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Abstract - Automotive powertrain systems include engines and transmissions. Automotive manufacturers have been making 

constant efforts to improve the powertrain systems for higher fuel efficiency, increased temperature resistance, mass and cost 
reduction, etc. For this work, transitioning powertrain components from metallic to non-metallic materials are investigated. 
Finite element analysis (FEA) is performed in the redesign of the engine cam cover. The purpose of cam covers is to cover 
the engine cam that open/close the exhaust and intake valves, keep oil in the engine using elastomer gaskets, and reduce 
engine noise. The objectives of the design analysis are to determine deformation and stresses of the cam cover using 
different light-weighting materials to for mass reduction. Several light-weighting materials are used in this research. The 
performance of these materials is ranked, and the material of choice for this application is recommended to reduce the mass 
and cost. 
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I. INTRODUCTION 

 

Composite materials are widely used due to their 

advantages in high strength-to-weight ratios, high 

corrosion resistance, high fatigue life in cyclic 

loading, and great potential in styling design [1-6]. 

The automotive industry is currently challenged with 

meeting the new government emission and fuel 

economy standards. One of the ways of achieving this 
is with weight reduction, resulting in many new 

materials being used in automotive construction. 

Automotive powertrain systems include engines and 

transmissions. Automotive manufacturers have been 

making constant efforts to improve the powertrain 

systems for higher fuel efficiency, increased 

temperature resistance, mass and cost reduction, etc. 

The motivations for transitioning powertrain 

components from metallic to plastic materials [7] are 

as follows: 

1. Manufacturing and materials cost reductions. 

 Lean manufacturing principles 

 More efficient material usages by thinning wall 

sections and integrating components 

 Mass reduction 

2. Laser welding 

 Potential high volume production with complex 

design at low cost 

 Replacing vibration welding allowing thinner 

reinforcing ribs and reduced weight 

3. Enhanced Material and Property 

Characteristics 

 Material NVH Characteristics 

 Consolidation of Components 

 Appearance 

 Colorable 

 Improved Structural Performance 

 Increased Temperature Resistance 

 Replaces higher cost composites such as 

reinforced nylon 

4. Recyclable/Environmentally Friendly Products 

 Thermoplastics are more desirable than 

Thermosets 

 Bio plastics 

 Natural Fiber Reinforcements 

 

Plastics can assist engineers functionally and 
esthetically. The underhood (as shown in Fig. 1) 

looks neat, orderly, uncluttered, integrated and well-

engineered by taking the following measures: 

 Hidden when possible or integrated to 

components 

 Routing of wires and hoses are neat and orderly, 

generally orthogonal in layout or aligned with 

components/body 

 All exposed wires and hoses are black unless 

they are intended to be character enhancing 

 All hoses, wires and connectors are black, tubing 
black, natural when not possible 

 All connectors to be booted or sealed 

 The bends of routed wires and hoses are 

executed to a level complimentary to the under-

hood appearance 

 

 
Fig.1. The underhood engine compartment 

 

The purpose of cam covers is to cover the engine cam 
that open/close the exhaust and intake valves, keep 

oil in the engine using elastomer gaskets, and reduce 
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engine noise, as shown in Fig. 2. The objectives of 

the design analysis are to: 

 Determine deformation, at the gasket groove (see 

arrow), under gasket pressures 

 Change the material to for mass reduction 

 Compare the deformation of each cam cover 

 The best cam cover design for sealing should 

deform as less as possible when gasket pressures 

are applied. 

 Determine if cover stresses are acceptable 

 

 
Fig.2. Engine cam cover 

 

II. MATERIAL SELECTION 

 

There are several typical engineering materials that 

are used for cam covers with strengths and 

weaknesses (Table 1). Through research on common 

plastics used in automotive applications, three 

materials, in addition to the magnesium, were 

selected for analysis. 

 
Table 1: Typical cam cover materials and comparison 

Cam Cover Materials Strengths Weaknesses

Magnesium Weight Cost

Galvanic cell reaction

Creep resistance

Thermoset glass reinforced Cost Strength

plastic Weight Stiffness

Thermo-plastic Glass Cost Strength

 reinforced Weight Stiffness

Creep resistance

Aluminum Stiffness Weight

Creep resistance

 

These three materials are 30% glass filled nylon 66, 

Akulon®K224-G3 (PA6-GF15), and 

Stanyl®46HF4130 (PA46-GF30). The 30% glass 

filled nylon 66 is typically used for textile and 

industrial fibers, but is also used for injection mold 

resins. This injection mold resins include automotive 
parts, electrical parts, and consumer articles. Also, 

Nylon resins belong to a group of high-performance 

plastics often referred to as engineering 

thermoplastics. These materials are noted for their 

outstanding properties, including high tensile 

strength; excellent abrasion, chemical and heat 

resistance; and low coefficient of friction. The current 

price is approximately $1.40 per pound, compared to 

magnesium which is at about $2.20 and still rising. 
Akulon®K224-G3 is a 15% glass filled polyamide 6. 

Some common applications include film, automotive, 

industrial, and consumer. Akulon polyamide resins 

represent a great value in all-purpose engineering 

materials. For molded parts, they offer an excellent 

balance of easy design and processing with 

outstanding mechanical properties over a wide 

temperature range and in diverse operating 

environments. The PA6 was chosen because 

compared to PA66, PA6 offers a better price to 

performance balance for most applications where 

polyamides are used. Although there are differences 
in melting temperature, moisture uptake and ductility 

between PA6 and 66, actual performance is virtually 

identical and the products are interchangeable in 

about 90% of applications. 

Stanyl®46HF4130 is a 30% glass filled polyamide 

46. This material has thousands of applications in 

automotive engines and transmissions, lighting, 

computers, phones, power distribution equipment and 

appliances. Also, Stanyl has a high stiffness in 

combination with excellent wear resistance even at 

high temperatures (capable to more than 200ºC and 
for short term peak temperatures to 250ºC). The 

strength and stiffness allow it to survive dynamic and 

static loading. Also, it has high creep resistance 

especially at high temperatures and for design 

flexibility and ease of molding it has high flow. The 

solution is very durable and has a outstanding 

toughness in addition to excellent oil resistance. 

 

III. ENGINEERING ANALYSIS 

 

A sealing pressure of 1.0 MPa was applied for this 

analysis along the cam cover grooves where the 
gaskets are mounted in order to keep splash oil from 

leaking. In the finite element analysis (FEA), the 

translation constrains are applied at the bolt holes 

where all rotations are set free (Fig. 3). 

 

 
Fig.3. The engine cam cover FEA model 

 
Finite element analysis is performed on the cam cover 

with each material, including the magnesium and the 

alternatives. The material is selected based on the 

comparison of the stresses and deflection of the cover 

for the four materials. Table 2 below lists the 
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important material properties used in the FEA of the 

materials. 
 

 Magnesium 
GF30 

Nylon 66 
Akulon Stanyl 

Young's 
Modulus 

(MPa) 

40000 10000 1060 9030 

Ultimate 

Tensile 

Strength 

(MPa) 

260 180 125 210 

Density 

(g/cm3) 
1.81 1.8 1.23 1.41 

Table 2: Material properties used in the FEA 

 

To perform the FEA a couple of assumptions had to 
be made. First that the holes left for the injection sites 

can be neglected and second that all radii under 5 mm 

can be neglected. These assumptions allowed the part 

to be idealized making the model less complex.  Fig. 

4 and 5 show the results of the FEA on the 

magnesium part. 

 

 
Fig.3. The engine cam cover stress (magnesium) 

 

 
Fig.4. The engine cam cover stress zoomed in (magnesium) 

 

IV. RESULTS AND DISCUSSIONS 

 

Using the maximum stress found in the FEA and the 

ultimate tensile strengths, the safety factors for the 

cam cover with the four various materials were 

determined, as shown in Table 3. Based on the FEA 
of the four materials Stanyl®46HF4130 and 30% 

glass filled nylon 66 would both be suitable for the 

cam cover. Other properties of the material must be 

considered to further narrow the selection. Some 

other properties include the materials resistance to 

chemicals and materials behavior at higher 

temperatures. The FEA analysis was ran assuming the 

parts were at room temperature, but the cam cover 

will be exposed to temperature up to 150ºC. This 

temperature is around that of the glass transition 

temperature for nylon 66, so this material will not be 

appropriate for this application. On the other hand, 
according to DSM, Stanyl is able to maintain stiffness 

and wear resistance at temperatures more than 200ºC 

and for short term peak temperatures to 250ºC. For 

this reason, Stanyl is the material of choice for this 

application to replace magnesium. 

 Magnesium 
GF30 Nylon 

66 
Akulon Stanyl 

Safety 

Factor 
4.1 2.9 1.7 2.8 

Table 2: Results obtained from the FEA 

 

V. CONCLUSION 

 

This study involves an automotive engine cam cover 

design.  Four different materials were chosen in the 

FEA and Stanyl is the material of choice for this 

application to replace magnesium to reduce the mass 

and cost. 
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