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Executive Summary 
There are two objectives for Task 1 on technical cost guidance: 

1. Identify and quantify the key cost drivers and obstacles associated with the current magnesium 
alloy sheet material and automotive component development process to understand the best 
opportunities to develop a low-cost alternative. 

2. Compare the costs and weights of producing the lightweight magnesium door with a 
conventional steel door. 

The first subtask on cost drivers was completed in Year 1 of the low-cost magnesium sheet (LCMS) 
project in order to inform work performed in other tasks. The approach was to use information from the 
USAMP AMD 603 (magnesium front end) project from 2010 and publicly available literature. The 
second subtask comparing the costs and weights of magnesium and steel door designs was completed in 
Years 3-4 once information was available on the magnesium door design. The cost analysis was 
completed using process-based cost models of part fabrication, assembly, and paint. The project has a 
lightweighting cost target for the magnesium door of $5.50 per kilogram of mass saved ($2.50/lb saved), 
compared to the steel door. Thus, a key component of the cost analysis is to determine whether the 
magnesium door can achieve this cost target and what are the factors driving cost difference.  

The initial cost drivers analysis found that magnesium assemblies are more expensive because material 
and assembly costs relative to baseline steel designs outweigh gains from lower mass and part count. The 
material costs are primarily driven by high raw material costs. Primary magnesium from China produced 
using the Pidgeon process is about half as expensive as that produced in the US using the electrolytic 
process. Twin roll casting was shown to have potential as a lower-cost method for producing magnesium 
sheet, but exact estimates were highly sensitive to magnesium alloy cost.  

The cost modeling analysis of the magnesium door used two scenarios for coated magnesium sheet given 
the large differences between primary magnesium produced in China and the US. Total costs included 
parts production (including coating the magnesium sheet), assembly, and paint (including necessary 
pretreatments). As shown in the figure below, the comparison of producing the magnesium door to the 
steel door showed that the China magnesium door’s lightweighting cost of $4.26/kg saved was under the 
project target of $5.50/kg, whereas the US magnesium scenario had a lightweighting cost of $6.60/kg. 
The cost of the coated magnesium alloy sheet and its associated uncertainty is a key driver of the results. 
This includes whether the primary magnesium is sourced from the US or China, the cost of alloying, and 
the twin roll casting conversion cost. A 10% change in material costs leads to approximately a 5% change 
in total door costs for both the magnesium and steel designs. A 10% decrease in the cost of US 
magnesium would lead to it being within the project lightweighting cost target of $5.50/kg. 
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Total door part fabrication, assembly, and paint costs for each door (100,000 annual production volume). Lightweighting cost 

target for the project is $5.50/kg. 

While the larger parts in the magnesium design are cost competitive, the smaller parts have relatively 
large lightweighting costs and the aluminum casting is heavier and significantly more expensive than the 
equivalent three steel parts. This indicates that warm forming and aluminum casting may not be cost 
effective for small magnesium parts and there is significant opportunity to optimize the magnesium door 
design with alternative solutions for these small parts. 
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1 Description of Key Results Relative to Objectives 
1.1 Objectives and Subtasks 
There are two objectives for Task 1 on technical cost guidance: 

1. Identify and quantify the key cost drivers and obstacles associated with the current magnesium 
alloy sheet material and automotive component development process to understand the best 
opportunities to develop a low-cost alternative. 

2. Compare the costs and weights of producing the lightweight magnesium door with a 
conventional steel door. 

The project has a lightweighting cost target for the magnesium door of $5.50 per kilogram of mass saved 
($2.50/lb saved), compared to the steel door. Thus, a key component of the cost analysis is to determine 
whether the magnesium door can achieve this cost target and what are the factors driving cost difference.  

The objectives were accomplished through work in six subtasks.  

1.1. Provide summary of cost drivers 

1.2. Calculate cost of producing benchmark steel door 

1.3. Develop cost models of two coatings processes 

1.4. Modify existing Mg warm forming model 

1.5. Calculate cost of producing Mg door 

1.6. Compare weights and cost of Mg and steel door 

Subtasks 1.1 and 1.2 were completed in Year 1 in order to inform work performed in other tasks and 
subtasks 1.3-1.6 were completed in Years 3-4 once information was available on the magnesium door 
design. 

1.1.1 Accomplishments vs. Project Objectives 
A comparison of the project accomplishments and objectives by subtask for Task 1 on cost modeling is 
shown in Table 1. 

Table 1. Comparison of Task 1 objectives by subtask and accomplishments. 

Statement of Objectives Accomplishments Variance 

1.1 Provide summary of 
cost drivers 

Summary of cost drivers provided to project team 
at the end of Year 1 to inform work in other tasks.   No variance 

1.2 
Calculate cost of 
producing benchmark 
steel door 

 The cost of producing the benchmark steel door 
was completed at the end of Year 1 using part 
production, assembly, and paint cost models.  

No variance 

1.3 
Develop cost models 
of two coatings 
processes 

A cost model of sheet coating was created based 
on the Henkel process and a cost model of the 
paint process was modified to account for PPG’s 
pretreatment process.  

No variance 

1.4 Modify existing Mg 
warm forming model 

Existing Mg warm forming models were modified 
based on discussions with Vehma to account for 
improved processing developed in the LCMS 
project.  

No variance 
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Statement of Objectives Accomplishments Variance 

1.5 Calculate cost of 
producing Mg door 

The cost of producing the Mg door was estimated 
using part production, assembly, and paint cost 
models.  

No variance 

1.6 
Compare weights and 
cost of Mg and steel 
door 

The costs and weights of the Mg and steel doors 
were compared and the lightweighting cost of the 
magnesium door was calculated and compared 
against the project target. Sensitivity analyses were 
used to determine key cost drivers and their impact 
on cost estimates.  

No variance 

 

1.2 Methodology 
1.2.1 Summary of Cost Drivers 
The objective for Subtask 1.1 is to provide a summary of existing cost drivers of current magnesium sheet 
and automotive component production and assembly. The approach was to use information from the 
USAMP AMD 603 (magnesium front end) project from 2010 and publicly available literature. Camanoe 
conducted the analyses for the AMD 603 project. 

1.2.2 Process-Based Cost Modeling 
The approach for the other tasks involved the use of process-based cost modeling (PBCM) to quantify 
costs of parts production, coating, and assembly of the magnesium and steel doors1. These models derive 
operating cost by building up from the engineering realities of a process or activity.  Specifically, PBCMs 
combine engineering process models, operational models, and an economic framework to map from 
details of product and process to operating costs (see Figure 1).  Since PBCMs are built around technical 
details, they allow one to explore how cost evolves as a technology or operating conditions change. 
Through careful selection of modeling parameters, PBCMs can be used not only to estimate the costs of 
manufacturing products in a wide range of economic and operational circumstances, but they can also be 
used to construct prospective cost estimates of the consequences of design and process changes, as well as 
"what if" analyses to establish key economic or technical hurdles to the achievement of targeted costs. It 
is important to note that equipment and labor are assumed nondedicated. That is, equipment and labor 
costs for a part are allocated to that part and any time not used to produce the part are assumed to be 
allocated to other parts. By contrast, tooling is a dedicated cost because it can only be used for a specific 
part. Equipment and tooling costs are annualized over the life of the equipment and tooling, respectively.  

 

 
Figure 1.  Process-based cost modeling approach. 
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The scope of the door production process for both the steel and magnesium designs is summarized in 
Figure 2. More details on the production process are provided in the Appendix in Section 4.1.  PBCMs of 
coil pretreatment, part production, assembly, and paint were used for both the magnesium and steel doors. 
However, costs related to coil production could be calculated due to a lack of information on the 
production process and partners in the project to supply the data. Thus, those costs were estimated 
through discussions with experts in the industry and review of published information. The lightweighting 
cost of the magnesium doors and parts was calculated by dividing the difference in cost between the 
magnesium and steel designs by the difference in weight (∆$/∆kg). The project has a lightweighting cost 
target of $5.50/kg ($2.50/lb) for the complete door assembly. 

 
Figure 2. Comparative analysis scope and approach for modeling and cost estimation. PBCM=process-based cost model.  

All part and assembly data for both the steel and magnesium door designs was provided by FCA. 
Processing data was generated by Camanoe Associates using existing PBCMs or was developed in 
consultation with industrial partners on the LCMS project including Henkel (coil pretreatment), Vehma 
(warm forming), AET (spot welding), and PPG (paint pretreatment). Posco was consulted to estimate the 
cost of producing magnesium alloy sheet. The PBCMs include equipment and operational data such as 
equipment costs and capacities using information from Camanoe databases. Component-specific 
processing parameters were estimated using algorithms in the models including equipment size, line rate, 
tool cost, and number of workers. 

The set of PBCMs used in the analysis include: 

• Mg coil coating pretreatment 
• Component Production:  

o Stamping (including laser-welded blanks) 
o Warm forming 
o Die casting 

• Body Shop Assembly Operations:  
o Steel and Mg spot welding, hemming, adhesive bonding, fastening, laser welding, weld 

nuts, clinch nuts, self-pierce rivets, screws 
• Paint Shop Operations: 

o Corrosion coating: cleaning, rinse, pretreatment 
o Paint coating: E-coat, sealer, primer, base coat, clear coat 

Some of the models required specific development and/or modification for the LCMS project including 
magnesium coil coating pretreatment, warm forming, magnesium spot welding, and paint pretreatment. 
All PBCMS were implemented in Microsoft Excel.  
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1.2.3 Door Designs 
The baseline steel door design (17.0 kg and 9 parts) from the Chrysler 200 is shown in Figure 3 and the 
lightweight magnesium door design (7.9 kg and 7 parts) developed in this project is shown in Figure 4. 
Additional details on the door designs, production processes, and assembly content are in the Appendix in 
Section 4.2.  

 
Figure 3. Baseline steel door design from the Chrysler 200 (provided by FCA). 

 
Figure 4. Magnesium door design. 
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1.2.4 Model Input Data 
General input data (wages, electricity cost, building cost, etc.) and steel material prices are listed in the 
Appendix in Section 4.3 and are based on Camanoe databases.  

Magnesium sheet prices were more difficult to estimate. While the USGS2 provides data on the price of 
primary magnesium (shown in Figure 22 of Section 4.3 of the Appendix), there is limited available data 
on alloy costs and sheet production. Table 2 shows the scenarios developed for coated magnesium sheet. 
Both US electrolytic and China Pidgeon scenarios were considered because of uncertainty around which 
source would likely be used by an American original equipment manufacturer (OEM) in producing a 
magnesium door. While there is a preference for using magnesium produced in the US, the price ($5/kg) 
is approximately twice as high as magnesium produced in China ($2.50/kg). Furthermore, there are 
questions as to whether the limited US production capacity would suffice to meet the demand that an 
OEM would need for sheet. Given this uncertainty, both scenarios were explored in the analysis.  

Table 2. Coated magnesium sheet price scenarios. Magnesium scrap price is $1.50/kg (60% of Pidgeon price). 

 

Alloy ingot prices were assumed to equal recent primary magnesium prices for production based on the 
US electrolytic and China Pidgeon processes. Although the alloying process adds cost to the primary 
material price, the alloying materials are expected to cost less than the primary magnesium. Therefore, it 
is possible that that alloy could actually be more or less expensive than the primary material. In the 
absence of detailed data, the primary price was used.  

Data on the conversion cost of primary magnesium to sheet was also difficult to obtain. While the Pacific 
Northwest National Laboratory published a cost analysis of different magnesium sheet production 
processes in 20053, the results were considered dated and insufficient to create a reasonable cost basis for 
this study. POSCO provided data on aluminum sheet conversion costs of $2.13/kg, which is 
approximately $3.30/kg for magnesium when accounting for the density differences between the 
materials. Although the twin roll casting process planned for magnesium sheet production is more 
efficient than conventional rolling processes, which would likely lower costs, magnesium is more 
intensive to process than aluminum, which would likely increase costs. In the absence of detailed 
information, the conversion cost of $3.30/kg was used as a baseline in the analysis.  

Given the uncertainty in all aspects of estimating the coated magnesium sheet price, sensitivity analyses 
were conducted on the cost of producing the magnesium doors to the price of the sheet.  

1.3 Results 
1.3.1 Summary of Magnesium Cost Drivers 
The objective of this subtask was to identify and quantify the key cost drivers and obstacles associated 
with the current magnesium alloy sheet material and automotive component development process to 
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understand the best opportunities to develop a low-cost alternative. This was conducted in Year 1 of this 
project (2017) in order to inform work performed in other tasks. 

Cost drivers were broken down by the key steps in the Mg door production process outlined in Figure 5. 

 
Figure 5. Magnesium door production process steps covered in the summary of cost drivers. 

In primary magnesium production, Camanoe Associates had conducted a cost analysis of producing 
primary magnesium using both the US electrolytic and Chinese Pidgeon process as part of the AMD 603 
(magnesium front end) project in 2010. As shown in Figure 6, raw material prices are a key cost driver for 
both processes. Other analyses showed that the Pidgeon process is sensitive to labor costs, whereas the 
electrolytic process is sensitive to equipment costs. Magnesium produced from the Pidgeon process was 
always found to be less than when it was produced using the electrolytic process, regardless of context. 
Data availability for the Pidgeon process was much better than for the electrolytic process, so there was 
more confidence in results for the Pidgeon process.  

 
Figure 6. Cost analysis of producing primary magnesium using both the Pidgeon and electrolytic processes. Source: Camanoe 
Associates analysis for the AMD 603 project, 2010. 

For magnesium sheet rolling, the main source of information was a study was conducted by the 
Aluminum Consultants Group and the Pacific Northwest National Laboratory in 20053 that analyzed the 
costs of twin-roll and twin-belt sheet production. As shown in the Figure 7, metal cost (AZ31) was found 
to be the primary cost driver in both cases. The total cost is highly sensitive to the raw metal price, but 
generally twin-roll casting was shown to have potential as a lower-cost alternative.  

Primary 
Mg 

production

Mg sheet 
rolling

Part 
forming

Part 
surface 
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Figure 7. Cost breakdown of Mg sheet production using twin-roll and twin belt processes. Source: USCAR Mg sheet cost 
modeling study from 20053.  

The PNNL study also found that capital utilization is key for both processes and rolling reduction per pass 
and recovery are also key cost drivers. Thus, it’s important to focus on maximizing recovery to reduce 
costs and cast as close to final thickness as microstructure and surface quality allow. Developing alloys 
and processing schemes that allow 50% reduction per pass without edge cracking will enable this.  

In comparing the two processes, the authors stated that twin-belt casting is more sensitive to production 
volume than twin-roll, while twin-roll best for incremental volume build-up. Furthermore, twin-belt is 
cost competitive with twin-roll at higher production volumes and is best for established markets. 

A more recent assessments of twin roll casting by Romano et al. confirmed the predicted cost advantages, 
although without the modeling efforts4. They stated that the conventional rolling process is expensive 
because it is labor and energy-intensive. Referring to an Oak Ridge National Laboratory pilot project, 
they noted that “recent developments have shown on a pilot scale that isothermal asymmetric rolling of 
twin roll cast coil can economically produce high quality wrought magnesium sheet with a formability 
and price that would make it technically and commercially viable for automotive applications.” 

Regarding part forming, a preliminary cost modeling analysis of a magnesium door inner produced from 
magnesium sheet via warm forming was conducted using models and data from the USAMP AMD 603 
project. The magnesium door inner was assumed to be 3.3 kg (50% of the steel door design) with the 
same scrap rate (55%), and the same magnesium alloy sheet prices as the 2010 USAMP study were used 
($8.00/kg). Figure 8 shows the cost breakdown of the warm forming analysis of the door inner. It is clear 
that the material cost is the primary cost driver. This is due to the high cost of the Mg sheet, but also 
because of the relatively high scrap rate for a door inner.  Sensitivity analyses showed that the door inner 
price is highly dependent on the Mg alloy sheet price.  
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The target for the project is to achieve lightweighting of magnesium door parts for a cost difference of 
$5.50 compared to a baseline steel part, per kilogram saved ($2.50/lb). Figure 9 shows the lightweighting 
cost of the magnesium door inner as a function of the price for the incoming Mg sheet cost. The 
lightweighting cost is highly sensitive to the price of the magnesium sheet. It is noteworthy that the 
$2.50/lb target can be achieved for the door inner below a magnesium sheet price of $7.50/kg. This was a 
preliminary analysis prior to any details being available on a complete magnesium door, but it was a 
promising sign that the target was reasonable.  

 
Figure 9. Lightweighting cost for a magnesium door inner compared to a steel baseline door inner. The blue line is the sensitivity 
of the door inner cost to the magnesium sheet cost ($/kg); the baseline magnesium sheet cost for the analysis is $8/kg.  The 
project target is $2.50/lb, as shown by the dashed red line.  

Other cost drivers related to part surface treatment and assembly were summarized from experience 
gained from the AMD 603 magnesium front end project. Here is a summary of all magnesium cost 
drivers. 

Figure 8. Preliminary cost modeling analysis of a warm formed Mg door inner. 
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• Primary Mg production: raw material prices are key drivers; Chinese Mg prices lower. 
• Mg sheet rolling: metal prices, rolling reduction per pass, and recovery are key cost drivers. 
• Parts production:  

o Despite fewer parts and lighter weight, magnesium front end design had higher part costs 
than steel design. 

o Key driver: cost of magnesium sheet. 
• Surface treatment:  

o Added cost: no treatment required for steel parts. 
o Pre-treatment required for individual parts, conversion coating & top-coating required for 

complete assembly. 
o Opportunities to reduce treatment costs and/or change surface treatment approach. 

• Assembly: 
o Despite parts consolidation, Mg FE assembly costs higher than steel assembly costs. 
o Opportunities to reduce assembly content and/or reduce joining costs. 

• In total: Magnesium assemblies are more expensive because material and assembly costs relative 
to baseline steel designs outweigh gains from lower mass and part count.  

1.3.2 Total Door Assembly Costs 
The cost analysis of the baseline steel door was completed in Year 1 and the analysis of the magnesium 
door was completed in Years 3-4 of the LCMS project. The comparison of total costs for parts 
fabrication, assembly, and paint of steel of the steel and magnesium doors under the baseline annual 
production volume of 100,000 vehicles are shown in Figure 10, Figure 11, and Figure 12. Total costs for 
the magnesium door designs are shown using the two scenarios for coated magnesium sheet prices shown 
in Table 2: $9.50/kg for US electrolytic and $7.00/kg for China Pidgeon magnesium. The difference 
among the figures is the breakdown of total costs. The breakdown in Figure 10 is for parts fabrication, 
assembly, and paint. It is clear that parts fabrication is the primary cost driver across all scenarios. The 
lightweighting costs for the US magnesium and in China magnesium scenarios are $6.60/kg and $4.26/kg, 
respectively. Only the China magnesium scenario falls under the $5.50/kg project target. Figure 11 breaks 
the parts production cost into materials and forming (i.e., everything except for materials, highlighting the 
importance of material cost in driving part production cost. Figure 12 breaks the total cost into several 
cost categories tabulated across all processes. Material costs are once again the dominant category, 
followed by labor. It is noteworthy that labor costs are a relatively larger factor for the magnesium design 
than the steel design.  
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Figure 10. Total door part fabrication, assembly, and paint costs for each door (100,000 annual production volume). 
Lightweighting cost target for the project is $5.50/kg.  

 
Figure 11. Total door part fabrication, assembly, and paint costs for each door (100,000 annual production volume) with part 
fabrication costs broken down by materials and forming.  

 
Figure 12. Total door part fabrication, assembly, and paint costs for each door (100,000 annual production volume) broken 
down by materials, labor, equipment, tooling, and other costs across all processes.  



16 
 

1.3.3 Sensitivity Analyses 
There is uncertainty in several of the parameters used in the cost analysis. Of particular note are annual 
production volume and material costs. The baseline annual production volume of 100,000 clearly assumes 
a long-range scenario. Thus, it is important to understand the sensitivity of total door production costs to 
this volume, particularly lower volumes, which are likely as production ramps up. Figure 13 shows the 
sensitivity of total door cost to annual production volume. The cost per door is highest at low volumes 
and decreases as volumes increase. This is primarily driven by tooling costs, which cannot be allocated to 
other parts. As the production volume increases, there are more parts over which to distribute the tooling 
costs. Although the cost of each door is sensitive to the annual production volume, the relative difference 
among the three scenarios is insensitive to the volume. That is, the steel door is always lower cost than the 
magnesium designs and the US magnesium scenario always has the highest cost.  

 
Figure 13. Sensitivity of total door cost to annual production volume. Baseline APV is 100,000. 

The sensitivity of total door cost to material costs is shown in Figure 14 and Figure 15 with the latter 
figure framing the cost impact relative to the baseline. From these figures it is clear that total door cost is 
highly sensitive to material cost. A 10% change in material cost leads to approximately a 5% change in 
total door cost for all three scenarios, with the US magnesium scenario showing the largest impact 
because of it having the highest material cost. The implication of the material cost changes on 
lightweighting cost is shown in Figure 16. It is evident that the US magnesium scenario can achieve the 
$5.50/kg project target with a 10% decrease in material costs. A 50% reduction of China magnesium price 
would likely be necessary in order to achieve cost parity with the steel design (i.e., lightweighting cost of 
zero).  

 
Figure 14. Sensitivity of total door cost to material costs relative to baseline material costs. 
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Figure 15. Sensitivity of total door cost relative to baseline total door cost to material costs relative to baseline material costs. 

 

 
Figure 16. Sensitivity of lightweighting cost to material costs relative to baseline. Project lightweighting cost target is $5.50/kg. 

1.3.4 Part Fabrication Costs 
It is important to include assembly and paint processes when drawing conclusions about the relative costs 
of magnesium door production to steel doors because of differences in the processes. However, it is 
interesting to compare part production costs because of the similarity in the designs. The breakdown of 
parts production costs (excluding assembly and paint for the entire door) by part are shown in Figure 17 
for the steel door design and in Figure 18 for the magnesium door design (US scenario). The three largest 
parts (door inner, door outer, and window surround) make up about 70% of the total part cost for both 
designs, but the door inner panel is a larger fraction of the steel design because it is a laser-welded blank. 
Also of note is the relatively larger fraction of cost for the hinge & check reinforcement in the magnesium 
design (this is equivalent to three parts in the steel design); this is the only cast aluminum part in the 
design. Details on individual part parameters and costs are included in the Appendix in Section 4.4 for the 
steel door and 4.5 for the magnesium door.  
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Figure 17. Breakdown of individual part production costs to total part production costs for steel door design (excluding assembly 

and paint for the entire door). 

 
Figure 18. Breakdown of individual part production costs to total part production costs for US magnesium door design 

(excluding assembly and paint for the entire door). 

 

Direct cost comparisons of parts are shown in Figure 19 (cost per part) and Figure 20 (lightweighting cost 
based on differences in part production cost and weight among the two parts). Note that these costs 
exclude assembly and paint so they cannot be compared to the project lightweighting cost target. It is 
noteworthy that the three largest parts have the lowest lightweighting costs. In particular, the door inner 
panel is nearly the same cost in the steel and China magnesium scenarios. The smaller parts have 
relatively large lightweighting costs and the aluminum casting is heavier and significantly more expensive 
than the equivalent three steel parts. This indicates that warm forming and aluminum casting may not be 
cost effective for small magnesium parts and there is significant opportunity to optimize the magnesium 
door design with alternative solutions for these small parts.  
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Figure 19. Part fabrication costs (excluding assembly and paint). 

 
Figure 20. Lightweighting costs for magnesium parts relative to steel parts. These costs exclude assembly and paint so they 

cannot be compared to the project lightweighting cost target. 
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2 Conclusions 
There were two main components of this cost modeling subtask: identify key cost drivers early in the 
project and then conduct a cost comparison of a magnesium door design with a steel door.  

The initial cost drivers analysis found that magnesium assemblies are more expensive because material 
and assembly costs relative to baseline steel designs outweigh gains from lower mass and part count. The 
material costs are primarily driven by high raw material costs. Primary magnesium from China produced 
using the Pidgeon process is about half as expensive as that produced in the US using the electrolytic 
process. Twin roll casting was shown to have potential as a lower-cost method for producing magnesium 
sheet, but exact estimates were highly sensitive to magnesium alloy cost.  

The cost modeling analysis of the magnesium door used two scenarios for coated magnesium sheet given 
the large differences between primary magnesium produced in China and the US. Total costs included 
parts production (including coating the magnesium sheet), assembly, and paint (including necessary 
pretreatments). The comparison of producing the magnesium door to the steel door showed that the China 
magnesium door’s lightweighting cost of $4.26/kg saved was under the project target of $5.50/kg, 
whereas the US magnesium scenario had a lightweighting cost of $6.60/kg. The cost of the coated 
magnesium alloy sheet and its associated uncertainty is a key driver of the results. This includes whether 
the primary magnesium is sourced from the US or China, the cost of alloying, and the twin roll casting 
conversion cost. A 10% change in material costs leads to approximately a 5% change in total door costs 
for both the magnesium and steel designs. A 10% decrease in the cost of US magnesium would lead to it 
being within the project lightweighting cost target of $5.50/kg. 

While the larger parts in the magnesium design are cost competitive, the smaller parts have relatively 
large lightweighting costs and the aluminum casting is heavier and significantly more expensive than the 
equivalent three steel parts. This indicates that warm forming and aluminum casting may not be cost 
effective for small magnesium parts and there is significant opportunity to optimize the magnesium door 
design with alternative solutions for these small parts. 

From a cost modeling standpoint, there are several opportunities to improve the robustness of the cost 
estimates through better data and modeling. The highest priority should be the cost of the coated 
magnesium sheet given it is the largest cost driver. While the decision about whether to select US or 
China magnesium may remain unknown, cost models of the alloying process and sheet rolling process 
could be created to obtain a better estimate of their costs and cost drivers. Furthermore, a better 
understanding of the sheet pretreatment process would lead to a better cost estimate as well. This is not 
possible at the moment because the process is still in development. Finally, a more thorough 
characterization of the likely warm forming process parameters would lead to better estimates of 
magnesium part production costs, particularly for the smaller parts where it is unclear if warm forming 
would actually be used.  
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4 Appendix 
4.1 Details on Production Process and Paint Corrosion Coating Process 
Table 3. Details on production process (provided by LCMS project team). The “current magnesium” scenario was not analyzed 
in this task because a complete design was not created.  

 

 
Figure 21. Magnesium paint corrosion coating process (provided by LCMS project team). 

4.2 Door Designs, Production, and Assembly Content 
 

Process Location Process Location Process Location Details

Casting / Rolling Cold rolled coil Steel Mill
Progressive cold 

rolled sheet
Mag

Elektron
Strip Cast - Twin Roll Posco E-Form Plus

Pretreatment Galvanized Steel Mill None n/a
Coil coated 

Pretreatment
Posco Henkel Process D

Stamping Lubricant Mill oil OEM Fuchs Forge Ease
Supplier 
(Magna)

New Lubricant 
applied same as steel

Magna
Fuchs 

Renoform 1102 ALWF

Forming Cold Form OEM Warm Form (250C)
Supplier 
(Magna)

Warm form 200C Magna
Heat blank to stamp at 

200C

Cleaning of Lubricant n/a n/a
Ultrasonic 
washing

Supplier 
(Magna)

None n/a n/a

n/a n/a Alodine5200 (dip)
Supplier 
(Tier 2)

None n/a n/a

n/a n/a
Powder Coat 

(spray)
Supplier 
(Tier 2)

None n/a n/a

Assembly Assembly Weld OEM
FSW

Heating SPR
Supplier 
(Magna)

Resistance Spot Weld Magna RSW per AET procedure

Cleaning
Alkaline Bath & 

DIW Rinse
OEM

Alkaline Bath & 
DIW Rinse

OEM
Alkaline Bath & DIW 

Rinse
OEM

Alkaline Bath & DIW 
Rinse

Pretreatment Phosphate Bath OEM Phosphate Bath OEM Pretreatment OEM PPG: Cleaner 2.8 + PT8

Paint Process Ecoat and Paint OEM Ecoat and Paint OEM Ecoat and Paint OEM OEM

Paint

Category Process
Steel Door Current Magnesium Proposed Magnesium

Sheet/Coil 
Producer

Pretreatment

Part Forming
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Table 4. Number of parts, mass, and assembly content for two door designs. Source: LCMS project team.  

 

Parts production and assembly processes: 

• Steel Parts Production 
o Conventional stamping process used for all parts 
o Door inner is a laser-welded blank 

• Mg Parts Production 
o Warm forming of Mg sheet (5 parts) 
o Al cast hinge reinforcement 
o Steel impact beam 

• Assembly 
o Assume two major assembly operations – inner build, outer build and marriage 

Format of supplied data for parts: 

• Picture 
• Material Type 
• Finished Part Mass 
• Finished Part dimensions 
• Blank sizes for steel inner and outer 

No processing parameters were provided; they were estimated using Camanoe algorithms and databases. 

Supplied data for joining included the number and locations of joins and the joining process type.  

4.3 Model Input Data 
Baseline annual production volume = 100,000 

Table 5. General data assumptions. 
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Table 6. Coated steel sheet material prices. Scrap price = $0.15/kg. Source: Camanoe database. 

 

 
Figure 22. Historical primary magnesium prices. Source: USGS2. 
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4.4 Steel Door Part Processing Parameters and Costs 
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4.5 Magnesium Door Part Processing Parameters and Costs – China Pidgeon Scenario 
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