhanced engine using triple ZS 
carburettors.  Unfortunately, all his carbs have fixed metering needles and he prefers to have some adjustment capability.  
Both my TR250 and early TR6 are equipped with carbs that have adjustable needles while the rest of the carbs are original  of 
the type supplied with fixed needles.  Apparently the SPOs (Smart Previous Owners) changed the air valves to ones with 
adjustable needles.  I volunteered to see if there was an easy way for Ryan to modify his TR250 carbs to accommodate stock 
adjustable needles.  

The sketches above show the air valve with adjustable needle on the left and fixed needle on the right.  The needle recess for 
the fixed needle is smaller than for the fixed needle and sealed at the top.   
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The photo above shows the adjustable needle with needle retaining screw, adjustment screw, adjustment screw retaining clip 
and an old damage O rig that fits in the slot on the adjustment screw.  The photo below shows a comparison of the adjustable 
needle with the larger carrier and the fixed needle with the smaller carrier.   The actual needles are essentially identical. 

  

Needle Recess:  Careful inspection of the fixed needle air valve revealed that if the 
needle recess were enlarged and the closed upper portion drilled out, this area of the 
two valves would be identical. Of special importance was that the position of the 
shoulder where the lower side of the lip on the adjustment screw rests is the same in 
both the adjustable needle air valve and the fixed needle valve.  

The photo on the right shows drilling out the needle recess with a Letter O drill (0.316 
inch).  A  5/16 inch  (0.312) was tried first but the hole was too snug for the needle 
carrier.      

The adjustment screw slid down into the valve from the top with no problem.  A 5/16 
inch steel rod was used to tap the retaining clip into position. The needle also slid into 
position with no problem.   These were then removed so that the retaining screw could 
be dealt with  

The Problem --- the Needle Retaining Screw:   The fixed needle is secured with a 8-32 retaining screw that is threaded into 
a hole in the side of the valve guide rod (not shown on the sketch above, but similar to the set screw for the adjustable 
needle).  The adjustable needle is also secured by a retaining screw.  However, that screw is 10-32 and threads into the 
aluminum air valve just beyond the valve guide rod. The set screw used for the adjustable needle has a spring loaded plunger 
end that fits into a slot in the side of the needle carrier.  The spring holds the plunger in the slot to keep the carrier from tuning 
as the adjustment screw is turned.  However, the pressure is limited so the carrier can move up and down.  The slot in the 
carrier runs only part way up the side of the carrier so that the plunger also keeps the carrier from dropping out the bottom of 
the air valve when the adjustment screw is turned all the way out of the carrier.  This is a simple but very effective design.   
The left photo below shows the retaining screw and the right sketch shows a cross-sectional view of the screw with the spring 
on the inside.   
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The problem is that the hole for the retaining screw in the side of the fixed needle air valve is ~7/32 (0.219) inch.  The correct 
tap drill for the 10-32 screw is Number 21 (0.159 inch).  That is, the hole is too big to thread for the screw.  The only solution I 
could think of was to press a short piece of aluminum into the hole and then drill and tap it 10-32.    

The Fix:  The solution that I think is the best requires access to a lath.  I first secured the air valve in a vise.  A drill was 
inserted in the hole as a guide to help align the hole vertically.  Next, the aluminum part of the hole was drilled 7/32 inch.  The 
hole is nearly that size so only a thousands or so was removed.  The drill was not run though the steel air valve guide rod, just 
through the aluminum part.   Next the outer ~0.3 inch depth of the hole was enlarged with a Number 1 drill (0.228 inch). A 
15/64 drill can be used if a Number 1 drill isn't available.  (left photo below) 

Next, a lathe was used to fabricate an aluminum plug.   The plug outer diameter was turned to 0.224 inch.  The center was 
drilled 0.159 inch with a Number 21 drill and the plug was cut to ~ 0.3 inch length. The plug slid in the first ~0.3 inch depth and 
then encountered resistance.  The plug was then driven into the final ~0.3 inch with a punch (center photo below).   

The hole in the plug was then taped 10-32.  A tapered tap was used first and then a flat bottom tap made by grinding off the 
end of an old tapered tap.   The hole was threaded in the aluminum plug but not through the air valve guide rod (right photo 
below).  The thread depth was tested with a screw to insure that it was deep enough for the pin to enter the slot in the slot in 
side of the needle carrier but no so deep that vertical adjustment is restricted.  I used the flat bottom tap to fine tune this depth 
by alternating the tap and the test screw.                       

The final results were that the modified valve is essentially identical to the valves originally made for adjustable needles.  

   

Alternative Fix:  I tried an alternative that doesn't require a lathe using 1/4 inch aluminum rod stock for the plug. The hole is 
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upper part of the hole was enlarged to a depth of ~0.3 inches with a 1/4 inch drill.  A ~0.3 inch length of the 1/4 inch rod was 
driven into the air valve.  The 1/4 inch drill was used again to drill slightly into the plug to form a center mark.  A Number 21 
drill was used to drill through the plug.  The plug was then tapped 10-32 as above.     

This is not my preference because the wall between the bottom of the air valve and the 1/4 inch hole is very thin.  It's possible 
(but not likely) that this wall might be fractured during the drilling operation.   The first choice above has a much greater 
margin. 

 

        

 

 

The Parts: The final step was to figure out where to get the parts.  The following summarized my research. 

Part TRF Moss  Victoria British 
               Needle (B1AF) $27.50 $11.95 $17.95 
               Adjust Screw $5.95 - $5.95 
               Adjustment Screw retaining Clip $0.79 $0.65 $0.60 
               O Ring on Adjustment Screw $1.10 $0.75 $0.60 
               Needle Retaining Screw $3.25 $3.85 $3.95 
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Air/Fuel Monitor 
Nelson Riedel nariedel@adelphia.net 

draft revised 12-26-01 

The primary function of the carburettor is to provide the correct air fuel mixture.   Unfortunately us 
Triumph enthusiasts face some problems related to this function such as: 

• The correct mixture depends on whether one is interested in economy or power.   
• Even when one knows whether they want power or economy, it's difficult to tell how the carbs 

are actually performing.  
• The mixture varies over the operating range of the carbs.  

We are usually reduced to lifting carb air valves or checking spark plug color as a rough indication of 
carb mixture. I've often though I'd like to have a mixture meter that would visually display the mixture 
as I drove the car.  Once I knew the mixture, I figured I could then tune the carbs better and would 
know that I'm at peak performance (either power or economy).  I figured such instruments are 
readily available but probably cost more than the car is worth.    

Dick Taylor had mentioned from time to time that he uses an O2 sensor to tune carbs.   I finally 
asked him for more information and he told me that he uses a   K&N Air / Fuel Ratio Monitor that 
costs less than $170. These monitors pictured below are available from  
http://www.alamomotorsports.com/knn_afr.html.  That is much less than I expected and well within 
my affordability (although the spouse would say $170 is still more than my TR6 is worth).   

  

     

  

Dick gave me some additional links that have more information and describe circuitry others have 
used to display the A/F readings.  The following are some of these links. 

• http://www.pelicanparts.com/techarticles/mult_air_fuel_monitor/mult_air_fuel_monitor.htm  
• http://www.students.tut.fi/~eppu/dev/EGO-bar.html  
• http://www.engr.ucdavis.edu/~avsmith/o2sensor.html  

I learned a lot about the oxygen sensors and how they can be used to measure the air/fuel (A/F) 
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mixture from these articles.   

History:  I don't know the actual history but can guess at what happened.  The auto industry had 
the oxygen sensor developed in the  1970s or 1980s.  The sensor provided input to the electronic 
control systems used to regulate the mixture for both economy and emissions.  Note that this is a 
closed loop system --- automatic control.  Since the sensors were soon used on all autos, cost 
reductions ensued and the prices of sensors dropped.   

Some knowledgeable people then probably applied the technology to build a monitor (an open loop 
system) to evaluate the performance of their earlier cars, possibly hi performance cars or race cars. 
The data on the links above indicate the engineering students/faculty were into these measurement 
systems in the 90s.  By now, this stuff is probably old hat to the performance folks.  

The O2 sensor:  The O2 stands for the oxygen molecule, the predominate form of oxygen in the 
atmosphere.  The O stands for the Oxygen atom and the 2 means two atoms per molecule.   

The sensors are used to sense the amount of O2 in the exhaust gases.   Too little O2 means that 
the mixture is too rich, too much O2, the mixture is too lean.  The left graph below  presents the 
relationship between A/F mixture, economy & power.   

The ideal A/F mixture is 14.7 to 1 or 14.7:1 or simply 14.7. The ratio of the actual mixture to the 
ideal mixture is defined as Lambda,  the excess air factor.    

 
The output of the Lambda O2 sensor is a voltage as shown in the graph on the above right .  So, all 
we have to do is connect the sensor to a voltmeter and we're set, right?  Wrong!  The sensor 
voltage source is high impedance, which means it can't deliver much current or power.   This 
voltage can only be measured accurately after power amplification.  Electronic test instruments 
(which contain power amplification) be used to accurately measure the voltage, but the inexpensive 
multimeter may not give an accurate measurement, especially when the sensor is not at operating 
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temperature.   The K & N instruments pictured above very probably contain some sort of amplifier in 
the display device.   Another point, the sensor must be very hot (300o C) before it provides a reliable 
output.  The output voltage seems to be relatively independent of the temperature but the power 
output capability (in this case, current capability) increases as the temperature increases.   

Gabriel Pennella (sarasa911@yahoo.com), the author of the note on the Pelican Parts link above 
gave me permission to use the graphs above and also sent the data in the table below. Thank you 
Gabriel!  Gabriel has a neat home page at:  http://www.cincado.com/911/  .  Check out his James 
Bond project, quite amusing. 

 

 

    

Observations Lambda 
Factor 

Lambda 
output voltage 

at 600ºC 

Exhaust CO Engine 
output 
torque  

0.8 0.95V 7.0% 98.9%  

0.85 0.92V 5.2% 99.9% Max power = lambda 
0.86 

0.9 0.88V 3.7% 99.5%  

0.95 0.8V 2.3% 98.7%  

1.00 0.2V 0.9% 96.6%  

1.05 0.08V 0.28% 93.2% Best fuel economy 
1.1 0.068V 0.25% 89.0%  

1.15 0.058V 0.24% 82.0%  

1.2 0.05V 0.24% 74.0%  

1.25+ The mixture will not ignite... 
Misfiring.. 

  

      

These numbers are for reference and, will have small deviations, 
depending on different lambda sensors and engine operating conditions 

Some sensors are equipped with an internal electric heater to get it up to operating temperature 
quickly. These sensors have two or more wires, one or two for the heater and one or two for the 
signal.  In general, the more wires, the higher the cost.  Those sensors with heaters also cost more. 

Fabricate a monitor:  After looking over the Gabriel's and others notes, I decided to build a 
monitor.  I'm an Electrical Engineer so the circuitry holds little mystery.    The following describes 
how I constructed the monitor.  This job is well within the capability of one with good eyesight and 
familiar with electronic components.   One reason I chose to go this way is that I have a late TR6  
with dual carbs and dual exhaust.  I wanted a monitor with dual sensors that could display the A/F 
situation of both exhausts simultaneously.   (Those that chose to purchase an assembled monitor 
may also find some of the following information useful.)   
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The first step was to purchase the O2 sensors.  I selected the Bosch 11027 single wire sensor 
obtained from Auto Zone for $17.99 each.  This the cheapest sensor Auto Zone stocks for the '91 
Honda Civic.  I'm sure it has many other applications. I've done no research on these sensors other 
than mentioned earlier so I have no idea whether this is a good or poor sensor relative to others.   
All I can say is that it works.  The sensor is shown in the photo below. The end is threaded 18mm X 
1.5 mm.  The wire is arranged with a crimp connector.  The black tubing over the wire is heat shrink 
tubing to cover the connector.   The electrical signal is measured between the output lead and 
ground.   

 

Selecting the sensor location:  Some things to consider when selecting a sensor location: 

• Keep it close to the engine so that it heats quickly.  
• Don't interfere with other engine components.    
• Position the sensor so that sensor can be replaced easily.  
• Minimize exhaust gas flow disruption  

Probably the best choice is to locate the sensor in the manifold.  I thought about drilling holes just 
above the down pipe flange, pointing one sensor to the front and the other to the rear.  This required 
that I purchase an 18mm X 1.5 mm tap.  A quick check of my normal suppliers indicated such a tap 
costs ~ $30.  Ouch!  Besides, I'm not sure the manifold is thick enough to thread properly.  Another 
alternative is to braze on a fixture to hold the sensor.  I understand that fixtures (called bungs?) are 
available.  The next choice for me was the down pipe.  There is a problem just below the flange; the 
engine mount restricts the space in front of the pipes and the space behind the pipes must be kept 
free for starter removal.   Also, I didn't want to further obstruct access to the nuts that secure the 
down pipe flange.   I finally settled on mounting the sensors on the under side of the down pipe just 
below the first bend.  Rather than purchasing a fixture, I obtained some 18mm X 1.5 mm nuts to use 
as a fixture.  
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Note that an objective of the two sensors is to get a 
separate measurement for each carb.  However, 
investigation of the exhaust manifold revealed a hole 
between the two sides just above the flange as shown in 
the photo on the right.  I doubt that there is much 
crossover unless there is an unbalance in the exhaust 
pipes and mufflers.   Also remember that there is a 
crossover between the two carbs on the input side so it's 
impossible to get a completely independent reading of 
each carb.   I did find in later tests that the sensor outputs 
seemed to reflect the condition of the associated carb, 
especially at several thousand RPM and higher engine 
speeds.     

Mounting the Sensors:  The following photos show the installation process.  A grinder was used to 
shape one side of the nuts to fit the side of the pipes.  The thickness of the nuts was also reduced 
about 0.1 inch.  A Unibit step drill was used to drill the pipes.  The Unibit makes a nice hole in thin 
metal.   The holes were roughly the same size as the inside diameter of the nuts.  The nuts were 
clamped securely before welding.   I used a flux-in-wire welder.   When the second nut was welded 
some splatter managed to get inside the first nut.  The next time I do this I'll screw in a bolt to cover 
the threads before welding.  

I used 18 gauge wire to connect the sensor to the display, in this case a blue wire for the front carb 
and a green wire for the rear carb.  Heat shrink tubing was used to cover the splice.  The part of the 
wires in the engine compartment was covered with the same type tubing as used on the wires to the 
headlights (available from TRF).  The cable was routed in front of the engine mount and then along 
the coolant pipe in the intake manifold and then through the grommet containing the choke cables.  
Nylon cable ties were used to secure the cable to the coolant pipe.   The lower left photo shows the 
freshly power coated manifold.  The hi temperature paint lasts about two months;  I hope the PC 
lasts much longer.   
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Display: There seems to be two choices for output displays, an analog meter or a LED display.  
After some experimentation I chose the LED display because it is easier to get a reading with a 
quick glance and it responds better to transient conditions.  Most the articles on the Internet (see 
links above) suggest using one or two National Semiconductor LM 3914Dot/Bar Display Driver 
Integrated Circuits.   The description of the LM3914 from the National Semiconductor website 
(http://www.national.com/pf/LM/LM3914.html) is: 

 

General Description 
The LM3914 is a monolithic integrated circuit that senses analog voltage levels and drives 10 LEDs, 
providing a linear analog display. A single pin changes the display from a moving dot to a bar graph. 
Current drive to the LEDs is regulated and programmable, eliminating the need for resistors. This 
feature is one that allows operation of the whole system from less than 3V. 

The circuit contains its own adjustable reference and accurate 10-step voltage divider. The low-bias-
current input buffer accepts signals down to ground, or V-, yet needs no protection against inputs of 
35V above or below ground. The buffer drives 10 individual comparators referenced to the precision 
divider. Indication non-linearity can thus be held typically to ½%, even over a wide temperature 
range. 

Versatility was designed into the LM3914 so that controller, visual alarm, and expanded scale 
functions are easily added on to the display system. The circuit can drive LEDs of many colors, or 
low-current incandescent lamps. Many LM3914s can be "chained" to form displays of 20 to over 100 
segments. Both ends of the voltage divider are externally available so that 2 drivers can be made 
into a zero-center meter. 

The LM3914 is very easy to apply as an analog meter circuit. A 1.2V full-scale meter requires only 1 
resistor and a single 3V to 15V supply in addition to the 10 display LEDs. If the 1 resistor is a pot, it 
becomes the LED brightness control. The simplified block diagram illustrates this extremely simple 
external circuitry. 
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When in the dot mode, there is a small amount of overlap or "fade" (about 1 mV) between 
segments. This assures that at no time will all LEDs be "OFF", and thus any ambiguous display is 
avoided. Various novel displays are possible. 

Much of the display flexibility derives from the fact that all outputs are individual, DC regulated 
currents. Various effects can be achieved by modulating these currents. The individual outputs can 
drive a transistor as well as a LED at the same time, so controller functions including "staging" 
control can be performed. The LM3914 can also act as a programmer, or sequencer. 

The LM3914 is rated for operation from 0°C to +70°C. The LM3914N-1 is available in an 18-lead 
molded (N) package. 

The following typical application illustrates adjusting of the reference to a desired value, and proper 
grounding for accurate operation, and avoiding oscillations. 

Features 

• Drives LEDs, LCDs or vacuum fluorescents  
• Bar or dot display mode externally selectable by user  
• Expandable to displays of 100 steps  
• Internal voltage reference from 1.2V to 12V  
• Operates with single supply of less than 3V  
• Inputs operate down to ground  
• Output current programmable from 2 mA to 30 mA  
• No multiplex switching or interaction between outputs  
• Input withstands ±35V without damage or false outputs  
• LED driver outputs are current regulated, open-collectors  
• Outputs can interface with TTL or CMOS logic  
• The internal 10-step divider is floating and can be referenced to a wide range of voltages  

The good points I see of using the LM3914 are: 

• low-bias-current input buffer (amplifier) means it won't load down the O2 sensor  
• works well on 12V and auto temperature ranges   
• it's relatively cheap (~$3.50)  
• easy to make a voltmeter with 0 to 1 volt range.  
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The next step was to find a a suitable display.  
Electronic Goldmine (http://www.goldmine-elec.com) 
had just the thing on Page 42 of their 2001 
Spring/Summer Catalog.  Their catalog is available 
online. If you don't find the display on page 42 of a 
later catalog, look up "display" in the index (I tried 
LEDs and couldn't find it).  The catalog description is 
shown below.  They also carry the LM3914s and the 
other required parts.  The parts used to construct the 
display are on the right. I cheated a bit, those black 
things are not actually LM3914s, I didn't have any left 
so I substituted other integrated circuits that look the 
same.   Unfortunately, I substituted 16 pin devices 
and the LM3914 has 18 pins.  So, the LM3014 looks 
just like the parts shown except that they're 0.1 inch 
longer.  

 

My first display circuit had a linear output; the first LED turned on at 0.09V, the second at 0.18V, the 
third at 0.27V and the last (tenth) at 0.90V.   I used the bar graph mode so that the LEDs turned on 
at a lower voltage stayed on when addition LEDs were turned on. When the last LED turned on at a 
voltage grater than 0.9V, all the LEDs were on. 

This circuit worked well except all the action took place with nearly all the LEDs on or with very few 
on.  That's not surprising if one looks at the graph above and notes that small changes in A/F near 
14 result in a large change in voltage whereas larger A/F changes near the two ends of the graph 
result in a  much smaller voltage change.  What was needed was more sensitivity at the two ends 
and less sensitivity near the middle.   

After several design iterations I decided to use two LM3914s for each display but use only half the 
outputs -- many at the two ends and few towards the middle.  The following table shows the design 
objectives for the  relationship of LED, voltage, Lambda, A/F ration    

Voltage 
Range 

Air/Fuel 
Ratio 

Output 
TorqueLED Lambda Observations 

Too rich, power 
loss >945mV <0.80 <12 <98%  

900-945 
mV 

Maximum 
power ~0.85 ~12.5 100%  

855-900 
mV ~0.90 ~13.2 99%  Good operation 
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810-855 
mV ~0.93 13.8 98% Good operation  

540-810 
mV ~0.97 14.3 98% Good operation  

225-540 
mV ~0.98 14.4 97% Good operation  

180-225 
mV ~1.0 14.7 97% Good operation  

135-180 
mV ~1.02 ~15 96% Good operation  

90-135 
mV 

Maximum 
economy ~1.04 ~15.3 95%  

45-90 
mV 

1.05-
1.25 15.4-18 Pretty lean 74-94% 

Too lean, 
misfires All out <45 mV >1.25 >18 ? 

The circuit below provides one display for one O2 sensor.  I used two sensors so my display has a 
duplicate display but shared the same 5 volt regular.   The regulator is not required but I was afraid 
the LM3914s might get a little hot when the battery is at 15 volts.  The regulator dissipates most the 
excess power.  The regulator also has an internal thermal sensing circuit that limits the current 
output (if required) to avoid damaging the regulator.   The 1 K resistors are 1/4 watt. The filter 
capacitor value is not critical, a 2.2 or 4.7 uF or more at 10 volts or more is fine.  The potentiometer 
should be adjusted so that there is 0.95 volts on pin 6 of the LM3914 on the right.  This will cause 
the last LED to turn on when the input from the sensor exceeds 0.95 volts.  

 

 21



The photos below show the first circuit built.   The first step was to cut a length of 1.5" X 1.5" 1/8 
inch thick aluminum angle.   Next, slots were cut in one side for the two LED displays.  An aluminum 
spacer block was attached to the other side then a short strip of steel was attached on top of the 
spacer to serve as a clamp. The strip slips over the lower lip on the metal dash to the right of the 
key lamp and then the hex socket head screw is tightened to secure the monitor.  The spacer is the 
same height as the crash pad so that the front part of the angle is below the crash pad.  The metal 
parts were powder coated before the circuit was constructed.  The side where the circuit mounts 
was masked during the powder coating.  

One LM3914 is mounted directly to the LED display as shown in the first photo below.  The displays 
are cemented to the angle with silicon cement.   (Note: I connected one of the display segment to 
+12 V through a 1 K resistor to determine the LED polarity.)  The ICs follow the standard IC pin 
numbering.  
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The photo at the right is a close up of the display.   

The circuit was subsequently modified by adding a 
second pair of LM3914s and the two potentiometers 
as indicated in the schematic above.  The added 
LM3914s were cemented pin side up on each side of 
the display LEDs.  The potentiometers were cement 
to the other side of the angle beside the clamping 
screw head. The modified circuit looks a little ratty 
(left photo below) because of the modifications.  If I 
build another one I'll use a longer piece of angle to 
give more room for the second pair of LM3914s.   

  

 23



  

Troubleshooting the circuit:  The wiring should be checked carefully to minimize troubles.  That 
said, most of us wire things up and then use troubleshooting techniques to find the errors.    When 
power is connected to my display, all LEDs light up, independent of whether the O2 sensor is 
connected.  If the input wire is grounded, the associated LEDs turn off.  If the input wire is 
connected to 1.25V (pin 7 on the ICs) all associated LEDs turn on. If this doesn't happen, check the 
voltage at the regulator, the IC and the LEDs.   If there is +5 volts on pin 3 there should be 1.25 V on 
pin 7.  The potentiometer should be adjusted to so that there is 0.95 volts on  pin 6.  If some but not 
all of the LEDs turn on when the input is connected to 1.25 V, then check the individual LED wiring.  
The voltage on each side of the 1 K resistor connecting pin 4 of one IC and pin 6 of the other IC 
should be slightly less than 0.5 V.     

My display starts to respond after the engine has been running for a few minutes at above idle.  All 
LEDS are on before the sensors start to output power.  The ZS carbs are typically set pretty rich at 
idle so most the LEDs will normally be on at idle.  One way to check if the sensors are actually 
working is to do a short test drive.  While traveling in 4th gear at about 1500 rpm, stomp the 
accelerator to the floor.  The mixture should lean momentarily with none or only the lower couple 
LEDs on and then recover with most the LEDs on.   If most the LEDs aren't on at idle, try pulling the 
choke. 

The sensor can be tested with a multimeter.  After the engine has been running for 5 to 10 minutes 
at 2000 rpm or higher, the output should be at least 0.8 volts (measured to ground with a 
multimeter) with the choke pulled as much as possible without killing the engine.   If the sensor 
voltage is much less than 0.8 volts, then it might be defective.  If you suspect the sensor is 
defective, you might follow some of the sensor testing suggestions found at   
http://my.engr.ucdavis.edu/~avsmith/o2sensor.html .          

Installing the Circuit:  Once the circuit seemed to perform well on the bench I temporarily 
connected the circuit under the hood and made sure everything seemed to be functioning properly.  
When the car was first started all the LEDs were on.  After a couple minutes the O2 sensors started 
to generate a signal and the display then reflected the sensor output.   The mixture was very rich at 
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idle -- most of the LEDs were on.  The engine was revved and it was noted that the mixture leaned 
as the engine returned to idle.  Once everything seemed to be operating properly, I mounted the 
monitor below the dash and connected the sensor, power and ground wires.         

I used a male bullet connector on the end of the power wire and plugged it into a spare port on the 4 
wire female connector sleeve in the green wires next to where the green wires go through the 
gearbox cover to the gearbox.   This is the circuit that powers the reverse lights.   This same 
circuit powers the ignition system.    I used a female spade connector on the ground wire.  The 
footwell switch (73 & later TR6) in the center dash support has a ground on one side of the switch.  
The switch has three terminals.  One pair of the terminals are connected together.  I make sure the 
black ground wire is connected to the side of the switch with the double terminals.  I then connect 
the monitor ground wire to the second terminal of the connected pair.   The TRs are notorious for 
grounding problems.  I try not to add to these problems --- but am only partially successful  

The use of the monitor is described in a separate note. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Using an Air/Fuel Monitor 
Nelson Riedel nariedel@adelphia.net  

draft 12-22-01 

The construction of an Air/Fuel Monitor is described in a separate note.   The operation of the monitor on 
my '76 TR6 is described here.  Commercially available units would probably perform similarly.  At this 
point, the monitor has only been installed for a few weeks, since the first of December 2001.  The 
weather has been unseasonably warm so I was able to do a lot of road tests.   I wanted to get these data 
out to other folks so that those living in the north and interested in duplicating the monitor can do so when 
their car is laid up due to the weather.  Hopefully they'll be all set to test everything on the first decent day 
in the spring.   
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The monitor display is mounted to the right of the ignition switch as shown above on the left.   A close-up 
of the display is shown on the upper right.  The colors appear much brighter and crisper than the photo.  
The left column of Light Emitting Diodes (LEDs) is for the rear carb and the right column for the front 
carb.  The leanest mixture is with all LEDs off.  As the mixture becomes richer, lights begin to turn on 
from the bottom.     

The O2 sensor voltage level corresponding to each LED is shown in the table below.   The correct 
reading is that which corresponds to the highest LED that is on.   For example, if the bottom two red and 
the lowest yellow are the only LEDs on, then the mixture is about15:1.  If all except the top two red lights 
are on, the mixture is about 13.2:1.  I don't have specifications as to the likely variations from sensor to 
sensor.  However, I suspect that the variation is probably on the order of plus or minus one LED level.   
The point is, don't try to read the data too precisely --- the monitor is not a precision test instrument.   It 
will however provide useful carb tuning information.     

Voltage 
Range 

Air/Fuel 
Ratio 

Output 
TorqueLED Lambda Observations 

Too rich, power 
loss >945mV <0.80 <12 <98%  

900-945 
mV ~0.85 ~12.5 100% Maximum power  

855-900 
mV ~0.90 ~13.2 99% Good operation  

810-855 
mV ~0.93 13.8 98% Good operation  

540-810 
mV ~0.97 14.3 98% Good operation  

225-540 
mV ~0.98 14.4 97% Good operation  

180-225 
mV ~1.0 14.7 97% Good operation  

135-180 
mV ~1.02 ~15 96% Good operation  

90-135 
mV ~1.04 ~15.3 95% Maximum economy  
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1.05-
1.25 45-90 mV Pretty lean 15.4-18 74-94% 

All out <45 mV >1.25 >18 ? Too lean, misfires 

First results: The first test runs were made with the needles set one turn below the full up position.  This 
was a good setting but on the lean side based on previous tests - see accompanying note Part III.  The 
following monitor output was observed on a half dozen test runs of about 5 miles with speeds up to 60 
mph: 

• When the car was first started, all the LEDs were on.  After a couple minutes warm up, the O2 
sensors start to respond and some of the lights went off.  

• At idle, all but the top LED was on in the left column and the right column varied with the top LED 
on sometimes and off at other times.  

• When accelerating under load at low RPM sometimes the mixture got so lean that all the LEDs 
went out and then after a couple of seconds the mixture started to become richer to the point 
where most the LEDs were back on.    

• Both the displays moved together most the time.    
• Sometimes the mixture when very lean with all the LEDS out when decelerating --- like when going 

down a steep hill.   There was some mild exhaust popping in this situation.   
• When running steady on level highway at about 60 mph the LEDS jumped around a lot with from 1 

t 5 LEDs on     
• The needle for one carb was then adjusted one turn leaner.  The monitor showed a significantly 

leaner mixture for that carb on the subsequent test run.          

This was not what I expected.  I assumed the mixture would be pretty steady and I'd be able to adjust the 
needles to the desire point and we'd be finished.  Wrong! 

The good news was that the display recognized a difference between the carbs when they were adjusted 
differently. 
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Upon further reflection, the carb performance observed 
before the monitor was installed exactly matched the 
monitor data.   At idle for example, the mixture was set 
so that the idle speed didn't change or increased slightly 
when the air valve was raised a quarter inch or so.  
Raising the air valve makes the mixture leaner.  For the 
idle speed to increase when the air valve was raised, the 
mixture must be richer then the maximum power point on 
the curve on the right.   We had clearly set the needle for 
an idle mixture near that maximum power point --- 
around a 12.6 A/F mixture matching all but the top most 
light on the monitor being on.           

Another test I did earlier was to run the engine under 
severe load and see if the engine misfired matching low 
power and a weak mixture --- leaner than 15.4:1.   It did 
if the needle was set a turn or so lower.   

With the same needle setting a very rich mixture at idle 
and a very lean mixture when accelerating under load 
was achievable.    I should have expected that the 
mixture and lights would jump all over the place.        

Numerous test runs were made at various needle settings.   In earlier tests it was noted that popping 
occurred when decelerating.  Several exhaust air leaks at joints were repaired when the down pipe with 
the O2 sensors was reinstalled.  This reduced the popping some.  However, noticeable popping still 
occurred when the mixture was set leaner then one  turn below the maximum up position. 

When the needles were set more than one turn below maximum up position, the engine could be made to 
misfire when under severe load ---- 4th gear in OD going uphill at 1500 to 2500 RPM.   I was able to get it 
to misfire several times under these conditions when the needles were set a half turn below the maximum 
up position.  

Modify the dampers:  The carb performance was pretty good with the needles set from one-half to one 
turn below the maximum up position.  There was very little of the exhaust popping when decelerating and 
only an occasional misfire under severe load.   However I was concerned about how easy it was to make 
the mixture very lean under load.  If the gas pedal were tapped while  driving at 55 mph, most the LEDs 
would go out.  It was possible to make it go so lean under heavy load that all the LEDs would go out.  

Then I though --- the air valve damper is supposed to keep this from happening.   The theory is that if the 
air valve is restricted from lifting as the throttle is opened, the velocity of the air moving past the jet will 
increase and more fuel will be sucked out of the jet.  As the air valve moves up, the velocity of the air 
moving past the jet decreases, but the opening in the jet is increased because the needle is tapered. So, 
we have two effects that cause a more fuel to be mixed with the air --- air velocity and jet opening.  
Apparently, the velocity effects are greater than the jet opening effect so if the lifting of the air valve is 
delayed, the  mixture will be richer that it would be if the air valve were allowed to move freely.  

I played with the air valve a little and found that there was more than 1/16 inch movement before the 
damper started to restrict the air valve movement.   This corresponds to about two turns of needle 
adjustment.   It was decided to modify the damper in an attempt to reduce the undamped air valve 
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movement.               

 

The photo above shows the damper with an extra piston beside it.  If you look really close you'll see that 
the piston on the damper is longer than the original shown beside the damper.   The original design 
allows 0.075 inch movement of the piston hence 0.075 undamped movement of the air valve.  The 
original piston is 0.367" diameter, 0.375" long with a 0.200" hole.  The replacement is .0370" diameter 
(0.003" larger), 0.425" long (0.050" longer) with 0.228"(0.028" bigger) hole.  This longer piston reduces 
the undamped motion from ~0.075" to ~0.025" and the larger piston diameter increases the damping 
force.  Note that the inside diameter of the air valve guide rod is 0.375 inches so the 0.0370 inch piston 
diameter gives 0.005 inch clearance.    

If you examine a damper closely you'll see that the hole in the piston is much larger than the damper rod. 
You'll also note that there is a beveled washer at the top of the piston.   When the air valve starts to rise, 
the piston is pushed up and the beveled washer seals the space between the hole on the inside of the 
piston and the rod.  The piston pushing against the oil in the damper cylinder restricts the air valve 
motion.   Some oil gradually slips by in the space between the outside of the piston and the cylinder 
allowing the air valve to move up slowly.  During deceleration the piston must drop rapidly to avoid 
making the mixture overly lean causing exhaust popping.  When the air valve starts to drop, the damper 
piston drops on the rod, moving away from the beveled washer allowing the oil to move in the space 
between the large center hole in the piston and the rod.  The intent is for the damper to restrict and delay 
upward motion of the air valve while allowing the air valve to descend rapidly.   The longer piston restricts 
the opening at the top for the fluid to get to the center hole when the piston drops.   The inner hole size 
was increased in a effort to minimize the flow restrictions through the center hole and hopefully allow the 
air valve to drop with little resistance.    (Another way to modify the damper to achieve similar results is to 
place a 0.050" thick washer between the lower end of the piston and the C clip.)     

The performance with the modified damper was as hoped ----- the mixture was much less prone to going 
overly lean when the accelerator was stomped while the engine was heavily loaded at lower (1500 - 
2500) rpm.   I ran quite a few tests on these things to make sure that the modifications really helped and 
were not my imagination.  The test that was most convincing was to put a modified damper in one carb 
and the standard damper in the other.  The monitor showed a clear difference in mixture under 
acceleration.   

During the first tests of the modified damper ATF was used in the damper.  ATF is thinner than engine oil 
and I hoped it would minimize any delay in the piston dropping during deceleration.  SAE 30 oil was tried 
next.  The pistons seemed to go up a little slower (good) but seemed to drop just as fast (also good).      
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I believe that the American carbs solve this problem of a lean mixture when accelerating by using the 
accelerator pump.  When the accelerator is advanced rapidly, the accelerator pump pumps (dumps) 
additional fuel into the carb throat.   

Misfire test:  Dick Taylor suggested I disconnect one of the plug wires and observe the results on the 
monitor.  The results were that the monitor associated with the side with the disconnected wire showed a 
leaner mixture. Not surprising ---- since one of the cylinders wasn't firing, the amount of oxygen in the 
exhaust increased.   The difference between the two sides decreased when the RPM was increased.  I 
can't explain that.  

Engine Specifics: Before going further, it's appropriate to list the engine and carb specifics.   The car is 
a '76 TR6.  The carbs are original and are the same as those used in the accompanying notes on 
overhauling, tuning and powder coating carbs.  The carbs have had very little use, my guess is less than 
50K miles.  There is not noticeable throttle shaft or shaft bush wear nor any noticeable metering needle 
or jet wear.   The engine has been overhauled within the last 20K miles.  The head is from a '73.  The 
compression measures 150 psi to 160 psi on all cylinders.  There is no EGR valve and the air pump and 
associated  hardware have been removed.  The camshaft is standard.  The exhaust is the Falcon 
stainless dual sport system.  The ignition is the standard point system with 6 volt coil.  The timing is set to 
~TDC at idle.  The vacuum  retard is connected and operational.  The carb bypass valves are functioning 
properly and adjusted to open as easily as possible with increased vacuum.  

Taking A step Back:  In the process of fooling around with the modified dampers it became obvious that 
the hilly winding roads near my home are an excellent place to test the carb operation but a poor place to 
try to take measurements in a way that different adjustments can be compared accurately.   The 
modifications to the dampers caused the air valve to take a longer time to reach the new equilibrium 
position after changing the throttle position.  These roads are such that a throttle position can't be 
maintained for more than a minute or so so then carbs never seem to reach equilibrium .   

Another thought is that we'd like the carbs to run as lean as possible when we're cruising along at a 
steady speed where only 10 or 20 HP are required to propel the vehicle.   On the other hand, we want a 
rich mixture when we stomp on the accelerator where we use all HP that is available and want many 
more HP.      

This led me to a different approach ----- split the measurements into two parts: steady state and 
transient.    Once the steady state performance is understood, the dampers can be installed again and an 
attempt made to understand the transient performance.  

Steady State measurements:  To measure the steady state performance I removed the dampers and 
drove on a flat highway and held the accelerator in a position to maintain the RPM indicated.  All 
measurements were in 4th gear direct drive except for 4500 and 5000 RPM where I dropped down to 3rd 
gear.    (There seemed to be a bear convention along the highway when I was making the tests and  
didn't want to explain that I wasn't speeding, just testing some carb adjustments.)   The mixture 
measurement recorded is the highest LED lighted.  The two displays were nearly identical so no 
differentiation is made.  The reading of 0-1 for example means that no LED is on part of the time and 1 
LED is flashing on and off.  A reading of 1 to 2 LEDs is near maximum economy and about 90% power.   
A reading of 6 or 7 LEDs or more is  very near or at maximum power. 
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Steady State  A/F Reading 
 (number of LEDs on)  

Needle Adjustment (-1 = one turn below maximum 
up position) 

RPM 0 -1/2 -1 -1 1/2 
1500 8 8 6-7 0 
2000 7-8 7-8 6-7 0 
2500 7-8 7-8 2-5 0-1 
3000 6-7 2-5 1-5 0-1 
3500 2-5 1-5 1-2 1 
4000 2-5 1 1 1 
4500 1 1 1 1 
5000 1 1 1 1 

The first conclusion that one draws from the above table is that the needle adjustment has no effect on 
the mixture at higher RPM.  This is easy to understand if one looks at the chart below.     There are about 
four adjustment turns between each eighth inch distance step in the chart.   A 1 1/2 turn adjustment 
around the 1/4 inch position gives about a 10% change in the open area between the jet and the needle.  
I guess the needle position for 4000 RPM is about the 1 inch position.  A 1 1/2 turn adjustment around 
the 1 inch position gives about a 2% change in the open area between the jet and the needle.    
Therefore, one can successfully adjust the performance at idle and low RPM by raising or lowering the 
needle.  The performance at high RPM is controlled by the needle profile.   In our case, we get near 
maximum economy at high RPM which is good both for the pocketbook and pollution.   If I were trying to 
improve the performance so I'd have a hope of out dragging an old lady in a minivan, I would change the 
needle profile.   One can try thinning the needle a bit in just the right places or substitute a thinner 
needle.  I understand some folks have used TR4 SU needles to improve high RPM power.    Dick Taylor 
has made a number of suggestions on how to go about the task of thinning a needle.  This is a good 
future project that might go with putting a modified cam in my '70 TR6.  So many toys and so little 
time......    

The other conclusion was of course that the needle height has a big influence on the mixture at lower 
RPM.  Earlier tests showed that the performance changed between the -1 and -1 1/2 needle positions. 
The table above shows an almost unbelievable difference in mixture between these two needle settings --
-- like falling off a cliff. After taking the measurements and writing this up, I went back and repeated these 
measurement  ---- same results.    
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Needle (B1AF) and Jet Geometry 
Open area 

between needle 
and jet (sq 

inches) 

Distance from 
needle top 

(inches) 

Needle 
diameter 
(inches) 

0.000 0.0951 0.0030 
0.125 0.0942 0.0035 
0.250 0.0923 0.0046 
0.375 0.0897 0.0061 
0.500 0.0864 0.0080 
0.625 0.0835 0.0095 
0.750 0.0798 0.0114 
0.875 0.0771 0.0127 
1.000 0.0749 0.0138 
1.125 0.0731 0.0146 
1.250 0.0712 0.0155 
1.375 0.0695 0.0162 
1.500 0.0695 0.0162 

Transient Performance:  The carbs were adjusted to 1 turn below the maximum up position for these 
tests.  SAE 30 oil was used in the dampers. The damper versions tested were:  

• No dampers  
• Original dampers  
• Modified dampers (longer and bigger diameter pistons --- see above)  

The first test consisted of driving on the level highway at 3000 RPM in 4th gear direct drive (~55 MPH).   
After the carb was at equilibrium, the accelerator was stomped to the floor and the mixture observed as 
the RPM increased to 3500 RPM.  

For the no damper case, the mixture went from bouncing around with 1 to 5 LEDs on to no LEDs on for 
about 1 second then up to 6-7 LEDs on until I let up the accelerator when 3500 RPM was achieved. Note 
that after the initial lean period of 1 second, the mixture went richer than steady state.   

For the original damper case, the mixture went  from bouncing around with 1 to 5 LEDs on to one  LED 
on for a very short period, maybe 0.1 second then up to 6-7 LEDs on until I let up the accelerator when 
3500 RPM was achieved.  Again,  after the initial lean period of 0.1 second, the mixture went richer than 
steady state.   

For the modified damper case, the mixture went from bouncing around with 1 to 5 LEDs on to 8-9 LEDs 
on with no dip.  The 8-9 LEDs stayed on until I let up the accelerator when 3500 RPM was achieved.  
This time  the mixture went richer than steady state with no dip.    

Additional tests with the modified damper were conducted with a greater loads (4th + overdrive) or going 
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up hills.  In those cases there was some early drop in mixture before recovery --- the same pattern as 
with the unmodified damper, but at a heavier load.  

The second test was an attempt to determine how long it took the carb to reach steady state after a 
change in accelerator position.  For this test I  I drove the car at 3500 RPM (4th gear direct drive) on flat 
highway.  I took my foot off the accelerator and let the RPM drop to 3000 RPM.  This took long enough so 
that the air valve dropped to the lowest position.  I then pressed the accelerator to the point that a steady 
3000 RPM was maintained.  The mixture went rich and then leaned out to 1 to 5 LEDs on as the air valve 
reached the steady state position for 3000 RPM.   The interval between the time the pedal was pressed 
and the time the mixture went to the 1-5 LEDs on steady state condition was measured.  

For the no damper case, response was nearly instantaneous --- less than1/2 second.  

For the original dampers, the recovery took about 3 seconds.    

For the modified dampers, the recovery interval was about 15 seconds.  

So, what does this all mean?  I think a better performance can be achieved by modifying the dampers to 
reduce the air valve undamped motion (lengthen the damper piston) and increasing the damping force 
(larger damper piston diameter).  The down side of this is that fuel consumption will probably increase 
significantly for one who drives by moving the accelerator up and down a lot.     

Summary of results:  I think the A/F monitor reflects the carb operation very well.  A competent 
mechanic probably easily recognizes the information provided by the monitor from the engine 
performance.  Being an incompetent shade tree mechanic, I found the monitor data very reassuring.  
Also, the lights are really cool.    The results were:   

• The carbs can supply sufficient fuel over a wide range of operating conditions.  
• The mixture varies rapidly as the operating conditions change.  
• When the carbs are set for best operation the mixture is towards the rich side at lower RPM.   
• The mixture at high RPM is controlled by the needle profile and nearly independent of the needle 

adjustment.  
• The modified dampers improve performance under load and allow a leaner needle adjustment 

thus improving economy and likely improving pollution performance.  
• The carbs perform well over a wide range of adjustment.    
• The optimum needle setting seems to be 1/2 to 1 turn below the maximum up position.  
• These carbs show little or no needle-jet wear.  The optimum setting for carbs with worn needles 

and jets will probably be with the needle somewhat lower.   
• The dampers perform well using SAE30 oil.  I suspect that multigrade engine oils will also work as 

well or better.       

Confession: After all the fooling around with this new tool (I choose to ignore the wife's view that it's a 
new toy), the final carb needle setting of -1/2 to -1 turn is the same as determined by other tests before I 
built the monitor - see Part III of the carb notes.   One difference is that I have more confidence in the 
settings.       

Caution: It's important to reinforce the point that these monitors are not precision test instruments.  The 
monitors accurately indicate if the mixture is lean or rich.  However, one cannot rely on the specific A/F 
values indicated in the chart shown above.  I don't have any data on the normal variations in the sensors 
however, I suspect that a variation of at least one LED level and possibly two LED levels between 
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sensors is normal.  With the display bouncing all over the place as they do, it's not clear that more precise 
data would be particularly useful anyway.  

 

The following two pages are scans from a Jaguar XJ12 Series II Repair Operations Manual. 

They show the vacuum tubing layout to control timing and emissions on V12 engines fitted with Stromberg carbs.  

Note: Remember that no matter how well the carbs are adjusted, your engine still needs a reliable ignition system. 
The Lucas OPUS system was renowned for breaking down. Any that managed to survive will now be operating 
beyond their limits and will only detract from the smooth running of those 12 cylinders. REOPUS is a modern 
replacement circuit board that fits inside the original amplifier. For more details visit http://www.reopus.co.uk  
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