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PREFACE 

The Light Truck Frame Project Group entrusted Altair Engineering Inc. to conduct the Light Truck Frame 
Joint Stiffness Study. This report is a continuation of the Phase 1 and Phase 2 Studies.  It comprises the 
results of Phase 3 – the study of one additional joint typically used in light truck frames, and an 
optimization tool for this joint and the 15 joints studied in Phases 1 and 2. The An explanation of the work 
done in Phase 3 is included in this document.  The Excel Sreadsheet entitled “Joint Stiffness Toolbox” 
contains the new joint study as well as the Optimization Tool. This tool will help designers reduce the 
weight of light truck frames. 
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EXECUTIVE SUMMARY 

Project Goals 

The goal of the Phase 3 study was to provide frame designers with the same objective data and tools 
used in Phases 1 and 2 to facilitate early concept choices for a total of 16 frame joints. 

In order to achieve the goals, the scope of the project involves the following steps: 

• Using the same methods employed in Phases 1 and 2, create an analysis tool for a sixteenth joint; a 
tubular crossmember through a box-section siderail with a welded collar. 

• Create an optimization tool within the Toolbox for optimizing joint geometry for mass based on user-
defined constraints. 
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PHASE 3 JOINT DESCRIPTION 

In Phase 3, an additional joint was created.  This joint was a tube-through-siderail design with a collar.  
The joint can be seen in the figure below: 

 

 

 

The Joint is welded at the ends of the collar flange, where it interfaces with the circular tube crossmember 
and the inboard face of the siderail.  The crossmember is welded to the siderail on the outer face of the 
siderail: 
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OPTIMIZATION TOOL 

Also in Phase 3 of the Light Truck Frame Joint Stiffness Study, an optimization tool was added to the 
Joint Stiffness Toolbox for each joint.  The optimization section will find the joint of least mass that meets 
all of the stiffness targets established by the user.  It was developed to minimize the mass of the joint 
after some initial joint development by the user implementing the joint analysis tools created in the first 
two Phases of the Study. 
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OPTIMIZATION TOOL 

In the event that the solver should return a solution that results in invalid geometry, the user will be 
alerted and asked to modify the initial values and/or the ranges of the Design Variables: 

 

 

The Invalid Geometry Warning was not designed to be an error trap, which would stop the solver.  It was 
desired that the solver still return geometry because this can aid the user in modifying the inputs to 
achieve acceptable results. 

 


