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ENGINE MODEL SPECIFIC INFORMATION 

ü 10061080  NISSAN ZD30DDTi 

Replacement for O.E 11039VC101 or 11039VC10A. These numbers should be cast on the O.E head. 

Year 2000 onwards, check the inlet port sizing. 

 

ü 10061029  NISSAN TD27 

Check the dowel hole spacing against the head gasket and the O.E head. Enlarge the holes to 

compensate. Also check that the dowels themselves are straight. 

 

ü 10061069  NISSAN QD32 

Check the rocker pedestal bolt hole depth against the O.E head. 

 

ü 10081053  TOYOTA 3CT 

Oil feed holes for the vacuum pump may need to be drilled and tapped. 

 

ü 10081047/54/59 TOYOTA 2L/3L/5L 

Check the alignment of the front cam seal housing, seal to camshaft fit. Remove dowels if need be 

and lock bolts in place. 

 

ü 10081039/40  TOYOTA 1KZTE 

Take care with camshaft caps not to reverse them. As sometimes only the casting marks are 

present and they are not always on the same side. Mark accordingly before removing. 

 

ü 10051023  MAZDA G6/G5 

Lack of oil supply to the over head gear and starvation of the main bearings. This is due to the oil 

relief valve in the timing cover flogging out the hole in which it fits. It can be reamed out and an 

oversize valve fitted. 

 

ü 10051025  MAZDA R2/RF 

Due to the historic failure nature of this engine, it is suggested that the new thermostat have an 

additional 3.5mm by-pass hole drilled in it to reduce thermal shock. The cooling system should be 

thoroughly cleaned and serviced. A good quality water pump should only be used. 

ü 10041020/83  MITSUBISHI 4M40/T 

When assembling a 4M40, never rotate the engine backwards once the timing chain has been 

fitted. This can lead to over adjusting the tensioner and causing significant damage. 

 

ü 10031091  ISUZU 4JX1 

¢ƘŜǎŜ ŜƴƎƛƴŜǎ ŀǊŜ ŀ άtŀƴŘƻǊŀΩǎ .ƻȄέ ƛŦ ȅƻǳ ŀǊŜ ƴƻǘ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜƳΦ ²Ŝ ǎǘǊƻƴƎƭȅ ǎǳƎƎŜǎǘ ȅƻǳ 

ǎŜŜƪ ŀŘǾƛŎŜ ŦǊƻƳ ǊŜƭƛŀōƭŜ ǎƻǳǊŎŜ ōŜŦƻǊŜ ŀŎŎŜǇǘƛƴƎ ǘƘŜ ƧƻōΦ ²Ŝ Ŏƭŀǎǎ ǘƘŜƳ ŀǎ ŀ άǎǇŜŎƛŀƭƛǎǘǎ ƘŜŀŘέΦ 
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MULTI-LAYER STEEL HEAD GASKETS. (MLS) 

Reference;   www.dupontelastomers.com 

 

 

 

Head Gaskets 

 

MLS Head Gaskets 

The cylinder head gasket is arguably the most important seal in the automotive engine. 
Since the birth of the internal combustion engine, gasket designers have specified many 
materials to meet this critical sealing challenge. 

Traditional copper and brass gave way to metal and asbestos in the 1950s, superseded in 
turn by composite metal and impregnated fibre or graphite composites by the 1980s. 
However, those systems were largely overtaken by the development of the Multi-Layer 
Steel (MLS) gasket in Japan during the early 1990s. 

MLS gaskets remain the automotive industry's preferred method of sealing between cylinder head and engine block, as yet 
unmatched by any other sealing system. Today an estimated 80 percent of new engines are designed with MLS gaskets as 
standard equipment, and further growth is projected. 

In the MLS system, multiple thin layers of cold-rolled spring grade stainless steel are coated with 7-25 microns of elastomeric 
material. The resilient elastomer is essential to the structure by providing micro-sealing of metal surface imperfections while 
resisting aggressive combustion gases, oils and coolants at temperatures up to 250°C. 

The Leading FKM 

Fluoroelastomer (FKM) has been adopted by the industry in Europe as the most successful coating material for long-term 
functionality in this critical sealing environment. Although nitrile rubber (NBR) has been widely used for MLS coating in the US and 
Japan, rapidly increasing use of FKM is now expected in these regions over the next five years. 

The predominant FKM chosen by compounders and MLS gasket manufacturers is Viton® fluoroelastomer. Viton® is applied to 
MLS gaskets fitted as original equipment to most automobile models assembled in Europe by BMW, Daimler, Fiat, Ford, General 
Motors, PSA, Renault and Volkswagen. 

"Over 80 percent of all MLS gaskets specified for new engine designs in Europe are now coated with Viton®," reports Lucio 
Corrado, European automotive business development manager for DuPont Performance Elastomers. "Viton® meets stringent 
industry requirement for a high temperature and aggressive fluids resistant elastomer that can be applied as a very thin coating on 
a stainless steel substrate to seal micro-asperities between automotive engine heads and blocks." 

Viton® offers static sealing at service temperatures ranging from -40°C to as high as 250°C and are highly resistant to fuels and 
fuel mixtures, oils, coolants and combustion gases. Combined with its excellent long-term compression set resistance, the FKM 
retains sealing functionality for the lifetime of the vehicle. 
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Threaded Fasteners Torque -to-Yield and Torque -to-Angle  

 

By Bill McKnight 
reference; www.enginebuildermag.com 
  

Understand torque-to-yield (TTY) fasteners, you need a good fundamental understanding of threaded fasteners 
in general. The threaded fastener topic is a huge one. 

All the original equipment manufacturers (OEMs) have fastener labs with lots of sophisticated equipment and 
well-educated people working on fastening issues. They even have their own professional association ï The 
Bolting Technology Council ï which holds meetings and seminars about fasteners. 

Iôm not a fastener engineer, and Iôm not going to make you into one. Iôll keep this article thorough but fairly basic, 
giving you a good solid working knowledge of the business of bolted joints. 

Fasteners function in an engine to hold parts together. For example, a rod bolt and nut hold the rod and cap 
together. Fasteners are also, in the case of head gaskets, used to load the gasket with the necessary force to 
seal the gasket under the forces of combustion as well as thermal expansion and contraction. Understanding 
some of the physics of fasteners and fastener tightening is necessary for an engine rebuilder who wants to keep 
fastener failures and engine failures to an absolute minimum. 

Threaded fasteners in an engine can be divided into two general categories: critical and non-critical. Rod bolts, 
main bolts and head bolts are examples of critical fasteners. Critical fasteners can be identified because the 
repair procedure for the engine details exact tightening information. Pan bolts, timing cover bolts and valve cover 
bolts are examples of non-critical fasteners having no detailed fastening procedures. Here, weôll focus on critical 
fasteners. 

Bolt stretch 
Bolts are elastic. When you tighten a critical bolt to specs, youôre actually stretching the bolt. As you stretch the 
bolt, it wants to return to its original length. Based on the quality of steel used in the fastener, the diameter of the 
fastener and how far you stretch it, the load or force applied to the joint (the two pieces being fastened together) 
changes. 

Think about this for a minute. If you donôt stretch the rod bolts on the next engine you build, what would keep the 
rod nuts from vibrating loose and falling off as the engine runs? Yes, most of us have experienced just this sort 
of problem at some time in our lives! 

Bolt load applied to the joint by the fasteners seals a head gasket through head lift-off during firing and changes 
in temperature that occur as an engine runs. To show you how important this is, Iôm going to show you a sample 
calculation our Victor Reinz engineers used to calculate bolt load needed on an engine: 

 General approximation (GA) for clamp load to seal a gasket is three times the lift-off force. 

 Lift-off force for a 4.250" bore race motor with 1,400 psi firing pressure is 19,861 lbs. 

 GA is 19,861 x 3 or 59,583 lbs. per cylinder. With a 5-bolt pattern, 11,917 lbs. of force is needed per bolt. 

 With a 6-bolt pattern, 9,930 lbs. of force is needed per bolt. 

This then becomes the initial load needed from each head bolt in order to seal the gasket. Specifying the 
diameter of the bolts and their tensile strength, the engineer calculates a tightening procedure that will provide 
the desired load to the gasket. Obviously, Iôm leaving some factors out of this basic model. Hardware, cylinder 
head stiffness and gasket relaxation factors would also be considered and factored into the calculations. But, 
hopefully, you get the idea. 
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Yield 
This is probably a good time to bring up finite elasticity in fasteners. Unfortunately, every fastener has an elastic 
limit, commonly referred to as its yield point, or more properly, "the threshold of yield." Up to this point, if the load 
on a fastener is released, the fastener will spring back to its original length. When a fastener is stretched into the 
yield zone, some of the elasticity is permanently lost, and the fastener will remain somewhat elongated when the 
load is removed. The further we stretch the fastener into the yield zone, the more elongation we get. 

Many of us have observed severe elongation in fasteners as a "necking down." This occurs in the threaded area 
(the root diameter of a fastener is smallest in the threaded area), usually about one thread above where the 
fastener is engaged in the threads of the nut or the block (the threads of the nut or engine block support the 
fastener resisting yield). As most of you have experienced, if you stretch a fastener far enough into the yield 
zone, it will actually pull into two pieces. 

Occasionally in automotive engine applications, the threads in the block or nut will yield before the fastener 
does, especially where a large number of rundowns (tightenings) have occurred. However, most of the time the 
bolt yields first. As you can see from the graph in Illustration 1 maximum clamp load from a fastener comes at 
the threshold of yield or shortly thereafter. Once a fastener is stretched farther into the yield zone, very little 
additional clamp load is generated and the risk of ultimate failure becomes greater. Consequently, weôd like to 
have some means of tightening fasteners to get the elasticity we need for load without yielding them. 

Tightening methods 
Tightening critical fasteners introduces numerous additional factors into our discussion. Traditional methods 
have all used some means of measuring the resistance needed to turn the fastener. Weôve all used the most 
basic of those: "seat of the pants," "experience" or whatever you want to call it. The farther we tightened the 
fastener, the harder it turned, and experience (some bolts loosening and coming apart and breaking a few bolts 
off) taught us when to stop. Not real scientific, not very repeatable and probably not too reliable! 

Torque wrenches improved this procedure immensely. We use scientific terms like Newton.meters or ft.lbs., to 
gain repeatability and improve reliability. We continue to rely on torque wrenches today to tighten many critical 
fasteners. The one thing we need to keep in mind is that weôre measuring resistance to turn. 

Friction on bolted joints is the biggest factor causing resistance to turn (Illustration 2). In automotive engines, 
about 90% of the effort required to tighten a critical fastener is used to overcome friction. Ten percent actually 
stretches the fastener. This is a fairly standard number for the rigid joints we have in automotive engines. For 
example, a new fastener lubed both under the head and on the threads may exhibit the 90/10 relationship, while 
a used fastener or one with damaged threads will be 92/8. 

Think about this. The more effort needed to overcome friction, the less stretch we get on the fastener and the 
less load on the joint. What will happen on a joint with multiple fasteners (like a cylinder head) is load scatter 
(variances in load from bolt-to-bolt) because of minor deviations from the 90/10 relationship. This load scatter 
causes uneven loads on head gaskets and may also have a negative affect on bore distortion. What weôd like to 
do as engine rebuilders is minimize the variances from bolt to bolt as we use conventional "resistance to turn" to 
tighten fasteners. 

Unless specified otherwise, 30W motor oil is the standard lubricant for automotive fasteners. If we want to 
achieve loads similar to the OEMs. we need to lubricate our fasteners with 30W oil. Donôt forget that underhead 
and thread friction both need to be controlled, so lubricate both areas. In the case of head bolts going into the 
water jacket, the sealer on the threads will provide the lubrication needed, so just apply oil to the underside of 
the head of the bolt. Super lubricants may actually get you in trouble by relieving too much friction, leading to 
over-tightening. 

Also remember that the OE engineer did the development work with new fasteners and new threaded holes (or 
nuts). We need to approximate that work by chasing threads in the block and using new nuts and (or) bolts when 
we can. Remember damaged threads will increase resistance to turning (friction) and thus decrease load. 
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Itôs very important to engine builders to control friction variables to their best ability to ensure even load across 
the joint! As an example: race engine builders routinely use studs with hardened washers for mains and heads. 
The hardened washer gives a very uniform surface for the nut to turn against and keeps friction variances low. 

Torque-to-yield 
In the mid 1980s, we started to see a move in engine fasteners to a new process called torque-to-yield (TTY). 
Head bolts were the first fasteners affected, although the technology has trickled down to other critical fasteners. 
The theory holds that the farther we stretch a fastener toward the threshold of yield, the more load it exerts on 
the joint. 

Now you might say, "If we want more load, we can always use a bigger diameter fastener." Thatôs correct. Letôs 
use our (hypothetical) gasket example from Victor Reinz. We need 11,900 lbs. of load on each bolt. We can get 
that load by stretching a 7/16" diameter bolt to the threshold of yield or by putting a very moderate load (requiring 
very little stretch) on a 9/16" diameter bolt. The concern is on a head bolt application is that you get lots of 
change in the joint. Both gasket relaxation on a new installation, as well as thermal expansion on bi-metal 
designs will cause changes to the joint dimension once the installation is complete. Head gasket relaxation 
causes loss of load from the fastener. The less stretch you have on the fastener, the more the loss of load. Letôs 
work our theoretical example: 

 7/16" fastener stretched .070" equals 11,900 lbs. of load; 

 9/16" fastener stretched .030" equals 11,900 lbs. of load; 

 A composition gasket installed at .045" relaxes 25%, for a net loss of .011"; 

 7/16" fastener loses 1/7 of the load, leaving 10,200 lbs.; and 

 9/16" fastener loses 1/3 of the load, leaving 7,933 lbs. 

As you can see, weôve got a major sealing issue with the 9/16" fastener. Obviously, itôs a big advantage to keep 
the fastener diameter small and use maximum stretch to seal engines. Also, keep in mind that the longer in 
length the fastener is, the more it stretches to get the desired load. Just look at modern engine designs today. 
We have a predominance of long yet relatively small diameter head bolts. Youôll also notice that on the good 
designs all the bolts are the same length. This makes only one engineering exercise to do rather than two or 
three as a tightening theory is developed. 

Now, letôs look at the other side of this equation. Our head bolt will be pulled or stretched further than the 
installation dimension because of the thermal expansion rate of an aluminum head versus a steel bolt 
(Illustration 3). This can be an issue, especially with a fastener installed at the threshold of yield and a gasket 
that doesnôt relax (Multi-Layer Steel). On a typical cylinder head operating at 250° F, the head bolt will stretch 
another .005" or so as the engine reaches operating temperature. This will often result in the fastener being 
moved significantly farther into the post yield zone. Repeated movement of the fastener into the post yield zone 
can ultimately lead to work hardening of the fastener and sudden failure (Illustration 4). You may remember the 
2.5L GM engine with a head bolt near the exhaust manifold that broke during service. This was a prime example 
of this problem. 

Torque Turn to Tighten 
One thing that should be obvious by now is that if weôre going to tighten fasteners to the threshold of yield, we 
need a better method than measuring resistance to turn. Friction variances could easily get us into trouble. 

Fortunately there is a method of tightening a fastener that is much more accurate than measuring resistance to 
turn. Itôs called Torque Turn to Tighten (TTT), often referred to as angle turn. With this method, you use a 
relative low torque to run down and align the fastener (Illustration 5), then rely solely on a measured turn to 
tighten the fastener to the desired level. What weôve done has not affected the friction in our fastener, it has 
taken it out of the equation when it comes to tightening. 

For instance, 90 degrees of turn is 90 degrees of turn; old bolt, new bolt, rough threads, new threads, it doesnôt 
matter. The amount of stretch will be extremely uniform from bolt-to-bolt across the joint. Load scatter is kept to 
a minimum. 
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TTT is a far superior method of tightening critical fasteners regardless of whether you tighten them to yield or 
not. Fastener engineers use sophisticated mathematical models to calculate the amount of turn needed to get a 
desired load, but what has really fueled the rapid growth in this area is sophisticated electronic equipment. 
Sensitive electronic load sensing cells coupled with angle encoders using advanced software programs have 
allowed engineers to test their theories watching run down curves in real time as they tighten fasteners 
(Illustration 6). 

Fastener quality 
Some articles Iôve read indicate that TTY fasteners are somehow "special", metallurgically speaking. If youôre 
comparing them to the garden variety bolt from your local hardware store, then, yes, they are. If youôre 
comparing them to other critical fasteners in an engine, then, no, they are not. Theyôre high-grade fasteners, 
typically grade 8 for English and class 10.9 for metric applications (Illustration 7). 

One bit of confusion is that there are true TTY fasteners (Illustration 8), designed with a reduced shank area 
(Cummins rod bolts and Porsche rod bolts, for example), and there are standard high-grade fasteners tightened 
to yield. Both styles are tightened to the threshold of yield; the reduced shank style directs the elongation to the 
shank, where the others elongate in the threaded area. The second style is much more common in most 
automotive engines. 

A final subject is the relative merits to re-using critical fasteners. If I had a dollar for every head bolt Iôve wire 
brushed and reused I could afford a pretty nice vacation next year. There are very few of us in this industry that 
havenôt reused critical fasteners! 

However, times change, engines change, technology changes, Iôve changed. My policy is that if new critical 
fasteners ï especially head bolts ï are readily available, old ones are replaced. Understanding much more about 
fasteners and engine operating conditions today, Iôm reluctant to reuse them. 

A well-respected OE engineer specializing in engines tells me that critical fasteners have about six rundowns in 
their useful life. They use four of those at the OE manufacturing operations, leaving rebuilders just two. One 
rundown for checking sizes puts us on the last rundown during final assembly. My thinking is: why take the 
chance? Replace the fasteners! The relative cost compared to the total engine job is small and the peace of 
mind is high. 

Iôd like to thank Ralph Shoberg, President of RS Technology, Ltd. (www.rstechltd.com), and Otto Kossuth of 
General Fasteners, Inc. These two men gave me a fastener education and a pretty good laymanôs view of a 
complicated subject. 

Bill McKnight is Director of Training for Clevite Engine Parts 

 

 

 

 

 

 

 

 



Kiwi Cylinder Heads Ltd 

31 Carbine Rd, Mt Wellington, Auckland 

0800-549-429 

www.kiwicylinderheads.co.nz 

 

By Larry Carley          Valves: When to Reclaim, When to Replace  

 
  

 reference; www.enginebuildermag.com 

Performance engine builders canôt afford to take chances with questionable valves because they have to 
withstand high rpms and temperatures. Likewise, rebuilders who overhaul high dollar heavy-duty diesel and 
industrial engines want to minimize their comeback risks by making sure the valves they use are either new or 
have been carefully inspected and reconditioned to meet OEM specifications. Yet many rebuilders who do 
passenger car and light truck engines continue to reclaim and reuse a high percentage of old valves. 

In the case of the latter, the primary motivation is obviously cost. Itôs cheaper to reclaim and refinish the old 
valves out of an engine than it is to replace them. In a high competitive and price-sensitive market, saving a buck 
or more a valve adds up. But what are the risks? 

No rebuilder wants an engine to come back because of a valve related problem. Warranty claims can kill your 
profit margin as well as your reputation. 

Every effort needs to be made to make sure reclaimed valves are indeed reusable, and have been properly 
inspected and reconditioned before they go back into an engine. You also have to make sure they are the 
correct valves for the application, as some engines run hotter than others and require a higher grade of stainless 
steel (such as 21-4N) or Stellite or Inconel coated exhaust valves.  You also have to make sure that any valve 
related issues in an engine have been identified and repaired so a repeat valve failure doesnôt occur. 

Replacing a broken valve, for example, wonôt fix the engine if the underlying cause is misalignment between the 
valve guide and seat. Unless the misalignment is corrected, the new valve will fail prematurely as flexing causes 
it to fatigue and eventually break. 

Replacing a burned valve wonôt fix a compression problem if the underlying cause is a hot spot in the cylinder 
head.  If the cause of the hot spot isnôt identified and eliminated, the new valve will run hot and burn, too. 

Replacing worn valve guides by installing new guides or guide liners, or reaming out the guides and installing 
new valves with oversize stems wonôt fix an oil consumption problem if the guide wear is the result of excessive 
side loading due to rocker arm misalignment.  Unless the valve stem height is corrected, the guide repairs wonôt 
last. 

Any valve-related problems in an engine should therefore be identified, analysed and corrected before any 
valves or guides or seats are reconditioned or replaced. Thatôs the only way to prevent repeat failures and 
expensive comebacks.  A broken or burned valve as well as worn or loose guides, cracked or loose seats and 
similar valve train damage is often the result of a chain reaction of events. One problem leads to another and 
eventually a valve fails.   

One valve supplier we interviewed for this article said engine builders will often reuse old valves without paying 
much attention to the condition of the keeper grooves in the stem. If the grooves are worn or damaged, it may 
result in a valve failure if the valve is reused. His advice?  ñIf in doubt, toss it out.ò 

To reduce valve related problems, you should do the following: 

1) Analyse the amount of wear as well as wear patterns in the head and valve train components when the head 
is disassembled. A careful inspection should reveal any abnormal conditions or wear patterns that would indicate 
additional problems. 



Kiwi Cylinder Heads Ltd 

31 Carbine Rd, Mt Wellington, Auckland 

0800-549-429 

www.kiwicylinderheads.co.nz 

 

2) Inspect each and every component in the valve train and head so all worn or damaged parts can be identified 
and replaced or reconditioned. 

3) Keep a close watch over production quality so the parts that are being reconditioned are done correctly. 

4) Pay attention to specifications, critical dimensions and rocker arm geometry to ensure proper reassembly. 
 
Valves Donôt Last Forever 
As durable as most engine valves are, they wonôt last forever, particularly exhaust valves. Intake valves have the 
advantage of being constantly cooled by the incoming air/fuel mixture (or air in the case of a diesel). But the 
exhaust valves live in a constant environment of heat and fire. Because of this, the exhaust valves typically run 
hundreds of degrees hotter than the intakes, and are therefore far more likely to overheat, burn and fail. 

Elevated operating temperatures combined with high rpms and/or lots of miles can cause the valve stems to 
stretch over time. As the valve stretches, the valve lash closes up and eventually prevents the valve from fully 
seating. Once this happens, the valve canôt conduct heat away from itself to the seat and into the cylinder head. 
The valve runs hot and quickly fails. 

Valves in performance racing engines are especially vulnerable to this kind of stress. An exhaust valve that may 
last for years and up to 150,000 miles or more in a typical passenger car engine might only last a season or two 
in a dirt track or drag racing engine. A set of titanium valves in a NASCAR motor might be replaced after a single 
race. In a Top Fuel dragster, the valves might be replaced every six to eight runs. Thatôs not a lot of longevity ï 
but the valves in these engines are operating under extreme conditions. 

If youôre tearing down a race engine, therefore, some clues to look for that would indicate itôs time to replace the 
valves would be loss of valve lash (due to valve stretch), unusual or uneven seat wear, scuffing on the valve 
stems, or wear or chatter marks in the keeper grooves.  Valves can also be Magnafluxed or inspected with 
penetrating dye to check for cracks, and even checked for Rockwell hardness to see if the metal has softened. 

The same cautions apply to valves in heavy-duty and industrial engines, too. Many exhaust valves in these 
engines have some type of hard facing on the exhaust valve face for heat and wear resistance. If the facing is 
flaking or worn too thin, the valve may not be safe to reuse. 

One aftermarket supplier who reconditions heavy-duty diesel and industrial engine valves says they use a multi-
step process to inspect valves before they are reconditioned for reuse. Every valve is visually inspected for nicks 
and damage that could cause stress risers that might eventually lead to valve failure. Next, ultrasound is used to 
check every valve for internal cracks, followed by an eddy current check to reveal any flaws in the face of the 
valve. If the thickness of the margin overlay on the valve face does not meet minimum OEM specifications, the 
valve is discarded. 

The overall length of the valve must also meet dimensional criteria, and the hardness of the stem tip is checked 
to make sure itôs still within specifications. If a valve passes all of these checks, the stem is rechromed to restore 
the outside diameter to OEM dimensions, and the face is reground to the specified angle. The valve is also shot 
peened to relieve stress. 

With heavy-duty valves, two life cycles is usually considered the limit.  Over-the-road trucks can rack up a lot of 
miles between overhauls, so by the time an engine needs a second overhaul, thereôs too much risk of reusing 
the valves a third time. 

The typical passenger car valve, on the other hand, seldom receives the same kind of attention. Passenger car 
valves are dirt cheap compared to the valves in heavy-duty diesel and industrial engines, so they seldom receive 
more than a cursory inspection if they are being reclaimed. Obvious problems such as a bent valve stem, 
mushroomed or grooved valve tip, burned, eroded or cracked valve head, thin valve margin, valve elongation 
(stretch), or excessive stem wear or galling will result in the valve being tossed into the discard pile.  Otherwise, 
the valves are refinished and reused. 
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If a valve shows excessive wear on the tip of the stem, the underlying problem is often the wrong installed valve 
height.  This can create back and forth scrubbing across the tip of the stem every time the valve opens and 
closes. High lift cams and rocker arms can cause this kind of wear if the rockers donôt have roller tips. 

Rapid stem wear can also occur if the tips of the valves are ground excessively in an attempt to correct stem 
height.  Grinding through the hardened surface layer leaves the soft metal underneath in direct contact with the 
rocker arms.  Improper shaping of the rocker tips can also increase friction and wear that can result in damage 
to the stem tips. 
 
Worn Valve Stems 
Though severe stem wear and galling is usually obvious to the naked eye, you usually canôt see concentricity 
problems. Valve stems typically develop uneven wear as a result of side loading.  The stem may appear round 
but at the microscopic level it is out-of-round with one, two, three or more lobes. The uneven wear is often too 
small to detect with an ordinary two point micrometer. The only way to see this kind of wear is to place the valve 
in a pair of V-blocks and rotate it 360 degrees while watching a dial indicator. 

When lobing is present in a valve stem, it will create run out in the valve head when the valve face is reground. 
This, in turn, may prevent the valve from sealing and create a compression leak. When you pull vacuum on the 
cylinder to check the valves, there may be enough leakage to prevent the cylinder from passing the vacuum test. 

An out-of-round valve stem can be reconditioned by regrinding on a centerless grinder. This will make the stem 
round again, but it will also remove the chrome flashing (or nitriding) that was originally on the surface of the 
stem. This means a reclaimed reground valve must be used with either a bronze liner or guide, or replated to 
restore the original scuff protection if used with a cast iron guide. If you simply regrind and reuse the valves 
without replating them, the valves may stick or gall when the engine is first started or if it overheats. 
 
Valve & Guide Replacement Options 
Some engine rebuilders will reuse the intake valves but replace the exhaust valves (because the exhaust valves 
run hotter and are more vulnerable to failure if reused). 

If a valve or whole set of valves needs to be replaced, what are your options?  You can buy reclaimed and 
reconditioned valves from various aftermarket suppliers, or you can buy brand new valves from an aftermarket 
supplier or a dealer. However, some valves may not be available as service parts from the new car dealer 
because the vehicle manufacturer only wants to sell entire cylinder head assemblies. 

With aftermarket suppliers, you usually have a choice of standard or oversized valve stems. Most of the 
replacement valves that are being sold today are standard size, according to the suppliers we spoke with. 
Oversized stems were popular back in the days of the high volume production engine rebuilders. But the market 
has changed drastically from those days, so most engine builders today want valves with standard stems. 

One thing to watch out for when buying replacement valves is to make sure the grade of stainless in the new 
valves has not been ñdowngradedò to reduce the cost. Many late model Japanese engines are factory-equipped 
with high quality 21-4N stainless exhaust valves with Inconel facings.  Some aftermarket replacement valves for 
these engines are 21-2N stainless and lack the hard facing. Such valves are probably adequate for everyday 
light-duty driving, but may not hold up under hard use or in a performance application. 

Also, if you are replacing valves, replace the keepers. Donôt reuse worn keepers with new valves. Thatôs asking 
for trouble. 
 
Guide Repairs 
On aluminium or cast iron cylinder heads with bronze or cast iron guides, the most common repair for worn 
guides is to simply knock out the old guides and install new guides. On cast iron heads with integral guides, the 
repair alternatives for worn guides are to install guide liners, or to ream out the old guides and use new valves 
with oversized stems. Of course, guide liners or oversized valves are also options for aluminium heads with 
guides, too. It all comes down to comparing the relative cost of each repair method including parts and labour, 
and customer preference. 
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Guide liners are fairly quick, easy and inexpensive to install, so it may be less expensive to use reclaimed valves 
with guide liners as opposed to reaming out the old guides and using new valves with oversized stems.  On the 
other hand, a customer may want all new stainless steel valves, and may specify a certain type of guide (say 
bronze rather than cast iron).  Consequently, there are numerous ways you can go depending on the 
application, your customer, what they want and how much they are willing to spend. 

The interface between a valve stem and its guide is a critical one for lubrication, cooling and support. Too much 
clearance between the guides and valve stems will increase oil consumption and decrease valve cooling. This 
may cause the exhaust valves to runner hotter than normal, accelerate wear and increase the risk of valve 
burning. Too little clearance, on the other hand, increases the risk of valve stem sticking, galling and seizure. 

The surface finish on the valve stem and inside the guide is also critical for valve lubrication and longevity. Valve 
stems must be relatively smooth to reduce friction, and have surface characteristics that are compatible with the 
guides.  Thatôs why most valve stems are chrome plated (or have a black nitrited coating in the case of many 
Japanese engines). 

Chrome holds oil and protects the stem from galling. For performance racing valves, the stems may be chromed, 
or they might have some type of hard carbon Physical Vapour Deposition (PVD) or Plasma Assisted Chemical 
Vapour Deposition (PACDV) coating to reduce friction and wear. 

The finish inside the valve guides is also important because they guides must be smooth but also capable of 
retaining enough oil to provide adequate lubrication for the valves. When guides are reamed to size, a second 
honing step is often done to improve the surface finish.  Honing helps remove any torn or folded metal left by the 
reamer and plateaus the surface to reduce friction and improve oil retention. 
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Corrosion, Stray Current or Chemical Cocktale?  
As an automotive repair technician and having knowledge of all things electrical, you may be asked to 

locate the source of stray current in an engine cooling system.  

Severe cases can cause sudden and c atastrophic radiator failure. Stray earth currents are often 

perceived to be the cause of premature radiator failure due to corrosion. This is often not the case; 

other factors need to be considered.  

To test for stray current use an analogue meter 10,000 o hms per volt or higher. Digital meters are not 

satisfactory for this test due to high input impedance.  

Switch on all electrical accessories, eg mobile phone, driving lights, headlamps etc. Connect the 

negative probe to the batteries negative terminal and t he positive probe should be inserted into the 

filler neck of the radiator. Remove the radiator cap and insert the probe into the coolant, taking care 

not to contact any metal component. The voltmeter should be set to the lowest range. A reading less 

than 5 0mv is considered acceptable. Should a higher reading result, further investigation is needed.  

To investigate further, turn off accessories, then turn them on one at a time and observe the readings. 

Once the offending circuit has been identified, inspect t he earthing of the faulty accessory. Clean all 

connections, checking for high resistance on the earth side. If switching the circuits on or off does not 

isolate the problem it may be necessary to remove the fuses one by one until the fault is located.  

If t he radiator coolant and radiator core are providing an earth path, the corrosion will be observed at 

the inlet and outlet connections. As the process of electrolytic action removes metal, elsewhere in the 

system metal will be plated on to other components such as the water pump or thermostat. Such 

evidence is confirmation of leakage currents.  

What  is  the  root  cause  of  the  corrosion  problem?  It may be because of low coolant levels, 

incompatible coolant, or leakage currents. Incorrect concentration of coolant  and dirty water can also 

cause corrosion.  

How  do  we  go  about  identifying  the  type  of  corrosion  that  is  present  and  its  cause?  If coolant 

levels are not maintained in the system, the passivating process of the metal surface does not take 

place effectively;  therefore the cooling system components are not protected. Oxidation of the upper 

portions of the radiator takes place. It will appear as a whitish deposit evenly distributed across the top 

header in a vertical core. No deposits will be found in the lower  header.  

Mixing of coolant is to be  discouraged , as this practice can create a chemical cocktail, which can 

cause local chemical action and damage the cooling system components. Chemical corrosion will attack 

all surfaces equally; it can show up as white o r green crystal formations in the systems. The balance of 
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Ethyl Glycol and acid corrosion protection is important. Test kits are available, these test both Reserve 

Alkaline and Glycol content by means of test strips. Other testing kits are also readily ava ilable from 

most motoring outlets.  

If the coolant type is unknown, it is recommended that the system be flushed 3 times with a flushing 

agent that is compatible with the replacement coolant. Always adhere to the coolant manufacturerôs 

recommendation for th e concentration and the change period, the inhibitor has a definite service life.  

In conclusion, stray current leakage problems in modern vehicles are not very common. Inspect the 

vehicle for recently retro - fitted accessories; these can often be the source  of the problem. Has the 

vehicle been in an accident requiring panel repairs? Inspect all the major earthing points; conduct a 

voltage drop test of these earth connections with all the loads turned on.  

Above  all  interview the customer and take notes about the vehicle service history. Analysing this 

valuable information may reveal the key to the problem.  

 

 

 

 

 

 

 

 

 

 

 

Close-up of the damage caused by stray currents over an eight hour period 

Reference; All Head Services, Australia 

www.allhead.com.au 
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Coming Apart At The Seams  
The head gasket is one of the most critical gaskets in an engine because it has to seal all of the 

combustion chambers as well as the coolant and oil passages between the head and block. The gasket 

has to provide a leak free seal from th e moment it is first installed and maintain that seal for the life of 

the engine ï which might well be 150,000 kms or more on many of todayôs vehicles. 

When  a  head  gasket  fails  to  go  the  distance,  thereôs usually  a  reason  why.  The  reasons  can  

be  lumped  int o  three  categories:  

1.  Design  issues  with  the  engine  or  gasket  (hard - to -seal engine; thermal stress created by bimetal 

engine; weak gasket design).  

2.  Installation  errors  (head or block not clean, smooth or flat; wrong surface finish; using the wrong 

seque nce, procedure, or torque specifications when tightening the head bolts; reusing stretched, 

damaged or dirty bolts; using a sealer on a gasket that does not require a sealer, etc.).  

3.  Operating  conditions  that  overstress  the  gasket  and  cause  it  to  fail  (p re - ignition, detonation and 

overheating).  

Common  Causes  of  Pre - ignition/Detonation:  

-  Overheating (cooling problem  

-  Inoperative EGR system  

-  Too much compression (milled head, over -bored, etc.)  

-  Carbon build -up in combustion chambers or on pistons.  

-  Low er octane fuel (cheap fuel)  

-  Over advanced ignition timing  

-  Defective knock sensor  

-  Wrong spark plugs (heat range too hot for application  

-  Lean air/fuel mixture (vacuum leaks, dirty injectors, etc.)  

-  Sharp edges in combustion chamber.  

Common  Causes  of  Overheating:  

-  Defection cooling fan  

-  Slipping fan clutch  

-  Low coolant level or coolant leak  

-  Air in cooling system  

-  Defective thermostat  

-  Defective radiator cap (canôt hold pressure) 

-  Clogged or obstructed radiator  

-  Radiator capacity inadequate fo r application  

-  Exhaust restriction (clogged converter)  

-  Missing fan shroud  

 



Kiwi Cylinder Heads Ltd 

31 Carbine Rd, Mt Wellington, Auckland 

0800-549-429 

www.kiwicylinderheads.co.nz 

 

Reference; All Head Services, Australia. www.allhead.com.au 

Galvanic Corrosion  
-   

If youôre planning on working with metals, you need to understand 

galvanic corrosion, what is i t, and how to prevent it. Galvanic corrosion 

(also known as dissimilar metal corrosion) is what happens when metals 

in contact with each other oxidise and corrode.  

Three  things  are  needed  for  galvanic  corrosion  to  occur:  

1.  Two electrochemically dissimilar  metals in close proximity  

2.  An electrically conductive path between the two metals  

3.  A conductive path that lets metal ions move from the more noble 

(cathodic) metal to the less noble (anodic) metal.  

Dissimilar  Metals :  

The chart at the right shows a sim plified version of the galvanic series, 

which illustrates the degree of electrochemical dissimilarity between 

different, commonly used, metals. Simply put, the further apart two 

metals are on the series, the greater the galvanic reaction. Putting two 

dista nt metals together in a damp environment will cause rapid 

corrosion of the less noble metal. This is why metals such as Zinc (or 

galvanised steel) and copper should never be used together. To avoid 

potential problems, itôs a good idea to keep the number of metals used 

to a minimum. If copper is used for roofs, then replacement gutters and 

downpipes should also be copper. Galvanised iron or steel roofs should 

have galvanised gutters and downpipes. The same rules apply for water 

supply pipes and other plumbin g. NOTE: If you live in Victoria, it is 

illegal to install your own guttering and downpipes.  

Conductive  Paths:  

Even if two dissimilar metals are not directly touching, corrosion can still 

occur if water creates an electrical bridge between the two. Water 

running off a copper roof into galvanised gutters will lead to rapid 

corrosion, firstly of the zinc galvanising, and then of the steel in the 

gutters. And it doesnôt have to be a flood of water-just any old moisture 

will do. For example, a wet leaf, an exte rnal bolt, or even a wire 

connecting the two will do the job admirably!  

If conductivity is increased, so will the resulting galvanic effects. As salt and industrial pollution 

significantly increase conductivity of water, galvanic effects are normally more severe near the coast 

and in heavy industrial areas. Itôs vital to keep as much water as possible at bay. This can largely be 

achieved through a combination of good design and the use of appropriate sealants.  
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Other  Corrosion  Traps:  

Washers containing condu ctive carbon black fillers can cause corrosion when used with steel. Use 

stainless steel fasteners with stainless steel but not with galvanised steel. Donôt try lead or copper 

containing alloys on your galvanised steel either. Put like with like. Pop rivet s should be made of 

aluminium for everything except stainless steel. Stainless steel likes its own company. Your trusty lead 

pencil -   donôt use lead pencils to mark sheets or youôll be setting up future erosion zones. CCA 

(copper, chromium arsenic) treate d timber ï keep it well out of contact with metals. Soil, lawn 

clippings, ash, or any other moisture retaining material placed directly against metal sheet will cause 

rapid corrosion. Swarf and drilling debris make wonderful corrosion traps. While working,  remove all 

you can find on the roofing, cladding, and gutters DAILY.  
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OH NO! The Water in the Radiator is Foaming  
 

This  is  not  a good  problem  to  have :  

 It will interfere with  the water pump and cause a drop in pump pressure.  

 The reason it is foaming is because you have two coolants reacting together, some of the old stuff 
which may be off (sour) and the new one which has just been put in the radiator system.  

 A cocktail of this  type will eat through things like timing covers, cylinder heads, water fitting, and 
so on in absolutely no time at all. Warning guys it is very very aggressive.  

 One of the best ways to combat this is to disconnect the heater tap hoses and stick the garden  

hose into heater tap hose and completely and thoroughly flush the entire system out. It may take 

as long as 25 to 35 minutes to get all the old crap out.  

Then start again by putting a fresh batch of additive that is suited to that vehicle in the cooling s ystem.  

Now that we are talking about coolant additives, one thing that has become abundantly clear is that 

many mechanics have gone away from generic brands of coolants and are back to using the specified 

manufacturers coolant e.g. Holden coolant for Holde nôs, Ford coolant for Fordôs, Volvo coolant for 

Volvoôs. 
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Consequences of Overheating  
If the engine overheats, the first thing that will happen is a gasoline engine will start to deton ate. The 

engine will ping and start to lose power under load as the combination of heat and pressure exceed the 

octane rating of the fuel. If the detonation problem persists, the hammer - like blows may damage the 

rings, pistons or rod bearings.  

Overheating can also cause pre - ignition. Hot spots develop inside the combustion chamber that 

become a source of ignition for the fuel. The erratic combustion can cause detonation as well as engine 

run -on in older vehicles with carburettors. Hot spots can also be very  damaging and burn holes right 

through the top of pistons.  

Another consequence of overheating may be a blown head gasket. Heat makes aluminium swell almost 

three times faster than cast iron. The resulting stress can distort the head and make it swell in ar eas 

that are hottest, like those between exhaust valves in adjoining cylinders, and areas that have 

restricted coolant flow, like the narrow area that separates the cylinders. The typical aluminium head 

swells most in the middle, which can crush the head g asket if the head gets hot enough. This will cause 

a loss of torque in the gasket allowing coolant and combustion leaks to occur when the head cools.  

Common  Overheating  Problems  

1.  Radiators  -  Older copper and aluminium radiators tend to get clogged, restr icting the flow of 

coolant.  

2.  Thermostats  -  Either installed improperly or sticking closed.  

3.  Water  pumps  -  Failure to replace older or failing pumps or install a new pump properly.  

4.  Heater  core  leaking  -  A common problem.  

5.  Coolant  leaks  from  either  hose  connections  or  from  the  cylinder  head  due  to  overheating.  

6.  Bad  radiator  hoses  or  belts.  

7.  Cooling  systems  are  often  neglected  -  If coolant isnôt changed, the coolant passages can 

experience build up of scale and sludge and coolant wonôt flow rapidly enough to cool the engine. 

Coolant should be changed at least every two years or 30,000 miles or it will lose its effectiveness, and 

the mixture of antifreeze and water should always be 50/50. A mixture with more than 50 percent 

antifreeze will cause the  coolant to not perform properly, and with less than 50 percent, the engine can 

freeze and crack. Also, the system needs to be flushed when the coolant is changed. Oil must also be 

changed regularly too. Old, dirty oil wonôt flow as quickly and will hamper cooling.  
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Flat Tappet Cam Tech -  Righting the Wrongs  

Flat Tappet Cam Tech - Righting the Wrongs 

Flat tappet cams have been failing at an alarming rate lately. We dig into what causes these failures, how to fix them 

and how to prevent future failures. 

From the August, 2007 issue of Hot Rod 

By Marlan Davis 

For the last several years, many engine builders and individual hot-rodder have experienced a raft of seemingly 

unexplained flat-tappet camshaft lobe failures. As one engine builder puts it, "I've failed more cams in the last three 

years than I have in the last 30." There are several theories as to the primary causes of these failures, and with all the 

usual finger pointing and blame game such unfortunate episodes inevitably generate, the result has been a 

ƳǳŘŘȅƛƴƎ ƻŦ ǘƘŜ ǿŀǘŜǊǎ ǘƘŀǘΩǎ ƭŜŦǘ ŀǾŜǊŀƎŜ Ƙƻǘ ǊƻŘŘŜǊǎ ŎƻƴŦǳǎŜŘ ŀƴŘ ǳƴŎŜǊǘŀƛƴ ŀǎ ǘƻ ǘƘŜ ōŜǎǘ ŎƻǳǊǎŜ ƻŦ ŀŎǘƛƻƴΦ 

What's the real source of the failures, and more importantly, rather than whining over spilled oil, what can be done 

to minimize the occurrence of these failures? Various parties have blamed camshaft manufacturing quality control, 

inferior flat-tappet lifters, the aggressiveness of today's modern cam profiles, and engine oil formulation as the 

primary factors behind the failures. What we know for sure is that the most serious complaints have cropped up 

within the last three years or so, around the time that major changes occurred in both the flat-tappet manufacturing 

industry and in the formulation of passenger car and light-duty truck motor oils. 

The Great Lifter Shortage 

New automobile manufacturers basically call the tune when it comes to supplier capacity and even motor oil 

composition due to the OEMs' huge production volumes in comparison to aftermarket requirements. Flat tappets 

are not used in today's new cars. All current pushrod engines use roller tappets, while overhead-cam motors use 

either rolling or sliding tappets. From the standpoint of the traditional lifter-supply companies, five years ago it 

looked like there was no future in the flat-tappet lifter business -- the projected volume was insufficient to justify 

investing in new tooling and equipment. 

!ǎ {ǳǊǾƛǾŀƭ aƻǘƻǊǎǇƻǊǘǎ Ψ.ŀǊǊȅ wŀōƻǘƴƛŎƪ Ǉǳǘǎ ƛǘΣ ϦDƻ ōŀŎƪ ŦƛǾŜ ȅŜŀǊǎ ŀƎƻ ŀƴd there were a bunch of U.S. companies 

making flat-tappet lifters -- Eaton, Delphi [GM],Stanadyne, and Hylift [Johnson]. Within about a three-month 

window, two out of the four went out of business. Eaton decided it no longer wanted to be in the flat-tappet 

business --there was no volume -- and it sold out to Stanadyne, which initially added no capacity and in fact shut 

9ŀǘƻƴΩǎ ƭƛƴŜ ŘƻǿƴΦ IȅƭƛŦǘ -- the premiere supplier of Johnson lifters to major cam companies as well as aftermarket 

suppliers such as Federal-Mogul -- ǿŜƴǘ ǘƘǊƻǳƎƘ ƻƴŜ ƻŦ ǘƘƻǎŜ ŎƻǊǇƻǊŀǘŜ ǎŎŀƴŘŀƭǎ ǿŜΩǾŜ ǎŀŘƭȅ ōŜŎƻƳŜ ŀƭƭ ǘƻƻ ŦŀƳƛƭƛŀǊ 

with before going bankrupt." 

This led to the flat-tappet lifter shortage the industry experienced several years ago. GM was still in business, but it 

made lifters primarily for Products, and they were pricey. As a major OEM supplier, Stanadyne had other fish to fry 

and initially did not increase its flat-tappet production capacity. Cheap, poorly made offshore lifters flooded in to 

take up the slack. Most of these inferior lifters had questionable metallurgy, a poor surface finish, and an improper 

crown radius. But they were affordable and available. 

Major cam companies, including Comp and Crane, maintain that they never sacrificed lifter quality or sold inferior 

lifters. "We figured we were better off selling nothing than selling junk," says Crane's Chase Knight. Yet some engine 

builders insist there was a definite durability difference in lifters produced prior to '01 compared to some later 



Kiwi Cylinder Heads Ltd 

31 Carbine Rd, Mt Wellington, Auckland 

0800-549-429 

www.kiwicylinderheads.co.nz 

 

production runs. At present, Continues in business with a good lifter, Stanadyne has finally geared up again (it 

currently has about 70 percent of the lifter market), and Johnson is back in business. But the off shore stuff still 

permeates the market, and many budget hot rodders are tempted to use them even on name-brand cams because 

the price is so low compared to the quality U.S.-made parts. Unfortunately, without lifter disassembly, it's nearly 

impossible for the average hot rodder to identify its manufacturer --and, hence, its quality. One exception is genuine 

GM/AC Delco/Delphi tappets. 

Reformulated Motor Oil 

Around the time of the flat-tappet lifter shortage, motor oil was experiencing its own changes. Engines with flat-

tappet cams have extremely high pressure loading at the contact point between the lifter crown and the cam lobe. 

According to Mark Ferner, team leader for Quaker State Motor Oil Research and Development, "Even stock 

passenger cars can see pressure in excess of 200,000 psi at the point of flat-tappet/camlobe contact." To prevent 

excess wear, traditional motor oil included generous dose of antiwear additives, primarily zinc 

dialkyldithiophosphate (ZDDP). "The chemistry is such that the additive is a combination of zinc and phosphorous," 

says Rockett Racing Fuel's TimWusz. "Typically the phosphate amounts are about 75 percent of the zinc amounts. 

For example, if there was 0.100 percent zinc by weight in the motor oil, then the phosphate is about 0.075." 

Ferner adds, "The zinc reacts with the cam lobe's iron surface. That creates a sacrificial chemical coating strong 

enough to keep parts separated to reduce the wear." Although great for keeping a flat tappet alive, as an engine 

ages and develops blow-by, some of the additives flow out the exhaust where they can degrade oxygen sensor and 

catalytic converter performance. Faced with ever more stringent emissions standards and the governmental 

mandate for extended emissions-control- system warranties, the OEMs got together with the motor oil makers and 

decided to reduce the amount of ZDDP in street-legal, gasoline-ŜƴƎƛƴŜ ƳƻǘƻǊ ƻƛƭǎΦ !ŦǘŜǊ ŀƭƭΣ ǘƘŜȅ ǿŜǊŜƴΩǘ ƴŜŜŘŜŘ 

with modern roller lifters and overhead-cam followers. The reduction first started in the mid-'80s, and it has been a 

gradual process, but the latest API SM and GF-4 specs have reduced ZDDP content to such an extent that the new 

oils may not provide adequate protection for older, flat-tappet-equipped vehicles running non stock, performance 

cams and valve trains. And it will only get worse; projected future oil spec revisions will likely reduce ZDDP content 

even more. 

Cam Quality Control 

Motor oil industry sources maintain that even with their significantly reduced antiwear additive content, the new oils 

still pass standard industry tests that measure valve train wear (including with flat tappets). But cam grinders 

counter that the type of heat-treat used on the reference test cams was a typical of standard industry practice. 

²ƘƻΩǎ ǊƛƎƘǘ ƻƴ ǘƘƛǎ ƻƴŜ ƛǎ ƘŀǊŘ ǘƻ ŘŜǘŜǊƳƛƴŜΦ 

The over whelming majority of industry flat-tappet cam blanks are made by two big independent factories in 

Michigan. In other words, just about everyone's flat-tappet cam blanks are, says Rabotnick, "cast in the same place, 

ŀƴŘ ǘƘŜ ƘŀǊŘŜƴƛƴƎ ŦƻǊ ǘƘŜƳ ƛǎ ŀƭƭ ŘƻƴŜ ƛƴ ǘƘŜ ǎŀƳŜ ǇƭŀŎŜΦ ! ŎŀƳ ōƭŀƴƪ ŘƻŜǎƴΩǘ ƪƴƻǿ whether it'll be any specific 

blank; the various cam grinders merely put the finished lobes on the already hardened blank. In fact, for high-volume 

cams, some cam companies may outsource the entire production of the cam to one of these two big factories." 

Since these factories have been making cams to OEM quality standards for years, and they supply the cores for just 

about everyone, it's hard to accept that they would be putting the wrong heat-treat on them, or that the standard 

test would use a weird heat-treat not supported by mainstream core manufacturers. 

Cam company insiders do allow that in recent years the major cam companies have tightened up their tolerance 

standards, revised their heat-treat specs to conform to the latest industry practice, and even changed the lobe taper 
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to ease critical cam break-in. The new tapers help the lifters rotate easier at the possible expense of slightly 

ǎƘƻǊǘŜƴŜŘ ƭƛŦŜ ƻǾŜǊ мллΣллл ƳƛƭŜǎΦ /ƻƳǇ /ŀƳǎ ǎŀȅǎ ƛǘ Ƙŀǎ ŘƻƴŜ άŀ ǘǊŜƳŜƴŘƻǳǎ ŀƳƻǳƴǘ ƻŦ ǿƻǊƪϦ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 

Parkerized finish of the cam and lifters. According to Billy Godbold, Comp has improved control over the acids used 

in the process and reduced the grain size of the phosphate crystal structure. "This better spreads the load and 

improves the resulting finish while still leaving extra phosphates for the surface." 

The argument has also been made that today's cutting-edge cam profiles are more aggressive than those of 20 or 

even 10 years ago. Just as profiles got more aggressive, lifters went south and motor oil was reformulated. 

Something had to give. This argument is disputed by Comp's Godbold, who points out, "Cams fail top-down, not 

bottom-up," meaning that the more aggressive profiles actually allow a larger nose radius, reducing overall loading. 

"We have less cam failure on the Xtreme Energy line than on the old Magnums," Godbold maintains. On the other 

hand, because the profiles are more aggressive, many builders are using higher spring loads than the previous norm, 

then failing to break in the cam on the outer springs only. 

My opinion is that cams from reputable manufacturers never sacrificed quality; however, today's production from 

major manufacturers is by necessity improved from that of five years again an attempt to crutch the cams' inevitable 

use with reformulated motor oils and offshore lifters. 

Other Factors 

Rabotnick mentions yet another possible contributing factor: "Many daily-use or street/strip hot rod engines are 

built up from 35-to-40-year-old engine blocks. The average builder never checks the lifter-body-to-lifter-bore 

clearance. It may have doubled. Pro guys bush the lifter bores, but most homebuilders just dust the bore with a 

brake-hone to make the bore smoother and remove varnish. If there's more than 0.001-0.0015-inch clearance, you 

could be in trouble." But Comp's Godbold counters, "We see the same type [of] problems whether it's a brand-new 

CNC-machined Dart block or a junkyard block." 

What may actually be contributing to this perceived block problem is the way engines are currently built. As Comp's 

{ŎƻƻǘŜǊ .ǊƻǘƘŜǊǎ Ǉƻƛƴǘǎ ƻǳǘΣ άaƻǎǘ ǇŜǊŦƻǊƳŀƴŎŜ ŜƴƎƛƴŜǎ ǘƻŘŀȅ ǳǎŜ ǿƛƴŘ ŀƎŜ ǘǊŀȅǎΣ ƭƛƳƛǘ ƻƛƭƛƴƎ ǘƻ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ 

engine, modify rod side-clearance for less splash oil, and use special oil pans. This has greatly reduced the oil film at 

the camshaft/lifter interface." 

 

Obviously the ultimate solution to flat-tappet failure problems is to not use a flat tappet -- just move up to a roller 

camshaft. But due to financial and/or specific racing body rules limitations, that is not always possible. On the 

extreme high end, NASCAR Nextel Cup engine builders use their own exotic custom tool-steel cam billets and 

$1,200tappets, but that stuff is way beyond the average enthusiast. What's the average hot rodder to do? 

If you are building up the engine from scratch and intend to run flat tappets, adjust your build specs and technique 

accordingly. Don't excessively restrict oil to the lifter galleys, check and maintain proper tappet-bore clearance, and 

consider grooving the lifter bores for increased lubrication (Comp has a special tool for this). Where offered, use 

beehive springs in place of traditional heavy-duty dual springs. "With the beehives, you get better control with less 

load," says Godbold. Above all, avoid no-name, brown-bag, offshore lifters like the plague. True, they're much less 

expensive, but you get what you pay for. We can say with reasonable confidence that all major cam companies are 

ŎǳǊǊŜƴǘƭȅ ǎǳǇǇƭȅƛƴƎ ǉǳŀƭƛǘȅ ƭƛŦǘŜǊǎ ǿƛǘƘ ǘƘŜƛǊ ŎŀƳǎΦ CƻǊ ȅƻǳ Da ƎǳȅǎΣ ǘƘŜǊŜΩǎ ŀƭǎƻ ǘƘŜ ǊŜŀƭ Da ƻǊ !/ 5ŜƭŎƻ ǎƻƭǳǘƛƻƴΦ 

When it comes time to fire up an engine with a new cam, do not skimp on proper break-in procedure. Put moly lube 

on the lobes during installation and pour a can of break-in pre lube into the oil pan in all cases. Any engine with more 
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than 300 pounds of open spring pressure or 170 pounds of seat pressure (as multiplied by the rocker ratio) should be 

run in on the outer springs only. 

For in-service engines, consider running cam and lifter pre lube in the oil all the time, not just during break-in. 

Another alternative is to use heavy-truck diesel-oil, which is formulated for 18-wheelers and at present still has a full 

ŎƻƳǇƭŜƳŜƴǘ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭ ŀƴǘƛǿŜŀǊ ŀŘŘƛǘƛǾŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ƛƴ ǘƻŘŀȅΩǎ ǎǘǊŜŜǘ-legal passenger 

car oils. (Though even diesel oils will start reducing zinc content in 2007 as big rigs gear up to receive catalytic 

converters.) Comp Cams swears by Shell Rotella T diesel oil for use in high-performance street cars. It's available in 

both mineral-based and full-synthetic formulations with both types containing basically the same superior additive 

package. Rotella viscosities are generally higher than today's modern formulations, but that's not a detriment for 

classic muscle cars. Diesel oils also add a superior detergent package that can keep the piston rings cleaner for better 

oil consumption control. The drawback, if any, would be on a high-mileage engine where blow-by can cause 

detergent to accumulate in the combustion chamber, possibly contributing to detonation. 

Even better than diesel oil are specially formulated racing motor oils. Although the most expensive solution, these 

oils usually contain even more antiwear additives than diesel truck oil, as well as other performance-enhancing 

ingredients specifically designed for hardcore, high-performance gasoline engine usage. According to Cosworth's 

Thomas Hayden, some diesel oils may not have friction modifiers that he claims are helpful in preventing piston scuff 

on high-performance gasoline engines, especially if running modern low multi viscosity oils. But Dan Arcy, technical 

marketing manager for Shell Lubricants, takes issue with the importance of friction modifiers, which he says "are 

only present in the very low viscosity GF-4 oils for fuel economy reasons." 

At any rate, because thŜȅ ƘŀǾŜ ŀ Ŧǳƭƭ ƭƻŀŘ ƻŦ ŀƴǘƛǿŜŀǊ ŀŘŘƛǘƛǾŜǎΣ ǘƻŘŀȅΩǎ ǊŜŀƭ ǊŀŎƛƴƎ ƳƻǘƻǊ ƻƛƭǎ ŀǊŜ ǎƻƳŜǘƛƳŜǎ ƳŀǊƪŜŘ 

"for off-highway use only" on the bottle. They definitely aren't embossed with the consumer-friendly starburst 

insignia. Such racing oils won't meet manufacturerΩǎ ǿŀǊǊŀƴǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ƴŜǿ ǾŜƘƛŎƭŜǎΣ Ƴŀȅ ŘŜƎǊŀŘŜ ŎŀǘŀƭȅǘƛŎ 

converter performance in long-term use, and in some cases have not been formally submitted to the oil industry's 

current benchmark performance test and validation procedure. But for older cars running flat tappets, they are the 

best oils available. 

If you make provisions to adequately lubricate the lifter/lobe interface, use only quality lifters, fill the sump with 

diesel or racing motor oils, and follow proper break-in procedure, any flat-tappet cam failures should be minimized. 

It's a lot more effort than we've become accustomed to, but if you still want to run a high- performance flat-tappet 

ŎŀƳΣ ƛǘΩǎ ǎƻƳŜǘƘƛƴƎ ȅƻǳϥƭƭ Ƨǳǎǘ ƘŀǾŜ ǘƻ ƎŜǘ ǳǎŜŘ ǘƻ ŘƻƛƴƎΦ 

Read more: http://www.hotrod.com/techarticles/engine/flat_tappet_cam_tech/viewall.html#ixzz1XhV98jrj 
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2CT/3CT fuel pump probs 

Tuning (2CT):  

Source unknown (forum)  

Remember, when making any adjustments experimentally, that the engine is notably sluggish before it has warmed up. 
Unless you are deliberately trying to overcome that problem  only assess what you have done with the engine fully 
hot . 

With aircon and "idle -up" off,  idling should be at 800 rpm . Adjustment of the idling stop is straightforward. Note that it 
is bypassed by a compensator when the coolant is cold.  Idling must be reset after some tuning adjustments . 

The Bowden cable from the fuel pump operating lever to the gearb ox, usually referred to as the  kick - down cable , 
controls when gear changes occur. The nuts locking the outer sheath to the side of the pump can easily be adjusted with 
two 14mm spanners (below). Adjust about "2 flats" then try it out. This adjustment too  m ust be reset after some 
tuning adjustments . 

There is a round diaphragm on top of the fuel pump which is pushed down by the turbo pressure. The plunger below it 
has an eccentrically -ground profile which is followed by a pin in the front (i.e. towards the fr ont of the car) of the 
pump.  The effect of turbo pressure is adjusted by rotating the diaphragm :  

 Remove the 4 Allen -head bolts and the cover but be sure not to turn the diaphragm accidentally.  

 Put a mark on the diaphragm (blob of paint?) and on the rim in which it fits so that you can track your 

adjustments. Now you can pull out the diaphragm to see how it works and which way to turn it for more fuel -  to 
make the ground section move nearer the rear of the car.  

 Adjust about 20 deg of rotation and see the ef fect when the turbo is boosting.  

When there is no turbo pressure, which includes revving under no load in the MOT test, the diaphragm is in its highest 
position which is set by a  limit stop right on the top  which is easily adjusted with a 12mm spanner and an allen key 

(below). Adjust about 20 deg and test. Either just use trial and error or remove the cover (as above) to see how it works 
and which way to turn it for more fuel -  to push the diaphragm down.   

 

  

 
Maximum fuel screw . This is at the back of the  fuel pump (i.e. towards the rear of the car). It's tricky to adjust but can 

be vital, e.g. to get emissions down in the MOT. The picture below is taken from over the engine, looking back towards 

the fuel pump and with the turbo pressure hose removed, for clarity, from the diaphragm assembly on top.   
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To adjust the  maximum fuel screw,  loosen the 12mm locknut and turn the screw inside it. Screw it "in" to the pump 

for more fuel. It has a slot in the end but you need a very short screwdriver. It also has a hole through it and in the 
picture below you can see a piece of steel knitting needle stuck in that hole which allows precise adjustment to be made. 

Again adjust about 20 deg at a time; it is a very coarse adjustment.   
 

 

Fuel pump  

Bosch is one of the fe w creators of diesel fuel pumps. I understand the Japanese either use them or copy them for use in 
Jap diesel motors. They also produce machines for testing the pumps and settings. This is quite a specialised job and to 

be done correctly, needs to have the  pump removed from the car and setup on this machine. Hence the term "Bosch Fuel 
centres".  

A "Bosch fuel system centre" said that they were now getting a lot of jap imports that were running a bit rich, the japs do 

this to get more torque out of the engine  to compensate for the speed limiter, so that was probable the reason for poor 
economy. They re - tuned it for me and said that the emissions test should be between 1.3[lean] and 3.0[rich], mine was 
12.6 -  the richest that he had ever seen, I am now getting about 30mpg, much better. Set up cost me £56.00 but is 
saving me £10 /£15 a week.  

"I would like to have it a slight amount back up, giving it a little bit more power again. Where can I adjust this myself 
without running back to them all the time? I think i t is just a matter of trial and error until I get it just right?" -  "If it's 
slow off the mark, and doesn't trail black smoke in the period between flooring the throttle and the turbo light coming on, 
you should make a fine adjustment to the off -  boost fue lling stop. It's the allen screw and locknut arrangement on top of 
the diaphragm thing on top of the pump. You'll see how it works best if you remove the four screws and lift it off. Don't 
turn the diaphragm, though, that alters all the settings... You wan t to turn the stop so that the diaphragm assy. is 
preloaded a bit more (to make it richer, for more power) -  try less than an eighth of a turn, it doesn't take much."  

Find a local diesel tuning specialist, not necessarily be a Bosch Centre, and get a quote  for what they intend to do and 
make it clear that it is a Jap import but that it is a 2CT engine (as used in the Toyota Camry), before letting them loose  
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Common Causes of Water Pump Failure 

6/30/2011 

Here are some helpful pointers you can pass along to your installer customers for any issues 

they may have with water pump failure. 

1. Failure Symptom: Seal Leakage-Dirty System  

 

Evidence of seal leakage from weep hole (Figure 1) ς This pump has been in service 

only a short time before rusty-looking coolant began to leak out of the weep hole, 

leaving behind large deposits of rust and calcium.  Figure 1 shows a build-up of rust 

particles with a mud-like consistency within the pump. 

Cause of Failure: Cooling System Contamination  

The abrasiveness of the particles found in a badly contaminated system will 

prematurely wear the water pump seal (Figure 2).  

 

Harmful contamination is common in systems that are not properly maintained.  A 

system that is not properly pressurized will allow air to enter and promote the build-

up of rust.  If water with a high mineral content is added to the system and is heated, 

it will begin to form deposits that will accumulate and cause passage restrictions, 

which may damage the seal. 



Kiwi Cylinder Heads Ltd 

31 Carbine Rd, Mt Wellington, Auckland 

0800-549-429 

www.kiwicylinderheads.co.nz 

 

 

Remedy:  Thoroughly flush a contaminated system BEFORE replacing the water 

pump. Check system pressure, use correct coolant mixture, and consider using 

distilled water where locally deemed necessary. 

2. Failure Symptom: Shaft Breakage 

 
a break usually occurs through the front bearing race portion of the shaft. This 

particular break can be noted by a clean fracture, rather than blue heat discoloration, 

which can appear in this same type of failure (Figure 3). 

 

Cause of Failure: Bearing Overload 

 

This bearing failed as the result of a sudden overload caused by vibration or 

imbalance.  The lack of heat-related discoloration indicates that this was sudden 

rather than gradual, and was probably compounded by rapid engine acceleration.  

Blue discoloration of the shaft would indicate that there was excessive heat build-up 

for some period prior to shaft breakage.  This heat build-up can be caused by the 

tremendous centrifugal forces created by imbalance.  This overloads the bearing 

generating a great deal of heat.  This load is amplified through rapid acceleration and 

high RPM operation. 

 

Remedy:  Carefully check alignment of all pulleys.  Also check the pulleys for 

straightness or fatigue.  Install belts using a belt tension gauge according to 

ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ  Carefully inspect fan/fan clutch assembly for a 

bent or damaged fan, a worn spacer, or a worn or damaged fan clutch.  Be sure to 

ŜǾŜƴƭȅ ǘƛƎƘǘŜƴ ǘƘŜ ƳƻǳƴǘƛƴƎ ōƻƭǘǎ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ 
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2. Failure Symptom: Casting Breakage 

 
 

This breakage will normally occur around the bearing support (Figure 4). 

Cause of Failure: Excessive Vibration 

 

Casting failure is normally associated with heavy vibration or imbalance which can be 

caused by a badly worn fan clutch or bent fan. 

 

Remedy:  Carefully inspect pulley, belt alignment and fan/fan clutch assembly, 

replacing any bent or worn components. 

3. Failure Symptom: Seal Leakage-Clean System 

 

Leakage was observed from this pump, which had just recently been installed in a fairly 

clean cooling system (Figure 5) 

.  

Cause of Failure:  Thermal Shock 

 

The seal was more closely inspected after no signs of contamination were observed. 

This revealed that the seal damage had come from thermal shock, typically caused by 
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adding cold coolant to an overheated engine. The damage appears as a diametrical 

crack across either the seal face or the mating ring.  This can also occur following 

water pump replacement if the engine is started before adding coolant. 

 

Remedy:  Take proper precautions when filling your radiator, especially when the 

engine may be very hot.  Allow an overheated engine to sit and cool before adding 

coolant. Then, restart engine and allow it to run while slowly adding the remainder. 

NEVER start the engine without coolant.  

 

Source: ASC Industries & www.enginebuildermag.com 

       

 

 

 

  

http://asc-ind.com/
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Ten Head Bolt Installation Tips 
2/10/2011 

IŜŀŘ ōƻƭǘǎ ŀǊŜ ǘǊǳƭȅ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎǊƛǘƛŎŀƭ ŦŀǎǘŜƴŜǊǎ ƛƴ ŀƴȅ ŜƴƎƛƴŜΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ƛǘΩǎ ŜȄǘǊŜƳŜƭȅ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ŀƭƭ 

the head bolts be in perfect condition and are installed and lubricated properly so they are not overloaded. 

By Larry Carley 

 

The following are useful tips for technicians and engine specialists who spend any time sealing up engines. 

1. Make sure all the head bolts are in perfect condition with clean, undamaged threads. Dirty or damaged threads 

Ŏŀƴ ƎƛǾŜ ŦŀƭǎŜ ǘƻǊǉǳŜ ǊŜŀŘƛƴƎǎ ŀǎ ǿŜƭƭ ŀǎ ŘŜŎǊŜŀǎŜ ŀ ōƻƭǘΩǎ ŎƭŀƳǇƛƴƎ ŦƻǊŎŜ ōȅ ŀǎ ƳǳŎƘ ŀǎ рл҈Η ²ire brush all bolt 

ǘƘǊŜŀŘǎΣ ŎŀǊŜŦǳƭƭȅ ƛƴǎǇŜŎǘ ŜŀŎƘ ƻƴŜΣ ŀƴŘ ǊŜǇƭŀŎŜ ŀƴȅ ǘƘŀǘ ŀǊŜ ƴƛŎƪŜŘΣ ŘŜŦƻǊƳŜŘ ƻǊ ǿƻǊƴΦ LŦ ŀ ōƻƭǘ ŘƻŜǎƴΩǘ ǘƘǊŜŀŘ ƛƴǘƻ 

a hole smoothly with finger force alone, there is a problem. 

On aftermarket studs or bolts, never use a die to recut thŜ ǘƘǊŜŀŘǎΦ aƻǎǘ ƘŀǾŜ άǊƻƭƭŜŘέ ǘƘǊŜŀŘǎΣ ǿƘƛŎƘ ŀǊŜ ǎǘǊƻƴƎŜǊ 

than standard threads. Use a thread chaser to clean up the threads. 

2. Dirty or deformed hole threads in the engine block can reduce clamping force the same as dirty or damaged 

threads on the bolts. Run a bottoming tap down each bolt hole in the block. The tops of the holes should also be 

ŎƘŀƳŦŜǊŜŘ ǎƻ ǘƘŜ ǳǇǇŜǊƳƻǎǘ ǘƘǊŜŀŘǎ ǿƻƴΩǘ Ǉǳƭƭ ŀōƻǾŜ ǘƘŜ ŘŜŎƪ ǎǳǊŦŀŎŜ ǿƘŜƴ ǘƘŜ ōƻƭǘǎ ŀǊŜ ǘƛƎƘǘŜƴŜŘΦ 

Finally, clean all holes to remove any debris. If the block deck has been resurfaced and you are using studs rather 

than head bolts, chamfer the top of each hole 

3. For head bolts that screw into blind holes, lightly lubricate the bolt threads as well as the underside of the bolt 

heads with engine oil. Make sure the bolts do not bottom out or hydro lock because of oil trapped in the blind hole. 

For head bolts that extend into a coolant jacket, coat the threads with a flexible sealer. Failure to coat the threads 

may allow coolant to leak past the bolt. 

4. Because TTY head bolts are permanently deformed once they are tightened, they should not be reused. Reusing 

TTY bolts will cause them to stretch further, which increases the risk of breakage. A stretched bolt also will not hold 

the same torque load as before, which may cause a loss of clamping force resulting in head gasket leakage. 

5. Check bolt lengths. Make sure you have the correct length bolts for the application and for each hole location 

(some holes require longer or shorter bolts than others). If a bolt is too short and only engages a few threads in the 

block, it may pull the threads out of the block. 

Bolts should also be measured or compared to one another to check for stretch. Any bolt found to be stretched must 

be replaced because 1) it may be dangerously weak, 2ύ ƛǘ ǿƻƴΩǘ ƘƻƭŘ ǘƻǊǉǳŜ ǇǊƻǇŜǊƭȅΣ ŀƴŘ оύ ƛǘ Ƴŀȅ ōƻǘǘƻƳ ƻǳǘ ǿƘŜƴ 

installed in a blind hole. 
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6. When installing head bolts in aluminium cylinder heads, hardened steel washers must be used under the bolt 

heads to prevent galling of the soft aluminium and to help distribute the load. Make sure the washers are positioned 

with their rounded or chamfered side up, and that there is no debris or burrs under the washers. 

7. Resurfacing a cylinder head decreases its overall height, so be sure to check bolt lengths to mŀƪŜ ǎǳǊŜ ǘƘŜȅ ǿƻƴΩǘ 

bottom out in blind holes. If a bolt bottoms out, it will apply little or no clamping force on the head, which may allow 

the gasket to leak. 

If a head has been milled and one or more head bolts may be dangerously close to bottoming out, the problem can 

be corrected by either using hardened steel washers under the bolts to raise them up, or by using a copper head 

gasket shim in conjunction with the new head gasket to restore proper head height. 

8. Always look up the specified tightening sequence and recommended head bolt torque values for an engine before 

installing the head gasket. Never guess. Complete cylinder head torque specifications for domestic and import 

vehicles can be found in service manuals and torque tables published by gasket manufacturers. 

9. Use an accurate torque wrench to tighten standard-type head bolts in three to five incremental steps following 

the recommended sequence and torque specs for the application. Tightening the bolts down gradually creates an 

even clamping fƻǊŎŜ ƻƴ ǘƘŜ ƎŀǎƪŜǘ ŀƴŘ ǊŜŘǳŎŜǎ ƘŜŀŘ ŘƛǎǘƻǊǘƛƻƴΦ LǘΩǎ ŀ ƎƻƻŘ ƛŘŜŀ ǘƻ ŘƻǳōƭŜ ŎƘŜŎƪ ǘƘŜ Ŧƛƴŀƭ ǘƻǊǉǳŜ 

readings on each head bolt to make sure none have been missed and that the bolts are retaining torque normally. 

If a bolt is not coming up to normal torque or is not holding a reading, it means trouble. Either the bolt is stretching 

or the threads are pulling out of the block. 

²ƛǘƘ ¢¢¸ ƘŜŀŘ ōƻƭǘǎΣ ǳǎŜ ŀ ά¢ƻǊǉǳŜ-To-!ƴƎƭŜ LƴŘƛŎŀǘƻǊέ ƎŀǳƎŜ ǿƛǘƘ ŀ ǘƻǊǉǳŜ ǿǊŜƴŎƘ ǘƻ ŀŎƘƛŜǾŜ ǇǊƻǇŜǊ ōƻƭǘ ƭƻŀŘƛƴƎΦ 

5ƻƴΩǘ ƎǳŜǎǎ ƻƴ ǘƘŜ ŀƴƎle. Be exact. 

10. If a head gasket requires retorquing (most do not), run the engine until it reaches normal operating temperature 

(usually 10 to 15 minutes), then shut it off. Retighten each head bolt in the same sequence as before while the 

engine is stiƭƭ ǿŀǊƳΦ LŦ ǘƘŜ ŜƴƎƛƴŜ Ƙŀǎ ŀƴ ŀƭǳƳƛƴƛǳƳ ŎȅƭƛƴŘŜǊ ƘŜŀŘ ƻǊ ōƭƻŎƪΣ ƘƻǿŜǾŜǊΣ ŘƻƴΩǘ ǊŜ ǘƻǊǉǳŜ ǘƘŜ ƘŜŀŘ ōƻƭǘǎ 

until the engine has cooled back down to room temperature. 

On some applications with re torque-style head gaskets, it may be necessary to re torque the head a third time after 

ŀ ǎǇŜŎƛŦƛŜŘ ǘƛƳŜ ƻǊ ƳƛƭŜŀƎŜ ƛƴǘŜǊǾŀƭ ŘǳŜ ǘƻ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ŜƴƎƛƴŜΦ Cƻƭƭƻǿ ǘƘŜ ǾŜƘƛŎƭŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 

recommendations.  

Did You Know? Lƴ ŀƴ ŜƴƎƛƴŜ ǿƛǘƘ пέ ŎȅƭƛƴŘŜǊ ōƻǊŜǎ ŀƴŘ ǇŜŀƪ ŎƻƳōǳǎǘƛƻƴ ǇǊŜǎǎǳǊŜǎ ƻŦ 

around 1,100 psi, each cylinder exerts about 13,827 lbs. of pressure against the cylinder 

head at full throttle. In fact, head bolts may have to handle loads of more than 5 tons per 

bolt at wide-open throttle! 

 

REFERENCE; www.enginebuildermag.com 
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Closing The Gap on Intake Manifold Gaskets 

Reference; www.enginebuildermag.com 

As engine designs continue to evolve, so do the gaskets that the auto makers use to seal the cylinder heads to the 

intake manifold. 

By Larry Carley 

 

Back in the days when most engines had cast iron blocks, heads and manifolds, the intake manifold could be easily 

sealed with simple and relatively inexpensive die cut fibre faced metal gaskets (solid or perforated core). Sealer was 

usually required to ensure a leak-free installation. 

But in the late 1980s and early 1990s, fuel systems and manifolds began to change. Multiport fuel injection meant 

the intake manifold no longer had to flow an air/fuel mixture, only air. This gave engine designers more freedom to 

optimize airflow. Manifolds became more complex, with long curving runners and intricate plenums engineered to 

improve throttle response and low speed torque. Some were also fitted with tuning valves that could reroute air 

inside the manifold to change air velocity and flow according to engine speed and load. Plastic became a popular 

material for casting manifolds due to its low weight and cost. 

During this same time period, cast iron cylinder heads were replaced with ones made of aluminium to save weight. 

This created a sealing challenge in areas where different materials with different thermal characteristics and 

different corrosion characteristics were bolted together. The solution some auto makers chose to use was a new 

type of intake manifold gasket that had raised synthetic rubber silicone beads around the intake ports and coolant 

passages. When the intake manifold bolts are tightened down, it deforms the raised sealing beads and presses the 

beads tightly against the surface of the head and manifold to seal the joint. 

These new style intake gaskets also had a nylon-filled plastic carrier that formed the body of the gasket. The carrier 

itself (or steel grommets inserted into the carrier) prevented over-torqueing by limiting crush when the intake 

manifold bolts were tightened down. 

¢ƘŜǎŜ άƘƛƎƘ ǘŜŎƘέ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘǎ ǿŜǊŜ ƳǳŎƘ ƳƻǊŜ ǎƻǇƘƛǎǘƛŎŀǘŜŘ όŀƴŘ ŜȄǇŜƴǎƛǾŜύ ǘƘŀƴ ǘƘŜƛǊ ǇǊŜŘŜŎŜǎǎƻǊǎΣ 

and seemed like the perfect solution for a difficult sealing job. But as we found out with the passage of time, some of 

ǘƘŜǎŜ ŦŀƴŎȅ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘǎ ŘƛŘƴΩǘ ƘƻƭŘ ǳǇ ǾŜǊȅ ǿŜƭƭΦ 

After 60,000 to 70,000 miles, many of these carrier style intake manifold gaskets develop coolant leaks that can 

cause an engine to overheat or even fail if enough coolant gets into the crankcase. Apparently, the nylon-filled 

plastic used in the carrier is being attacked by the coolant, causing it to soften and deform. Eventually, this causes 

the raised sealing beads around the coolant ports to lose their seal and leak. The failure often occurs during cold 

weather as a result of thermal contraction when the metal head pulls away from the gasket. 
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Problem Applications 

Engines that have had high intake gasket failure rates include 1990 to 2005 Buick, Chevrolet, Oldsmobile and Pontiac 

3.1L, 3.4L, 3.8L and 4.3L V6 engines, and 1996 to 2002 Chevy 5.4L and 5.7L V8 engines. These applications alone 

represent a potential replacement market of more than 10 million vehicles. 

In addition, similar problems have also been observed on some late model Ford engines such as the 3.8L, 3.9L, 4.0L 

and 4.2L V6 engines, and 4.6L and 5.4L V8s. Similar intake manifold gasket failures have also occurred on some 1990 

to 2002 Chrysler 3.3L and 3.8L V6 engines. 

GM has issued a number of technical service bulletins describing the problem and recommended repairs (which may 

require replacing the intake manifold bolts as well as the gaskets). Here are some of the bulletins: 

ω ¢{. ло-06-01-010B covers intake manifold leaks on 1999-2003 3.1L & 3.4L engines.  

ω ¢{. ло-06-01-016 covers intake manifold leaks on 2000-2003 3.8L engines. 

ω ¢{. лм-06-01-007A covers intake manifold leaks on 1995-98 3.8L engines. 

²ƘŀǘΩǎ /ŀǳǎƛƴƎ ¢ƘŜ [ŜŀƪǎΚ 

The coolant leaks on these engines are the result of a combination of factors: heat, thermal cycling, coolant neglect, 

corrosion and degradation of the OEM gasket. 

Some have blamed the coolant leak problem on the type of plastic used in the OEM gaskets. They say the nylon-filled 

plastic material was not robust enough to maintain its strength and integrity for the life of the engine. As a result of 

vibration and thermal expansion/contraction, the plastic becomes brittle and cracks, exposing the gaskets silicone 

sealing beads. The coolant causes the silicone beads to swell, further weakening the carrier. 

Others say the gasket failure problem was caused by the type of antifreeze used in the cooling system, blaming 

5ŜȄŎƻƻƭ ŦƻǊ DaΩǎ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘ ƭŜŀƪǎΦ 5ŜȄŎƻƻƭ Ƙŀǎ ōŜŜƴ ǘƘŜ ŦŀŎǘƻǊȅ Ŏƻƻlant in GM vehicles since 1996. Like 

ǘƘŜ ƭƻƴƎ ƭƛŦŜ Ŏƻƻƭŀƴǘǎ ǘƘŀǘ CƻǊŘΣ /ƘǊȅǎƭŜǊ ŀƴŘ ƻǘƘŜǊ ŀǳǘƻ ƳŀƪŜǊǎ ǳǎŜΣ ƛǘ Ŏƻƴǘŀƛƴǎ άƻǊƎŀƴƛŎ ŀŎƛŘ ǘŜŎƘƴƻƭƻƎȅέ όh!¢ύ 

ŎƻǊǊƻǎƛƻƴ ƛƴƘƛōƛǘƻǊǎΦ ¢ƘŜ h!¢ ŎƻǊǊƻǎƛƻƴ ƛƴƘƛōƛǘƻǊǎ ŀǊŜ ƴƻǘ ŀǎ ŀƭƪŀƭƛƴŜ ŀǎ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘǊŀŘƛǘƛƻƴŀƭ άƎǊŜŜƴέ ŦƻǊƳǳƭŀ 

antifreezes, but they are longer lived. 

Dexcool (as well as most other OAT-based coolants) has a claimed service life of 5 years or 150,000 miles, whichever 

comes first (not last). But many motorists think this means forever, so they never check or change their coolant. 

Consequently, when the corrosion inhibitors in the coolant wear out, electrolytic corrosion can attack metal and 

even plastic and rubber surfaces in the cooling system. 

If Dexcool was such a bad coolant, as some people have said it is, it would start to attack the intake gaskets as soon 

ŀǎ ƛǘ ǿŀǎ ǇƻǳǊŜŘ ƛƴǘƻ ǘƘŜ ŎƻƻƭƛƴƎ ǎȅǎǘŜƳΦ ¢ƘŀǘΩǎ ƴƻǘ ǘƘŜ ŎŀǎŜΣ ƴƻǊ ŘƻŜǎ ǘƘŀǘ ƻŎŎǳǊ ǿƛǘƘ ŀƴȅ ƻǘƘŜǊ ōǊŀƴŘ ƻŦ ƭƻƴƎ ƭƛŦŜ 

coolant. The problem is not the brand or type of coolant in the cooling system. The problem is any type of corrosion 

inhibitor will eventually wear out. Once this happens, the coolant becomes acidic and allows corrosion to attack the 

metal surfaces around the coolant ports as well as the intake manifold gaskets. 

On engines with aluminium cylinder heads, corrosion typically erodes the area around the coolant ports. If the 

ǇƭŀǎǘƛŎ ǳƴŘŜǊ ǘƘŜ ǎŜŀƭƛƴƎ ōŜŀŘ ƻƴ ǘƘŜ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘ ƛǎ ŜŀǘŜƴ ŀǿŀȅΣ ǘƘŜ ƎŀǎƪŜǘ ŎŀƴΩǘ ƘƻƭŘ ŀ ǎŜŀƭ ŀƴŘ ǿƛƭƭ ƭŜŀƪΦ 

Lƴ ǘƘƛǎ ŎŀǎŜΣ ȅƻǳ ŎŀƴΩǘ ōƭŀƳŜ ǘƘŜ ƭŜŀƪ ƻƴ ǘƘŜ Ǝŀsket. Blame the vehicle owner for not maintaining their vehicle. On 

the other hand, if the OEM gaskets had been made from a more robust material or engineered with secondary 

ǎŜŀƭƛƴƎ ōŜŀŘǎ ŀǊƻǳƴŘ ǘƘŜ Ŏƻƻƭŀƴǘ ǇƻǊǘǎΣ ƳŀȅōŜ ǘƘŜȅ ǿƻǳƭŘƴΩǘ ōŜ ŦŀƛƭƛƴƎ ŀǘ ƭƻǿ ƳƛƭŜage. 
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Da Ƙŀǎ ǊŜŘŜǎƛƎƴŜŘ ǘƘŜ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ǎŜǊǾƛŎŜ ƎŀǎƪŜǘǎ ŦƻǊ ǎƻƳŜ ƻŦ ǘƘŜƛǊ ǇǊƻōƭŜƳ ŀǇǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜȅΩǾŜ ŎƘŀƴƎŜŘ ǘƘŜ 

sealing beads from silicone rubber to a tougher material called fluoroelastomer (FKM) rubber, which is much more 

resistant to oils, solvents and chemical attack. The location of the sealing beads on some applications have also been 

revised somewhat. The original OEM gaskets as well as the revised service gaskets are usually black with orange 

sealing beads. 

 

Aftermarket Solutions 

Aftermarket gasket manufacturers have also come up with their own sealing solutions for these problem engines. In 

2004, Fel-tǊƻ ƛƴǘǊƻŘǳŎŜŘ ƛǘǎ ƴŜǿ άtŜǊƳŀ5Ǌȅtƭǳǎέ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘǎ ŦƻǊ ŜƴƎƛƴŜǎ ƻǊƛƎƛƴŀƭƭȅ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǇƭŀǎǘƛŎ 

carrier gaskets. The Fel-Pro intake manifold gaskets have an aluminized steel carrier rather than a plastic carrier, and 

ǳǎŜ ŀ ǇǊƻǇǊƛŜǘŀǊȅ ōƭŀŎƪ ŦƭǳƻǊƻŜƭŀǎǘƻƳŜǊ CYa ǊǳōōŜǊ ŎƻƳǇƻǳƴŘ ŦƻǊ ǘƘŜ ǎŜŀƭƛƴƎ ōŜŀŘǎΦ ²ƘŀǘΩǎ ƳƻǊŜΣ ƛƴǎǘŜŀŘ ƻŦ 

having just one sealing bead around the coolant passages, Fel-Pro uses three concentric sealing beads to provide 

redundancy. The beads have also been relocated to accommodate minor corrosion around the ports. The gaskets 

also have self-centering torque limiters to limit over compression of the gasket when it is installed. 

Victor Reinz approach to sealing the troublesome GM and Ford engines is to use tougher materials for both the 

ŎŀǊǊƛŜǊ ŀƴŘ ǎŜŀƭƛƴƎ ōŜŀŘǎ ƻƴ ǘƘŜ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘǎΦ ¢ƘŜ ŎŀǊǊƛŜǊǎ ŀǊŜ ƳŀŘŜ ƻŦ ƎǊŜȅ άƴƻƴ-ƘȅŘǊƻƭȅǎƛǎέ ǇƭŀǎǘƛŎ 

ƳŀǘŜǊƛŀƭ ǎƻ ǘƘŜȅ ŘƻƴΩǘ ŀōǎƻǊō moisture and become soft like the older, nylon-filled materials. The coolant ports are 

surrounded with black HNBR (hydrogenated nitrile butadiene rubber). HNBR can withstand acidic coolants and is 

much more durable than silicone rubber. The HNBR material also forms the sealing beads on the Victor Reinz 

gaskets. On the Victor Reinz gaskets for Ford 4.0L and GM Gen III and IV V8 engines, green FKM rubber is used to 

seal the intake ports while HNBR is used for the coolant ports. These engines have exhibited manifold gasket failures 

linked to fuel attacking the beads sealing the intake ports. FKM rubber is extremely resistant to gasoline, while HNBR 

is far more resistant to acidic coolants, hence the best of both worlds in one gasket. The plastic carriers on various 

applications are also fitted with steel load limiters so the gasket cannot be over-tightened. 

ROL says it is using intake gasket manifold materials that are similar to the OEM materials, with a nylon-filled plastic 

carrier and silicone rubber sealing beads. ROL says these materials work fine provided the coolant is maintained 

properly. 

 

Installation Precautions 

When rebuilding high mileage engines pay close attention to the condition of the sealing surfaces around the coolant 

ports on the heads. If this area is eroded or pitted, the intake manifold gaskets may not seal properly when the 

engine is assembled. 

In some cases, it may be possible to clean up the mating surface on a pitted head by lightly resurfacing the intake 

port side of the head. Pits can also be filled and sealed with high temperature epoxy fillers, then sanded or machined 

flat to restore a smooth, flat surface. If the erosion is severe, it might even be necessary to build up the damaged 

area by TIG welding the head, or replacing it altogether with a new or salvage casting. 

According to one aftermarket gasket manufacturer, the recommended surface finish for the intake manifold and 

cylinder head mating surfaces should ideally be 30 to 60 micro inches Ra (Roughness Average). Another gasket 

manufacturer said anything from 20 to 80 Ra should be good enough. 

¦ƴƭƛƪŜ ǘƘŜ ǎǳǇŜǊ ǎƳƻƻǘƘ ǎǳǊŦŀŎŜ ŦƛƴƛǎƘ ǘƘŀǘΩǎ ǳǎǳŀƭƭȅ ǊŜǉǳƛǊŜŘ ŦƻǊ ƭŀǘŜ-model MLS head gaskets (20 Ra or less); the 

ǎǳǊŦŀŎŜ ŦƛƴƛǎƘ ŦƻǊ Ƴƻǎǘ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ƎŀǎƪŜǘǎ ƛǎƴΩǘ ŀǎ ŎǊƛǘƛŎŀƭΦ 9ǾŜƴ ǎƻ, it must be smooth, flat and clean, with 

minimal pitting and waviness. If the intake manifold or intake ports on the head are milled at too high a feed rate, it 
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can leave an undulating wavy finish with ridges and valleys that can be difficult to seal. This may result in coolant or 

vacuum leaks, as well as premature failure of the intake manifold gasket sealing beads. 

Overall flatness on both mating surfaces should also be checked with a straightedge and feeler gauge. Flatness 

ǎƘƻǳƭŘ ōŜ Φллоɝ ƻǊ ƭŜǎǎ ƻƴ ǘƘŜ ƳŀǘƛƴƎ ŦŀŎŜ ƻŦ ǘƘŜ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ŀƴŘ ŎȅƭƛƴŘŜǊ ƘŜŀŘ ƛƴǘŀƪŜ ǇƻǊǘǎ ƻƴ ±с ŜƴƎƛƴŜǎΣ ŀƴŘ 

Φллпɝ ƻǊ ƭŜǎǎ ƻƴ ŀ ±у ƻǊ ǎǘǊŀight six. 

Equally important, the intake manifold and head surfaces must be clean (no grease, oil or coolant film) and dry. RTV, 

other sealants or adhesives should not be used around the coolant or intake ports on carrier-style gaskets. The only 

place RTV silicone may be required is to seal the area where the ends of the intake manifold gaskets mate with the 

end strip seals on the block under the intake manifold or valley cover. 

LǘΩǎ ŀƭǎƻ ŜǎǎŜƴǘƛŀƭ ǘƘŀǘ ǘƘŜ ǘƘǊŜŀŘǎ ŦƻǊ ǘƘŜ ƛƴǘŀƪŜ ƳŀƴƛŦƻƭŘ ōƻƭǘǎ ƛƴ ǘƘŜ ƘŜŀŘ ōe clean and undamaged, as this can 

affect clamping torque. New intake manifold bolts are recommended. But if you must reuse the old bolts, make sure 

the threads are clean and undamaged. Also, follow the recommended torque procedure when tightening down the 

intake manifold bolts and make sure it is the latest procedure as the original procedure and torque specs may have 

been revised. 

For example, on the GM 3.1L engines, GM recommends using thread sealer on the intake manifold bolts. An oil leak 

may result if the vertical bolts are not tightened before the diagonal bolts on the lower intake manifold. Tighten the 

lower vertical intake manifold bolts to 115 in.lbs. (13 Nm), then tighten the lower diagonal intake manifold bolts to 

115 in.lbs. (13 Nm). 

Make sure you use an accurate torque wrench that has been calibrated within the last 6 to 12 months. If the intake 

manifold gasket does not make a tight seal around the coolant ports, it may leak coolant into the crankcase. If it fails 

to seal tightly around the intake ports, it may allow vacuum leaks that upset the air/fuel mixture and cause idle and 

driveability issues. 

Finally, make sure you have the correct replacement gasket for the application. On the GM 3.1 and 3.4L engines, 

there are two different gaskets: an early design with smaller intake ports and a later design with larger intake ports. 

¢ƘŜ ŜŀǊƭȅ ŀƴŘ ƭŀǘŜ ƘŜŀŘǎ ƻƴ ǘƘŜǎŜ ŜƴƎƛƴŜǎ ŀǊŜ ƛƴǘŜǊŎƘŀƴƎŜŀōƭŜΣ ŀƴŘ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǎƻƳŜōƻŘȅ Ƴŀȅ ƘŀǾŜ ǎǿŀǇǇŜŘ 

heads. 

 

 

Problem Applications: Engines that have had high intake gasket failure rates include 1990 to 2005 Buick, Chevrolet, Oldsmobile 
and Pontiac 3.1L, 3.4L, 3.8L and 4.3L V6 engines, and 1996 to 2002 Chevy 5.4L and 5.7L V8 engines. These applications alone 
represent a potential replacement market of more than 10 million vehicles. 
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GM has redesigned the intake manifold service gaskets for some of their problem applications. Theyôve changed the sealing beads 
from silicone rubber to a tougher material called fluoroelastomer (FKM) rubber, which is much more resistant to oils, solvents and 
chemical attack 

 

The coolant leaks on certain ñproblemò engines are the result of a combination of factors: heat, thermal cycling, coolant neglect, 
corrosion and degradation of the OEM gasket. 

 

If the intake manifold gasket does not make a tight seal around the coolant ports, it may leak coolant into the crankcase. If it fails to 
seal tightly around the intake ports, it may allow vacuum leaks that upset the air/fuel mixture and cause idle and driveability issues. 
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Uncovering the Culprits That Cause Head Gaskets to Fail 

The first symptoms of a failing head gasket are usually a slow loss of coolant with no visible leaks, engine overheating 

and/or a check engine light with cylinder misfire codes. 

By Larry Carley. Reference; www.enginebuildermag.com 

  

Most installers should know the first symptoms of a head gasket that is failing are usually a slow loss of coolant with 

no visible leaks, engine overheating and/or a Check Engine light with cylinder misfire codes. The On-board Diagnostic 

II (OBD II) system should detect any misfires that occur due to a loss of compression or spark plugs fouled by coolant 

seeping into a combustion chamber. So if you find a cylinder misfire code, check the spark plug for coolant fouling, 

and do a compression or leak-Řƻǿƴ ǘŜǎǘ ƻƴ ǘƘŜ ŎȅƭƛƴŘŜǊ ǘƻ ŦƛƴŘ ƻǳǘ ǿƘŀǘΩǎ ƎƻƛƴƎ ƻƴΦ LƴǘŜǊƴŀƭ Ŏƻƻƭŀƴǘ ƭŜŀƪǎ ŎŀǳǎŜŘ ōȅ 

a leaky head gasket can usually be diagnosed by pressure testing the cooling system. 

Regardless of the cause, a head gasket failure is bad news for the vehicle owner because it will require replacing the 

head gasket, or if it is a warranty situation for one of your engines, you'll get to do it again. Depending on the 

application and how much labour it requires, installing a new head gasket can easily cost up to $1,500 or more. And 

if coolant has diluted the oil and damaged the bearings inside the engine, your customer could be looking at a 

considerably higher repair bill. 

 

What Happened? 

aŀƴȅ ƳƻǘƻǊƛǎǘǎ ŀǊŜ ǇǳȊȊƭŜŘ ōȅ ƘŜŀŘ ƎŀǎƪŜǘ ŦŀƛƭǳǊŜǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŎŀǳǎŜǎ ƻŦ ƎŀǎƪŜǘ ŦŀƛƭǳǊŜΦ 

wŜƎǳƭŀǊ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ƻƛƭ ŎƘŀƴƎŜǎ ŎŀƴΩǘ ǇǊŜǾŜƴǘ ŀ ƘƛƎƘ-mileage head gasket from failing, but it can increase the 

odds of detecting other problems that may lead to premature head gasket failure. 

For instance, one reason head gaskets fail is because of engine overheating. If the engine gets too hot, the cylinder 

head can swell to the point where it crushes the head gasket (usually between the cylinders because this is the 

thinnest point). The extruded material and/or cracked combustion armour then provides a leak path for coolant 

and/or combustion gases. 

Replacing the head gasket will cure the leak, but the underlying cause that made the engine overheat in the first 

place also needs to be diagnosed and repaired τ otherwise, the newly installed gasket will suffer the same fate the 

next time the engine overheats. 

The cooling system on many late-model impƻǊǘǎ ƛǎ Ƨǳǎǘ ōŀǊŜƭȅ ŀŘŜǉǳŀǘŜ όǘƻ ǊŜŘǳŎŜ ǿŜƛƎƘǘ ŀƴŘ ŎƻǎǘύΣ ǎƻ ƛǘ ŘƻŜǎƴΩǘ 

take much loss of cooling to make the engine run hot and overheat. A low coolant level, a dirty cooling system, a 

ŎƻƻƭƛƴƎ Ŧŀƴ ǘƘŀǘ ƛǎƴΩǘ ǿƻǊƪƛƴƎ ŎƻǊǊŜŎǘƭȅΣ ƻǊ ƻǾŜǊƭƻŀŘƛƴƎ ƻǊ ƻǾŜǊǿƻǊƪƛƴg the vehicle can all be contributing factors. 

On 1998 to 2000 Volvo S40 models with the 1.9L turbo engine, the engine cooling fan resistor may fail, preventing 

the cooling fan from working. This may cause the engine to overheat at low vehicle speeds, resulting in head gasket 
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ŘŀƳŀƎŜ ƛŦ ǘƘŜ ŜƴƎƛƴŜ ƎŜǘǎ ǊŜŀƭƭȅ ƘƻǘΦ wŜǇƭŀŎƛƴƎ ǘƘŜ ƘŜŀŘ ƎŀǎƪŜǘ ǿƛƭƭ ŦƛȄ ǘƘŜ Ŏƻƻƭŀƴǘ ƭŜŀƪΣ ōǳǘ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƳŀƪŜ 

sure the cooling fan is working correctly and comes on when needed so the engine does not overheat again. The fan 

resistor is located under the front engine splashguard, just below the fan motor. A new resistor (P/N 30644121) can 

be spliced into the wiring if the original resistor is defective. 

If a head gasket has failed because of overheating, be sure to check the coolant level and condition; the 

concentration of antifreeze in the coolant (too much antifreeze in relation to water reduces the ability to transfer 

heat); and the radiator (obstructions, leaks, etc.), hoses, thermostat, water pump, cooling fan, EGR system, belts and 

the exhaust system to determine why the engine overheated. In some cases, an exhaust restriction (clogged 

converter) can also make an engine run hot. 

How can you tell if overheating caused the head gasket to fail? A head gasket that failed because of overheating or a 

hot spot will be crushed and measurably thinner in the damaged area when checked with a micrometre. By 

comparison, a gasket that has failed due to detonation or pre-ignition will usually have cracked armour around the 

combustion chamber, which leads to burn-through. 

 

Detonation Damage 

Another reason head gaskets fail is because of damage caused by detonation (spark knock). Detonation causes a 

sharp spike in combustion chamber pressure, which, over time, can overload and crack the gasket armour that 

surrounds the cylinder. This leads to burn through and loss of compression. 

Detonation can be caused by a variety of problems. One is an accumulation of carbon in the combustion chamber 

that increases compression. Many late-model import engines run fairly high compression ratios, and some require 

premium octane fuel. If compression reaches a point where the fuel ignites spontaneously before the spark can set it 

off, the engine will knock and ping under load. 

Mislabelled fuel that does not have the octane rating claimed on the pump can also lead to trouble in high-

compression or turbocharged engines, especially when the engine is working hard under load or high boost 

ǇǊŜǎǎǳǊŜΦ LŦ ǘƘŜǊŜ ŀǊŜƴΩǘ ŜƴƻǳƎƘ ƻŎǘŀƴŜ-boosting additives in the fuel, the engine may experience mild to severe 

detonation. 

hǘƘŜǊ ŦŀŎǘƻǊǎ ǘƘŀǘ Ƴŀȅ ƛƴŎǊŜŀǎŜ ǘƘŜ Ǌƛǎƪ ƻŦ ŘŜǘƻƴŀǘƛƻƴ ƛƴŎƭǳŘŜ ŀƴ 9Dw ǎȅǎǘŜƳ ǘƘŀǘ ƛǎƴΩǘ ǿƻǊƪƛƴƎ όōȅ ŘƛƭǳǘƛƴƎ ǘƘŜ 

air/fuel mixture slightly with exhaust, EGR actually helps cool combustion temperatures under load). Over-advanced 

ignition timing can also cause detonation, as can an overly lean air/fuel mixture. Any problems in the cooling system 

that make the engine run hotter than normal will also increase the chance that detonation may occur. 

Pre-ignition is a related problem that can also cause detonation. Pre-ignition occurs when a surface inside the 

combustion chamber gets so hot that it becomes a source of ignition instead of spark. The hot spot might be the 

exhaust valve, spark plug or a sharp edge in the combustion chamber. 

The underlying cause is often an overly lean air/fuel mixture or a cooling problem. If pre-ignition occurs, it will ignite 

the air/fuel mixture before the spark plug fires, causing combustion pressure to peak too early on the compression 

stroke. This, in turn, can cause detonation that may damage the head gasket. 

 

Weak Gasket Design 

Another reason why head gaskets fail is because the original OEM gasket design is not robust enough to go the 

distance. Vehicle manufacturers subject their engines to extensive durability testing, but sometimes a weak head 

ƎŀǎƪŜǘ ŘŜǎƛƎƴ ƛǎƴΩǘ ŘƛǎŎƻǾŜǊŜŘ ǳƴǘƛƭ ŀƴ ŜƴƎƛƴŜ Ƙŀǎ ōŜŜƴ ƛƴ ǎŜǊǾƛŎŜ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ ȅŜŀǊǎΦ LŦ ǘƘŜ ƘŜŀŘ ƎŀǎƪŜǘ Ŧŀƛƭǎ ǿƘƛƭŜ 
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the engine is still under warranty, it becomes a warranty expense for the vehicle manufacturer. But, in most cases, 

ƘŜŀŘ ƎŀǎƪŜǘǎ ŘƻƴΩǘ Ŧŀƛƭ ǳƴǘƛƭ ǘƘŜ ŜƴƎƛƴŜ ƛǎ ƻǳǘ ƻŦ ǿŀǊǊŀƴǘȅ ŀƴŘ Ƙŀǎ ŀ ƭƻǘ ƻŦ ƳƛƭŜǎ ƻƴ ƛǘΦ 

Subaru has had head gasket problems on some of its 1996-Ωфф hǳǘōŀŎƪΣ [ŜƎŀŎȅ D¢Σ CƻǊŜǎǘŜǊ ŀƴŘ LƳǇǊŜȊŀ w{ ƳƻŘŜƭǎ 

with the 2.5L engine. In 1996, Subaru used a composite head gasket on these engines, and then changed to a 

stronger multi-layer steel (MLS) gasket with a graphite overlay in 1999. Even so, some of these head gaskets develop 

leaks that allow coolant and oil to mix. Symptoms include engine overheating due to loss of coolant, and an oily 

residue in the coolant overflow bottle. The fix is to replace the head gasket. 

Subaru has also had some head gasket leakage problems on 1998 Impreza, and 2000 and newer Outback and Legacy 

models with 2.2L and 2.5L engines. The problem occurs on the left side of the engine and is usually an external oil 

and/or coolant leak. The cause may be battery corrosion (the battery is located above the left side of the engine) 

that attacks the outer edge of the head gasket. 

LŦ ȅƻǳ ŜƴŘ ǳǇ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ƘŜŀŘ ƎŀǎƪŜǘΣ ŘƻƴΩǘ ǊŜǳǎŜ ǘƘŜ ƻǊƛƎƛƴŀƭ ƘŜŀŘ ōƻƭǘǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ǘƻǊǉǳŜ-to-yield (TTY) 

bolts. TTY head bolts stretch when tightened and should not be reused because they may break or fail to maintain 

torque. 

Some head gasket failures can be blamed on the design of the cylinder head and the way it loads the gasket. The 

1988-Ωфр ¢ƻȅƻǘŀ о±½9 оΦл[ ±с ƭƛƎƘǘ ǘǊǳŎƪ ŜƴƎƛƴŜΣ ŀƴŘ мффр-Ωфу ¢ƻȅƻǘŀ р±½C9 оΦп[ ±с ƛƴ ¢мллǎΣ ¢ŀŎƻƳŀΩǎ ŀƴŘ 

4Runners are all examples of engines with hard-to-seal heads and frequent head gasket failures. 

In the case of the Mitsubishi 3.0L V6, the armour around the combustion chambers on the OEM gasket has a 

tendency to crack. The cracking occurs as a result of metal fatigue caused by the head scrubbing back and forth on 

the block because the engine has aluminium heads and a cast-iron block. Aluminium expands at a much higher rate 

ǘƘŀƴ Ŏŀǎǘ ƛǊƻƴΣ ǿƘƛŎƘ ŎŀǳǎŜǎ ǘƘŜ ƘŜŀŘ ǎǳǊŦŀŎŜ ǘƻ ƳƻǾŜ ƳƻǊŜ ǘƘŀƴ ǘƘŜ ōƭƻŎƪ ǎǳǊŦŀŎŜΦ LŦ ǘƘŜ ƘŜŀŘ ƎŀǎƪŜǘ ŎŀƴΩǘ 

accommodate the movement, or lacks any built-in lubricant (such as a non-stick coating), thermal expansion and 

contraction can literally tear the head gasket apart as the miles accumulate. The fix is to replace the OEM head 

gasket with an improved and redesigned aftermarket head gasket that has stronger combustion armour, better 

materials and an anti-friction coating that can handle the movement. 

On older Toyota 3.0L and 3.4L engines, excessive head motion is also a leading cause of gasket failure. Installing a 

redesigned aftermarket gasket with improved combustion armour and an anti-stick coating should provide a long-

lasting fix. 

Some aftermarket gasket suppliers now offer MLS replacement head gaskets for older import engines that were 

originally equipped with composite or graphite head gaskets. The MLS head gaskets are made of several layers of 

embossed stainless steel and are much stronger than the OEM gaskets that were originally used. 

 

Gasket Replacement Tips 

Replacing a head gasket is a big job for many installers and vehicle owners, so here are some tips to help avoid 

making any mistakes that could prevent the gasket from sealing properly and the engine coming back to you. 

ω !ŦǘŜǊ ǊŜƳƻǾƛƴƎ ǘƘŜ ƻƭŘ ƘŜŀŘ ƎŀǎƪŜǘΣ ŎŀǊŜŦǳƭƭȅ ǊŜƳƻǾŜ ŀƴȅ ǊŜǎƛŘǳŜ ŦǊƻƳ ǘƘŜ ƘŜŀŘ ŀƴŘ ōƭƻck using a gasket removal 

chemical and scraper. Do not use an abrasive pad in a drill to whiz off or clean the head or block surfaces because 

doing so may also remove metal and create shallow depressions that can prevent a new head gasket from sealing. 
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ω .efore you install a new head gasket, use a straight edge and feeler gauge to carefully check the flatness of both 

the cylinder head and the engine block. If flatness is not within specifications, the head or block will have to be 

resurfaced. For engines with aluminium heads, flatness should be 0.002 in. (0.05 mm) in all directions. 

ω LŦ ǘƘŜ ƘŜŀŘ ŀƴŘκƻǊ ōƭƻŎƪ ŀǊŜ ǊŜǎǳǊŦŀŎŜŘΣ ǘƘŜ ǎǳǊŦŀŎŜ ŦƛƴƛǎƘ Ƴǳǎǘ ōŜ ǘƻ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ a[{ ƘŜŀŘ ƎŀǎƪŜǘǎ ǘȅǇƛŎŀƭƭȅ 

require a much smoother finish (20 micro-inches or less) than composite head gaskets (which can handle up to 50 

micro-inches or more). 

ω 5ƻ ƴƻǘ ǳǎŜ ŀƴȅ ǘȅǇŜ ƻŦ ǎŜŀƭŜǊ ƻƴ ŀ ƘŜŀŘ ƎŀǎƪŜǘ ǳƴƭŜǎǎ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƛƴǎǘǊǳŎǘƛƻƴǎ ǘƘŀǘ ŎƻƳŜ ǿƛǘƘ ǘƘŜ ƎŀǎƪŜǘ 

specifically say a sealer is required. If so, use the type of sealer specified by the manufacturer and follows the 

application instructions to the letter. 

ω !ǎ ƳŜƴǘƛƻƴŜŘ ŜŀǊƭƛŜǊΣ Řƻ ƴƻǘ ǊŜǳǎŜ ¢¢¸ ƘŜŀŘ ōƻƭǘǎΦ LŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ƘŜŀŘ ƎŀǎƪŜǘ ƛǎ Ƴǳƭǘƛ-layer steel, the engine 

usually has TTY head bolts. If new bolts are not included ǿƛǘƘ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƘŜŀŘ ƎŀǎƪŜǘΣ ŘƻƴΩǘ ōŜ ǘŜƳǇǘŜŘ ǘƻ 

reuse the old bolts. 

ω hƴ ŜƴƎƛƴŜǎ ǘƘŀǘ ƘŀǾŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ƘŜŀŘ ōƻƭǘǎΣ ƛƴǎǇŜŎǘ ǘƘŜ ƘŜŀŘ ōƻƭǘǎ ŀƴŘ ŘƛǎŎŀǊŘ ŀƴȅ ǘƘŀǘ ŀǊŜ ŘŀƳŀƎŜŘ ƻǊ 

stretched. Then clean all of the bolt threads and lightly oil them with engine oil before installation. Dirt, thread 

damage and lack of lubrication can cause false torque readings when the bolts are tightened. 

ω LŦ ǘƘŜ ŎȅƭƛƴŘŜǊ ƘŜŀŘ Ƙŀǎ ōŜŜƴ ǊŜǎǳǊŦŀŎŜŘΣ ŎƘŜŎƪ ōƻƭǘ ƭŜƴƎǘƘǎ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜȅ ŘƻƴΩǘ ōƻǘǘƻƳ ƻǳǘ ƛƴ ōƭƛƴŘ ƘƻƭŜǎΦ ! 

bolt that bottoms out will apply little or no clamping force on the head, which may allow the gasket to leak. To 

compensate for resurfacing, you may have to install hardened steel washers under the bolts to raise them up, or use 

a copper head gasket shim to restore proper head height. 

ω [ƻƻƪ ǳǇ ǘƘŜ ƭŀǘŜǎǘ ƘŜŀŘ ōƻƭǘ ǘƛƎƘǘŜƴƛƴƎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ǇǊƻŎŜŘǳǊŜǎΣ ŀǎ ǎŜǊǾƛŎŜ ǇǊƻŎŜŘǳǊŜǎ Ƴŀȅ ƘŀǾŜ ŎƘŀƴƎŜŘ ƻǊ 

been revised. 

ω ¦ǎŜ ŀƴ ŀŎŎǳǊŀǘŜ ǘƻǊǉǳŜ ǿǊŜƴŎƘ ŀƴŘ ŀƴƎƭŜ ƎŀǳƎŜ όƛŦ ǊŜǉǳƛǊŜŘύΣ ŀƴŘ Ŧƻƭƭƻǿ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǘƛƎƘǘŜƴƛƴƎ sequence to 

make sure the head gasket is loaded evenly when you install the cylinder head. Mistakes here can lead to uneven 

loading that results in a poor seal and leaks. 

ω !ǎ ŀ ǇǊŜǾŜƴǘƛǾŜ ƳŜŀǎǳǊŜΣ ŀŘŘ ŀ ŘƻǎŜ ƻŦ ŎƻƻƭƛƴƎ ǎȅǎǘŜƳ ǎŜŀƭŜǊ ǘƻ ǘƘŜ Ŏƻƻƭŀƴǘ ǿƘŜƴ ȅƻu refill the cooling system. 

!ƭǎƻΣ ƳŀƪŜ ǎǳǊŜ ŀƴȅ ōƭŜŜŘ ǾŀƭǾŜǎ ŀǊŜ ƻǇŜƴ ǿƘƛƭŜ ǊŜŦƛƭƭƛƴƎ ǘƘŜ ǎȅǎǘŜƳ ǎƻ ȅƻǳ ŘƻƴΩǘ ŜƴŘ ǳǇ ǿƛǘƘ ŀƛǊ ǇƻŎƪŜǘǎ ǘƘŀǘ Ƴŀȅ 

cause the engine to overheat. You may have to start the engine and allow it to warm up to operating temperature, 

then shut it off, allow it to cool and recheck the coolant level to make sure there are no air pockets. 

ωCƛƴŀƭƭȅΣ ƳŀƪŜ ǎǳǊŜ ŀƴȅ ŦŀŎǘƻǊǎ ǘƘŀǘ Ƴŀȅ ƘŀǾŜ ŎŀǳǎŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭ ƘŜŀŘ ƎŀǎƪŜǘ ǘƻ Ŧŀƛƭ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ 

ŎƻǊǊŜŎǘŜŘ ǎƻ ǘƘŜ ƴŜǿ ƘŜŀŘ ƎŀǎƪŜǘ ǿƻƴΩǘ ǎuffer the same fate. Make sure the cooling system is functioning normally 

ŀƴŘ ƘƻƭŘǎ ǇǊŜǎǎǳǊŜΦ aŀƪŜ ǎǳǊŜ ǘƘŜ ŜƴƎƛƴŜ ŘƻŜǎƴΩǘ ƪƴƻŎƪ ƻǊ ǇƛƴƎ ǳƴŘŜǊ ƭƻŀŘΦ !ƴŘ ƳŀƪŜ ǎǳǊŜ ǘƘŜ ǾŜƘƛŎƭŜ ƻǿƴŜǊ ƛǎ 

using the correct grade of gasoline (premium if required). 
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Cam and Lifter Technology - What's New In Cams 

 

 

Breakthrough Design, Materials, And Manufacturing Take Cams And Lifters To The Next Level. 

From the May, 2010 issue of Hot Rod 

By Marlan Davis 

Photography by The Manufacturer 

 

  |   

|    

 

In a world without limits, camshaft designers have known for decades what profiles they'd like to grind. But real-

world technological limitations-in terms of design feasibility, materials science, and manufacturing process-have held 

them back. Now, the introduction of sophisticated lobe design and analysis software, better materials, and 

computer-controlled manufacturing has pushed cams and lifters into a whole new performance envelope. Then 

there are recent original-equipment innovations such as variable valve timing (VVT) and perhaps ultimately 

electronic valve timing. There's no telling where it will all end. From the lowest street cam to the most radical high-

end professional racing applications, big changes are occurring, so HOT ROD felt it was high-time we took a look at 

the state of today's cam and lifter technology. 

http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/photo_01.html
http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/photo_01.html
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It's a Digital World 

Today progressive cam companies design all their new profiles on a computer, then use engine simulation software 

to analyse a new design's projected performance. As Isky Cams' Nolan Jamora puts it, "The time and money that 

these design programs save us is immeasurable. To be able to work out what could be initial problems inherent in 

pushing cam and valve train design to the next step has proved invaluable. To simulate how a particular design will 

react to different valve train materials and evaluate the Hertzian stresses imparted on each part has allowed us to 

optimize each individual component in the valve train." 

 

    The new software lets every design variation be explored without having to make and discard actual examples. 

Each segment and lift point on the lobe can be designed in detail rather than roughed-in by hand. Once approved, 

volume designs are transferred to a computerized milling machine that cuts a new master; low-volume and customs 

go directly to CNC manufacturing without the need for a master. Obviously, this means it's a lot easier to generate 

special cams for oddball or niche applications, or develop several of the more promising profiles for a full physical 

valve train stability analysis on a Spintron machine. 

Profiles For Success 

All the analysis and testing have yielded big refinements in overall lobe profile shape. The new-tech lobes are 

asymmetrical, with different opening and closing shapes. Single-pattern cams with identical intake and exhaust lobes 

are yesterday's news. Today the trend is toward dual-pattern designs with dedicated intake and exhaust lobe shapes 

that vary beyond mere lift and duration differences. "Racers and engine builders are looking at durations beyond the 

0.050-inch number," says Kevin Cantrell at Schneider Racing Cams. "They want to know what the duration is at the 

lash point, at the 0.200 mark, and so on." 

 

A modern Pro Stock solid roller...  

    

   

On the intake side, the goal is to yank the intake valve off the seat and accelerate it over the nose as quickly as 

possible, all while smoothly following the intended lobe profile shape. This gets the valve well up into the max flow 

range of today's high-flowing cylinder heads as quickly as possible for a given rpm window. Avoiding destabilizing 

valve bounce mandates the closing side be made smoother and gentler, especially as the valve approaches the seat. 

"The old rule of thumb on the exhaust side was to just make sure you did not choose something that would hurt 

http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/photo_02.html
http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/photo_02.html
http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/photo_03.html
http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/photo_03.html
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performance," says Comp Cams' Billy Godbold. "Many of the common exhaust lobes were either leftover intake 

designs or quite lazy cam profiles that seemed to take days to get the valve off and back on the seat." Now new 

exhaust-specific designs are being introduced that are definitely not "soft." These are still slightly softer right at the 

seat than the newest intake designs, but the entire curve is no longer soft, yielding more area under the curve. 

Collectively, this reduces exhaust pumping losses and yields a much flatter torque curve while still minimizing valve 

breakage and premature exhaust seat wear. The new-theory dual pattern optimizes the overlap triangle shape, 

helping the headers do their job of providing a low-pressure signal back to the inlet charge. 

 

According to Schneider Cams, there are, however, some cases where really old-school lobes are making a comeback. 

"We have actually been using some of our original racing profiles designed in the early '60s again because they are 

still really good profiles. But back when we first designed them we did not have valve-springs good enough to control 

their fast ramps. Now we do." 

The refinement in design, materials, and manufacturing isn't just for racers. Today's street cars run so much better 

than 10 or 20 years ago because the heads are much better, the valve trains are more reliable, and the aggressive, 

computer-optimized lobe profiles really work (and live). Don't believe it? Look how much more power GM's LS 

series, Chrysler's Hemi, and the Ford Modular series make in stock form (let alone with a simple cam change), 

compared with the designs they replaced. 

 

Comp Cams' Carpenter powdered-metal...  

For computer-controlled, fuel-injected engines, cam designers are trying to come up with bigger 0.050 durations 

that are still computer compatible. Mid-220s duration used to be the benchmark, but for the most part that can now 

be stretched to at least the mid-230s with lobe-separation angles of 110 degrees or greater (assuming a stock 

computer reflash or an aftermarket self-learning or reprogrammable system). "For the most part, we can now make 

the cam move the most air in the cylinder as possible for a given induction system and rpm and expect that any good 

tuner will be able to get the idle and air/fuel ratios correct," Godbold says. "However, because cylinder heads are 

also better, it has come full circle, so that often you don't need any more than 224 degrees at 0.050 for most LS 

street EFI applications." But if you did want to go big, mechanically it's easier than ever: Many factory-performance 

versions of today's engine families feature lightweight valves, while on the aftermarket side there are 0.675-inch-lift -

capable valve springs available that fit in the stock pockets. 

For carburetted applications on old-school hot rod motors, Comp's Thumpr series cams are proving popular, and not 

just because they sound good, like a camshaft should. They are also more filling, with a very wide power curve, 

perhaps the most important attribute for a street cam. Yet the designs are quite stable at high rpm. At the same 

time, the tight 107-degree lobe separation and shorter intake duration result in an early intake closing to help trap 
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the charge at low rpm, yielding a strong torque peak at a moderate rpm. Thumprs have been so successful that 

they're even available for oddball motors like nailhead Buicks, early Hemis, and flathead and Y-block Fords. Other 

quick-acting, broadband street cam series include Lunati's Voodoo, Isky's HRX and Fat Hydraulic grinds, and Crane's 

Energizer series. 

 

Supporting 0.525- to 0.650-inch...  

The Quest For Stability 

At the high end, racers have always wanted quicker cams, higher lift cams, and longer duration. But to realize the full 

benefits of a quick, high-lift cam requires a stable valve train. As Chase Knight at Crane Cams puts it, "Anytime you 

can get the valve to do what the cam signals it to do repeatedly, you've made significant gains." Initially, huge lift 

was generated by upping the 1.5:1 to 1.7:1 rocker ratios common 10 to 15 years ago to as high as 2:1. This first 

occurred in NASCAR where flat-tappets are mandatory, but eventually spread to roller-cam apps as well. 

Unfortunately, the higher the rocker ratio, the more the force multiplication on the tappet side of the pushrod: With 

a 2,000-pound inertial load, the load on the pushrod side is 3,000 pounds with a 1.5:1 ratio but 4,000 pounds with a 

2:1 ratio. Even though pushrods got stiffer (Pro Stock diameters are more than 1/2 inch, and some Top Fuelers even 

use solid pushrods), shaft-mount rocker arms replaced stud-mounted independent rockers, and vastly improved 

valve springs became available, it still wasn't enough to prevent valve train flex. The problems weren't just confined 

to Pro Stockers and Fuelers. "Even Super Stock Hemi guys running 800 pounds on the seat and 1,200 pounds open 

with 1.875:1 rocker ratios at 9,500 rpm had this problem," says valve train expert Dan Jesel. "People didn't realize 

how bad their pieces were until they got a Spintron," Knight adds. 

 

Today most roller follower applications are moving back toward the 1.8:1 range or lower, yet net valve lift is holding 

steady or even increasing. The difference is made up by increasing lobe lift-in pro racing, lobe lifts sometimes 

approach the low- to mid-0.600s with even some bracket racers running up to 0.515 inch. Alternatively, Crane posits 

the new, more stable valve train "enables you to have a milder cam profile in general because it transmits the lobe 

profile more accurately. You can see 30 hp on a single-four-barrel, 7,500-rpm engine because shorter seat timing 

(but better cylinder filling) ends up broadening the power curve." 

Of course, the taller lobes have to physically fit through the block's cam journals. Traditionally, a cam's base circle 

diameter was reduced to permit higher-lift lobes to clear. But a thinner cam core twists and flexes. "Cam bending is a 

primary cause of mysterious piston-to-valve problems," maintains Jesel. "I've wanted big cams forever." With new 

specialty aftermarket engine blocks that accept larger cam journals supported by needle-roller cam bearings, Jesel 

can finally have them. 

Even relatively thin needle cam bearings take up some space, reducing the amount of ultimate clearance available. 
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Jesel is said to be working on new clamshell hydrostatic bearing technology and revised lubrication "that oils the cam 

down the middle." If successful, it could permit even larger cam cores than at present, or make practical installing 

relatively larger cams into stock-style blocks. 

 

But, it does little good to put a large journal on a cam if the lobes no longer clear the connecting rods-so many of the 

new blocks also have the cam centreline raised for more rod clearance. This dovetails nicely with the increased use 

of big stroker kits. For example, the new RHS LS race block moved the cam up by the equivalent of two timing chain 

links and added a 60mm cam journal, permitting a full-size base circle even with a 4.600-inch stroke. 

Core Values 

Concomitant with larger cam cores has been a proliferation of different cores custom-tailored for specific 

applications. With all the different aftermarket heads out there, valve locations and angles and even optimum lifter 

bore positioning has departed from the original factory designs. To keep the lifter and pushrod as straight as 

possible, the lobes on the new cores are reclocked and repositioned so the lifters track down the centre of each 

lobe. 

There have also been changes in materials and heat-treating processes to increase cam life and load-bearing 

performance. Jesel has continued to refine its proprietary H-13 aerospace steel raw billets for custom race cam 

grinding. While expensive, the tool-steel blanks are hardened completely through the core. So are many Comp Cams 

rollers and high-end NASCAR flat-tappet grinds that are now made from Carpenter powdered-metal tool-steel 

billets. The powder isn't put into a mould and heated like cheap OE connecting rods; instead, a very fine powder 

matrix is used to make the base material resulting in what Comp terms truly "out of this world" improvements in 

"wear resistance, strength, and toughness." 

 

With a 350 percent higher...  

Size Matters 

With evermore lift and duration (and thus ever-higher valve-spring pressures); solid roller lifters have a large load to 
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bear. As Isky puts it, "Extensive testing confirmed rather than being continuous and orderly, needle-roller motion in 

the roller bearing is subject to harmonic wave-like action that oscillates between the bunching up and spreading 

apart of the needles, due primarily to deflection of the outer bearing race under extremely heavy valve spring loads 

and tremendous dynamic forces. This was exacerbated by the poor load distribution ratio of surface area contact of 

the needle rollers." If you ever had a roller lifter come apart at 8,000 rpm, the results are not pretty. 

One solution is beefing up the roller axle and increasing needle-bearing quality, size, and number, but with a 

production-based block you run into the physical packaging constraints of the roller lifter assembly versus the lifter-

bore size of engine families designed a half century ago. One solution is special aftermarket blocks designed to 

support much larger lifter body sizes made from premium materials. 

Oversize lifters, special cylinder blocks, and extra machining are costly, so Isky has gone a completely different route 

to improve durability while keeping costs under control. After years of experimentation with different materials and 

manufacturing processes, it's developed the EZ Roll Red Zone needleless, single roller bushing design that replaces 

the roller needles. Isky claims "they last four times longer, and love high heat and low oil, making them perfect even 

for a street car idling in traffic." 

 

Have Lifter, Won't Travel 

We've seen that a major quest for improving cam performance is making the entire system more stable. As Comp 

puts it, "Deflection always increases with load and load increases with rpm." It's more of a problem with a hydraulic 

tappet compared with a solid because of the traditional hydraulic lifter's long plunger travel. As rpm increase on an 

overhead-valve engine, this can decrease running valve duration by as much as 10 degrees. The problem was 

especially acute with hydraulic rollers, which some believe never achieved their full top-end potential. 

Short of converting to solid roller lifters, one approach is raising spring rates to near solid roller cam levels, then 

install lightweight valves, stout pushrods, and beefy rocker arms. Crane has hydraulic rollers running with 240-to-

250-pound seat pressures in big-block Chevy-powered Navy SEAL attack boats that obviously have to work right all 

the time. At the drags, Crane says hydraulic rollers set up with big springs are drastically reducing pesky between-

rounds maintenance on some Super Gas and Super Comp cars. On the other hand, for daily street use, upping 

hydraulic roller spring pressures shortens lifter life, plus the lifters tended to bleed-down from all the pressure 

overnight, leading to noisy cold-starts. 

 

The problem is also being attacked at its source by improving the lifter design. The limited-production ZR1 Corvettes 

wind up high using special GM lightweight lifters that substitute a lightweight ceramic check ball in place of the 

normal steel one. In the aftermarket, Comp Cams has come up with short-travel lifters, which it maintains come 
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closer to the performance of a solid roller than anything else previously available. 

The new short-travel lifters achieve their maximum capability with Comp's new hybrid hydraulic roller lobes. In years 

past, a primary concern of every hydraulic roller design was limiting lifter noise at idle. However, some of the best 

race hydraulic roller lobes were actually older tight-lash solid roller profiles. "This sent us back to the drawing 

board," admits Comp. "It has resulted in several new lobe series that are partly what looks like a solid roller 

acceleration curve and partly like a hydraulic roller design." These new lobe families can either be run with a short-

travel hydraulic roller or a tightly lashed solid roller. In an LS application, using a short-travel hydraulic roller lifter 

and a Comp PN 26926 valve spring, Comp tested a 0.675-inch-lift hybrid lobe up to 7,500 rpm without control loss. 

Currently, these are only offered as customs because many end users may have issues with the additional noise. 

 

Phasers On Kill 

Beyond cam profile improvements, there is variable valve timing. Used stock on some late-model engines, its most 

commonly implemented as a way to automatically advance and retard the camshaft under running conditions. A 

computer-controlled, hydraulically driven, phaser mechanism installed in place of the standard cam sprocket is used 

to accomplish this function. In production, VVT mainly improves fuel economy and emissions, but for hot rod use it 

has the potential to broaden the power and torque curves, once two potential problems are overcome: First, piston-

to-valve contact will occur with a big cam because the pre-programmed stock advance and retard range is too broad; 

and second, the phaser mechanism may have insufficient hydraulic pressure to overcome high-pressure valve 

springs. 

Short of an engine rebuild with deeply notched pistons, the contact problem can be managed by reprogramming the 

factory computer to electronically limit phaser advance and retard or by mechanically restricting phaser movement 

with a hardware-derived phaser limitation system. As tested on a GM L92 6.2L LS engine, a Comp Cams phaser 

limiter kit made 500 hp (gaining 70 hp over the stock 430hp baseline), with no losses anywhere compared with the 

stock cam. Meanwhile, new valve spring designs are in the pipeline that provides sufficient cam control without 

overcoming the phaser mechanism. 

One company that offers cams that retain the full VVT function is Mast Motorsports. 

 

Due to cost and complexity, we're not likely to see VVT retrofit kits for old-school engines any time soon. And full-

race engines are unlikely to benefit from advance/retard VVT tech because they run in a very narrow rpm window. 

There are various VVT systems that can change the lobe-separation angle as well as cam advance, such as the Dodge 

Viper V-12 "cam-in-cam" system for pushrod engines and various import OHC configurations. These could have 

serious race potential, if a similar setup were ever implemented on mainstream engines. 
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A Farewell To Cams? 

VVT aside, in the future, physical cams could be entirely replaced by electronic valve actuation systems. These 

systems exist today, but they're only for very low-lift and low-rpm diesel engines because present electronic 

solenoid technology eats power and doesn't work well over 0.400-inch lift and 3,000 rpm. They're bound to improve 

in the future, though. At the very least, we could see the perfection of air-springs (some Formula I cars already use 

them). However the valves are actuated, there will still be a need for a profiler. "We look at ourselves as designing 

valve motion," says Lunati's Derek Scott. "So in this sense our job will stay the same-we just might be programming 

chips instead of grinding eccentrics on a metallic shaft." 

One thing's for sure: Every year, new developments help push engine performance higher, cars go faster, and new 

records are set. These are no longer the days of your granddad's 30-30 cam. 

 

Taps For Flat-Tappets? 

The rash of flat-tappet cam failures a few years back is attributed to manufacturing defects in the lifters themselves, 

a change in the composition of commonly available motor oils, and (in some cases) worn lifter bores that reduced 

the amount of normal flat-tappet lifter-crown rotation. With modern engines no longer using roller lifters, traditional 

U.S.-made lifter sources dried up, and poorly made foreign lifters flooded the market. This has since been corrected, 

and the major cam companies have assured us that all lifters sold by them are made in the U.S.A. by reputable 

companies. Cam companies have also improved their flat-tappet cam heat-treat process and quality-control 

procedures. For example, Isky uses only U.S.A.-made cam cores. Both Bullet and Isky stress the need for additional 

taper on the lifters and the cam lobes. 

 

That still leaves the oil. Zinc dithiophosphate (ZDP), an anti-war/oxidation inhibitor chemical additive, was once used 

in motor oils to act, Schneider Cams says, "as a high-pressure lubricant that is crucial to lobe/tappet life when using a 

slider-type lifter." With today's engines all running rollers, ZDP were removed from street-car oils for emissions-

control reasons. Although mild, stock, flat-tappet cams generally don't encounter problems; aftermarket hot rod 

grinds are much more aggressive and cannot rely on current passenger-car motor oils for adequate protection. 

The obvious solution, says Crane, "is not to run a flat-tappet unless the rules mandate it or you can't afford a roller." 

Besides, Schneider points out that "roller cams increase power by as much as 10 percent over a flat-tappet with 

comparable specifications." Unfortunately, "racing promoters that require flat-tappet cams won't be changing any 
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time soon," maintains Bullet Cams' John Partridge. "They think they are saving money when in fact they are costing 

them money." The exotic-material NASCAR cam billets, lifters, and coatings cost around $5,000 a set and last for 

three races if the engine builder gets lucky. A roller cam and lifters would be four to five times less costly. 

 

 

Read 

more: http://www.hotrod.com/techarticles/engine/hrdp_1004_cam_lifter_technology/viewall.html#ixzz1Xtg9C3ay 
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