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How To Build
Max Performance

46 Liter Ford
Engines

Introductio
n to the
4.6L Ford
Engine
Platform

When  enthusiasts
talk about building
a high-performance
powerhouse,  the
4.6  Liter  Ford
e n g i n e  o f t e n
e m e r g e s  a s  a
s u r p r i s i n g l y
capable  candidate.

Introduced  in  the
early 1990s as part
of  Ford's  modular
engine  family,  this
small-block  V8 has
proven  itself  in
everything  from
Mustang  GTs  to
Crown  Victorias.
While  it  may  not
h a v e  t h e  s a m e
a f t e r m a r k e t
following  as  the
venerable  5 .0L
pushrod  engine,
the  4 .6L  o f fers
unique advantages,
particularly  in  its



ability  to  rev  and
its compact design.
Understanding how
t o  b u i l d  m a x
performance  46
liter Ford engines
requires  a  deep
d i v e  i n t o  t h e
p l a t f o r m ' s
s t r e n g t h s ,
weaknesses,  and
t h e  s p e c i f i c
components  that
un lock  i t s  t rue
potential.

T h e  4 . 6 L  i s
available in several
variants,  including
the two-valve (2V),
three-valve  (3V),
and four-valve (4V)
c o n f i g u r a t i o n s .
E a c h  v e r s i o n
r e s p o n d s
d i f f e r e n t l y  t o
modifications.  The
key  to  building  a
high-performance
4.6L lies not just in
bolting  on  parts,

but  in  creating  a
b a l a n c e d
combinat ion  of
a i r f l o w ,  f u e l
d e l i v e r y ,  a n d
rotational assembly
s t reng th .  Th i s
guide will walk you
t h r o u g h  e v e r y
critical  step,  from
selecting  the  right
b l o c k  t o  f i n a l
tuning.

Choosing
the Right
Foundation:
Block
Selection

Cast Iron vs.
Aluminum
Blocks

Ford  produced the
4.6L  in  both  cast
iron and aluminum
b l o c k
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configurations.  The
cast  iron  block,
f o u n d  i n  m o s t
Mustang  GTs  and
trucks,  is  heavier
but  offers  superior
strength for forced
i n d u c t i o n
applications.  The
aluminum  block,
found  in  certain
Cobra  and  Lincoln
applications,  saves
weight but requires
careful attention to
c y l i n d e r  w a l l
in tegr i ty  when
pursuing high boost
levels.

F o r  b u i l d s
targeting  over  600
horsepower,  the
cast  iron  block  is
generally  the safer
choice. However, if
you are  building a
naturally  aspirated
o r  m o d e r a t e l y
boosted engine  for
a  lighter  car,  the

aluminum  block
c a n  p r o v i d e  a
significant  weight
a d v a n t a g e ,
improving handling
and braking.

The Romeo vs.
Windsor
Debate

Ford manufactured
the  4 .6L  at  two
plants:  Romeo and
W i n d s o r .  T h e
Romeo  engines
generally feature a
cross-bolted  main
bearing  design,
wh i l e  W indsor
e n g i n e s  u s e  a
different  oi l ing
system.  For  high-
r p m ,  h i g h -
horsepower  builds,
the Romeo block is
often preferred due
to  i t s  s t ronger
l o w e r  e n d .
H o w e v e r ,  a
properly  prepared



Windsor  block  is
a l so  more  than
c a p a b l e  o f
s u p p o r t i n g
substantial  power.
The most important
f a c t o r  i s  t h e
condition  of  the
b l o c k  a n d  t h e
q u a l i t y  o f  t h e
m a c h i n e  w o r k
performed  on  it.

Rotating
Assembly:
The Heart
of Power

Crankshaft
Options

The  s tock  4 .6L
c r a n k s h a f t  i s
f o rged  in  mos t
p e r f o r m a n c e
applications,  but  it
has  limitations  at
extreme  power
levels.  For  builds

aiming  for  700+
h o r s e p o w e r ,
c o n s i d e r  a n
aftermarket  forged
c r a n k  f r o m  a
r e p u t a b l e
manufacturer.  A
stroker  crankshaft,
which  increases
displacement  to
5.0L or 5.2L, is one
o f  t h e  m o s t
effective  ways  to
add  torque  across
the  entire  power
band.  However,  a
s t r o k e r  b u i l d
requires  careful
p i s ton  and  rod
selection to ensure
proper clearance.

Connecting
Rods

The  connecting
rods in the 4.6L are
often a weak point,
especially in earlier
two-valve  engines.
T h e  s t o c k
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powdered  metal
rods can fail under
h i g h  b o o s t  o r
sustained high rpm.
U p g r a d i n g  t o
forged steel rods is
essential  for  any
build targeting over
500 horsepower. H-
beam  rods  offer
excellent  strength-
to-weight ratio and
a r e  a  p o p u l a r
choice  for  both
naturally  aspirated
a n d  f o r c e d
i n d u c t i o n
applications.

Pistons

Choosing  the  right
piston  depends
entirely  on  your
i n t e n d e d
application.  For
naturally  aspirated
bu i lds ,  a  h igh -
compression forged
piston  (11.0:1  to
1 2 . 5 : 1 )  w i l l

maximize  power.
F o r  f o r c e d
induction,  a  lower
compression  ratio
(8.5:1  to  9.5:1)  is
n e c e s s a r y  t o
prevent detonation.
Regardless  of  your
choice,  opt  for  a
2 6 1 8  o r  4 0 3 2
aluminum  al loy
fo rged  p i s ton .
These  materials
handle the thermal
and  mechanical
stresses  of  high-
p e r f o r m a n c e
operation far better
than cast pistons.

Cylinder
Heads:
Where
Airflow
Meets



Potential

Two-Valve
Heads

The two-valve  (2V)
cylinder head is the
most  common  and
least  expensive
4.6L head. While it
does  not  flow  as
well  as  the  four-
valve  head,  it  can
be  significantly
improved  w i th
port ing,  larger
v a l v e s ,  a n d  a
proper  valve  job.
M a n y  b u d g e t -
minded  builders
achieve  impressive
results with a set of
CNC-ported  2V
heads paired with a
mild camshaft.

Three-Valve
Heads

The  three-valve

( 3 V )  h e a d ,
introduced in 2005,
of fers  a  middle
ground  between
the  2V  and  4V.  It
flows  better  than
the 2V head thanks
to  its  three  valves
per  cylinder  and
improved  intake
ports. However, the
variable cam timing
(VCT)  system adds
complexity and cost
to the build. If you
are  building  a  3V
engine,  plan  on
u p g r a d i n g  t h e
phaser  lockouts  or
using a high-quality
aftermarket  phaser
limiter  to  handle
h i g h e r  l i f t
camshafts.

Four-Valve
Heads

The four-valve (4V)
cylinder head is the
gold  standard  for
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4.6L  performance.
F o u n d  i n  t h e
Mustang  Cobra,
Marauder ,  and
certain  Aviator
mode ls ,  the  4V
h e a d  f l o w s
exceptionally  well
right out of the box.
W i t h  a  p r o p e r
porting  job  and  a
set  of  oversized
valves, these heads
can  support  over
600  horsepower
naturally aspirated.
The  downside  is
cost: 4V heads are
more  expensive  to
purchase and build.
However ,  for  a
max-effort  build,
they  are  virtually
unmatched.

Camshaft
Selection:

Dialing in
the Power
Curve

Camshaft  selection
is one of  the most
critical decisions in
any 4.6L build. The
o v e r h e a d  c a m
( O H C )  d e s i g n
m e a n s  y o u  a r e
selecting camshafts
for both the intake
and  exhaust  sides.
Custom  ground
camshafts  from
companies  l ike
C o m p  C a m s ,
Crower,  or  Bullet
Cams allow you to
tailor  the  power
c u r v e  t o  y o u r
specific  needs.

For a street-driven
max  performance
build,  consider  a
cam  with  around
230 to 240 degrees



o f  d u r a t i o n  a t
0.050-inch  lift  and
0 .550  to  0 .600
inches  of  lift.  Be
a w a r e  t h a t
a g g r e s s i v e
camshafts  require
upgraded  valve
s p r i n g s  a n d
retainers to prevent
valve  float  at  high
r p m .  A l w a y s
replace  the  valve
s p r i n g s  w h e n
ins ta l l i ng  new
camshafts,  even  if
the existing springs
appear  to  be  in
good  condition.

Induction
Systems:
Fuel and
Air

Intake
Manifold

Choices

The intake manifold
i s  a  m a j o r
restriction on many
4.6L  engines.  The
s t o c k  p l a s t i c
m a n i f o l d s  a r e
adequate  for  mild
builds,  but  high-
p e r f o r m a n c e
a p p l i c a t i o n s
d e m a n d  a n
aftermarket  intake.
F o r  t w o - v a l v e
e n g i n e s ,  a n
a l u m i n u m  o r
composite  intake
from  companies
like  Edelbrock  or
Trick Flow can add
significant  power.
For  f our - va l ve
engines, consider a
sheet-metal  intake
or a modified Cobra
intake designed for
y o u r  s p e c i f i c
application.
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Throttle Body
and Mass Air

Flow Sensor

Upgrad ing  the
throttle  body  and
m a s s  a i r  f l o w
(MAF)  sensor  is
essential when you
increase  airflow
through the engine.
A  75mm to  85mm
throttle  body  is  a
common  upgrade
f o r  m o s t
p e r f o r m a n c e
builds. Pair it  with
a  slot-style  MAF
sensor  or  a  large-
d i a m e t e r  M A F
housing  to  ensure
a c c u r a t e  a i r
metering.

Fuel System
Requirements

B u i l d i n g  m a x
p e r f o r m a n c e
requires  a  fue l

system  capable  of
de l i ve r ing  the
necessary  volume
and pressure at all
times. Start with a
s e t  o f  h i g h -
impedance  fuel
in jectors  s ized
appropriately  for
your  power  goal.
F o r  a  5 0 0 -
horsepower  build,
42  to  60-pound
i n j e c t o r s  a r e
typically  sufficient.
F o r  7 0 0
horsepower  and
above,  you  wi l l
need  injectors  in
t h e  8 0  t o  1 2 0 -
pound  range  or
larger.  A  boost-
referenced  fuel
pressure  regulator
and  an  in-tank  or
inline  fuel  pump
are  also  essential
upgrades.



Forced
Induction:
The Fast
Path to Big

Power

While  naturally
aspirated  builds
c a n  p r o d u c e
i m p r e s s i v e
numbers,  forced
induction  is  the
quickest  route  to
t r u l y  h i g h
horsepower.  The
4 . 6 L  e n g i n e
r e s p o n d s
exceptionally  well
t o  b o t h
supercharging  and
turbocharging.

Supercharger
Kits

C e n t r i f u g a l
superchargers from
V o r t e c h  o r

ProCharger  are
popular choices for
the 4.6L. They offer
a  l i near  power
delivery that is easy
to  dr i ve  on  the
street.  Posit ive
d i s p l a c e m e n t
superchargers,  like
the  Kenne  Bell  or
Whipple,  deliver
massive  low-end
torque  and  are
often the choice for
d r a g  r a c i n g
applications.  When
i n s t a l l i n g  a
supercharger,  pay
close  attention  to
i n t e r c o o l e r
e f f i c i ency  and
i n t a k e  a i r
temperatures.

Turbocharger
Systems

T u r b o c h a r g i n g
offers the potential
for  the  h ighest
power  levels  with
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t h e  4 . 6 L .  A
proper ly  s i zed
single or twin-turbo
setup  can  easily
push  the  engine
p a s t  1 , 0 0 0
horsepower  on  a
built  short  block.
H o w e v e r ,
t u r b o c h a r g i n g
requires  careful
a t t e n t i o n  t o
exhaust  manifold
design,  wastegate
placement,  and
oiling  provisions.
The  4.6L's  dual
exhaust ports make
it  naturally  suited
fo r  tw in - tu rbo
configurations.

Engine
Manageme
nt and
Tuning

All the hardware in
the world is useless

without  proper
calibration.  Tuning
a max performance
4 . 6 L  e n g i n e
requires  a  capable
e n g i n e
m a n a g e m e n t
s y s t e m  a n d  a n
experienced  tuner.
For many builds, a
factory ECU with a
custom tune from a
reputable  tuning
shop  works  well.
For extreme builds
with  aggressive
camshafts  or  large
turbochargers,  a
standalone  ECU
l i k e  a  H o l l e y
D o m i n a t o r  o r
MoTeC  provides
t h e  f l e x i b i l i t y
needed for optimal
performance.

D o  n o t
underestimate  the
i m p o r t a n c e  o f
proper  tuning.  A
p o o r l y  t u n e d



engine can destroy
an  expensive  build
i n  a  m a t t e r  o f
seconds.  Invest  in
professional  dyno
tuning and consider
data  logging  to
monitor  engine
parameters  during
initial  operation.

Supporting
Systems
and
Assembly
Tips

Oil System
Upgrades

The 4.6L engine is
known  for  oiling
issues at high rpm,
particularly  with
the stock oil pump.
Upgrade to a high-
volume  oil  pump
a n d  c o n s i d e r

installing a billet oil
p u m p  g e a r s  t o
prevent  failure.  A
larger oil  pan with
windage  tray  and
crank  scraper  can
also  improve  oil
control and reduce
parasitic drag.

Cooling System

High-performance
builds  generate
significantly  more
heat  than  stock
engines.  Upgrade
to a larger radiator,
high-flow  water
p u m p ,  a n d  a n
electric fan system
t o  k e e p
t e m p e r a t u r e s
under  cont ro l .
Consider adding an
oil  cooler  if  you
plan  on  sustained
high-speed  driving
or  track  use.
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Exhaust
System

A  f ree - f l ow ing
exhaust  system  is
e s s e n t i a l  f o r
e x t r a c t i n g
maximum  power.
Long-tube  headers
a r e  a  p r o v e n
upgrade  for  the
4.6L,  particularly
when paired with a
high-flow  catalytic
converter system or
off-road  mid-pipe.
The exhaust should
b e  s i z e d
appropriately  for
your  power  level:
2.5-inch  diameter
f o r  m o d e r a t e
builds,  and  3-inch
diameter for builds
exceed ing  600
horsepower.

Putting It

All
Together: A
Sample
Build
Strategy

To  illustrate  how
t o  b u i l d  m a x
performance  46
l i t e r  F o r d
engines,  consider
a  sample  bu i ld
t a r g e t i n g  6 5 0
naturally  aspirated
horsepower.  Start
with  a  cast  iron
R o m e o  b l o c k
m a c h i n e d  f o r
0 . 0 2 0 - i n c h
overbore.  Use  a
forged  s t roker
crankshaft,  forged
H-beam  rods,  and
forged pistons with
a compression ratio
of  11.5:1.  Install  a
set  of  ported four-
v a l v e  C o b r a



cylinder heads with
oversized  valves
a n d  h i g h - l i f t
camshafts. Pair this
with  a  sheet-metal
intake  manifold,
80mm  thro t t l e
body, and 60-pound
fue l  in jec tors .
F i n i s h  w i t h  a
custom  dyno  tune
on  a  standalone
E C U .  T h i s
combination  will
produce  a  broad,
flat  torque  curve
and  a  screaming
top-end charge that
is  characteristic  of
a  w e l l - b u i l t
modular  V8.

Conclusion

Learning  how  to
b u i l d  m a x
performance  46
liter Ford engines
i s  a  r eward ing
j o u r n e y  t h a t

combines  careful
p l a n n i n g  w i t h
m e t i c u l o u s
execution. The 4.6L
platform  offers  a
unique  blend  of
r e v - h a p p y
c h a r a c t e r  a n d
surprising  power
potential.  Whether
y o u  c h o o s e  a
naturally  aspirated
s c r e a m e r  o r  a
boost-fed  monster,
t h e  k e y  l i e s  i n
selecting  the  right
components  for
your  specific  goals
and budget.  Invest
in  quality  machine
work,  do  not  cut
corners  on  the
rotating  assembly,
a n d  n e v e r
underestimate  the
i m p o r t a n c e  o f
proper tuning. With
the right approach,
your 4.6L build can
d e l i v e r
performance  that
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r i v a l s  o r  e v e n
exceeds  larger-
d i s p l a c e m e n t

engines,  proving
that  good  things
truly  do  come  in
small packages.


