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In the high-precision world of internal combustion engine remanufacturing and performance tuning, the margin for
error is often measured in thousandths of an inch. When a cylinder head becomes warped due to overheating or
structural fatigue, the standard corrective procedure is resurfacing—a process of milling the head's mating surface
to restore flatness. While effective, this removal of material fundamentally alters the engine's internal dimensions.
This is where Cylinder Head Spacer Shims become an indispensable component for professional engine builders
and automotive technicians. These precision-engineered components, typically manufactured from .020” cold
rolled steel, serve as a critical corrective measure to restore the original equipment (O.E.) specifications and
ensure the longevity of the powerplant.

The Fundamental Role of Cylinder Head Spacer Shims

The primary function of a cylinder head spacer shim is to compensate for the material removed from the cylinder
head or engine block during the machining process. When a technician mills a cylinder head, the distance between
the camshaft (in OHC engines) or the rocker arms (in OHV engines) and the crankshatft is reduced. This reduction,
though seemingly minute, triggers a cascade of mechanical discrepancies that can lead to catastrophic engine
failure if left unaddressed. Manufacturers like Enginetech and Fel-Pro produce these shims to act as a precision
"sandwich" layer, typically installed between the engine block and the head gasket, to return the assembly to its
intended stack height.

Restoring Valve Train Geometry

Valve train geometry refers to the physical relationship and alignment between the various components that

operate the intake and exhaust valves. In an Overhead Valve (OHV) engine, milling the head moves the rocker

arms closer to the camshaft, which effectively increases the length of the pushrods relative to the system. This can
lead to incorrect lifter preload. In an Overhead Cam (OHC) engine, such as the Chrysler 2.0L SOHC or the Toyota
2.4L 22RE, lowering the head brings the cam closer to the crank, which creates slack in the timing belt or chain. A
.020" shimrestores the distance, allowing the timing tensioners to operate within their designed range and
ensuring the valves open and close at the precise moments required for efficient combustion.

Correction of Compression Ratios

The compression ratio (CR) of an engine is the ratio of the volume of the combustion chamber when the piston is at
the bottom of its stroke to the volume when the piston is at the top. Resurfacing a cylinder head reduces the volume
of the combustion chamber. According to the laws of thermodynamics and fluid mechanics, reducing the volume
while maintaining the same amount of fuel-air mixture increases the pressure and temperature during compression.
If the CR becomes too high, it can lead to detonation (engine knocking) and pre-ignition, which can shatter
pistons and bend connecting rods. By installing a spacer shim, the technician effectively adds back the lost
volume, maintaining the factory-specified compression ratio and preventing the need for high-octane racing fuels in
a standard street engine.

Technical Specifications and Material Science



Not all shims are created equal. The choice of material and the precision of the manufacturing process are
paramount to the shim's ability to withstand the extreme environment of a combustion chamber. The data provided
highlights two primary materials: Cold Rolled Steel and Copper.

Cold Rolled Steel Shims

Most industry-standard shims, such as those from Enginetech, are made from .020” cold rolled steel. Cold rolling
is a process that increases the yield strength and hardness of the steel by compressing it at room temperature.
This results in a material with high dimensional accuracy and a smooth surface finish, which is essential for
maintaining a seal under high-pressure conditions. Steel shims are favored for their durability and their ability to
match the thermal expansion characteristics of many cast-iron engine blocks.

Copper Spacer Shims

Copper shims, such as the Fel-Pro 8548 SP-1for Ford 289, 302, and 351 engines, offer different advantages.
Copper is highly malleable and possesses excellent thermal conductivity. This allows the shim to conform to minor
surface irregularities and helps in transferring heat away from the combustion chamber to the cooling jackets more
efficiently. Copper shims are often used in high-performance or vintage applications where traditional head gaskets
might struggle with heat dissipation.



Material Property Cold Rolled Steel (.020") Copper (.020")

Yield Strength High Moderate

Thermal Conductivity Moderate Excellent

Malleability Low (Rigid) High (Conforming)
Common Brands Enginetech, DNJ Fel-Pro

Primary Application General Remanufacturing Performance / Vintage

Mathematical Analysis: The Impact of a .020" Shim

To understand the necessity of a shim, one must look at the mathematical impact of removing .020" of material
from a cylinder head. Let us consider a standard 4-cylinder engine with a 4.000" bore.

The volume (V) of the material removed can be calculated using the formula for a cylinder:V =< r +"r €
Where:r = radius (half of the bore) = 2.000"h = thickness removed = 0.020"

V =3.14159 x (2.000)2 x 0.020 V =3.14159 x 4 x 0.020 vV =
0.251 cubic inches per cylinder

In a small combustion chamber of 50cc (approximately 3.05 cubic inches), removing 0.251 cubic inches represents
a reduction of over 8% in chamber volume. This can swing a compression ratio from a safe 9.0:1 to a dangerous
9.8:1. The Cylinder Head Spacer Shimprecisely replaces this 0.251 cubic inches of volume, returning the engine
to its mathematical equilibrium.

Installation Procedures and Engineering Best Practices

The installation of a spacer shim is a delicate process that requires adherence to strict engineering protocols.
Failure to follow these steps can lead to coolant leaks, oil contamination, or "blown" head gaskets.

Step-by-Step Field Guide

1. Surface Preparation: Both the engine block and the newly machined cylinder head must be surgically clean.
Use a non-residue solvent to remove all traces of oil, grease, or old gasket material. The RA (Roughness Average)
finish of the surfaces must meet the gasket manufacturer's specifications.

2. Shim Inspection: Verify the thickness of the shim using a micrometer. While most are .020", variations can
occur. Ensure there are no burrs or kinks in the metal.

3. Orientation: Most manufacturers, including those for the CHS1041 (F22B1/B2 SOHC), recommend installing
the shim on the block side. This means the shim is placed directly on the engine block, and the head gasket is
placed on top of the shim.

4. Sealant Application: Unlike standard gaskets, shims often require a specialized sealant. A thin, even coat of
a high-temperature gasket tack or specialized spray (like Copper Coat) should be applied between the shim and
the block to ensure a micro-seal. Do not use RTV silicone unless specifically directed by the manufacturer.

5. Gasket Placement: Place the primary head gasket (e.g., an MLS or composite gasket) on top of the shim.
Ensure all coolant and oil passages align perfectly across the block, shim, and gasket.

6. Torquing Sequence: Follow the O.E. torque-to-yield (TTY) or standard torque specifications and sequences.



Because you are now compressing a "stack" (shim + gasket), it is often recommended to perform a final torque
check after the engine has reached operating temperature and cooled down (if using non-TTY bolts).

Case Studies: Application-Specific Nuances

The Chrysler 2.0L/2.4L SOHC (95-05)

The Chrysler 2.0L (VIN C, F) and 2.4L engines are notorious for head warping. Because these are interference
engines, maintaining the correct head height is vital. If the head is milled without a Cylinder Head Spacer Shim
(CHS1057R), the timing belt tensioner may reach its limit, leading to belt slap or tooth jumping, which results in the
pistons striking the valves. Using an Enginetech .020" shimrestores the exact geometry needed for the timing
components to function safely.

The Toyota 22R/22RE Series

For the legendary Toyota 2.4L 22R engines, often found in 4Runners and Pickups, the FEL-8807SPshim is a
common sight in machine shops. These engines are frequently rebuilt and their heads surfaced multiple times over
decades of service. The steel shim allows these engines to continue running on modern pump gas without the risk
of detonation caused by the "shrunken" combustion chambers of a heavily milled head.

The Ford Small Block (289, 302, 351)

In the world of American V8s, the Fel-Pro 8548 SP-1 copper shim is frequently used to maintain the intake
manifold alignment. When the heads of a V-style engine are milled, they move closer to the center of the engine
and lower. This causes the bolt holes on the intake manifold to misalign with the holes in the cylinder heads. Using
a spacer shim keeps the heads in their original outboard position, ensuring the intake manifold drops into place
without the need for expensive custom machining of the manifold itself.

Troubleshooting Common Operational Challenges

Despite their benefits, the use of shims introduces a second mating surface, which theoretically doubles the
potential for leaks. Technicians must be aware of the following failure modes:

e Thermal Expansion Mismatch: If a shim material has a significantly different expansion coefficient than the
block and head, the seal may break during heat cycles. This is why cold rolled steel is preferred for iron blocks.

e Coolant Seepage: If the sealant between the shim and the block is inconsistently applied, capillary action can
pull coolant into the oil galleys. Always use a high-quality sealant spray.

e Stack Instability: In high-boost (turbocharged or supercharged) applications, the "stack" of a shim and a
gasket may not provide the same clamping force as a single multi-layer steel (MLS) gasket. In these cases, custom-
thickness MLS gaskets are often preferred over shims.

Common Compatibility Matrix



Engine Family Part Number Reference Thickness Primary Benefit

Chrysler 2.0L/2.4L CHS1057R / HS217 .020" Timing belt geometry
restoration

Ford 289/302/351 8548 SP-1 .020" Intake manifold alignment

Toyota 2.4L 22R/RE FEL-8807SP .020" Compression ratio
stabilization

Honda F22B1/B2 CHS1041 .020" Valve-to-piston clearance

Summary and Broader Implications for Engine Longevity

The use of Cylinder Head Spacer Shims represents a sophisticated intersection of traditional machining and
modern corrective engineering. By providing a reliable method to compensate for the .020" of material typically lost
during a standard resurfacing operation, these components allow for the sustainable repair of engine castings that
would otherwise be destined for the scrap heap. They ensure that valve train geometry remains within factory
tolerances, compression ratios stay at safe levels for the intended fuel grade, and timing componentsmaintain
their necessary tension.

For the professional engine builder, the shim is not a "fix-it-fast" hack, but a calculated engineering solution.
Whether utilizing an Enginetech steel shim for a daily driver or a Fel-Procopper shim for a classic Ford V8, the
objective remains the same: the restoration of the engine's internal architecture to its precise O.E. design. As
engine tolerances continue to tighten in modern OHC and GDI (Gasoline Direct Injection) designs, the role of the
precision spacer shim will only grow in importance, serving as a vital tool in the technician's arsenal for achieving
peak performance and long-term mechanical reliability.
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