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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:

e 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.

Optimization Calculations Input Output Optirmiz ation Guidelines:
Design Window Optimal Design ® Specify Input datain “Initial Design” fr
. . ", . design ariables.
Design Variakles Initi=l Design | Min (mm) | Max [mm] ‘ariables

® Specfy input data in "Design Wfindow".
Reset | Reset | Mote that the Reset bn and hiax values

Thickness [rm] represent the Toolbox's design window of
Crossmember Thickiness 20 15 [ 280 alidity”.
Eieesiihicress 40 14 L] 140 ® Specify "Target Stifhesses” for
Collar Thickness 0 15 ] 144 optimiz atian.

$hape Wariables (mm ]

® Uszer should determine desired Target

Tube Diameter B0.0 A0 100 6014 Stiffiess basad maximum achiewable
stiffiz sz which can be calculated inthe
Collar ‘ertical Flange Length 150 10 25 1499 abowe chat
Collar Horizontal Aange Length 25.0 10 45 24.99
. . ® In this optimization, mass iz minimized
Siderail Width 0 ® (k0 a0 subject to the constraints that the optimal
i il Hai 1500 75 150 15000 design variables must be inthe design
Sidersil Height windew of validity and the optimal stiffness
Tube Z-postion op -25 pid 0oo muzt be abowe target Aiffiess.

Caleulate Outputs ® Ht Optimiz button for optimiz ation.

Final optmal design varables are
dizplayed in the Output column.

=tiffness Calculations Test Joint Target Optima
" - 2067 T5En " The Uszrean namow or broaden the
|Bending Stiffness (i), kHmideg . range ofthe de sign window, provided the
Torsion Stiffness (), kN-mideg 1870 2.424 Uz rstays true tothe design validty limit.
Fore/pd Stiffess (hiz). kN-mideg 1895 233 7 Reset button resets the walues back to
5.95 305 the Test Joint values,

hdass, kG

Green cells indicate user condition met
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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:

Optimization Calculations Input Output Optimization G uidelines:
Design Window Optimal Design ® Specify Input datain "Initial Design” or
R h ", . design warables.
Design Variables Initizl Desian | Min (mm) | Max [rom) “ariables
® Specifyinput data in " Design Window".
Rezet | Reset | Hote that the Reset hin and hiax values
Thicknesz [mm] repre sent the Toalbox's design window of
Crossmember Thickness a0 15 [ 267 iy,
Siderail Thickness 40 15 i 150 * Specity Target Stifhesses” for
Collar Thicknezs 20 15 fi 150 optimiz ation.
Shape Vari ables [rom | ® Usershould determine desired Target
Tube Diameter 60.0 50 100 10000 §tiffhess basad maximum achizable
stiffie sz which can be calculated inthe
Collar “krtical Flange Length 150 10 i 1444 above chart
Collar Horizontal Flange Length 5.0 10 45 23.86
* Inthiz optimization, mazs is minimiz ed
ideri T5.00
Siderail Width D ® 0 subject to the constraints that the optimal
i il Hei 1500 75 150 14829 dezign vanables must be inthe design
Sidersil Height window of validity and the optimal stifiness
Tube Z-pogtion 0o 25 i 0.0 must be abowe @rget sifhess.

Calculate Outpurts ® Ht Dptimiz e button for optimiz ation.

Final o ptimal design variables are
dizplayed in the Dutput column.

Stifiness Calculations Test Joint Target Optima

" X * The Userean namow or broaden the
Bending $t fness Qute), kbmideg 2167 SO GESS range ofthe design window, providedthe
Tarsion Stiffness (uly), kN-mideg 1870 S000 7.TH3 Usars@ys truetothe design walidty limit.
Fore/fd Stiffness (k). kN'm-"d_QQ 1885 sooo 4898 * Reset button resets the walues back to
hdass, ki 5.05 348 the Test Joint values.

Optirnization solukion resultsin irealid geornetry. Tube Diamater

H Sy plue Colar Aarge Length coupled withithe Tube Zposition are
I nvalld Geometry Alert - mat cornpatible with Sidersil Height. Please A djost Initial Yalues
andfor Ranges.

Green cells indicate user condition met

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.
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