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[bookmark: _Toc509564463]1.0 ABSTRACT

The National Highway Traffic Safety Administration (NHTSA) published an upgraded Federal Motor Vehicle Safety Standards (FMVSS) No. 216a to improve the roof crush resistance for light duty vehicles. FMVSS 216a started to phase in with model year (MY) 2013 vehicles and was required for all applicable vehicle models by MY 2016. The purpose of this study was to determine the incremental consumer cost and weight impacts of the upgraded roof crush standard by comparing vehicle models which had their structures redesigned to meet the new requirements. 

The FMVSS standard 216a specified four major changes intended to result in significantly stronger roof structures: 1) The maximum applied force must equal three times the unloaded vehicle weight for vehicles under 6,000 pounds gross vehicle weight rating (GVWR); 2) The standard includes vehicles with GVWR between 6,000 and 10,000 pounds; 3) Head room maintenance is monitored through the use of 50% percentile male head form seated in the front seats; 4) The platen force, displacement, and head form contact requirements must be met on both sides of the vehicle’s roof structure.

[bookmark: _Toc319596387]Ricardo Strategic Consulting (RSC) and NHTSA have selected and studied the cost and weight impact of seven light passenger vehicle pairs with body structures that have been redesigned to meet the upgraded FMVSS 216a roof crush standard. For the seven vehicle pairs studied, it was found that the average increase in weight to meet the upgraded standard was 16.4 kg or 17% of the weight of the body parts that are involved with roof crush strength on the baseline vehicle and the average cost increase was $68.89 or 21% of the baseline cost.

[bookmark: _Toc509564464]2.0 SUMMARY OF FINDINGS
[bookmark: _Toc509564465]Findings
Seven vehicle model pairs were selected which exhibited an increase in the strength-to-weight ratio (SWR) of greater than 1. In general vehicle model years that had a SWR of less than 3 were selected as the pre-upgrade sample and later model years were selected for the same vehicle models which had SWR greater than approximately 3. As can be seen in Table 1 this was not the case for the Honda Accord pair and the Ford Edge pair. The early models of Accord and Edge were already above 3 but both pairs did exhibit a SWR increase of greater than 1 and had sales volumes indicating they had been popular models over an extended period and thus relevant to this study. 
[bookmark: _Ref508719082]Table 1 Vehicle selections were made based upon SWR transitioning from <3 to >3 or SWR increase > 1.0 and sales volume
[image: ]


Table 2 below presents a summary of the increase in cost to an OEM and weight for upgrading the vehicle structure to meet FMVSS 216a. The results show a range of 3% of baseline weight or 3.6 kg for the Jeep Grand Cherokee to 32% of baseline weight or 29 kg for the Dodge RAM extended cab pickup truck. The cost increases ranged from a low of 14% of the baseline cost for the Ford Edge or $57 for the Ford Mustang to a high of 26% or $84 for the Jeep Grand Cherokee. 
[bookmark: _Ref508722677]
Table 2 Weight and cost increases to meet upgraded roof crush standard for 7 vehicle pairs in study
[image: ]

It appears that the Jeep Grand Cherokee had the surprising finding of being the lowest weight increase and highest cost increase. This was likely due to the fact that there was a substitution of low strength steel (LSS) parts with high strength steel (HSS) parts in much of the body structure responsible for roof crush strength and sometimes thicker parts in strategic areas of the roof structure. The Dodge Ram had the highest weight increase as it made little use of material strength upgrades but rather relied upon thicker sheets for its most of the strength upgrades. It is also true that FMVSS 2016a required for the first time vehicles with a gross vehicle weight rating (GVWR) from 6,000 to 10,000 pounds to meet a standard and Chrysler may have designed the 2010 Ram in anticipation of meeting the new standard with this platform.   
The Ford Edge, on the other hand, showed the lowest percentage cost increase and the Ford Mustang showed the lowest absolute cost increase as Ford introduced the use of tubular, high-strength hydroformed A-pillar/roof rail members to strengthen the structures of both vehicles. Apparently, this proved to be a cost-effective foundation for bolstering roof crush resistance.

[bookmark: _Toc509564466]3.0 ENGINEERING ANALYSIS
[bookmark: _Toc509564467][bookmark: _Toc398558252]Selection of Vehicle Pairs
Ricardo worked with NHTSA to define the study scope, baseline equipment, study assumptions, and cost methodology. The seven vehicle pairs were selected based on the strength-to-weight ratio (SWR) as measured in a roof strength test such as is conducted by the Insurance Institute for Highway Safety (IIHS) and shown in Figure 1. In addition, vehicle sales volumes were researched to ensure the study results would be relevant to most vehicles being driven in the United States. The vehicle model platform history was also researched to determine when changes could have been made to the body structure that would lead to a significant increase in the SWR.

[image: ]
[bookmark: _Ref506913356]Figure 1 The IIHS roof strength test measures the peak force that occurs when deforming the roof by 5"
[bookmark: _Toc509564468]Vehicle Procurement and Disassembly
Used vehicle shells were carefully selected from a salvage yard. All vehicles had no sun or moon roof and minimal damage to the roof structure and the safety cage. These criteria did not prove to be major obstacles since most salvaged vehicles experience a front-end impact. The vehicle shells were stripped down to the sheet metal and the glass was removed. Spot welds were then cut out with a plasma torch and adhesives were removed to separate every piece of the body structure into individual components. 
[bookmark: _Toc509564469]Determination of Applicable Components
In determining which components contribute to strengthening the roof structure to meet the upgraded FMVSS 216a roof crush standard many other requirements must be considered such as front, rear and side impact standards and vehicle ride comfort and handling. While it is important to note that vehicles are designed holistically to meet not only FMVSS 216a for roof crush resistance but also many other requirements, certain parts of the vehicle, such as the A-pillar, are designed from a structural point of view primarily to provide resistance to roof intrusion into the passenger compartment in the event of a rollover event. On the other hand, other components, such as the B-pillar, are intended to provide resistance to roof intrusion and to side intrusion in a side impact event; these components have been accounted for in the cost and weight analysis and are referred to as ‘dual-use’ components. In all cases, only those components that have undergone a change between model years intended to provide roof crush resistance meeting the upgraded FMVSS 216a standard have been included in the analysis.
[bookmark: _Toc509564470]Cost and Weight Analysis
Ricardo employed automotive system and vehicle integration experts, cost modeling teams, and procurement professionals to support the analysis.  For each model year vehicle in the study, the cost and weight of these parts were estimated. All the body structure part costs and weights contained in the report are for equivalent systems only and do not represent the total cost or weight of those systems.

The individual body parts were weighed and a standardized forensic analysis process was used to quantify the technology costs. Because the spot welds were cut out there is a small amount of material missing from each of the individual components depending on the number of welds on each part. It is estimated that on average 2% – 4% of the component weight has been cut away by determining the average hole size and the spacing of the welds. 
Furthermore, because used vehicles were examined in the analysis there may have been rust that partially ate away some of the body components. Usually it was the lower parts that formed the bottom of the door sills on older model vehicles that were the most rusted as seen in the photograph of the aperture panel of the 2003 Chevrolet Impala, Figure 2. It was estimated that up to 3% of the component weight could be lost due to rusting on some of the vehicles by doing a rough area analysis on the Impala aperture panel.

[image: ]
[bookmark: _Ref508625476]Figure 2 Aperture panel from the 2003 Chevrolet Impala showing rust along the bottom
[bookmark: _Toc509564471]
Costing Approach and Assumptions
The vehicle body shells were disassembled to individual components and assessed for cost and weight. Component costs and assembly costs were developed for each of the components and the assemblies. Manufacturing costs were captured as applicable. Components that went through a series of production operations had the costs associated with those operations captured in the component costs. For those parts such as fasteners that are easier to procure than to manufacture, those parts were accounted for as procured parts in the analysis. A summary of each cost by direct labor, fixed, variable, material, SG&A, profit and freight in the analysis is shown in this section.
All costs were calculated as 2017 calendar year (CY) costs incurred by the manufacturer or OEM to produce the various identified components and were defined based on 2017 USA labor rates, raw material costs, and bought component costs required by each component manufacturing process.  Modification of 2017CY costs to other prior or future year costs may be accomplished through employment of USA GDP price deflator or other indices, but modification to other estimated calendar year costs beyond 2017 is left to the reader.  
Component volume assumptions are consistent with a representative average volume level for these vehicles.  A 200,000 unit annual vehicle volume with 5 years of production was assumed and applied to all system components. Adjustment of direct costs to the OEM for the procurement of these components and subsystems from Tier 1 vendors must be adjusted to cost impact at retail if accounting of OEM engineering design and development (ED&D) costs, OEM assembly and factory capital costs, warranty recall costs, dealer markups and other non-purchased product costs are to be comprehended[footnoteRef:2].  Ricardo employed the Retail Price Equivalent (RPE) uplift factor of 1.51 to calculate end user costs as is regularly employed by NHTSA component cost analysis for safety related studies.  [2:  Bussmann, Wynn V. “Study of Industry Average Mark-up Factors Used to Estimate Retail Price Equivalents (RPE). January 24, 2008. ] 

Using the 2017CY labor and material costs within the North American market, Ricardo determined the variable manufacturing costs and total manufacturing costs for each critical elemental part, component, subassembly, and complete assemblies for the systems under study. An Activity Based Costing (ABC) methodology was used to assign appropriate variable and fixed burden costs to each unit of a product. Through this process, Ricardo isolated and identified cost elements and drivers:
· Direct labor minutes
· Direct materials
· Machine occupancy hours or station times
· Machinery, equipment, and tooling utilized
· Direct labor dollars per unit (US rates for appropriate trades by manufacturing process)
· Direct material costs per unit
· Variable burden cost per unit, including indirect labor, scrap and other costs that vary with production volume
· Fixed burden per unit, including capital depreciation and other fixed costs
· SG&A and profit per unit
· Property, plant, and equipment capital investments required at assumed annual volumes 
· Depreciation schedules for property, plant, and equipment
Detailed manufacturing process operation worksheets provided for the analyzed components illustrate how variable manufacturing costs, fixed burden, and weights are accumulated. These are then reconciled, each part to its subassembly, and from subassembly to the total incremental system.

[bookmark: _Toc509564472]4.0 COST AND WEIGHT ANALYSIS
For each of the seven vehicle pairs, the components that were necessary to enable a significant increase in the SWR was determined as described in the Determination of Applicable Components section of 3.0 Engineering Analysis. The vehicle body shells were disassembled to individual components and analyzed for cost and weight. The parts were photographed, weighed and costed as per the approach outlined in the Costing Approach and Assumptions section of 3.0 Engineering Analysis.
[bookmark: _Toc398558262][bookmark: _Toc509564473]Cost and Weight Results
The following pages describe the vehicle body structures and components used to strengthen the roof structure for each of the vehicle pairs selected and the results of the cost and weight analysis.
[bookmark: _Toc509564474][bookmark: _Toc398558263]Dodge Ram Extended Cab
[image: ]
Figure 3 Overview of Dodge Ram extended cab pickup truck for model years 2007 and 2010

The Dodge Ram extended cab pickup truck was redesigned for the 2010 MY with a stronger roof structure such that the SWR increased to roughly 3 from 1.7 for the previous generation. Collision repair information from the Collision Repair Institute indicated material changes for the windshield header from low strength steel (LSS) to high strength steel (HSS) and the rocker inner reinforcement to very high strength (VHS) steel, Figure 4.

[image: ]
[bookmark: _Ref507071416]Figure 4 The windshield header and rocker reinforcements on the 2010 Dodge Ram used high strength and very high strength steels

The sections below discuss the key components that were changed for the Dodge Ram roof crush resistance upgrade.
[bookmark: _Toc509564475]A-Pillar Reinforcement 
The A-pillar reinforcement also grew in length to cover the applied force from the platen in a roof crush test as shown in Figure 5. As a result, the A-pillar reinforcement weight increased 17.5% despite the material thickness decreasing from 1.8 mm to 1.4 mm. The newer A-pillar costs six times as much as the previous version, from an estimated $1.06 to $6.45, to produce.
[image: ]
[bookmark: _Ref507075292]Figure 5 The A-pillar reinforcement grew in length and weight even though it’s thickness decreased
[bookmark: _Toc509564476]
B-Pillar Reinforcement 
The material thickness of the B-pillar reinforcement increased from 1.6 mm to 2.4 mm and the integral cross member at the top grew in length as well as a significant cross member being added at the bottom to help distribute the vertical roof loads out through the cab structure better as shown in Figure 6. The weight of the B-pillar increased from 5.0 kg to 9.4 kg or 67% as a result of both the thickness and size changes. The cost of the B-pillar reinforcement increased nearly three-fold from $6.83 to $18.69.
[image: ]
[bookmark: _Ref507075984]Figure 6 The size of the B-pillar reinforcement as well as the sheet thickness increased to increase roof crush load capacity
[bookmark: _Toc509564477]
C-Pillar Reinforcement 
In addition, a C-pillar reinforcement was added to the 2010 MY RAM which did not exist on the 2007 MY vehicle. This reinforcement member weighed 2.376 kg and cost $3.05 to produce.
[bookmark: _Toc509564478]Rocker Inner Reinforcement 
The rocker inner reinforcement, despite being strengthened with higher grade steel, did not contribute to roof crush strength because it was positioned between the A-pillar and B-pillar where it would resist axial loading from a front impact or bending from side impact but not support the roof crush forces being transmitted down the B-pillar since the cab of the RAM pickup truck is mounted on the frame.  Therefore, the rocker inner reinforcement was deemed out-of-scope and not included in the cost and weight analysis. 
[bookmark: _Toc509564479]Roof Bow
The roof bow maintained the same material strength but was more than doubled in width from 130 mm to 300 mm, see  Figure 7, and the material thickness increased from 0.7 mm to 1.2 mm. Due to the increased material usage the weight of the roof bow increased from 0.994 kg to 4.400 kg and the cost increased from $1.20 to $5.07.

[image: ]
[bookmark: _Ref507072885]Figure 7 The roof bow grew in width by roughly 170 mm and in thickness by 0.5 mm
[bookmark: _Toc509564480]
Roof Rail Reinforcement 
Also strengthening the roof, a roof rail reinforcement was added on the 2010 MY whereas none existed for the 2007 MY RAM. The roof rail reinforcement weighed 0.171 kg and cost $0.25
[bookmark: _Toc509564481]Windshield Header
In addition to the material strength change from LSS to HSS as noted above, the thickness and the weight of the windshield header both increased by 67%. Altogether, these changes caused the cost of the windshield header to nearly double from $1.57 for the 2007 MY to $2.99 for the 2010 MY.
[bookmark: _Toc509564482]All Dodge RAM Roof Crush Resistance Components 
Table 3 below shows all the individual components that were analyzed for roof crush strength increase between the 2007 and 2010 MY Dodge RAM.
[bookmark: _Ref507513917]Table 3 Dodge RAM body components analyzed for roof crush strength increase
[image: ]
[bookmark: _Toc509564483]
Total Cost & Weight Changes for Dodge RAM Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Dodge RAM roof crush resistance upgrade are shown in 
Table 4Table 3 where it is seen that the total weight increase was 28.9 kg or a 32% increase and the total cost increase was $76.15 or 25% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2007 MY and 2010 MY Dodge RAM are shown in Figure 8. Details of every part and manufacturing step are included in the appendix.
[bookmark: _Ref507513948]
Table 4 Total incremental cost and weight estimates for roof crush resistance upgrades on the Dodge RAM
[image: ]
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[bookmark: _Ref507518955]Figure 8 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2010 Dodge RAM versus the 2007 RAM

[bookmark: _Toc509564484]Ford Edge
[image: ]
[bookmark: _Ref509560523]Figure 9 Overview of Ford Edge midsize SUV for model years 2009 and 2016

The Ford Edge was redesigned for the 2015 MY with a stronger roof structure such that the SWR increased substantially; even though the first generation model had a SWR of 3.5 it was increased to 5.11 in the second generation, Figure 9.
Ford described their design approach to meeting various functional performance criteria and showed the load paths on frontal impact, Figure 10Figure 10, roof crush, Figure 11, and side impact, Figure 12, for the 2015 MY Ford Edge at the Great Designs in Steel Seminar.[footnoteRef:3] It is clear from this presentation and others that vehicles are holistically designed to meet multiple criteria with a light weight structure and most structural components serve more than one purpose. For the purposes of strengthening the structure against roof crush loads especially, Ford added a hydroformed roof rail made of a Dual Phase 1000 MPa UTS (DP1000) tube as shown in Figure 11 especially. This roof rail distributes the load to the front header and roof bows so the load can be shared by the opposite side of the vehicle, down A-pillar to the front hinge pillar, and back to the B- and C-pillars. Boron steel was used to create very high strength B-pillar components through the hot stamping process. [3:  J. Reed, Ford Motor Co., “Advanced High-Strength Steel Technologies in the 2015 Ford Edge,” presented at Great Designs in Steel, 2015 by the Steel Market Development Institute] 

[image: ]
[bookmark: _Ref508184973]Figure 10 Load paths and material usage on the 2015 Ford Edge for frontal impact forces
[image: ]
[bookmark: _Ref508185013]Figure 11 Load paths and material usage on the 2015 Ford Edge for roof crush forces
[image: ]
[bookmark: _Ref508185024]Figure 12 Load paths and material usage on the 2015 Ford Edge for side impact forces

The sections below discuss the key components that were changed for the Ford Edge roof crush resistance upgrade.
[bookmark: _Toc509564485]A-Pillar/Roof Rail
A tubular steel roof rail reinforcement running from the front hinge pillar up the A-pillar and back to the C-pillar was employed on each side of the 2016 MY Edge as shown in Figure 13. This component was made from VHS 980 MPa UTS steel of 1.9mm wall and along with the roof rail outer C-pillar reinforcement weighed 6.35 kg compared to roof rail reinforcements on the previous generation Edge made of HSS 340 and HSS 590 MPa UTS steel and weighing 2.50 kg. The cost of the roof rail reinforcements in isolation increased nearly fourfold from $5.53 to $21.46.

[image: ]
[bookmark: _Ref508290660]Figure 13 The roof rail reinforcement taken from the 2016 MY Ford Edge
[bookmark: _Toc509564486]
B-Pillar
The B-pillar on the 2016 Edge had an inner piece, Figure 14, and a center reinforcement made of VHS 1500 MPa UTS steel or hot stamped boron. All the B-pillar components on the 2016 Edge weighed 11.6 kg versus 9.1 kg on the 2009 Edge and the cost increased from $27.11 to $40.29 or by $13.18.

[image: ]
[bookmark: _Ref508208003]Figure 14 Ford Edge B-pillar inner panels

[bookmark: _Toc509564487]Front Body Hinge Pillar
The front body hinge pillar (FBHP) on the Edge forms the foundation for supporting the loads from the roof rail and A-pillar and was therefore strengthened on the 2016 Edge by making it a heavier, stronger set of components. The FBHP inner piece and inner reinforcement on the 2009 model were upgraded from 1.1 mm and 1.4 mm thick sheets respectively to 1.7 mm and 2.0 mm thick sheets. In addition, an IP carrier reinforcement was added that helped make it a stronger structure overall. The FBHP inner and inner reinforcement on the 2009 Edge together weighed 7.657 kg and cost $21.33 and with the IP carrier reinforcement on the 2016 Edge the three pieces weighed 9.120 kg and cost $26.23.
[bookmark: _Toc509564488]Rear Header
The stronger rear header was used to strengthen the roof and was also made in lower and upper pieces on the Edge as shown in Figure 15. In this case, the upper piece used tailor welded steel blanks at 1.1 mm and 2.1 mm thickness and weighing 3.33 kg on the 2016 MY Edge compared to a 0.9 mm thick piece on the 2009 MY vehicle weighing 2.45 kg. The weight of the lower rear header however was reduced from 1.85 kg to 0.90 kg with a thinner, small piece. The rear header cost overall increased from $6.55 to $7.84.

[image: ]
[bookmark: _Ref508201970]Figure 15 Rear headers of the 2009 and 2016 MY Ford Edge
[bookmark: _Toc509564489]
Rocker Outer Reinforcement
The rocker outer reinforcement was included in the roof crush resistance analysis because although it was used primarily to resist side impact loads, as Ford showed in the Great Designs in Steel Seminar, it also formed a strong foundation for the vertical roof loads coming down the B-pillar and resisting bending load on the rocker. The rocker outer reinforcement cost $7.66 and weighted 3.466 kg on the 2009 MY Edge and was upgraded to VHS 1500 grade of steel which cost $11.03 to manufacture and weighed 4.412 kg.
[bookmark: _Toc509564490]Windshield Header and Roof Bows
The windshield header was made in lower and upper pieces. The lower piece doubled in thickness and more than doubled in weight from 0.90 to 2.05 kg but the upper piece stayed at the same thickness and decreased in weight slightly from 1.65 kg to 1.45 kg. Together the cost of the two pieces increased from $4.89 to $6.04. A single roof bow on the 2009 MY weighed 1.65 kg was replaced with two roof bows on the 2016 MY Edge which weighed 2.70 kg. In addition, the roof bow material was upgraded from HSS 340 to VHS 780 and the cost increased from $4.44 to $4.86.
[bookmark: _Toc509564491]All Ford Edge Roof Crush Resistance Components 
Table 5 shows all the individual components that were analyzed for roof crush strength increase between the 2009 MY and the 2016 MY Ford Edge.
[bookmark: _Ref508202473]Table 5 Ford Edge body components analyzed for roof crush strength increase
[image: ]
[bookmark: _Toc509564492]
Total Cost & Weight Changes for Ford Edge Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Ford Edge roof crush resistance upgrade are shown in Table 6
Table 4Table 3 where it is seen that the total weight increase was 26.84 kg or a 19.4% increase over baseline and the total cost increase was $71.80 or 14% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2009 MY and 2016 MY Ford Edge are shown in Figure 16. Details of every part and manufacturing step are included in the appendix.

[bookmark: _Ref508202800]Table 6 Total incremental cost and weight estimates for roof crush resistance upgrades on the Ford Edge
[image: ]
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[bookmark: _Ref508204991]Figure 16 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2009 MY and the 2016 MY Ford Edge

[bookmark: _Toc509564493]Honda Accord
[image: ]
Figure 17 Overview of Honda Accord midsize sedan for model years 2010 and 2014

Honda redesigned the Accord platform between the 2012 and 2013 model years which increased the SWR by 1.05. The NHTSA rollover rating for both models at 5 stars in line with the high SWR values of 3.87 and 4.92. Sales volumes for the Honda Accord have been perennially high as one of the bestselling passenger cars in the US for numerous years which makes this a relevant vehicle to study.
Honda has published information on materials usage for the new Accord platform to strengthen the vehicle’s safety cage with their second generation ACE™ body structure, Figure 18.[footnoteRef:4] They note that extensive use of high tensile strength steel was used in 56% of the body structure, Figure 19, including grades having 780, 980 and 1,500 MPa ultimate tensile strength (UTS), and have hot stamped steel components in the A-pillar, B-pillar and rockers as shown in Figure 20. [4:  Honda Body Repair News – 2014 Accord and Honda Collision Information (available at collision.honda.com)] 

[image: New Honda Acord uses ultra-high streength steel.]
[bookmark: _Ref507599191]Figure 18 Honda Accord applied second generation ACE™ body construction principals to the redesigned Accord

[image: ]
[bookmark: _Ref507598563]Figure 19 High strength steel components used in the new Honda Accord platform

[image: ]
[bookmark: _Ref507598548]Figure 20 Hot stamped steel (1,500 MPa UTS) components used in the 2013 Accord
The sections below discuss the key components that were changed for the Honda Accord roof crush resistance upgrade.
[bookmark: _Toc509564494]A-Pillar Inner 
The A-pillar inner was made of VHS 1500 MPa UTS steel in the 2014 MY as opposed to HSS 590 MPa UTS steel in the 2010 MY Accord. The A-pillar inner itself, not including reinforcements, did not change in weight and the cost increased 38% due to the higher strength material grade. In addition to that, two reinforcements were added to the A-pillar inner, an upper reinforcement and a lower reinforcement as shown in Figure 21. Both these reinforcements added 0.432 kg and cost $4.04 more, see Table 7.
[image: ]
[bookmark: _Ref507754761]Figure 21 A-pillar inner showing the added reinforcements for the 2014 MY

[bookmark: _Toc509564495]B-Pillar
The B-pillar is comprised of both inner and outer reinforcements; the inner reinforcement also having an upper reinforcement component and the outer reinforcement being made out of upper, lower and center pieces. For the inner reinforcement material was upgraded from HSS 590 MPa UTS to VHS 780 MPa UTS and the upper reinforcement was upgraded to VHS 980 MPa UTS. The outer reinforcement material was upgraded from HSS 590 MPa UTS to VHS 980 MPa UTS for the center section and to 1500 MPa UTS for the upper section shown in Figure 22. The lower section of the outer reinforcement did not change material grade but it did increase from 1.1 mm to 1.7 mm thickness. Taken altogether, the B-pillar reinforcements increased in weight from 6.790 kg to 8.528 kg and the cost from $14.69 to $20.44, increases of 26% and 39% respectively.
[image: ]
[bookmark: _Ref507771384]Figure 22 B-pillar outer upper reinforcements from the Honda Accord
[bookmark: _Toc509564496]
Center Roof Bow
The center roof bow, or roof bow “A”, center in the tables on the Honda Accord shown in Figure 23 was redesigned as a stiffer member and incorporated a very high strength steel grade from a low strength steel on the previous generation platform. A thinner gauge sheet (1.6 mm vs 1.8 mm) was used for the new center roof bow to slightly offset the increase in material UTS from 270 MPa to 980 MPa as Figure 19 shows. The weight of the center roof bow decreased from 1.966 kg to 1.934 kg and the cost increased from $2.74 to $3.67.

[image: ]
[bookmark: _Ref507692772]Figure 23 Center roof bow on the 2010 and 2014 MY Honda Accord
[bookmark: _Toc509564497]Rocker Panel Outer Reinforcement 
The rocker panel outer reinforcement was redesigned by replacing a single piece made of HSS with 590 MPa UTS with 2 pieces made from VHSS with 1500 MPa UTS hot stamped steel as shown in Figure 20. The rocker panel was included in the analysis for the Honda Accord because the roof crush forces being transmitted down the B-pillar are dependent upon a strong rocker panel to carry that load across to the fore and aft vehicle suspension points for the roof crush test. It is noted that the rocker panel is clearly a dual use component as it also supports side impact loading as well. The rocker panel outer reinforcement on the 2010 MY Accord weighed 5.400 kg and cost $7.46 to make whereas the 2014 MY parts weighed 7.202 kg and cost $18.57, a 33% increase in weight and a 2.5 times cost multiplier due primarily to the higher manufacturing costs for hot stamping the higher strength steel.
[bookmark: _Toc509564498]Roof Rail Outer Reinforcement 
The roof rail outer reinforcement was strengthened with a VHS 780 MPa UTS steel vs a HSS 590 MPa UTS steel for the older Accord. In addition, the thickness of this reinforcement increased from 1.7 mm to 1.9 mm. Due to a redesign incorporating the properties of the higher strength steel, the weight was reduced from 2.200 kg to 2.124 kg despite the thickness increase and the cost was also reduced from $4.63 to $4.48.
[bookmark: _Toc509564499]All Honda Accord Roof Crush Resistance Components 
Table 7 below shows all the individual components that were analyzed for roof crush strength increase between the 2010 and 2014 MY Honda Accord.
[bookmark: _Ref507755419]Table 7 Honda Accord body components analyzed for roof crush strength increase 
[image: ]
[bookmark: _Toc509564500]
Total Cost & Weight Changes for Honda Accord Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Honda Accord roof crush resistance upgrade are shown in Table 8
Table 4Table 3 where it is seen that the total weight increase was 8.77 kg or a 10.3% increase and the total cost increase was $69.16 or 25% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2010 MY and 2014 MY Honda Accord are shown in Figure 24. Details of every part and manufacturing step are included in the appendix.
[bookmark: _Ref508013505]Table 8 Total incremental cost and weight estimates for roof crush resistance upgrades on the Honda Accord
[image: ]

[image: ]
[bookmark: _Ref508013276][bookmark: _Ref508013103][bookmark: _Hlk508704762]Figure 24 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2010 Honda Accord and the 2014 Accord

[bookmark: _Toc509564501]Ford Mustang
[image: ]
[bookmark: _Ref509562603]Figure 25 Overview of Ford Mustang midsize 2-door coupe for model years 2006 and 2016

The Ford Mustang transitioned from having a SWR of 2.7 for the 5th generation model to 4.43 for the 6th generation model, Figure 25. Ford published its design approach and functional performance enhancements to the 2015 Mustang at the Great Designs in Steel Seminar.[footnoteRef:5] Figure 26 compares the design and the materials used in the A-pillar/roof rail of the 2014 and 2015 Mustangs; similarly to the Ford Edge, Ford used a hydroformed piece of DP1000 steel tubing in the 6th generation Mustang. [5:  Shawn Morgans, Ford Motor Co., “2015 Ford Mustang,” presented at Great Designs in Steel Seminar, 2014 by the Steel Market Development Institute] 

[image: ]
[bookmark: _Ref508273265]Figure 26 Design approach for the 2015 Ford Mustang A-pillar/roof rail 

The design approach for the B-pillar in Figure 27 shows that higher strength press hardened Boron steel of a thicker gage was used in the newer platform to resist the higher load requirements.
[image: ]
[bookmark: _Ref508273711]Figure 27 Design details comparing the B-pillar of the 2014 Mustang to the 2015 Mustang

Figure 28 shows the load paths for roof crush forces and side impact forces are shared reinforcing the idea of holistic vehicle design.
[image: ]
[bookmark: _Ref508274062]Figure 28 Load paths for roof crush and side impact forces on the 2015 Mustang

The sections below discuss the key components that were analyzed for the Ford Mustang roof crush resistance upgrade.
[bookmark: _Toc509564502]A-Pillar/Roof Rail
A tubular steel roof rail reinforcement running from the front hinge pillar up the A-pillar back to the B-pillar was employed on each side of the 2016 MY Mustang as shown in Figure 29. This component was made from VHS 980 MPa UTS steel of 2.2 mm wall thickness. Along with the A-pillar/roof rail inner and outer reinforcements the three pieces weighed 8.85 kg compared to two A-pillar/roof rail reinforcements on the previous generation Mustang made of LSS 270 and weighed 3.34 kg. The cost of the roof rail reinforcements in isolation increased more than four times from $6.16 to $27.44.
[image: ]
[bookmark: _Ref508290602]Figure 29 The A-pillar/roof rail reinforcement taken from the 2016 MY Ford Mustang
[bookmark: _Toc509564503]
B-Pillar
The B-pillar on the 2006 Mustang had a single reinforcing piece made from a tailor welded blank and the 2016 MY Mustang had a B-pillar with three reinforcements, Figure 30, made of VHS 1500 MPa UTS steel or hot stamped boron. The B-pillar outer reinforcement on the 2006 Mustang weighed 4.50 kg compared to 4.23 kg on the 2016 Mustang due to the higher strength steel that was employed and the cost increased from $11.72 to $14.51.

[image: ]
[bookmark: _Ref508292115]Figure 30 Ford Mustang B-pillar inner reinforcements
[bookmark: _Toc509564504]Rocker Reinforcement
[bookmark: _Hlk508281279]The rocker reinforcement has not been included in the roof crush resistance analysis for the Mustang because it was used primarily to resist side impact loads and the design of the B-pillar attachment to the rocker reinforcement was not substantially changed between the platforms so that roof crush forces would be affected.
[bookmark: _Toc509564505]Wheelhouse Outer and Quarter Inner Upper
The wheelhouse outer on the 2006 Mustang contributed to roof crush strength due to its inclusion of the B-pillar; the 2016 Mustang had a redesigned wheelhouse outer which did not contribute to roof crush resistance as Figure 31 illustrates. The 2006 Mustang wheelhouse outer cost $19.28 and weighed 6.5 kg. In contrast the 2016 Mustang quarter inner upper, Figure 32, contributed to roof crush strength due to its inclusion of the B-pillar; the 2006 Mustang did not have a quarter inner upper panel. The 2016 Mustang quarter inner upper cost $12.39 and weighed 3.50 kg.

[image: ]
[bookmark: _Ref508284102]Figure 31 Ford Mustang wheelhouse outer design changed significantly between platforms

[image: ]
[bookmark: _Ref508286904]Figure 32 The 2016 Ford Mustang quarter inner upper panel incorporated B-pillar reinforcement
[bookmark: _Toc509564506]Windshield Header
The windshield header was made in lower and upper pieces both of which increased in thickness on the newer platform. Both lower and upper windshield header components weighed 2.48 kg on the 2006 Mustang and 3.55 kg on the 2016 Mustang; cost increased from $4.16 to $6.48.
[bookmark: _Toc509564507]All Ford Mustang Roof Crush Resistance Components 
Table 9Table 7 shows all the individual components that were analyzed for roof crush strength increase between the 2006 and 2016 MY Ford Mustang.

[bookmark: _Ref508292735]Table 9 Ford Mustang body components analyzed for roof crush strength increase
[image: ]
[bookmark: _Toc509564508]
Total Cost & Weight Changes for Ford Mustang Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Ford Mustang roof crush resistance upgrade are shown in Table 10Table 6
Table 4Table 3 where it is seen that the total weight increase was 5.929 kg or 7.3% increase over baseline and the total cost increase was $57.07 or 24% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2006 MY and 2016 MY Ford Mustang are shown in Figure 33. Details of every part and manufacturing step are included in the appendix.

[bookmark: _Ref508292883]Table 10 Total incremental cost and weight estimates for roof crush resistance upgrades on the Ford Mustang
[image: ]
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[bookmark: _Ref508704743]Figure 33 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2006 MY and the 2016 MY Ford Mustang

[bookmark: _Toc509564509]Jeep Grand Cherokee
[image: ]
Figure 34 Overview of Jeep Grand Cherokee midsize SUV for model years 2008 and 2011

The Jeep Grand Cherokee transitioned from having a SWR of 2.2 on the 3rd generation platform to 4.63 for the 4th generation. Jeep described its design and development approach to the 2011 Grand Cherokee along with confirmation tests of performance objectives at the Great Designs in Steel Seminar 2011, Figure 35.[footnoteRef:6] Some of the key changes that were made to the Grand Cherokee platform to meet upgraded roof crush requirements according to Jeep were the use of hot stamped steel in the A-pillar, advanced high strength steel in the B-pillar, and high strength steel in the C-pillar, windshield header and roof bows as shown in Figure 36 and Figure 37. [6:  Doug Smith, Jeep, “2011 Grand Cherokee,” presented at Great Designs in Steel Seminar, 2011 by the Steel Market Development Institute] 

[image: ]
[bookmark: _Ref508355427]Figure 35 Functional objectives for the 2011 Grand Cherokee 
[image: ]
[bookmark: _Ref508355940]Figure 36 Material use for energy management throughout the body structure of the 2011 Grand Cherokee
[image: ]
[bookmark: _Ref508356313]Figure 37 High strength steel was used in more than half of the 2011 Grand Cherokee body structure

The sections below discuss the key components that were analyzed for the Jeep Grand Cherokee roof crush resistance upgrade.
[bookmark: _Toc509564510]A-Pillar Reinforcement
Jeep used a hot stamped steel reinforcement for the A-pillar on the 2011 Grand Cherokee which was an upgrade from the HSS 590 steel used in the 2008 model. The thickness remained the same but the amount of steel used increased from 2.05 kg to 3.30 kg by extending it back as shown in Figure 38 to cover a greater portion of the roof crush platen to better support the roof. The cost to make the stronger A-pillar increased from $4.63 to $15.06.
[image: ]
[bookmark: _Ref508358253]Figure 38 A-pillar reinforcement on the 2008 MY and 2011 MY Grand Cherokee
[bookmark: _Toc509564511]
B-Pillar
The B-pillar reinforcement and the upper reinforcement were both upgraded on the 2011 Grand Cherokee to HSS 590 grade from LSS 270 steel according to Chrysler’s repair manual.[footnoteRef:7] The thickness of the reinforcement increased from 1.1 mm to 1.5 mm and the upper reinforcement from 1.1 mm to 2.0 mm. In addition, the B-pillar reinforcement had larger ‘tabs’ at the top to better distribute the load from the roof rail and at the bottom to better spread the load to the rocker as can be seen in Figure 39. Altogether, these changes to the B-pillar structure cost $8.56 more and weighed 2.51 kg more. [7: ] 


[image: ]
[bookmark: _Ref508366181]Figure 39 The B-pillar reinforcement grew on the 2011 Grand Cherokee
[bookmark: _Toc509564512]C-Pillar
Three C-pillar reinforcements made of HSS 590 steel were added to the 2011 Grand Cherokee that did not exist on the 2008 model. Together they weighed 3.75 kg and cost $10.96.
[bookmark: _Toc509564513]Rocker Reinforcement
The rocker reinforcement has not been included in the roof crush resistance analysis for the Jeep Grand Cherokee because it was used primarily to resist side impact loads.
[bookmark: _Toc509564514]Roof Bows
The front and rear roof bows were strengthened with HSS 590. The weight of the front bow decreased 17% because of thinner material usage but the cost increased by 16% due to the higher-grade steel. The rear bow was made from two pieces of LSS in the 2008 Grand Cherokee but these were replaced with a single piece in the 2011 Grand Cherokee. This saved 2.00 kg and $2.03.
[bookmark: _Toc509564515]Roof Rail Reinforcement
The roof rail reinforcement, despite being labeled as a VHS steel part in Chrysler’s repair manual, was determined to be a HSS part on the 2011 Grand Cherokee. This determination was made by noting a clear and obvious difference in strength between the A-pillar which was stamped from VHS steel and the roof rail reinforcement which was much easier to bend and was similar to other parts made of HSS. The 2008 roof rail reinforcement was made from 1.7 mm sheets, weighed 2.25 kg and cost $2.29 to make whereas the 2011 part was made from thinner (1.1 mm) but larger sheets weighing 2.35 kg and costing $3.63.
[bookmark: _Toc509564516]Windshield Header
The windshield header was upgraded to HSS 590 from HSS 440 steel and thickened considerably from 1.1 mm to 1.6 mm on the newer Cherokee platform. As a result, the weight increased by 0.50 kg and the cost increased $0.97.
[bookmark: _Toc509564517]All Jeep Grand Cherokee Roof Crush Resistance Components 
Table 11Table 7 shows all the individual components that were analyzed for roof crush strength increase between the 2008 and 2011 MY Jeep Grand Cherokee.
[bookmark: _Ref508351169]Table 11 Jeep Grand Cherokee body components analyzed for roof crush strength increase
[image: ]
[bookmark: _Toc509564518]
Total Cost & Weight Changes for Jeep Grand Cherokee Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Jeep Grand Cherokee roof crush resistance upgrade are shown in Table 12Table 6
Table 4Table 3 where it is seen that the total weight increase was 3.567 kg or 3.2% increase over baseline and the total cost increase was $84.43 or 26% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2006 MY and 2011 MY Jeep Grand Cherokee are shown in Figure 40. Details of every part and manufacturing step are included in the appendix.
[bookmark: _Ref508351294]Table 12 Total incremental cost and weight estimates for roof crush resistance upgrades on the Jeep Grand Cherokee
[image: ]
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[bookmark: _Ref508706096]Figure 40 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2008 MY and the 2011 MY Jeep Grand Cherokee

[bookmark: _Toc509564519]Buick LaCrosse
[image: ]
[bookmark: _Ref509563078]Figure 41 Overview of Buick LaCrosse fullsize car for model years 2005 and 2010

The Buick LaCrosse transitioned from having a SWR of 2.6 on the first-generation platform to 4.90 on the second generation as shown in Figure 41. No publications from GM for the relevant model years have been found in the Great Designs in Steel Seminars or elsewhere. The sections below discuss the key components that were analyzed for the Buick LaCrosse roof crush resistance upgrade.
[bookmark: _Toc509564520]B-Pillar
The B-pillar components were made largely from VHS 1500 grade steel (all accept the inner reinforcement, lower) on the 2010 LaCrosse whereas the 2005 LaCrosse used steel grades ranging from HSS 440 to VHS 980. The total weight of B-pillar components increased from 8.05 kg to 12.75 kg and cost increased from $23.44 to $47.67. Buick LaCrosse B-pillar components for the 2005 MY and 2010 MY are shown in Figure 42.
[image: ]
[bookmark: _Ref508380545]Figure 42 Buick LaCrosse B-pillar components
[bookmark: _Toc509564521]
[image: ]
[bookmark: _Ref508615691]Figure 43 Buick LaCrosse wheelhouse outer components

C-pillar
The C-pillar on the 2005 LaCrosse consisted of the C-pillar upper and lower reinforcements, the quarter inner upper reinforcement and the wheelhouse outer as can be seen in Figure 43 on the left-hand side. The wheelhouse outer did not have the structure necessary to substantially support roof crush loads coming down the C-pillar however and was not included in the analysis. On the 2010 LaCrosse, however, the C-pillar was redesigned as a single component with adequate structure for supporting vertical loads coming down the C-pillar, as can be seen on the right-hand side of Figure 43. In addition, a wheelhouse outer reinforcement was added to the 2010 LaCrosse to further strengthen the C-pillar. 
The three relevant components on the 2005 LaCrosse weighed 3.57 kg and cost $8.49 to manufacture. The 2010 LaCrosse wheelhouse outer and reinforcement combined weighed 4.45kg and cost $15.09.
[bookmark: _Toc509564522]Roof Bows
A single roof bow made of LSS 270 grade steel on the 2005 LaCrosse was replaced by three stronger roof bows on the 2010 LaCrosse as shown in Figure 44. The 2005 LaCrosse roof bow cost $1.52, weighed 0.73 kg and was made from LSS 270 grade steel. The 2010 LaCrosse roof bows cost $9.73, weighed 5.30 kg and were made from LSS 270 grade steel in the front and rear but the center was made from VHS 980 grade steel.

[image: ]
[bookmark: _Ref508382264]Figure 44 Roof bows in the Buick LaCrosse
[bookmark: _Toc509564523]Roof Rail
A single roof rail reinforcement of 1.4 mm thick LSS 270 grade steel weighing 2.50 kg and costing $7.62 to manufacture on the 2005 LaCrosse was replaced with 2 reinforcements each made of 1.5 mm thick HSS 590 grade steel weighing 5.07 kg and costing $9.75 to make. The roof rail reinforcements are shown in Figure 45.

[image: ]
[bookmark: _Ref508614811]Figure 45 Roof rail reinforcements on the Buick LaCrosse
[bookmark: _Toc509564524]
Windshield Header
The single piece windshield header of the 2005 LaCrosse was replaced with two heavier and larger components as shown in Figure 46. The 2005 LaCrosse header weighed 0.65 kg and cost $0.94 to manufacture whereas the two pieces on the 2010 LaCrosse weighed 2.21 kg and cost $3.47. In addition, the lower header on the 2010 LaCrosse was made from HSS 590 grade steel. 
[image: ]
[bookmark: _Ref508616832]Figure 46 Buick LaCrosse windshield header components
[bookmark: _Toc509564525]All Buick LaCrosse Roof Crush Resistance Components 

Table 13Table 7 shows all the individual components that were analyzed for roof crush strength increase between the 2005 and 2010 MY Buick LaCrosse.
[bookmark: _Ref508371734]
Table 13 Buick LaCrosse body components analyzed for roof crush strength increase
[image: ]
[bookmark: _Toc509564526]
Total Cost & Weight Changes for Buick LaCrosse Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Buick LaCrosse roof crush resistance upgrade are shown in Table 14Table 6
Table 4Table 3 where it is seen that the total weight increase was 26.686 kg or 30% increase over baseline and the total cost increase was $63.08 or 17% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2005 MY and 2010 MY Buick LaCrosse are shown in Figure 47. Details of every part and manufacturing step are included in the appendix.
[bookmark: _Ref508371893]Table 14 Total incremental cost and weight estimates for roof crush resistance upgrades on the Buick LaCrosse
[image: ]
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[bookmark: _Ref508709857]Figure 47 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2005 MY and the 2010 MY Buick LaCrosse
[bookmark: _Toc509564527]Chevrolet Impala
[image: ]
[bookmark: _Ref509563331]Figure 48 Overview of Chevrolet Impala fullsize car for model years 2003 and 2011

Figure 48 shows the Chevrolet Impala transitioned from having a SWR of 2.9 on the eighth-generation platform to 3.45 in the ninth generation. No publications from GM for the relevant model years have been found in the Great Designs in Steel Seminars or elsewhere. The sections below discuss the key components that were analyzed for the Chevrolet Impala roof crush resistance upgrade.
[bookmark: _Toc509564528]B-Pillar
The 2003 Impala had two B-pillar reinforcements compared to three in the 2011 MY vehicle as shown in Figure 49. The inner reinforcement on the 2003 MY was made of HSS 440 grade versus HSS 590 grade on the 2011 MY; the outer reinforcement was made of VHS 780 steel in the 2003 MY and hot-stamped boron steel in the 2011 MY; the outer inner reinforcement was a unique part, also hot-stamped on the 2011 MY Impala that had no counterpart on the 2003 MY. The total weight of B-pillar components increased from 6.45 kg to 8.88 kg and cost increased from $20.09 to $32.33.
[image: ]
[bookmark: _Ref508695992]Figure 49 Chevrolet Impala B-pillar components
[bookmark: _Toc509564529]
C-pillar
A single C-pillar reinforcement on the 2003 was replaced by two reinforcements on the 2011 vehicle. The C-pillar lower reinforcement in the 2003 Impala was made of 0.8 mm thick LSS 270 sheet as was the 2011 Impala but the weight increased from 0.95 kg to 1.20 kg and the cost increased from $4.72 to $6.33.  The additional C-pillar lower outer reinforcement for 2011 MY was made of HSS 440 steel, was 1.3 mm thick, weighed 0.62 kg and cost $1.73 to manufacture.
[bookmark: _Toc509564530]Roof Bow
A single roof bow made of LSS 270 grade steel was added to the 2011 Impala; there was no equivalent part on the 2003 MY product, Figure 50. The 2011 Impala roof bow cost $1.58, weighed 0.80 kg.

[image: ]
[bookmark: _Ref508635215]Figure 50 A roof bow was added to the 2011 MY Chevrolet Impala to strengthen the roof
[bookmark: _Toc509564531]

Roof Rail
A higher grade of steel, HSS 590, was used to strengthen and reduce weight on the 2011 Impala roof rail reinforcement compared to LSS 270 grade steel in the 2003 MY vehicle. The newer reinforcement weighing 3.00 kg compared to 2.35 kg on the older MY. Consequently, the reinforcement cost increased only $0.23. The roof rail reinforcements are shown in Figure 51.
[image: ]
[bookmark: _Ref508636632]Figure 51 Chevrolet Impala roof rail reinforcements were redesigned with a stronger design in the 2011 MY
[bookmark: _Toc509564532]
All Chevrolet Impala Roof Crush Resistance Components 
Table 15Table 7 shows all the individual components that were analyzed for roof crush strength increase between the 2003 and 2011 MY Chevrolet Impala.

[bookmark: _Ref508636758]Table 15 Chevrolet Impala body components analyzed for roof crush strength increase
[image: ]
[bookmark: _Toc509564533]Total Cost & Weight Changes for Chevrolet Impala Roof Crush Resistance Upgrade 
Estimates of the cost and weight for the Chevrolet Impala roof crush resistance upgrade are shown in Table 16Table 6
Table 4Table 3 where it is seen that the total weight increase was 14.13 kg or 18% increase over baseline and the total cost increase was $60.57 or 18% higher than the baseline costs. Pie charts showing the breakdowns into the basic cost elements for 2003 MY and 2011 MY Chevrolet Impala are shown in Figure 52. Details of every part and manufacturing step are included in the appendix.

[bookmark: _Ref508636900]Table 16 Total incremental cost and weight estimates for roof crush resistance upgrades on the Chevrolet Impala
[image: ]
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[bookmark: _Ref508709396]Figure 52 Cost breakdown for the total body structure that contributes to roof crush resistance upgrade on the 2003 MY and the 2011 MY Chevrolet Impala
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Dodge Ram Extended Cab 2007 1.7 358 2010 2.97 200 1.3

Ford Edge 2009 3.5 89 2016 5.11 134 1.6

Honda Accord 2010 3.87 311 2014 4.92 388 1.1

Ford Mustang 2006 2.7 167 2016 4.43 106 1.7

Jeep Grand Cherokee 2008 2.2 74 2011 4.63 128 2.4

Buick LaCrosse 2005 2.60 92 2010 4.90 61 2.3

Chevrolet Impala 2003 2.9 311 2011 3.45 171 0.6
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Study average 95.38 $337.58 $509.75 111.79 $406.48 $613.78 16.41 17% $68.89 21%

Dodge Ram Extended Cab

1

91.46 $300.74 $454.12 120.40 $376.90 $569.11 28.94 32% $76.15 25%

Ford Edge

5

138.10 $510.94 $771.52 164.94 $582.74 $879.94 26.84 19% $71.80 14%

Honda Accord 84.91 $281.31 $424.78 93.68 $350.46 $529.20 8.77 10% $69.16 25%

Ford Mustang

4

72.59 $237.23 $358.22 78.51 $294.30 $444.40 5.93 8% $57.07 24%

Jeep Grand Cherokee

2,3

112.44 $328.82 $496.51 116.01 $413.24 $624.00 3.57 3% $84.43 26%

Buick LaCrosse 89.31 $363.93 $549.53 116.00 $427.01 $644.78 26.69 30% $63.08 17%

Chevrolet Impala 78.87 $340.12 $513.58 93.00 $400.69 $605.04 14.13 18% $60.57 18%
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Dodge Ram 1500
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

Aperture Panel LSS 270 0.8 12.000 $43.57  LSS 270 0.8 11.500 $40.45  Y

A-Pillar Reinforcement LSS 270  1.8 3.148 $1.06 LSS 270 1.4 3.700 $6.45 Y

B-Pillar Reinforcement LSS 270  1.6 5.036 $6.83 LSS 270 2.4 9.400 $18.69 Y Y

B-Pillar Inner Upper Reinforcement LSS 270  2.6 0.558 $0.83 LSS 270 1.6 0.984 $1.40 Y

C-Pillar Inner Reinforcement LSS 270 2.2 2.376 $3.05 Y

Front Body Hinge Pillar (FBHP) Upper 

Hinge Reinforcement

LSS 270  2.1 0.338 $0.53 LSS 270 2.1 0.542 $0.68 Y

FBHP Outer Reinforcement LSS 270 1.5 3.018 $4.62 Y

Inner Uniside Panel LSS 270  1.0, 1.6* 16.000 $55.54 LSS 270

1.0, 1.2, 

1.8*

17.000 $60.53 Y Y

Rear Header LSS 270  0.8 0.954 $1.25 LSS 270 1.0 1.850 $2.37 Y Y

Roof Bow LSS 270  0.8 0.994 $1.20 LSS 270 1.3 4.400 $5.07 Y Y

Roof Panel LSS 270  0.7 14.000 $20.21 LSS 270 0.7 14.500 $19.67 Y

Roof Rail Reinforcement LSS 270 0.9 0.171 $0.25  Y

Windshield Header LSS 270  0.8 1.350 $1.57 HSS 590 1.3 2.270 $2.99 Y Y Y

*Multiple thicknesses indicate tailor-welded blanks have been used
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Item
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Total cost 
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Total body parts & assembly 91.458 $300.74  120.401 $376.90  28.943 $76.15 

Side panel assembly (Qty: 2) 37.080 $132.50  48.691 $168.34  23.221 $71.68 

Roof assembly (Qty: 1) 17.298 $35.74  23.020 $40.21  5.722 $4.47 
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

Aperture Panel LSS 270 0.7 15.500 $51.04  LSS 270 0.8 14.500 $39.75  Y Y

A-Pillar Lower Reinforcement HSS 590 1.8 2.500 $6.62  Y

A-Pillar Outer Lower Reinforcement HSS 590 1.9 1.550 $2.09  Y

A-Pillar Upper Reinforcement HSS 590 1.9 2.000 $8.32  Y

B-Pillar Inner VHS 780 1.5 5.304 $14.79 VHS 1500 1.7 5.200 $20.40  Y Y

B-Pillar Inner Lower Reinforcement VHS 780 0.9 0.250 $0.78  VHS 780 2.1 0.350 $1.16  Y

B-Pillar Inner Upper Reinforcement VHS 780 1.3 0.463 $0.99  HSS 590 1.5 1.650 $5.35  Y

B-Pillar Outer Reinforcement VHS 780 1.5 2.300 $7.23  Y

B-Pillar Center Reinforcement VHS 1500 2.0 2.100 $6.15  Y

B-Pillar Reinforcement VHS 780 0.9 2.850 $9.77  Y

Bracket, B-Pillar Inner Upper 

Reinforcement

VHS 780 1.3 0.237 $0.78  Y

Bracket, Front Body Hinge Pillar Inner HSS 590 1.5 0.429 $1.03  Y

C-Pillar Lower Reinforcement HSS 590 1.2 1.812 $5.43  Y

C-Pillar (Inner Upper - 2016) 

Reinforcement

LSS 270 0.9 2.022 $5.12  LSS 270 1.2 1.654 $7.01  Y

Extension, Rear Header LSS 270 1.2 1.900 $5.31  Y

Extension, Rear Roof Bow HSS 440 1.4 0.700 $1.12  HSS 590 1.2 0.500 $0.84  Y

Extension, Windshield Header HSS 590 1.5 0.350 $0.56  Y

Front Body Hinge Pillar (FBHP) IP 

Carrier Reinforcement

HSS 590 1.8 1.060 $2.08  Y

Front Body Hinge Pillar (FBHP) Inner HSS 590 1.1 2.800 $6.69  HSS 590 1.7 2.850 $11.12  Y

FBHP Inner Reinforcement HSS 590 1.4 4.857 $14.63  HSS 590 2.0 5.210 $13.02  Y

Inner Rocker Panel HSS 590 1.8 7.200 $11.60  HSS 590 1.5 5.132 $9.10  Y

Inner Wheelhouse Panel LSS 270 0.8 3.650 $11.27  LSS 270 1.0, 1.5* 3.822 $10.51  Y Y

Rear Header Lower HSS 440 0.9 1.850 $2.84  HSS 440 0.8 0.900 $1.80  Y

Rear Header Upper HSS 440 0.9 2.450 $3.71  HSS 440 1.1, 2.1* 3.327 $6.04  Y Y

Rocker Outer Reinforcement VHS 780 0.9 3.466 $7.66 VHS 1500 1.5 4.412 $11.03  Y Y Y

Roof Bow HSS 340 0.9 1.650 $4.44  Y

Roof Bow "A", Front VHS 780 1.2 2.000 $3.22  Y

Roof Bow "B", Rear VHS 780 0.7 0.700 $1.64  Y

Roof Panel HSS 340 0.7 12.500 $21.82  HSS 340 1.0 13.500 $28.34  Y Y

Roof Rail Outer C-Pillar 

Reinforcement

HSS 440 1.4 0.350 $0.73  Y

Roof Rail Reinforcement VHS 980 1.9 6.000 $20.73  Y

Roof Rail Reinforcement, Center HSS 340 0.6 0.450 $0.76  Y

Roof Rail Reinforcement, Front HSS 590 1.9 2.050 $4.77  Y

Wheelhouse Outer LSS 270 0.7 2.996 $8.21  Y

Wheelhouse Outer Reinforcement LSS 270 0.6 3.927 $18.01  Y

Windshield Header Lower HSS 440 0.8 0.900 $1.86  HSS 440 1.8 2.050 $3.61  Y Y

Windshield Header Upper HSS 440 1.2 1.650 $3.03  HSS 440 1.2 1.450 $2.42  Y

Part Name

Changes to increase 

roof crush strength?

Cost to 

OEM

Cost to 

OEM

2009 Ford Edge 2016 Ford Edge
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Item

Unit weight 

[kg]

Unit Cost to 

OEM

Unit weight 

[kg]

Unit Cost to 

OEM

Total weight 

increase [kg]

Total cost 

increase

Total body parts & assembly 138.102 $510.94  164.938 $582.74  26.836 $71.80 

Side panel assembly (Qty: 2) 57.726 $228.12  70.472 $259.87  25.492 $63.50 

Roof assembly (Qty: 1) 22.650 $54.69  23.994 $63.01  1.344 $8.32 

2009

 Ford Edge

2016

 Ford Edge
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2010 Model Year 2014 Model Year

BodyType

Platform Year 

Range

2008-2012

8th generation

2013-2017

9th generation

NHTSA Rollover 

Rating (Stars)

5 5

NHTSA SWR - -

IIHS SWR 3.87 4.92

Annual Sales 311,000 388,000

Honda Accord

Midsize sedan
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

Aperture Panel LSS 270 0.7 14.500 $45.38  LSS 270 0.7 13.500 $39.51  Y

A-Pillar Inner HSS 590 1.8 1.850 $9.53 VHS 1500 1.8 1.850 $13.19  Y

A-Pillar Inner Lower Reinforcement VHS 1500 1.9 0.182 $1.90  Y

A-Pillar Inner Upper Reinforcement VHS 1500 1.9 0.250 $2.14  Y

A-Pillar Outer Reinforcement HSS 590 1.0 0.582 $0.83  HSS 590 0.9 0.548 $0.79 

B-Pillar Inner Reinforcement HSS 590 1.3 2.300 $6.09  VHS 780 1.3 2.250 $5.35  Y

B-Pillar Inner Upr Reinf HSS 590 1.5 0.124 $0.41  VHS 980 1.7 0.778 $1.76  Y Y

B-Pillar Outer Reinforcement Center HSS 590 1.3 0.704 $1.41  VHS 980 1.7 1.000 $1.76  Y Y

B-Pillar Outer Reinforcement Lower HSS 590 1.1 1.908 $3.02  HSS 590 1.7 2.300 $4.13  Y

B-Pillar Outer Reinforcement Upper HSS 590 1.7 1.754 $3.76 VHS 1500 1.7 2.200 $7.43  Y

Extension, Left, Windshield Header HSS 590 1.2 0.069 $0.19  Y

Extension, Lower, Roof Bow "A" LSS 270 0.7 0.064 $0.09  Y

Extension, Right, Windshield Header HSS 590 1.2 0.069 $0.19  Y

Extension, Roof Bow HSS 440 1.6 0.272 $0.46 Y

Extension, Roof Bow, Frt Brkt VHS 980 1.7 0.027 $0.08  Y

Extension, Roof Bow, RR Brkt VHS 980 1.7 0.022 $0.06  Y

Extension, Upper, Roof Bow "A" VHS 980 2.0 0.112 $0.23  Y

Extension, W/Shield Header, Lower HSS 440 1.9 0.452 $0.83 Y

Extension, W/Shield Header, Upper HSS 440 1.9 0.480 $1.00 Y

FBHP Lower Hinge Reinforcement HSS 590 2.2 0.164 $0.49 HSS 590 2.2 0.320 $0.62 Y

Frt Body Hinge Pillar Reinforcement HSS 440 0.9 1.962 $2.71 HSS 590 1.4 2.598 $4.50 Y Y

Inner B-Pillar Lower Stiffener HSS 590 1.3 0.650 $1.07  Y

Rear Header LSS 270 1.1 1.112 $1.55 LSS 270 1.2 1.492 $3.63 Y

Rocker Panel Outer Reinforcement HSS 590 1.5 5.400 $7.46 Y

Rocker Panel Outer Reinforcement, 

Front

VHS 1500 1.7 5.400 $13.34  Y

Rocker Panel Outer Reinforcement, 

Rear

VHS 1500 1.6 1.802 $5.23  Y

Roof Bow "A", Center LSS 270 1.8 1.966 $2.74 VHS 980 1.6 1.934 $3.67 Y

Roof Bow "B", Front (Roof Bow "B" 

on 2010)

LSS 270 0.5 0.218 $0.35 LSS 270 0.5 0.226 $0.34 Y

Roof Bow "C", Rear (Roof Bow "B" 

on 2010)

LSS 270 0.5 0.218 $0.35 LSS 270 0.7 0.482 $0.65 Y

Roof Bow "D", Rear (Roof Bow "B" 

on 2010)

LSS 270 0.5 0.218 $0.35 LSS 270 0.7 0.480 $0.63 Y

Roof Panel LSS 270 0.7 10.346 $17.65 LSS 270 0.7 10.500 $15.79 Y

Roof Rail Outer Reinforcement HSS 590 1.7 2.200 $4.63 VHS 780 1.9 2.124 $4.48 Y Y Y

Windshield Header Lower LSS 270 1.0 0.934 $1.18 HSS 590 1.2 1.552 $3.45 Y Y

Windshield Header Upper LSS 270 0.6 0.566 $0.79 LSS 270 0.9 0.924 $2.24 Y

Part Name

2010 Honda Accord 2014 Honda Accord

Changes to increase 

roof crush strength? Cost to 

OEM

Cost to 

OEM
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Item

Unit weight 

[kg]

Unit Cost to 

OEM

Unit weight 

[kg]

Unit Cost to 

OEM

Total weight 

increase [kg]

Total cost 

increase

Total body parts & assembly 84.908 $281.31  93.681 $350.46  8.772 $69.16 

Side panel assembly (Qty: 2) 34.665 $123.09  37.801 $152.83  6.271 $59.48 

Roof assembly (Qty: 1) 15.578 $35.13  18.079 $44.80  2.501 $9.67 

2010

 Honda Accord

2014

 Honda Accord
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2006 Model Year 2016 Model Year

BodyType

Platform Year 

Range

2005-2014

5th generation

2015-2017

6th generation

NHTSA Rollover 

Rating (Stars)

5 5

NHTSA SWR 2.7 -

IIHS SWR - 4.43

Annual Sales 167,000 106,000

Ford Mustang

Midsize 2-door coupe
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

Aperture Panel LSS 270 0.9 13.000 $33.22  LSS 270 0.9 10.500 $29.34 Y

A-Pillar Inner Lower Reinforcement LSS 270 1.9 0.852 $2.06 VHS 980 1.6 1.900 $5.53 Y Y

A-Pillar Outer Lower Reinforcement HSS 440 2.0 1.196 $4.82 LSS 270 1.9 3.100 $6.63 Y

A-Pillar/Roof Rail Inner 

Reinforcement

LSS 270 1.7 1.142 $2.95 VHS 980 1.6 1.650 $4.33 Y Y

A-Pillar/Roof Rail Outer 

Reinforcement

LSS 270 1.7 2.194 $3.21 VHS 980 2.0 2.200 $5.52 Y Y Y

A-Pillar/Roof Rail Reinforcement VHS 980 2.2 5.000 $17.59 Y

B-Pillar Inner Reinforcement VHS1500 2.0 1.178 $3.62 Y

B-Pillar Outer Reinforcement,  Lower  VHS1500 1.7 1.450 $4.92 Y

B-Pillar Outer Reinforcement VHS 780 1.0, 1.5* 4.500 $11.72 Y

B-Pillar Outer Reinforcement, Upper VHS1500 1.7 1.600 $5.97 Y

Quarter Inner Upper HSS 440 0.8 3.500 $12.39 Y

Rear Header Lower VHS 980 0.9 0.954 $1.76 VHS 980 1.0 1.116 $1.81 Y Y

Rear Header Upper VHS 980 1.4 1.882 $3.30 VHS 980 0.9 1.450 $2.36 Y

Roof Panel HSS 340 0.8 8.500 $12.81 HSS 340 0.8 8.000 $13.64 Y

Wheelhouse Outer LSS 270 0.8 6.500 $19.28 Y

Windshield Header Lower VHS 980 1.2 1.142 $1.89 VHS 980 1.6 1.550 $3.00 Y Y

Windshield Header Upper VHS 980 1.2 1.340 $2.27 VHS 980 1.5 2.000 $3.48 Y Y

*Multiple thicknesses indicate tailor-welded blanks have been used

Cost to 

OEM

Cost to 

OEM Part Name

2006 Ford Mustang 2016 Ford Mustang

Changes to increase 

roof crush strength?
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Item

Unit weight 

[kg]

Unit Cost to 

OEM

Unit weight 

[kg]

Unit Cost to 

OEM

Total weight 

increase [kg]

Total cost 

increase

Total body parts & assembly 72.586 $237.23  78.515 $294.30  5.929 $57.07 

Side panel assembly (Qty: 2) 29.384 $102.69  32.182 $128.64  5.595 $51.90 

Roof assembly (Qty: 1) 13.818 $31.86  14.151 $37.03  0.333 $5.17 

2006

 Ford Mustang

2016

 Ford Mustang
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2008 Model Year 2011 Model Year

BodyType

Platform Year 

Range

2005-2010

3rd generation

2011-2017

4th generation

NHTSA Rollover 

Rating (Stars)

4 (4X4)

3 (4X2)

4

NHTSA SWR 2.2 -

IIHS SWR - 4.63

Annual Sales 74,000 128,000

Jeep Grand Cherokee

Midsize SUV
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

A-Pillar Reinforcement HSS 590 1.7 2.050 $4.63 

Hot 

Stamped

1.7 3.300 $15.06  Y Y

Aperture Panel LSS 270 0.8 14.000 $37.84  LSS 270 0.8 13.500 $34.05  Y

B-Pillar Inner Upper Reinforcement LSS 270 1.1 0.225 $0.30  HSS 590 2.0 1.400 $2.32  Y Y Y

B-Pillar Reinforcement LSS 270 1.1 3.267 $7.22  HSS 590 1.5 4.600 $13.76  Y Y Y

C-Pillar Inner Restraint 

Reinforcement

HSS 590 1.6 0.604 $1.58  Y

C-Pillar Lower Reinforcement HSS 590 0.9 0.950 $2.59  Y

C-Pillar Upper Reinforcement HSS 590 1.2 2.200 $6.78  Y

Extension, Rear Header LSS 270 1.6 1.978 $5.41  LSS 270 0.8 0.676 $1.43  Y

Inner Uniside Panel LSS 270 1.2 18.527 $49.60  HSS 590 1.2 15.000 $54.91  Y Y

Rear Header Lower LSS 270 1.1 1.950 $3.30  LSS 270 1.5 1.400 $1.97  Y Y

Rear Header Upper LSS 270 1.0 3.000 $2.73  LSS 270 1.6 3.600 $4.57  Y Y

Roof Bow, Front LSS 270 1.0 1.150 $1.28  HSS 590 0.9 0.950 $1.49  Y

Roof Bow, Middle LSS 270 0.7 0.650 $0.82  Y

Roof Bow, Rear HSS 590 0.8 0.950 $1.38  Y Y

Roof Bow, Rear Lower LSS 270 1.5 2.058 $2.34  Y

Roof Bow, Rear Upper LSS 270 0.8 0.892 $1.07  Y

Roof Panel LSS 270 0.7 16.500 $21.79  LSS 270 0.8 16.500 $24.04  Y Y

Roof Rail Reinforcement, Inner HSS 590 1.7 2.250 $2.29  HSS 590 1.1 2.350 $3.63  Y

Windshield Header HSS 440 1.1 2.300 $3.67  HSS 590 1.6 2.800 $4.64  Y Y Y

Changes to increase 

roof crush strength? Cost to 

OEM

Cost to 

OEM Part Name

2011 Jeep Grand Cherokee 2008 Jeep Grand Cherokee
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Item

Unit weight 

[kg]

Unit Cost to 

OEM

Unit weight 

[kg]

Unit Cost to 

OEM

Total weight 

increase [kg]

Total cost 

increase

Total body parts & assembly 112.443 $328.82  116.010 $413.24  3.567 $84.43 

Side panel assembly (Qty: 2) 42.297 $139.33  44.580 $180.93  4.567 $83.20 

Roof assembly (Qty: 1) 27.850 $50.16  26.850 $51.39  -1.000 $1.23 

2008

 Jeep Grand Cherokee

2011

 Jeep Grand Cherokee
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2005 Model Year 2010 Model Year

BodyType

Platform Year 

Range

2005-2009

1st generation

2010-2016

2nd generation

NHTSA Rollover 

Rating (Stars)

4 4

NHTSA SWR 2.6 -

IIHS SWR - 4.90

Annual Sales 92,000 61,000

Buick LaCrosse

Fullsize car
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

Aperture Panel LSS 270 0.9 12.500 $38.96 LSS 270 0.9 16.000 $40.60 Y

A-Pillar/FBHP Outer HSS 590 2.0 7.000 $36.26 Y

A-Pillar Outer Reinforcement HSS 590 1.5 1.950 $4.85 Y

A-Pillar Inner Reinforcement HSS 590 2.2 4.000 $13.14 HSS 590 1.5 1.350 $2.99 Y

A-Pillar/Roof Rail Reinforcement HSS 590 1.8 2.000 $8.51 Y

B-Pillar Inner Reinforcement HSS 440 1.2 2.050 $7.94 VHS 1500 1.3 1.900 $6.37 Y Y Y

B-Pillar Inner Reinforcement, Lower VHS 980 1.5 1.900 $5.16 Y

B-Pillar Inner Reinforcement, Outer VHS 1500 1.7 1.134 $4.57 Y

B-Pillar Inner Reinforcement, 

Forward

VHS 1500 2.9 0.924 $4.57 Y

B-Pillar Inner Reinforcement, Rear VHS 1500 2.9 0.982 $5.00 Y

B-Pillar Outer Reinforcement VHS 780 2.0 5.400 $14.62 VHS 1500 1.7 5.050 $17.94 Y Y

B-Pillar Lower Hinge Reinforcement VHS 980 1.8 0.330 $0.48   Y

B-Pillar Outer Reinforcement, Lower VHS 1500 1.5 0.860 $4.05 Y

B-Pillar Upper Hinge Reinforcement VHS 980 1.8 0.270 $0.40   Y

C-Pillar Lower Reinforcement HSS 440 1.5 1.000 $2.15 Y

C-Pillar Upper Reinforcement LSS 270 0.7 0.870 $1.93 HSS 440 0.8 0.702 $1.45 Y Y Y

Extension, Windshield Header   HSS 590 1.2 0.350 $0.56 Y

FBHP Upper Hinge Reinforcement HSS 590 2.0 0.289 $0.35   Y

Front Body Hinge Pillar   LSS 270 1.2 3.256 $6.88 Y

Quarter Inner Upper Reinforcement LSS 270 0.7 1.700 $4.40   Y

Rear Header LSS 270 0.7 0.740 $0.97 LSS 270 0.7 1.032 $1.58 Y

Roof Bow LSS 270 0.7 0.730 $1.52 Y

Roof Bow "A", Front LSS 270 0.7 0.852 $1.30 Y

Roof Bow "B", Center   VHS 980 1.6 3.466 $6.36 Y

Roof Bow "C", Rear LSS 270 0.7 0.984 $2.07 Y

Roof Panel LSS 270 1.0 11.390 $16.93 LSS 270 0.7 12.000 $14.26 Y

Roof Rail Reinforcement, Inner LSS 270 1.4 2.500 $7.26 HSS 590 1.5 2.718 $5.07 Y Y Y

Roof Rail Outer Reinforcement HSS 590 1.5 2.350 $4.67 Y

Wheelhouse Outer LSS 270 0.7 4.000 $13.35 Y

Wheelhouse Outer Reinforcement   LSS 270 1 0.450 $1.74 Y

Windshield Header LSS 270 1.4 0.654 $0.94   Y

Windshield Header Lower HSS 590 1.3 1.372 $2.25 Y

Windshield Header Upper LSS 270 0.7 0.836 $1.22 Y

Cost to 

OEM

Cost to 

OEM Part Name

2005 Buick LaCrosse 2010 Buick LaCrosse

Changes to increase 

roof crush strength?
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Item

Unit weight 

[kg]

Unit Cost to 

OEM

Unit weight 

[kg]

Unit Cost to 

OEM

Total weight 

increase [kg]

Total cost 

increase

Total body parts & assembly 89.313 $363.93  115.999 $427.01  26.686 $63.08 

Side panel assembly (Qty: 2) 37.904 $167.57  47.526 $192.03  19.244 $48.93 

Roof assembly (Qty: 1) 13.505 $28.80  20.947 $42.95  7.442 $14.15 

2005

 Buick LaCrosse

2010

 Buick LaCrosse
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2003 Model Year 2011 Model Year

BodyType

Platform Year 

Range

2000-2005

8th generation

2006-2013

9th generation

NHTSA Rollover 

Rating (Stars)

4 4

NHTSA SWR 2.9 -

IIHS SWR - 3.45

Annual Sales 268,000 171,000

Chevrolet Impala

Fullsize car
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Steel Thickness Weight Steel Thickness Weight

Type [mm] [kg] Type [mm] [kg] Mat'l Gauge Design

Aperture Panel LSS 270 0.9 12.000 $40.60 LSS 270 0.8 13.500 $33.60 Y

A-Pillar/FBHP Outer HSS 590 2.0 7.300 $35.51 HSS 590 2.0 7.500 $36.37 Y

A-Pillar Upper Reinforcement HSS 590 2.2 3.500 $16.05 HSS 590 2.3 3.950 $22.73 Y Y

B-Pillar Inner Reinforcement HSS 440 1.2 1.950 $7.58 HSS 590 1.6 2.600 $10.41 Y Y

B-Pillar Outer Reinforcement VHS 780 1.8 4.500 $12.50

Hot 

Stamped

2.0 4.950 $18.05 Y Y

B-Pillar Outer Inner Reinforcement

Hot 

Stamped

2.0 1.328 $3.87 Y

C-Pillar Lower Reinforcement LSS 270 0.8 0.950 $4.72 LSS 270 0.8 1.200 $6.33 Y

C-Pillar Lower Outer Reinforcement HSS 440 1.3 0.618 $1.73 Y

Rear Header LSS 270 0.8 0.918 $1.25 LSS 270 0.8 0.800 $1.15 Y

Roof Bow LSS 270 0.7 0.800 $1.58 Y

Roof Panel LSS 270 1.0 12.000 $18.73 LSS 270 0.9 12.000 $21.09 Y

Roof Rail Reinforcement LSS 270 2.2 2.350 $9.74 HSS 590 1.6 3.000 $9.97 Y Y

Windshield Header LSS 270 0.8 0.850 $1.09 LSS 270 0.8 0.758 $1.15 Y

Cost to 

OEM

Cost to 

OEM Part Name

2003 Chevrolet Impala 2011 Chevrolet Impala

Changes to increase 

roof crush strength?
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Item

Unit weight 

[kg]

Unit Cost to 

OEM

Unit weight 

[kg]

Unit Cost to 

OEM

Total weight 

increase [kg]

Total cost 

increase

Total body parts & assembly 78.868

$340.12 

92.996

$400.69 

14.128

$60.57 

Side panel assembly (Qty: 2) 32.550 $155.42  39.319 $183.78  13.538 $56.72 

Roof assembly (Qty: 1) 13.768 $29.29  14.358 $33.13  0.590 $3.85 

2003

 Chevrolet Impala

2011

 Chevrolet Impala
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2003 Chevy Impala cost = $340.12 2011 Chevy Impala cost = $400.69
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= Direct Labor
= Fixed
= Variable

Material
= SG&A
= Profit

$265.22

$229.68 = Freight
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