Ford 4.6 engine parts diagram

Parts selection is one of the most important elements of engine building because all parts must
operate in concert with one another. You can interchange a lot of parts with these engines if you
have the means knowledge and a good machine shop to make modifications that allow parts to
interchange. The greatest differences exist between the two Modular engine plants: Romeo,
Michigan, and Windsor, Ontario. Romeo tends to be more passenger-car oriented while Windsor
caters more to the truck segment, but there are exceptions to this rule. I have seen
passenger-car engines produced at Windsor, and truck engines that have been produced at
Romeo. I also suggest keeping the same basic engine. If your engine is beyond salvage, build a
new one with the same type castings from scratch or find an identical core from a similar
vehicle. Proper parts selection is the most important aspect of engine building outside of
choosing a good machine shop. Keep in mind that the 4. Buying new parts is just as easy as,
and sometimes easier than, rebuilding old cores. The path you take depends on your budget,
the time you have available for rebuilding, and what you want to achieve with your Modular V
Since its introduction in , there have been untold combinations of blocks and heads, including
the three-valve engine introduced in Although they generally look the same at a glance, they are
different from a parts interchange standpoint. From to , there was just one Modular engine
plant: the old Ford tractor plant in Romeo, Michigan. When Ford sold its tractor division to New
Holland in the late s, it had empty factory floor space in Romeo. Ultimately, a new generation of
fuel-efficient, and emissions-friendly overhead cam V-8 engines was built in Romeo. It took Ford
many years to develop a new family of overhead cam V-8 engines. It was not an easy
transformation for Ford. Because the Modular V-8 was massive, vehicle design had to change
radically to accommodate the fender-to-fender mass. Every single Ford, Mercury, and Lincoln
nameplate ultimately had to change significantly for this engine to fit. Beginning in â€”, the
Windsor, Ontario, engine plant across the Detroit River from Detroit began producing 4.
Windsor is primarily a truck engine plant, although it has produced engines for passenger cars,
such as the â€” Mustang GT. By the same token, Romeo has produced engines for trucks as
well. As you delve into engine components, the differences in these engines become readily
apparent. SOHC block identification from to is simple because Romeo was the only engine
plant. Beginning in , a second plant and foundry in Windsor, Ontario, was used. Main cap
security is another way to identify blocks. Romeo blocks have main cap jackscrews and cross
bolts. Jackscrews are for adjustment specific torque during installation. Cross bolts secure
jackscrews and main caps. Although Windsor and Romeo blocks are architecturally the same in
terms of strength, you should be aware of their differences. Windsor blocks have dowel
pinsecured main caps and cross bolts. After main caps have been properly torqued, dowel pins
are hammered into place and cross bolted. This makes Windsor blocks easier to assemble,
taking less time. It has yet to be determined which is a better system. Romeo blocks, for
example, have subtle differences from Windsor blocks in the casting. They are marked the same
with the same kind of webbing and ribs. Bore size, 3. And due to design limitations, both are
limited in stroke, too. Windsor blocks can be clearly identified by the absence of a drain
passage from the valley along with one knock sensor bung midvalley. In fact, this is the
quickest way to identify a Windsor block because none of them have a valley drain hole. The
casting number and date code help identification. Casting numbers are located on the block
skirt. This is the entire casting number. The date code helps identify the block by the year that
the block was cast. Windsor block main cap security differs from its Romeo counterpart
because the Windsor does not use a jackscrew arrangement. Instead, the Windsor uses a dowel
retention pin arrangement that wedges between the main cap and the block, secured by cross
bolts. When the main caps have been torqued to spec, dowel pins are tapped into place, and
then cross bolts installed and torqued to spec. This one does not. Be prepared for variations
like this in Romeo blocks and always use the casting number as your primary means of block
identification. Romeo blocks have jackscrew-secured, cross-bolted main caps. Jackscrews are
used to adjust main cap tension against block skirts. Once the jackscrews have been properly
torqued, torque the cross bolts. Although you associate jackscrews with Romeo blocks, not all
Romeo blocks have them. Newer Romeo performance blocks have interference-fit main caps
that are flush with the block skirts. Expect to see this in two locations: on the block shirt and in
front. When all else fails, confirm the casting number and date code for positive identification.
Block machining technique has evolved through the years. This is an older 4. Note the smooth
contact surfaces. As this block casting has evolved through the years, Ford has not produced
the same smooth contact surfaces on the newer Modular engines. Still, manufacturing
techniques remain world class. Note the rough-cut contact surfaces on this new 4. Ford has
eliminated final finish work on block contact surfaces. This makes it more than strong enough
for a street and weekend strip application. Crossbolted main cap design makes the casting
rugged and strong, plus it reduces noise, vibration, and harshness. Although the experts say

this block stands up to 1, hp, I recommend keeping it under hp so you can enjoy strong, reliable
performance year after year. Although Ford lists one basic part number 7L2ZB for â€” Romeo
passenger car blocks, the Romeo block casting has evolved through the years. Those first
revisions came in for the Mustang GT. The subtle casting improvements were designed to make
the Romeo block stronger. For , a Romeo service replacement block is available with two
knock-sensor bungs. Otherwise, this block remains virtually unchanged. See the chart at right.
It is a table of known SOHC block part numbers. Not all numbers appear here, just the more
common ones. Expect to find other numbers out there. The pumps are identical except for
pick-up size so they conveniently interchange. However, be mindful of what makes them
different and what needs to change on your engine before installation. There are two basic
types of oil pumps for Modular engines. The standard pump is found on all SOHC engines from
the factory and delivers an adequate oil supply. The more desirable high-volume pump for the
DOHC Cobra engine can be identified by its larger pick-up passage. Ford block-casting date
codes are alphanumeric, much as they have been for a half-century. Date codes found on
castings are the actual date of casting at the foundry. You really must make this modification to
the pick-up. What makes these pumps different is capacity. The standard SOHC pump offers
plenty of volume for just about any application. And remember, some modification is required.
Do not install the Cobra pump in an SOHC engine without performing required modifications to
the oil pick-up. Melling offers a steel-billet highvolume oil pump PN for Modular engines and,
although it is heavier, it is more durable than an aluminum pump. It stands up to the rigors of
highperformance driving and provides insurance to protect your engine. Also, aluminum pumps
are available with steel billet rotors. Remember, this pick-up must be modified to work in the
SOHC engine. Although it looks as if it clears the crankshaft and connecting rods, it does not.
Check clearances closely and ascertain how much room you have between pickup and any
moving components. You need a minimum of. Since , only a few basic crankshafts have been
used in Modular engines. Nodular iron Romeo cranks are six-bolt flange units that have proven
to be very reliable in a broad range of applications from family sedans to high-performance
Mustangs to Crown Victoria Police Interceptors. According to many Modular engine builders,
you may have a light crank or a heavy crank, depending on what type of connecting rod was
used. The nodular iron crankshaft is extremely durable. PowerHeads, which builds lots of
Modular engines, says it has never seen anyone break a nodular iron Modular crankshaft. He
says the nodular iron crankshaft is good for up to hp. Sean suggests the eight-hole flange over
the six-hole if you are going to twist it high and tight. You can choose from two types of nodular
iron crankshafts for 4. Eight-holes are for Windsors only. Be sure that the flywheel or flexplate
is compatible with your crankshaft. The quickest way to identify a heavy or light nodular iron
crankshaft is the balancing holes in the counterweights. Heavy cranks have deep drill holes for
balancing purposes. Heavier nodular iron crankshafts were built for heavier connecting rods,
which first entered service in Romeo has consistently stayed with the six-hole crankshaft
except for steel DOHC crankshafts, which are primarily eight-hole flange units. The eight-hole
crankshaft has been a Windsor mainstay because most Windsor engines have been built for
F-Series trucks and E-Series vans. Expect to see eighthole nodular iron Windsor crankshafts,
which are good street units for high-performance applications. The 5. Also keep in mind that
Romeo has never produced a 5. All 5. You can choose from four basic types of harmonic
balancers for Modular engines, with six or eight ribs, depending on application. The 4. Choosing
the right balancer is crucial to engine life, specifically oil pump life. This is why you must be
very careful if you intend to use an aftermarket balancer. With pump failure, you have vibration
issues or undue stress around the crank snout, which takes a toll on both the pump and
crankshaft. This means custom balancing for smoothness, but that can create a host of
challenges for some builders. Your builder is the best judge of whether to internally or
externally balance. I call it a timing system because it is more involved than a conventional
overhead valve pushrod V-8 timing set. Because the 4. Prior to the model year, Romeo Modular
engines were fitted with steelbacked, nylon, plastic-lined chain guides,which do an excellent
job. From â€”up, Ford used plastic timing chain guides in Romeo engines, which are lighter in
weight and offer quieter operation. Let me clarify something about steel versus plastic chain
guides. Windsor used plastic chain guides from the beginning in , while Romeo was still using
steel guides. However, I suggest replacement in the interest of reliability, which eliminates any
doubt. There are several types of harmonic balancers for Modular engines. In fact, there are
three basic types for six-rib and eight-rib serpentine belts. From left, a conventional six-rib 4.
Timing gears and crankshaft reluctor rings are often a source of confusion. Two types of
crankshaft reluctor rings are available: cast and stamped. A cast steel sensor ring is fitted to
â€” engines; the stamped steel sensor ring first appeared in The stamped steel ring weighs less
and costs less to make. With the stamped steel reluctor ring, teeth must face toward the timing

cover, never toward the block. Aim them toward the block and you wind up with severe engine
damage because they hit the timing chain. Romeo engines use bolt-on cam sprockets;
Windsors have pressed-on sprockets with bolts. Keep this in mind when you order cams and
cam sprockets. If this mistake is made, interference and chain alignment issues will wreak
extensive engine damage. According to Modular engine expert Sean Hyland, all Modular
engines have cracked powdered-metal connecting rods except the Cobra R fitted with forged
Carillo rods , the supercharged Mustang Cobra fitted with Manley forged-steel rods , and the
supercharged â€”up Shelby GT Although performance buffs have resisted using cracked
powdered-metal connecting rods, these rods are strong enough for most high-performance
applications. These rods are extremely durable as long as they receive a healthy supply of oil
and are not subjected to extreme use. Powdered-metal technology makes it more cost effective
to produce connecting rods this way. JGM Performance Engineering has shown that these rods
can indeed be reconditioned, but not in the conventional sense. Instead of cutting rod caps,
which cannot be done with cracked rods, you simply hone the large end to. The inside diameter
depends on how much you machine the rod journal undersize. This is a new Pioneer harmonic
balancer for the 4. Examine your existing balancer and check for deteriorated rubber. Because
balancers are relatively cheap, opt for a new one. Buy a damper with the correct rib count or
you will face serious belt alignment issues. Highperformance Modular engines generally have a
heavier, wider harmonic balancer. Run-of-the-mill 4. Once powdered-metal connecting rods
reach , miles, they are theoretically at the end of their service life and should be replaced. Sean
Hyland says he has seen some mid-beam failure because these rods were subjected to
detonation, nitrous oxide, and supercharging. It is simply courting disaster to run nitrous or a
supercharger with powderedmetal connecting rods. If you intend to run nitrous or install a
supercharger, step up to a Manley H-beam connecting rod to be safe. If you have a healthy
checking account, the Manley Pro Series I-beam rod, fitted with ARP bolts, provides incredible
strength and durability for engines over hp. For most 4. The complete Modular timing system
includes two primary chains DOHC engines have two secondary chains for the quad-cam
system , cam sprockets only one is shown , two crank sprockets, and a reluctor wheel for
electronic triggering. Tensioners and chain guides are not shown here. These are the steel and
plastic chain guides used prior to , which include two additional hollow block pins that were
deleted after It has yet to be proven which is the better chain guide. Traditional wisdom holds
that steel guides are stronger and more durable. However, plastic guides are quieter. Although
steel guides have steel strength, they have plastic where the contact occurs. Since , Ford has
used plastic chain guides in Romeo engines, which are lighter and quieter than steel guides.
The pivoting guides are also driver- and passenger-side specific, which calls for close attention
to detail during installation. If you install them backward you may have expensive engine
damage. Windsor engines have used the plastic guide since the plant began Modular
production in There are two types of crank sprockets. On the left is the appropriate crank
sprocket for the thicker early-style reluctor wheel; it does not have the offset. On the right is the
offset crank sprocket for a stamped-steel reluctor wheel, which is offset to make up for the
difference in reluctor thickness. Do not get these crank sprockets and reluctor wheels mixed up.
If you do, they will damage the engine. The large reluctor wheel triggers the electronic engine
control via the crank sensor in the front timing cover. If your Modular engine has the
stamped-steel reluctor wheel right , the teeth must be pointed away from the engine block. If
you point them toward the engine block, you will experience engine damage. Modular engines
originally had iron tensioners, which are still available from Ford. Today you can expect to see
composite tensioners, which actually work better at controlling chain tension. They are driverand passenger-side specific and marked accordingly. Do not install them backward.
PowerHeads says this tensioner tends to lock up because it keeps too much tension on the
chains. PowerHeads recommends the use of a composite tensioner for this reason. Since , the
Modular V-8 has received dished Teflon-coated hypereutectic pistons. So why run hypereutectic
pistons instead of cast or forged? These tight tolerances especially piston-to-cylinder wall allow
for better oil control lower emissions and longer engine life and consistent cylinder sealing.
Plus, tighter tolerances reduce piston noise. In addition, tight tolerances also reduce
hydrocarbon contaminants in the oil and in the air. Piston identification can be tricky because
all Modular pistons generally look the same. However, you must be aware of their differences.
The PI head has a smaller cc chamber, which calls for a piston with a deeper cc dish. Naturally
aspirated DOHC engines have a much smaller 2â€” to 3-cc dish and a completely different
fourvalve chamber design. The â€” SOHC three-valve engine employs a lowfriction flat-top
hypereutectic piston with Teflon-coated piston skirts. This is a typical 4. Most Modular engines
were also fitted with cracked powdered-metal connecting rods. The â€” Cobra was factory fitted
with Manley connecting rods and forged pistons because they were supercharged. Cracked

powdered-metal connecting rods were conceived to reduce cost and manufacturing time. No
two rods crack the same way. For street engines up to hp, this is a good rod. Think of the
cracked powdered-metal rod just as you would a conventional rod forging from Detroit. A good
rule is to go with sportsman-style connecting rods any time you build a Modular engine with
more than hp. If you intend to lean on it hard and are anticipating supercharging or nitrous,
select a forged piston along with a Manley H-beam connecting rod. Two basic pistons are
offered in and alloys. For high-performance engines, especially ones running a lot of boost, you
should select the In fact, I suggest this alloy for all engines rather than the alloy. The piston
should be attached to an appropriate forged connecting rod with a full-floating pin. In addition,
hypereutectic pistons locate the top ring. Forged pistons push it down a little farther, at. Rings
in any case stack up at 1. As mentioned, hypereutectic pistons yield less noise on start-up than
forged pistons because, as the engine heats up, hypereutectics expand less than forged.
Forged pistons expand significantly with heat, so that growth must be figured into bore sizing,
which makes piston-tocylinder wall clearances loose and sloppy when cold. This also means
you need to take it easy on a cold engine until the oil is good and hot, and the parts have
expanded to their operating temperature size. Hypereutectic pistons are noisy in this engine
when cold, and forged pistons are even noisier. Because the pistons drop well into the
crankcase at BDC, they become unstable and wobble, adding a significant amount of noise.
Noise levels depend not only on piston type, but piston manufacturing technique. Pistons
should be properly factory machined to stay quiet when they reach the bottom of the bore, but
not all of them do. The tricky part about Modular engines transcends piston design. Therefore,
piston and connecting rod selection is critical for reliability and performance. You want to look
not only at the piston type and material, but the connecting rod ratio as well. The quick
reference tables on page 64 from Sean Hyland Motorsport make it easy to choose just the right
piston for your Modular engine build. These covers have evolved as Ford has expanded this
engine to more and more car and truck lines. As with other engine parts, Romeo versus
Windsor comes into play here. Windsor engines have larger timing cover bolt holes because of
larger cylinder head and block bolt holes. Romeo bolt holes are smaller. All Modular pistons
look basically the same. However, dish sizing varies according to cylinder head selection. Use a
small-dish piston with a small chamber and you have too much compression. The piston dish
must match the combustion chamber size or you wind up with either too much or too little
compression. This is an aftermarket forged piston with a distinctive dish. Be sure to select the
right piston material and design for your application. Also consider chamber size and deck
height data. Do not blindly select a piston based on hearsay or bench racing. Timing covers can
be difficult to identify. You should select the timing cover and related front dress parts that are
compatible with your particular Modular engine. Otherwise, it becomes complicated and
frustrating to match a variety of parts with one another. You have to source a specific belt
tensioner and other front dress parts. Cylinder head castings are one of the few Modular engine
elements Ford kept simple. DOHC heads are more complex, but they have become simpler with
time and engineering upgrades. From to , two 4. The Romeo head uses cam journal girdles for
strength; the Windsor heads do not. In addition, Romeo heads have smaller timing cover bolt
holes than the Windsors. Despite the differences, these heads are interchangeable. In , Ford
fitted the 5. Three-valve technology has brought a fresh sound and power to the 4. Unlike the
â€” SOHC heads, the three-valve heads are passenger- and driver-side specific. Note: The
following specifications were used in the calculations Compressed head gasket thickness: 0.
Fascinating technology makes the Modular engine exciting and different. Instead of traditional
iron or steel-billet machined camshafts, the Modular engine employs composite camshafts
constructed of steel tubes and individual lobes that are pressed onto the tube in proper
position. Think of the composite camshaft as you would the cracked powdered-metal
connecting rod mentioned earlier. This manufacturing process is cost effective and produces
lightweight cams. Timing cover front dress varies among vehicle types. A solid oil wedge
between the cam and journal virtually prevents wear. These heads can be honed resized by a
competent machinist if wear is an issue. These composite camshaft lobes ride on roller rocker
arms with hydraulic tappets. Hydraulic tappets work just like hydraulic lifters, controlling lash
and keeping the valvetrain quiet. Smaller than usual valvesprings close conventional, smaller
poppet valves. Modular engines have tiny valves and springs as you see in a motorcycle
engine, which reduces weight and internal friction. The smaller PI chamber size raises the
compression significantly and makes it challenging to swap onto an NPI engine. You can lower
the compression ratio using a PI piston deeper dish. The aftermarket offers a limited selection
of camshafts for these engines because Ford originally did a pretty good job of camshaft
profiling. And this is true throughout the engine. These are highperformance engines right off
the assembly line: high-revving V-8s that sound ferocious and make good power. Where they

need help is improved low- to midrange torque. You should select a camshaft that broadens the
4. You want a camshaft that helps your Modular engine make good torque down low for the
street, where you need it most. The SOHC head is omni-directional, which means it can be
installed on either bank. However, you need to switch oil galley plugs whenever you use heads
on opposite sides. This is an easy mistake to make and is not correctable once the engine has
been completely assembled. In short, you will have oil all over the garage floor when you fire
the engine and the clatter of engine damage from zero oil pressure. This PI chamber features an
improved high-swirl design. Note the quench pad above the intake valve designed to keep the
fuel droplets in suspension for cleaner emissions and more power. However, exhaust valve size
did increase to 36 mm for improved scavenging. Aside from bolt-hole size differences, the rest
of this casting is the same. Romeo SOHC heads have cam girdles for increased rigidity.
However, no one has been able to prove which head is stronger. I suggest Windsor heads on a
Windsor block and Romeo heads on a Romeo block for simplicity and ease of assembly. Unlike
the two-valve head, this head is driver- and passenger-side specific, not omni-directional. The
three-valve head provides improved airflow and significant power gain. Power comes from the
use of two intake valves, liberal ports, and good exhaust scavenging. This head can be installed
on any Modular block as long as you complement it with a complete induction system, exhaust
components, valvetrain, and cam covers. These D-shaped exhaust ports improve scavenging
on the three-valve head. Remember, exhaust scavenging is as crucial as intake flow. You want
good back pressure without being too restrictive. When you rebuild, use brasscore plugs. The
screw-in plug is an oil galley plug. Brass or stainless steel core plugs are less likely to corrode.
The SOHC threevalve head has unique cross-flow chambers that offer generous intake flow with
improved exhaust scavenging. The recessed spark plug is positioned mid-chamber. Two basic
types of induction systems are available for 4. Passenger cars and smaller SUVs, such as
Explorer and Mountaineer, have the one-piece plastic intake manifold. F-Series trucks and
larger SUVs Expedition and Excursion have a larger two-piece intake manifold that combines a
castaluminum upper and a plastic lower. This manifold employs longer intake runners for better
low-end torque. The one-piece plastic passenger- car manifold has shorter runners for mid- to
high-RPM torque. Plastic intake manifolds were developed because of the need to remove heat
and weight from the induction system. These manifolds came from the factory with a mm
throttle body. However, the aftermarket offers mm throttle bodies to increase airflow. But when
these incremental performance improvements are added up, you realize a significant gain.
Upper intake elbows that go between the intake manifold and throttle body also provide a
performance boost. Also available is a 1-inch spacer for the passenger-car plastic intake that
increases velocity, good for 4 to 5 hp. Think of this spacer like a carburetor spacer, which does
exactly the same thing. The aftermarket offers a selection of intake manifolds for the SOHC
engine. Choose an intake manifold for your particular application: street, strip, or a combination
of both. For the street, you want long intake runners for producing good low-end torque. For the
strip, you need shorter runners for high-RPM horsepower and torque. The Bullitt intake, which
first became available in on its limited-edition namesake, provides excellent flow characteristics
and complements the PI heads. Most are simple, an oil-to-water cooler where oil gives up heat
to engine coolant. First-year F-Series and Expeditions are different than â€”up because the oil
filter was relocated behind the crossmember, where it remains today. This draws excess heat
out of the oil and the engine. The DOHC is a highrevving, high-performance engine equipped
with 32 valves and a strong aluminum block with steel sleeves and heavily cross-bolted mains.
Ford has moved away from solid-core camshafts and conventional lobes to reduce weight and
friction. A hollow-tube composite camshaft weighs less. Larger lobes reduce internal friction
and allow you to install a more aggressive profile cam. This is one reason that this engine likes
to rev and make its power at higher RPM. Composite camshafts ride on cylinder head cam
journals. They have no bearing inserts. Instead, the cams ride directly on the machined head
casting amid an oil wedge, which eliminates wear. Your heads need to be checked for journal
wear to determine course of action. Although it seems as if wear would be excessive, both the
cams and heads seem to wear remarkably well over the lifetime of the engine. Composite cam
lobes hug stamped steel 1. You may not believe this, but these factory roller rockers
accommodate 10, rpm. Despite this claim, I suggest good aftermarket billet roller rockers if you
intend to spin your Modular engine above 7, This special cam gear is specific to the three-valve
and does not work on two-valve engines. At just 86 pounds, this is a lightweight block
compared to the pound iron SOHC block. Main caps also grew wider for Knock-sensor bung
size changed too. Sean Hyland says the later WAP block withstands hp, and he recommends
the Teksid block, which can take up to 1, hp. There are varying opinions around the industry
about this. FRPP also offers newer, improved castings. Passenger car, Ford Explorer, and
Mercury Mountaineer 4. This is not a manifold designed for trucks and large SUVs because it

has short runners. Short runners yield less low-end torque and work better at high RPM.
F-Series, Expedition, and Excursion induction systems are twopiece cast aluminum and plastic
design. The top manifold is cast aluminum with long runners for good low-end torque. The
bottom manifold is plastic with a two-way valve for varying runner length depending on RPM
and throttle position. Oil-to-water cooling is more common on trucks and large SUVs. It is also
standard on the Mustang Cobras with valve power. The B-Series Twin-Port head uses a primary
port for low-speed operation and both ports for wide-open throttle. Air is allowed into the
secondary port only when the intake manifold runner controls IMRCs are open. Factory
tolerances are. Sean Hyland recommends. Factory valveseats are also made of powdered metal,
which seems to do quite well even under hard use. For street and road racing, the head should
have lots of valveseat contact for improved valve cooling. Radius valve jobs are best left to drag
racers. Front dress depends on vehicle application. Not all water pump pulleys have this lip. The
distributorless ignition system DIS with twin coil packs and ignition wires was common from to
on all 4. From â€”up, all Modular engines had coil-on-plug ignition. Expect to see main cap
jackscrews on a Teksid block. From â€”up, expect to see interference fit without jackscrews.
Some believe this block is as strong as, or stronger than, the Teksid block. The WAP block
employs heavier main webbing, wider main caps, and interference fit no jackscrews. It has
cross bolts in addition to four-bolt mains. You can see the additional ribbing and thicker pan
rails on this side view of the WAP block. This is the â€”up WAP block head-on. Note the
absence of core plugs as you find with SOHC iron blocks. It also features the interference-fit
main caps with four-bolt construction. Four-bolt main caps plus a cross-bolted design provide
solid support. It was found on 4. Easily recognized by its square and round intake port
configuration, the Twin-Port head was a nice beginning, but better castings have since been
developed. This is an excellent cylinder head and castings are plentiful. Note the more open
fourvalve chamber. This head is widely available and good for substantial power gains. Note the
difference between an FR left and the original TwinPort right. They have huge differences in
flow and function. The difference in gasket port size is readily apparent. Ford produced a
handful of Cobra R heads, most of which went on these cars from the factory. If you liked this
article you will LOVE the full book. Click the button below and we will send you an exclusive
deal on this book. When Ford introduced the 4. No one knew anything about the all-new
Modular V-8, except that it was an overhead cam design available only in the Lincoln Town Car
for its first year. It was pretty lame at hp and ft-lbs of torque, especially when you consider what
Ford has done with this engine hp in the years since. Racers have gotten well over 1, hp from
these engines, and some have extracted nearly 2, hp. A bare 4. This is an engine long on
potential if you take your time and avoid shortcuts. It is also an engine intolerant of
carelessness. It took enthusiasts a long time to embrace the Modular V As they began learning
about this engine, there were many questions and too few answers. The Modular engine was
also externally larger than the vintage Boss and SOHC, yet considerably smaller in
displacement at ci. It took a lot of getting used to, and was challenging to build power into
because it was limited architecturally. It still is. In , Ford put the 4. As the 4. This is the 4. In , the
Modular V-8 was mechanically throttled. Although the Modular V-8 was smoother and made its
peak power at higher RPM, a common complaint was the absence of good low-end torque. You
had to really spin this engine to make power. Bore and stroke were modest virtually square at 3.
This has been the 4. To make this engine more tolerable in trucks and vans, Ford had to
redesign the induction system to improve low-end and mid-range torque. Trucks and vans
received longer intake runners to give this engine more torque coming in. The year was a
renaissance year for the Modular V-8 because it spread across Ford car lines quickly. In the
all-new Ford F and F light-duty trucks, introduced early in , Ford gave the 4. The new mill
produced a lot of power. Shortly thereafter, Ford introduced the 4. Although the V was more
advanced, it produced disappointing lowend torque, something the never had a problem doing.
The V had a buzzysix demeanor, not the roar of a V-8 that traditional Ford big-block buffs like.
The Modular engine finally came full circle by , available in virtually every Ford rear-drive
vehicle, except the The Explorer and Mercury Mountaineer. The Explorer and Mountaineer had
to undergo complete redesigns to accommodate the massive 4. The Lincoln Aviator, based on
the Explorer and Mountaineer, was fitted with the 4. The Modular engine represented a huge
investment of resources and capital by Ford. The company invested more than a billion dollars
developing this engine before it entered production, ultimately using it in as many applications
as possible. Despite these many applications, interchangeability is not always easy with the
Modular V-8 engine family. Not as much is interchangeable. The Modular engine family is very
unforgiving of error; you must be very methodical during every phase of engine building. The
Modular V-8 gets its name not for its design, but the way it is manufactured. This enables Ford
to change production from one type of engine to another in a matter of hours instead of days,

weeks, or months. No matter what anyone at Ford may tell you, there are certainly political
reasons for there being two basic types of Modular engines Romeo and Windsor much as the
case with the Windsor and Cleveland small-block V-8s in the s. The W and C had the same
displacement, but were of very different engine architecture. Today, as in , you have two
different Ford engine plants doing two different things, which creates all kinds of challenges for
the engine builder. Long intake runners improve torque. This engine is easy to identify at a
glance, thanks to three-valve heads and different cam covers made of cast aluminum instead of
plastic. A twin-blade throttle body breathes more CFM into these three-valve heads. The
driver-side and passenger-side cylinder head castings make this engine different. At the
beginning of the Modular engine program, Ford intended to build a V-6 version of this overhead
cam engine, which never happened. The 3. The Modular V-8 did, however, evolve into a 6. When
Ford engineers understood they had reached the limits of valve SOHC technology, they
improved breathing via a new three-valve cylinder head. This head showed up on the allnew
Mustang GT a year later, rated at hp with ft-lbs of torque. The Explorer and Mountaineer
received the three-valve head for with nearly as much power hp as the Mustang GT Ford made a
powerful performance statement when it teamed up with racing legend Carroll Shelby to bring
back the Shelby Mustang GT in with extreme Modular power: a 5. This union created the most
powerful production Mustang ever made at hp. The â€”present Shelby GT has the supercharged
hp 5. If you have the good fortune of owning a Ford GT, I recommend buying one of these
blocks and putting it away for safekeeping. Although I have mentioned the 5. The 5. Some parts
are common to these engines and some are not. Very little interchanges between the 4. Cylinder
heads do interchange in virtually every application. When Ford put the 4. There was a lot of
experimentation in the early going that eventually made certain engine builders and aftermarket
performance companies Modular engine experts, such as Sean Hyland Motorsport, Sullivan
Performance, Modular Racing, and PowerHeads. You may find others on the Internet that have
proven their product on the track. But beware: Some are nothing more than parts movers. If it
can survive the extremes of racing, it can survive just about anything. You will hear new terms
and become acquainted with fresh engine-building techniques. And be advised: The 4. Get
sloppy with this engine and you can plan on rebuilding it all over again. Shortcuts you might
have taken on older pushrod Ford V-8 engines do not work with 4. You must practice precision
work at every phase. That same level of attention must also be exercised at the machine shop.
With some time and a little inclination, you can familiarize yourself with a totally new family of
Ford high-performance engines and, in due course, the Modular engine will become very
familiar to you. As with any engine-building project, you must first have a plan. You need to
know the answers to these questions: Is your core engine a Romeo or Windsor? Are the heads
Romeo or Windsor? What model year? What Ford, Mercury, or Lincoln model did it come from?
Are your parts compatible at every level? Modular V-8 castings and components are not always
interchangeable. Use the wrong cover and your accessory front dress may not fit. A
front-wheel-drive Lincoln Continental 4. Romeo and Windsor castings are not always
interchangeable because bolt-hole sizing from the two engine plants is often different.
Therefore, you either have to find compatible castings or machine your castings to work with
one another. When executed properly, rebuilding the Modular V-8 can be a very satisfying
experience because you are rewarded with exceptional performance and reliability. An engine
rebuild is a golden opportunity to start anew, with new components and perfectly machined
surfaces married together in blissful harmony. When you build an engine yourself, you become
familiar with the engine. You know exactly what you have under the hood. And, you can begin
with an educated performance tuning and maintenance program that allows your new engine to
live for a long time. Contrary to the old ,mile theory of engine life, engines can live , miles with
regular preventive maintenance and civilized driving technique. Ford designed these engines to
go the distance with precision techniques and durable components. A price comes with high
performance. If you run your engine hard, meaning racing, nitrous, or supercharging, do not
expect longevity. Let it get out of tune with electronic engine control negligence, and it may not
live as long. Your electronic engine control requires periodic attention, which means new
oxygen sensors there are four of them every 75, to , miles. Other vulnerable components
include exhaust gas recirculation EGR valve, mass airflow MAF sensor, knock sensor s , coil
packs, ignition wires, and spark plugs. One area neglected all too often is evaporative
emissions components, which need to be replaced every , miles. It has been said that you
cannot have it all. In other words, you cannot thrash on an engine and expect it to live long.
High-performance engines, when run very hard, wear out more quickly than a mildly driven
stock street engine. Wide-open-throttle exerts a whole lot of heat on critical engine parts. The
hotter components become, the quicker an engine deteriorates. Every engine has its optimum
operating temperature range. When you raise cylinder pressure, you exert additional forces on

pistons, rings, bearings, and exhaust valves. With pressure comes heat. When you touch a
button and pin the butterflies, you sacrifice longevity for power. Why do engines generally live
longer today than they did years ago? Better lubrication technology, lead-free gasoline,
electronic engine control, overdrive transmissions, and many other factors make life easier on
engines. Good oil splash is crucial to cylinder wall and valvetrain wear. The 4. When you
disassemble your engine, inspect it for unusual wear patterns that could adversely affect your
rebuilding efforts. Main saddles need to be true. Decks need to be machined to true on a mill.
Bores can be bored and honed to no more than. This means every 4. Ideally, take it no more
than. The single, greatest benefit to engines today is unleaded gasoline, which burns cleaner
than leaded fuels of the past. Crack open just about any engine that has had a diet of Mobil 1 for
, miles, and you find virtually no wear nor sludge. I offer no guarantees because every engine,
and every driver, is different. However, both clean oil and civilized operation are engine life
insurance policies you can bank on. To build an engine that will serve you well, you have to
know what equipment it has. All the best machining techniques and highest-quality parts are
worthless if you have a flawed casting or forging. This is why teardown and inspection are as
critical as buildup. Close inspection of parts is everything to long engine life. All new parts need
to be closely inspected right out of the box. Before beginning your engine project, you have to
be committed to your plan for its use. What is the most severe treatment you intend to throw at
this engine? How will you use this engine most of the time? How much money do you have to
spend? The way you intend to use the engine directly affects how much you spend. Tight
budgets call for a whole lot of common sense, which means knowing how to make the most of
your money. Building a 4. Again, how much do you have in the checking account? More
important, how much engine do you actually need? Remember that power is relative. Right off
the assembly line, you can buy a hp Shelby Mustang capable of mph. You may also build a hp
Modular engine for your Mustang GT, Cobra, or Lightning truck and have a streetable ride you
can drive to work daily. This kind of power comes at a price in terms of fuel consumption and
reliability. Much depends on how much time and money you have. With each leap in
horsepower , , and up you can expect to spend thousands more. As horsepower and torque
increase, so does the price tag. But as power and price go up, reliability comes down. We all
like to talk up our engine-building plans. They need the very basics of what Ford provided in the
beginning, plus improvements that make them peppy, reliable engines you can count on for
years to come. When the Modular V-8 was introduced in , it had advanced cylinder head port
and chamber technology that made it exceptional, especially when compared to overhead valve
engines of the past. This head calls for a compatible PI intake manifold. Engine building should
always begin with a mental blueprint of how your engine is going to be built: Are you going to
collect castings and parts yourself, and build the engine? Are you going to begin with a
manufactured short-block or longblock? Are you going to opt for an engine kit? Or are you
going to piece an engine together with handpicked parts, castings, and accessories? The way
you approach your engine build beforehand determines the outcome. And never has planning
been more crucial than with the Modular V Short- and long-block crate engines are an excellent
choice that can save you money if you know and trust the builder. Regardless of who the
builder is, all crate engines must be checked in great detail before you install them. In fact, I
recommend that you dismantle and inspect a crate engine before installing it in a vehicle. Crate
engines are still mass-produced because it could not be done economically otherwise, which
means greater potential for error with the lack of close attention to detail. Buying a lowbuck
crate engine means really cheap cast pistons, rings, bearings, and the like. It can even mean. So
they fudge the rules a bit, taking some bores to different oversizes to save a block that should
otherwise be scrapped or sleeved. But it is something you need to be mindful of during your
engine-build planning. Do not waste your money on an engine built this way. All bores must be
uniform in size without exception. It is a popular misconception that you have to order these
engines and parts directly from FRPP or your Ford dealer. Mustangs Plus offers you something
Ford Racing does not: a familiar voice and great customer service from friendly people. You
should select a rebuilder who performs dynamic balancing; not all builders do. Most mass
rebuilders do what is known as Detroit balancing, which is factory quick and not as accurate as
custom dynamic balancing. Pinpoint dynamic balancing is critical to smooth operation. With
Detroit balancing, pistons, rods, and crankshafts are weightmatched as close as possible. This
means reciprocating mass piston, rod, rings should be within 1 to 2 grams of the
counterweighted mass. Look for painstaking dynamic balancing. This means you want pistons
and connecting rods that are precision balanced to within. Some insist this is not possible. But I
say it is possible to achieve this level of balance with due diligence and the investment of time.
Bottom line? You want piston and rod assemblies that weigh exactly the same as the crankshaft
counterweights. Any irregularities in balancing can induce unhealthy vibration. You may not

even feel that vibration, but your engine does. Unfelt vibration behind the wheel can create all
kinds of engine failure issues. Modular engines are internally balanced, which means the crank,
rods, and pistons are balanced independently of the flywheel and harmonic balancer. If you
want over-the-top precision balancing, consider making your Modular V-8 externally balanced,
which means that. I include the clutch pressure plate because a dynamic balance job should
always include this all-important component. Even though the manufacturer balances your
pressure plate, it is not balanced with your engine. The same can be said for torque converters
with automatic transmission applications. If it rotates with your flywheel or flexplate, it should
be balanced with the flywheel or flexplate. The downside to external balancing is replacement
parts. A replacement flywheel, flexplate, torque converter, or clutch has to be match balanced.
Ask your engine builder about externally balancing the Modular engine before committing to the
type of build. It is not for everyone, nor is it a good idea for every engine. Are you getting 16
new valves with a three-angle valve job? Or are you getting valves grabbed from a huge barrel
with hundreds of other used valves? Are you getting new valveguides or are you getting bronze
inserts? Are they knurled guides? Or did the builder forget all about the valveguides and cheat
with a fresh set of seals? These are important questions to ask the budget crate engine builder.
Budget engines from national auto parts discounters are not going to be up to the standards
you might be expecting. Based on my experience with remanufactured engines, a lot depends
on what you have to spend and how you intend to drive the vehicle. The occasional weekend
driver or trailered show car can get away with a low-buck budget engine from one of the
national discounters. Outside contractors build these crate engines and sell them through
discount auto parts stores. The same is true for Ford Authorized Remanufactured engines. One
of these engines bought through your local Ford dealer or parts house is the same kind of
engine sold through Auto Zone, Kragen, CarQuest, and Pep Boys. You have the same kind of
warranty depending on the rebuilder and parts employed. Some warranties are in force for as
long as three years. Be advised: If the warranty engine overheats or runs out of oil, the warranty
is null and void. Overheat detectors prove overheating. Physical internal damage to moving
parts proves the oil theory. So be smart about your crate engine and take care of maintenance
issues before they become big problems. Engine kits, of course, enable you to see what you are
getting before the mill goes together. Coast High Performance gives you the best parts available
in their engine kits and provides a good value for your enginebuilding dollar. These engine kits
and all others need close scrutiny in the area of machine work. It is very important to check new
parts right out of their boxes. All components should be thoroughly examined by a qualified
machinist you trust. Cylinder bores, line bores, decks, and so on need to be checked prior to
assembly. Disassemble a cylinder head one valve at a time and inspect seats and guides. You
should do this because mistakes do happen with even the best manufacturers and distributors.
These days, mistakes happen with greater frequency because the marketplace has become very
competitive with builders who are spread very thin. Manufacturers are under great pressure to
build these engines and kits for less money. As a result, flawed parts slip through, either by
accident or on purpose. So does sloppy machine work, because it is all about volume and
profit. These mistakes can cost you plenty if they escape unnoticed. It is important for you to
discover them before the engine is assembled and installed in the vehicle. Install a defective
engine and you are out the installation labor costs. With all of these things in mind, which
engine should you choose? The choice boils down to three basic issues: budget, trust, and
intended use. If you have a tight budget, the humble crate engine is a good option if you do your
homework going in. With crate engines, you need to inspect some examples of what you intend
to buy from a rebuilder. Talk with reputable local auto repair shops and ask them who sells the
best crate engines. Repair shops do not have time to waste with customer jobs that are going to
fail and have to be replaced. Professional repair shops stake their reputations on the best
components available for the money. They do not succumb to off-brands and cheap
alternatives. Most auto repair shops that service Fords opt for the Ford Remanufactured
engines because they offer the best warranty and use the best parts. This is no guarantee a
Ford Remanufactured engine is foolproof. However, I have also seen them last , miles or more
without a problem. I typically have to inspect these parts and make a judgment call one piece at
a time. This is where you need to have some faith in American auto parts suppliers and the
foreign countries they deal with. Most parts from China and Taiwan are pretty good, and often of
better quality than some from the United States. Because 4. Companies such as Federal-Mogul,
Speed Pro, Sealed Power, and Fel-Pro maintain very high standards, which means you can
count on great consistency time and time again. Engine kits need the same kind of attention as
crate engines. You need to inspect them piece by piece, measuring each part before assembly
begins. This is just good common sense that will ultimately save you a lot of time and money.
Engine planning begins with knowing the path you intend to take. Now, I want to address

planning and building an engine from scratch, which is for the more experienced enthusiast.
Cracked powdered-metal connecting rods are quite durable but are throwaway items once the
engine has more than , miles. Plan on ordering new forged-steel I-beam rods for your stocker
for added insurance, especially if you plan on racing. If budget is important, new
powdered-metal rods from Ford Racing Performance Parts are adequate. Ideally, you find a 4.
An intact engine has standard bores ready to grow a little. Ideally, you find a standard-bore
block with less than. Just hone the block to true and install. This means greater block life. One
objective is to improve valve shrouding. There are two basic crankshaft bolt patterns: sixand
eight-bolt. Expect to see the eight-bolt pattern on most Windsor engines, along with some
high-performance Cobra applications. The Modular V-8 oil pump is crankshaft driven and far
different than its predecessors. Modular oil pumps have a fail-safe flat-spot system. These flat
spots on the crank snout drive the pump. When the oil pump is installed, be sure to properly
position the pump before tightening the bolts. Not all Modular V-8 cam covers are the same. Oil
filler caps appear on both sides across nearly two decades of production history. Romeo
engines have an bolt cam cover, while Windsors have a bolt cam cover. F-Series, E-Series,
Expedition, and Excursion models have different induction systems than passenger cars
because low-end torque is more important in heavy-duty applications. Trucks and SUVs have
twopiece aluminum and plastic intake manifolds with long intake runners for good low-end
torque. Newer Modular engine applications have driveby-wire technology with throttle actuator
motors instead of throttle cables. Expect to see coil-on-plug ignition without spark plug wires.
Each component serves a specific function and each is easy to understand. The throttle
position sensor is shown on the left and the idle air control valve is on the right. The throttle
position sensor tells the ECM where your foot is on the throttle. The idle air control valve
creates a controlled vacuum leak to adjust idle speed. The air conditioning compressor
engages, and this solenoid allows in more air larger vacuum leak to increase idle speed. The
throttle position sensor is a variable resistor, such as a volume control, that controls the flow of
electricity through a specific circuit in the ECM, which determines fuel and spark curves.
Replace this module whenever you replace the EGR valve. The EGR valve tends to become
contaminated over time and use. Always replace this valve when you rebuild an engine. If it
sticks, the result is poor idle quality and performance. These are the quickdisconnect pressure
and return fuel lines, which feed eight fuel injectors. The fuelpressure regulator is not visible in
this photo, but it controls the fuel return flow to the tank. Fuel makes the loop to eight injectors
and is regulated in its return flow to the fuel tank. Earlier â€” 4. Each coil fires spark plugs on
both banks because of the fourchannel ECM. This means two spark plugs fire at the same time
on opposite banks: one to make power and one that does not. Modular engines are fitted with a
variety of manifolds and throttle bodies. Most throttle bodies are like this one: a single bore that
supplies eight cylinders. High-performance applications lean more toward a twin-bore throttle
arrangement. Check your throttle body for cleanliness and proper function. Replace the throttle
position sensor. They have smaller than traditional crankshafts with dished hypereutectic
pistons. Even though they are new, however, they should be checked for irregularities. All eight
bores should be measured and checked for taper before being finish honed. If cylinder bore
taper is greater than. So how do you tell if an engine has ever been apart? As a rule, it boils
down to the condition of gaskets and hardware. The factory did a nice, clean job of gasket
installation on these engines, with no sealer around the edges. Engines that have never been
disturbed have virgin bolt heads without marring. Undisturbed engines have a clean,
uncluttered look externally, even though they may be dirty and greasy internally. Typical
overbore sizes are 3. The project engine for this book, a Mustang GT 4. If you want to improve
power and performance, you want â€”up PI heads. Two basic types of PI castings are available:
Romeo and Windsor. Port and chamber design are identical. The use of camshaft girdles on
Romeo heads make them more desirable because of their increased rigidity. Finding a good
rebuildable core takes scouting salvage yards, checking the classifieds, visiting eBay,
wandering the Internet, and putting the word out for what you need. Whenever you increase
stroke, you raise the cylinder volume relative to the combustion chamber size. This means you
need to concern yourself with an increase in compression. With the increased cylinder volume,
you can increase the amount of air and fuel that you burn, which gives you more power. When
you add stroke, you increase compression ratio. This is why stroker kits come with dished
pistons to control compression. The more you dish the piston, the more you reduce
compression. By the same token, a flat-top piston yields greater compression. So what is
compression ratio? One popular misconception is that pistons alone determine compression
ratio. This is not true. Compression ratio is determined from not only piston dome or dish and
even the area above the top rings, but stroke, bore, and combustion chamber size. You are
squeezing the entire cylinder volume displacement into the combustion chamber. Stroker kits

mandate a mock-up, which is nothing more than preassembly to make sure everything clears.
Remember, you must have at least. Ideally, you have more than. If cylinder volume with the
piston at BDC is 10 times more than it is with the piston at TDC, you have a compression ratio
of Therefore, besides changing the stroke, you may also increase or decrease compression
ratio by changing the piston dome. This is common with stock pistons, which are often dished
to reduce compression. This reduces clearance volume at the top of the bore. When you reduce
clearance volume, you increase compression ratio. When building a stroker, pay attention to
internal engine clearances and measurements. With stroke comes the consumption of engine
interior room. Block clearances must be checked during mock-up. And with all stroker builds, a
mock-up is mandatory. This is when you check connecting rod-to-block clearances with a slow,
smooth crank rotation with pistons and rods installed without rings. Clearance must be at least.
Ideally, you have even more than that. When you infuse more stroke into an engine, you
increase compression ratio. Deck height is being checked here. Any time compression exceeds
It usually makes more sense to change pistons. If you step up to an aftermarket head, keep
combustion chamber size in mind. A larger chamber reduces compression. By the same token,
a smaller chamber increases compression. You can adjust compression ratio with proper piston
selection. A domed piston raises compression; a dished piston reduces compression. Those
with PI heads and smaller chambers have a deeper dish. Combustion chamber volume is the
actual size of the chamber in cubic centimeters. Think of the combustion chamber as ultimate
clearance volume. Chamber sizes for 4. Combustion chamber size affects compression. This
means you need to know your chamber and piston dish size, especially if you swap heads. Ford
controlled compression by dishing pistons, not by varying chamber size. Ford improved valve
shrouding and quench area with the PI head, which made the chamber smaller. But horsepower
is rooted more in Madison Avenue advertising than fact. What counts is torque and when you
have the most of it. Engines make torque twist when you feed air and fuel into combustion
chambers at high velocity and squeeze the mix. Torque is the grunt that gets you going, and
horsepower is the force that keeps you moving. You could say that horsepower receives all the
fame and notoriety, even though torque does all the work. Engines do their best work when they
reach peak torque, where they make the most grunt. Westech Performance of Southern
California, which dyno tests hundreds of engines annually, says that when an engine is below
torque peak, it has more than enough time to completely fill the cylinder with air and fuel.
However, when engine RPM rises above the torque peak, there is no longer enough time to
completely fill the cylinders with air and fuel. This idea of horsepower dates back to steam
engines. James Watt invented the steam engine in the s. His theory was simple. It compared the
work a steam engine could do with the same work an equal number of horses could do. This
formula figured out to 32, ft-lbs per minute. Watt rounded it off to 33, ft-lbs per minute. He
divided this figure by 60 seconds, which worked out to ft-lbs per second. And this became the
standard definition of one horsepower. Horsepower is a measure of how quickly the engine
does the work. This means the real power you derive from an engine comes in the torque curve.
The broader the torque curve, the better the power package. This is best or most easily
accomplished with a longer stroke and a larger bore. And this is what stroker kits are all about.
Your choice of camshaft, cylinder heads, and induction system determines how your engine
performs and where it makes the greatest torque. To learn how to make power, you have to
understand how power is made. Think of an internal combustion engine as an air pump. The
more air and fuel you can huff through the cylinders, the more power you make. This is why
racers use big injectors, manifolds, heads, superchargers, turbochargers, and nitrous oxide.
Racers know this air pump theory and practice it with reckless abandon sometimes with
catastrophic results. Sometimes it can cost you a race. It can sometimes cost you an engine.
Getting power from the 4. When you raise compression, you increase the power your mixture
yields. It is the intense heat of compression, coupled with ignition system spark, that extracts
the heat energy from the mixture. The more compression you have, the greater the heat you
have to ignite the mixture. You have to dial-in the right compression ratio to get the most from
the fuel. And when you have You need to run a higher octane, which becomes expensive. This
means you have to look elsewhere for answers in the power equation, such as more aggressive
camshaft profiles, better heads, port work, hotter ignition systems, exhaust headers that
breathe better, and state-of-the-art intake manifolds. Power also comes from how you fill the
cylinder during the intake stroke and how much valve overlap you have once the fury is over.
Because the mixture is compressed and ignited, it lights off more rapidly. Under ideal
circumstances, the flame front travels smoothly across the piston dome, applying heat and
pressure that act on the piston and rod uniformly to create rotary motion at the crankshaft.
Opposing flame fronts collide, creating a shock wave that hammers the piston dome, wrist pin,
and rod journal. This is the pinging or spark knock rattling you hear under acceleration. The

goal is a smooth, quick fire, with the flame front traveling in one smooth direction for maximum
power. Power management is having the right balance of ignition timing, fuel mixture,
compression ratio, valve-timing events, and even external forces, such as blower boost or
nitrous delivery. The science of making power must tie in with your intended vehicle mission. In
the quest for power, they often forget how the vehicle is going to be used. By the same token,
road racing engines should be executed differently than drag racing engines. Street engines for
the daily commute need to have good low- and mid-range torque. Drag racing engines need to
make power at mid- to high-RPM ranges. Engines scheduled for trailer towing need plenty of
low-end torque. They also need to live comfortably at mid-range, when they are pulling a grade.
It is very hard to cross over from the world of daily driving to drag or road racing. Racing
engines make very temperamental street engines because, on the street, they have to live in an
RPM range where they are unhappy. This is an engine that is happiest when it is spinning at or
above 6, rpm. This is great for the racetrack, but lousy for the street. That first trip to Sears or
Harbor Freight Salvage is often like that first trip to a speed shop. You lay down the plastic and
come home with a lot of stuff. You can rent and borrow tools for the jobs you are only going to
do once. Other tools, such as a socket set, screwdrivers, and wrenches are useful for other
automotive projects. These are the tools you purchase. I recommend Sears Craftsman tools
because they have a lifetime warranty, great reputation, and stores in nearly every area of the
world. The Craftsman warranty is a no-nonsense, no-fine-print warranty. Bust a socket and
Sears will replace it with no questions asked. Strip out a ratchet and Sears will hand you a new
one or rebuild your old one. Sears Craftsman tools are the best tool value there is. The next best
tool value is Husky. You can find Husky tools at nearly any home improvement or hardware
store for even less than Craftsman, yet with the same no-nonsense lifetime warranty. The items
on this list will last you the rest of your life if you exercise good care. Tools are items you can
pass along because, with proper care, they will even last several lifetimes. Most people buy
socket sets, but forget deep-well versions, which you will need over the course of an engine
build. Also, opt for 6-point sockets as well as points. Make sure your socket sets have at least
two extensions one 3-inch and one 7-inch. Spring for the universal adapter as well for easy
access. Buy a 6-point set first; if you can afford it, buy a matching set of point shallow- and
deep-well sockets because they are needed with some engine applications. Before you buy
screwdrivers, hold one in your hand first. You want a screwdriver that feels good in your hand
and offers adequate grip comfort and mechanical advantage. If your hand slips on the handle, it
is a poor design. The tip should be super-tough steel that does not strip out or break. Invest
wisely in a screwdriver; it will last a lifetime. Another idea is to buy screwdrivers with bright
orange handles for visibility and safety. I push the idea of quality tools because there really is a
difference. Cheap forged or cast tools tend to strip out and leave you hanging on a Sunday
afternoon when you need them most. MAC and Snap-on tools tend to be very expensive and
available only at better garages everywhere, which makes Craftsman and Husky an even better
value and easier to find. Keep your tools clean and serviceable. Lubricate ratchets periodically
with engine oil or white grease for best results. Drill bits should be sharpened periodically. Do
not waste your money on cheap drill bits; buy only the very best. Invest in a drill-bit sharpener
or find a reliable shop to sharpen your drill bits. Just about anyone who sharpens lawnmower
blades and chain saws can sharpen your drill bits. And one other thing: Know when to retire
tools. Tools that are not serviceable can be dangerous. Cracked sockets, worn wrenches,
busted screwdriver handles, stripped ratchets, and other forms of serious tool deterioration are
reasons to invest in fresh equipment. Therefore, you should consider renting them when
needed:. Piston ring compressors are available in different forms. The most common type you
can rent is an adjustable-band type. The ratcheting type makes piston installation a snap.
Custom-size billet ring compressors are costly and not for the novice. Engine-building
professionals who build a lot of engines invest in billet ring compressors because getting the
job done quickly is important. Billet compressors, which are sized to the cylinder bores, make
short work of piston and connecting rod installation. Go for the best you can find with the most
thicknesses. Always opt for quality. A degree wheel and a dial indicator are items you should
probably rent. However, not all rental agencies have them. Harmonic balancer pullers can be a
rental item. You may use it again and again for not only balancers, but steering wheels and
other interference-fit items. If you expect to use the tool again, it may well be worth the
investment now. You have two basic types of valvespring compressors: one you use in the
shop, which looks like a huge Cclamp, and one you use with the head installed more like a pry
bar. For engine rebuilding, you need the C-clamp type. You can sometimes pick these up at a
discount house, such as Harbor Freight Salvage, for less than it costs to rent one for several
days. Freeze plug and seal drivers are also items you could use again and again. You can also
use a like-size socket as a driver on the end of an extension. This saves money but could

damage the socket. Thread chasers are a vital part of any engine build because you want clean
threads. When a thread chaser is outside your budget, use Grade-8 bolts and other fasteners
with WD to chase the threads. This may sound crude, but it saves you money and still gets the
job done. Tools should be rented only at the time you intend to use them. Thread chasing, for
example, should be performed when the block returns from the machine shop clean, machined,
and ready for assembly. Machine shops that are on the ball will have already chased your
threads. And remember: Thread chasing is time consuming. Renting engine stands can
sometimes cost you more than buying. Invest in a four-legged engine stand for stability and
safety. Ideally, you will spring for breakaway torque wrenches and have them calibrated once a
year. If you have to buy, look on the bright side: You can always loan it to friends or sell it after
your engine is finished. Keeping it makes it a useful piece of community property among
friends. A good engine hoist can also be a valuable piece of community property. If three or four
car guys purchase a hoist together, it becomes very affordable. Set-up time is a matter of
minutes. Then, you are ready to move heavy engines. It is well documented that inferior jacks
and jack stands are the cause of injury and even death. Buy only the best jack stands that are
made out of angle iron and welded together with solid integrity. Make sure the jack stand is able
to support the weight of your vehicle. Absolutely never lie under a vehicle supported by a
hydraulic jack or mechanical bumper jack. These jacks are not safe. They can fail, with dire
consequences. Jack stands, properly positioned beneath frame rails on a level surface,
Absolutely never lie under a vehicle supported by a hydraulic jack or mechanical bumper jack.
Jack stands, properly positioned beneath frame rails on a level surface,offer the best protection.
Make sure your jack and jack stands are always in good, serviceable condition. This keeps dust
and moisture off the ram. If you allow the ram to become rusty, the rust cuts the seals,
rendering the jack useless. Dial indicators serve many purposes. Here, deck height is being
checked how close to the deck the piston is at TDC. TDC does not always mean flush with the
deck. Inside micrometers enable you to measure any bore size. Invest in good measuring tools
because you cannot afford a mistake. Air impact tools make light work of a teardown. Never use
them for assembly. You need a good air compressor to power pneumatic tools. Avoid oil-free
compressors because the noise is incredible. Calipers measure outside diameter. Invest wisely
to ensure accuracy. The other half of this equation is you and your ability to use the tool
properly. You have many kinds of pullers to choose from. This one is being used to yank block
dowel pins. Torque wrenches typically are either beam or breakaway types. I recommend
breakaway types that click when the specified torque is reached. Be sure you know how to
properly use a breakaway torque wrench. Three important issues apply here. First, never use a
torque wrench to loosen hardware. This affects calibration. Second, never over-torque a
fastener. When you torque a fastener, you are stretching the bolt stock. Apply too much torque
and you stress weaken the fastener. Specified torque readings are there to ensure fastener
integrity. Third, have your torque wrench cleaned, lubricated, and calibrated at least once a year
for best results. Not only do you torque a fastener, you also determine how much bolt stretch
you have. With torque-toyield, you torque the fastener to a torque specified by Ford, then
tighten the fastener an additional number of degrees to achieve exacting standards. Always
lubricate bolt threads first. Use a dial-bore gauge to measure block line. Dial-bore gauges are
also used to check cylinder bore dimensions. Use this tool for any inside bore measuring.
Compressed air is often used for clean-up detail. Be safe while doing so. Protect your eyes and
face from flying debris. There are uses for old liter-bottle holders from soft drink bottlers.
Pistons are a perfect fit and they stay safe this way. Hydraulic presses can be purchased from
Harbor Freight Salvage. This is a good investment for your home garage. Always use extreme
caution with any hydraulic device. Keep an oil can handy on your work bench, filled with SAE
weight engine oil to lubricate just about anything. Bolt and stud threads need lubrication during
engine assembly. Two useful items are a magnet to collect stray ferrous-metal objects, such as
valvespring retainer locks, and a valvespring compressor. You need two types of valvespring
compressors: the C-clamp type for workbench use, and a head-on-block type just in case you
ever have to change valvesprings with the head installed. Another kind of puller is used for lifter
and slack adjuster extraction. This dial indicator is used for measuring valvestem length. This
means you have to grind the valvestem tip to the proper length. This is a small dial-bore gauge
used for measuring valveguides and other small bores. Use it for cylinder head work. A piston
ring expander is used for ring installation. Never roll piston rings on. Rolling them on distorts
them and prevents proper seating. Seal driver kits make light work of seal installation. Never
use a hammer and drift to install seals. Never use a socket. Remember: the right tool for the job.
Seal driver kits are cheap. One of the greatest tools you can have at your disposal is
organization and a plan. Disorganization is what gets you in trouble. Be organized in everything
you do. Never torque fasteners dry. Should a bolt bottom out, know when to back it out and use

the proper fastener. Never force a bolt or nut When you are installing studs, never bottom out
the stud. When it is time to install the nut, run the nut down flush, then torque to specification.
Never bottom out the stud. Again, always lubricate threads with SAE weight engine oil. You can
get away with an adjustable ring compressor for home use. Be sure your ring compressor is
hospital clean and coated with SAE weight engine oil during installation. It absolutely cannot
contain any dirt or debris because even house dust can damage engines. Use a dial indicator
for degreeing camshafts and checking true TDC. Dial indicators offer a spoton-accurate means
to precision measurement. I cannot stress enough the importance of keeping a clean, organized
shop. Do your engine teardown work where you can catalog everything and keep parts in their
rightful places. Keep engine parts and fasteners in jars or plastic containers that are labeled
with a marker. Haul the block, heads, crankshaft, and connecting rods to a machine shop
immediately upon disassembly. This avoids any confusion and keeps you moving on an engine
build. If you cannot afford the machine shop and parts at the time, leave the engine assembled
until you can afford it. I speak from experience on this one because too much is lost both
mentally and physically once the engine is disassembled. Keep disassembly, cleaning,machine
work, and assembly as consistent as possible. Micheal Pici of PowerHeads demonstrates the
use of a flow bench. Few can afford one but a flow bench is very beneficial to cylinder head port
massaging. PowerHeads has done more with the Modular cylinder head than any other engine
builder. Not only do you need a good breakaway torque wrench, you need a torque-toyield
gauge. Modular engine fasteners mandate torque-to-yield tightening. The greatest tool you can
have at your disposal is patience and the desire to learn something new. When in doubt, check
it out. Confirm before doing. Remember, it always makes more sense to slow down, take your
time, and do it right the first time than having to do it over again. No matter what you may think,
this time-proven advice works. You want a shop that is hospital clean. Microscopic amounts of
dust and fallout damage an engine. If you liked this article you will LOVE the full book. Click the
button below and we will send you an exclusive deal on this book. The Ford modular 4. The
engine might be no powerhouse, however, it offers better fuel economy and runs , miles. The
state police utilize the Crown Victorias fit with 4. However, there seem to be one serious 4. The
ford 4. However, it had one major flaw due to which it was more prone to failure. The plastic
subject to varying heat and cooling cycles lead to its constant expansion and contraction. Ford
had the alternator bracket mount right into the plastic, which put additional pressure on the
material. The stress often leads to a crack or split in the material without any prior signs. In
short, the ford 4. We will now help you understand one of the significant issues in the ford 4.
Besides, the fitting for the heater hose at the back and coolant temperature sensor at the front
would loosen and eventually fail. In both cases, the pressurized coolant would leak from the
point of failure and cause your vehicle to overheat. The coolant might also weep and puddle for
a longer time around the fitting, and in the fuel injector before finally failing. It is one of the
prominent 4. In the year , Ford addresses the issue of the plastic manifold with a new manifold
utilizing cast aluminum at the failure points and redesigned thermostat mount. However, if the
manifold fails and the car owner ends up stranded on the side of the road, the aluminum one
would also not do much good. We recommend you consult a car expert to try getting to the root
of the issue. You must understand that replacing the 4. The manifold is under several layers of
vacuum lines, wiring, linkages, and other vital parts of your car. A single mistake could lead to
more issues with the vehicle. Thus, we hope that this blog helps you understand the primary 4.
Besides, taking the car to an expert would help get the issue resolved. Tsukasa Azuma is an
awesome car blogger of Car From Japan. He owns a car repair shop at downtown Osaka, and he
put all that experience to good use in his sharing posts. Mystery Revealed. Leave A Reply
Cancel Reply. Login with Google. Likes Followers Followers. Import used cars directly from
Japan. Maintenance Tips. By Tsukasa Azuma Last updated Dec 28, 0. Tsukasa Azuma. You
might also like More from author. Prev Next. Leave A Reply. CFJ Kenya. CFJ Mozambique. CFJ
Malawi. CFJ Tanzania. Iwamotocho F, Chiyoda, Tokyo, Japan About Us Corporate Overview.
Why Choose Us. Voice of Client. Bank Accounts. Others How to buy. Glossary of Terms.
Shipping Schedule. Recommend me a Car. Our Certificates. Privacy Policy. Condition of Use.
Sign in. Car Review. Welcome, Login to your account. Forget password? Remember me. Sign in
Recover your password. A password will be e-mailed to you. The modular V-8 is a natural born
hot rod right off the assembly line, and a powerful engine swap for your vintage Ford. What
makes the 4. The Modular V-8 has a smaller 3. When you mix the 3. The 4. It likes to rev, making
its peak torque in the 4,, rpm range depending upon application. As with the old cammers,
fitment can be tricky. It will fit into a Galaxie or an F truck with ease, but if you're planning to
swap it into your Mustang, Fairlane, or Cougar, extensive chassis modifications must be made.
Shock towers must be altered or eliminated with an alternate front suspension and engine
locating plan. Early on, the 4. Ford introduced a lot of good constructive modifications to the

DOHC block including thicker pan rails and increased ribbing for reducing noise, vibration, and
harshness NVH. Renowned Modular engine builder and racer, Sean Hyland, of Sean Hyland
Motorsport tells us he uses the early ''98 Cobra Teksid block F6LZAB for his drag racing
engines with great success because they can withstand 1, horsepower. Italian-cast Teksid
blocks are cast in SAE spec' aluminum and heat-treated to get the desired strength. The Teksid
block is consistent and predictable throughout its production life according to Hyland. The only
change was a switch to wider interference fit main caps in in a revised block casting ZR3ZCA
when Ford eliminated the main cap cross bolt jackscrew preload design. These two aluminum
blocks were cast during the final phase of 4. Main webs were also rounded for reduced stress
issues. Wider 17mm main caps are ball-burnished for good bearing security. The A46SC block
is designed as a drop-in replacement for ''04 Cobra Mustangs, though it can be used with any of
the Modular cylinder heads. The disappointing side of these three blocks is availability.
Production has discontinued and they're no longer available from Ford. This means you will
need to look to aftermarket suppliers like Modular Mustang Racing and Summit Racing
Equipment and check available inventory. Availability is also an issue with DOHC cylinder
heads of all types. Most are out of production, so you'll be at the mercy of inventory in the
aftermarket. The valve DOHC engine is loaded with ironies. You'd think this high-revving
high-performance V-8 would be fitted with a steel crank, heavy-duty forged connecting rods,
and forged slugs. It wasn't. Although "powdered metal" sounds wimpy, it isn't. The DOHC's
powdered metal cracked connecting rods will take a pounding in a naturally aspirated engine.
They're called "cracked" because the one-piece rod is "cracked" at the big end during
manufacture just to make sure caps aren't mismatched or installed backwards; it only goes
together one way. Powdered metal connecting rods are adequate for DOHC applications under
horsepower. Beyond that, look to I-beam or H-beam connecting rods and forged pistons with
coated skirts. A stock rebuild can get by with powdered metal rods and hypereutectic pistons.
Why hypereutectic pistons? Because forged pistons have a more aggressive expansion rate
and can be noisy when cold because we need to allow more expansion room in our clearances.
Once warm, they perform admirably. Ring width boils down to what you intend to do with your
DOHC. If you're going racing, narrow ring widths reduce friction and free up power, but you
sacrifice durability in street use. And this is how you choose a piston package. David Carpenter
is a racer. Gordon Hume originally passed on this Ford Mustang GT, but two years later it
popped back into his life and he knew it was destined to be his. We apologize for this
inconvenience and encourage you to visit Ford's 4. Featured Vehicles. Jim Smart. Sources
Comp Cams. Ford Racing Performance Parts. Sullivan Performance Products. Connect With Us.
Stay informed with our Newsletter Sign Up Now. Most Popular. View More Girls. See All News.
Sponsored links. Related Articles. Mustang For several years HOT ROD has built what we call
Junkyard Jewels: engines scrounged out of the junkyard and upgraded with bolt-ons in a
step-by-step fashion in an effort to make good power on a realistic budget. We've covered most
of the popular, traditional engines but haven't spent much time giving the Jewel treatment to
late-model mills. This month we have two late-models: the Magnum Mopar on page 96 and this
one, an early 4. We know some of you just cheered while others groaned. Modular Fords are
polarizing engines even among Ford fans. Some love their smooth and high-winding
overhead-cam ways, while others detest their lack of low-end torque and yearn for the familiar
grunt and easy modification of the traditional Ford pushrod small-blocks. The following
stratifies even further from there with five differing modular platforms to choose from: 2V, 3V,
and 4V 4. Of them all, the pre-'99 2V engines are the red-headed stepchildren of the modular
family, ignored by hot rodders and Mustang fans once they hit the salvage yard. Of course that
has a little something to do with the roots of the mod motors, which had little to do with
performance. The 4. From there it began to leach outward replacing the Windsor small-blocks
and series big-blocks in cars and trucks in response to impending emissions and mileage
regulations. It was basically a case of using what was available and implementing it across the
board for cost efficiency. So what's the big issue with these early SOHC modular engines and
why the bias against them? It's mostly in the heads and their restrictive design. While 'and-later
4. That coupled with extra labor involved in modifying them due to the complexity of the engine
design, plus limited aftermarket support even after 13 years of production, has kept most hot
rodders at bay. That's too bad, because with roughly 5 million produced, there are a lot of cheap
used ones available. But that's also the good news. Since the 4. The methodology for this test
will be a little different from our usual format because we have to a do a little parts swapping
right off the bat just to do our initial testing. Though it looks mostly complete, our 4. But we're
not interested in EFI numbers for this mod motor, since we were able to get our hands on
Edelbrock's brand-new Victor Jr. Since goal number one is to remove all that junk anyway,
we're going to give the 4. Stage 1 Since we're old-schooling this mod motor with a carburetor,

the first step in the build is a doozy. After ripping off the fuel injection, the first obvious piece
we need to install is the Edelbrock intake with the accompanying MSD ignition mod. The
problem is that it's not directly compatible with our early non-PI heads, so we can't simply bolt it
on. The biggest difference between the PI and non-PI heads is the shape of the port. We could
spend time reshaping them to match, but the more sensible solution is to bolt on a set of PI
heads from a 'and-later 4. Plus, swapping the PI heads onto our earlier non-PI engine also gives
us the benefit of a big bump in static compression due to the difference in the
combustion-chamber volume on the PI heads. The ''98 non-PI heads have a When we use PI
heads with stock head gaskets on a non-PI short-block, we end up with a compression ratio in
the neighborhood of The long timing chains and guides looked to be in great shape when we
pulled the front cover, so we reused everything with the PI heads. The later 4. Though the MSD 6
Mod ignition controller looks complicated when you first pull it out of the box, it practically lays
itself out when placed on the engine. The harness comes preterminated with clips for the coils
and the cam, crank, and MAP sensors so only ground and 12V ignition signals are required. For
our first run, we used the stock timing table that comes preloaded in the MSD 6 Mod controller
to establish a baseline. Performance numbers were up considerably from the stock rating, but
we were seeing a lean condition and timing was only 19 degrees total. We could have tracked
down some stock 4. Long tubes won't clear the dyno so we chose BBK's equal-length shorties
for the testing. Stage 2 We knew there was more in this combo, so we spent a little time getting
familiar with msd's ignition program. Stage 3 After a few consecutive runs with little to no
change despite a guesstimation on the timing curve, it was time for the next evolution of our 4.
These heads are complex and require exacting precision to manufacture since the cam rides
directly on the surface of the head, but it's still amazing that no one has produced an
aftermarket cylinder head for the 4. The solution is to thoroughly CNC-port the factory heads to
try and eliminate the faux pas that choke performance. Ford Performance Solutions performed
its CNC work on the heads then hit 'em with a small amount of hand-porting. We also opted to
upsize our valves from the factory For now we'll keep the stock PI cams so we can see what the
heads alone offer. The headwork paid off big time as we saw both power and torque increase
dramatically with no other changes. Stage 4 With fuel consumption showing that the 4. Of
course, all off-the-shelf mod motor cams are ground with fuel injection in mind, so we took an
educated guess as to what the engine would want. Though they aren't overly aggressive, the
cams would easily overwhelm the factory springs, so we also went with Comp's standard mod
motor springs to keep things stable. On the first and only run we were able to make, we saw
power drop off quite a bit on the bottom end, with the PI cams besting the Comp parts until 4,
rpm, where the Comp cams started to come alive. We were quite sure we could recover a
significant amount of the power loss with some adjustment of the timing curve and we knew
there was more power to be had at 6, rpm, but sadly it wasn't meant to be. What's Next?
Sometimes time limitations sneak up on us, and that was the case here. We were putting this
engine together during the hectic holiday season and didn't get as much dyno time as we'd like
nor did we get to wring out as much power as we wanted from this Jewel. Finding an extra hp
on a junkyard 2V 4. Ford Performance Solutions would like to see what a thorough porting of
the intake would yield, and our ignition tune could likely use some more tweaking. After dialing
it in and spinning it to at least 6, rpm, hp should be within reach. At that point, we'd be pretty
near the reliable limit of the factory internals, especially considering our thin early rods and
stock, fragile oil pump gears, which tend to shatter like glass when overstressed. In the
meantime, we're suddenly seeing a lot more low-buck potential for fun in early 4. Close Ad.
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