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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.
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A. Parties :
The project is a relationship between the Lawrence Livermore National Laboratory (LLNL) and
Rockwell Science Center, Rockwell International (Rockwell). )

University of California

L8W6 ncet ,I&lygnue re Nggonal Laboratory

Livermore, CA 94550

Rockwell Science Center, Rockwell International
1049 Camino dos Rios
Thousand Oaks, CA 91360

B. Project Scope

The Russian Federal Nuclear Center - All Russian Institute of Technical Physics (RFNC-VNIITF)
and the Institute >'or Metals Superplasticity Problems (IMSP) have developed a superplastic roll
forming technolo:y that is unique worldwide and permits complex axisymmetric components,
such as car wkreels and turbine disks, to be formed in one metal forming operation. Cument
technology for making such components outside Russia requires either casting parts (with
subsequent inferior mechanical properties) or forming several components followed by machining
and welding operations. The RFNC-VNIITF approach offers the opportunity to manufacture a
strong component in one continuous, economical operation. The resulting product could find
acceptance in a high volume, highly competitive marketplace.

The overall ob_]ecuve of this project is to further evaluate and demonstrate the superplastxc roll
forming technology which has been developed by RFNC-VNITF to the manufacturing of
axisymmetric structural components, particularly wheels, either for passenger cars or cargo trucks.
This project expands upon work done on a Thrust One project in which Russian-designed
automotive wheels will be manufactured from three different aluminum alloys - 6010, 7475 and
6061. The Thrust One work will establish the feasibility of using this precess for the

. manufacturing of automotive wheels and begm to estabhsh the aluminum alloys and material

microstructures that are required for successfnl forming using this technology. In the Thrust Two

project described in this report additional information was gained on the materals and
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microstructures required for superplastic roll forming. Specifically an ultrahigh strength aluminum
alloy and an aluminum casting alloy were formed into wheels. In addition, a truck wheel was
manufactured anda conceptual de31gn for a wheel manufactmmg facility was developed. Work on
roll forming using an ultrahlgh strength aluminum alloy and a casting alloy was done by IMSP,
while work on roll forming of a truck wheel and the wheel manufacturing facility was done by
RFNC-VNIITF. With this information Kaiser and Rockwell can establish the economic feasibility
and appropriate market segments for this technology. The feasibility of high volume production
can then also be assessed and a conceptual wheel manufacturing facility evaluated.

C. - Technical

The work performed under this CRADA had four specific tasks

1) Evaluate/demonstrate wheel manufacturing using an ultrahigh strength aluminum alloy (work
performed by IMSP). The alloy' for this task was aluminum alloy 7055, which has a minimum
yield strength of 90 ksi and was obtained from Russian sources. The as-formed wheel was heat
treated after forming to an overaged condition, which should provide optimum stress corrosion
resistance as required for good corrosion resistance in commercial wheels. Work on this task
provided valuable information on the range of alloys and microstructures that can be successfully
roll formed and would establish the feasibility of making a strong, ultra-lightweight wheel with
significant performance advant:ges over existing wheels. Three wheels and two preforms were
received from IMSP that were manufactured from the 7055 alloy. A report was also received
describing the processing procedures used to manufacture these wheels. Comparisons will be
made of the forming characteristics of this alloy relative to the Russian aluminum alloy AVT, the
American alloys 7475 (coarse grain), 7475 (fine grain) and the 6061 alloy previously used in roll
forming studies. .

2) Evaluate/demonstrate wheel manufacturing using an aluminum casting alloy (work performed
by IMSP). Current roll forming practice at RFNC/VNIITF requires forging a blank into a
preform. This preform is then superplastically roll formed into the desired axisymmetric shape. In
this task the forged preform was replaced with a cast preform A typical aluminum casting alloy
(A1295) was used and forged into the requlred shape and then subsequently superplastic roll
formed into a wheel. Work on this task provided valuable information on the range of alloys and
microstructures that can be successfully roll formed. It could also have a big impact on the
econormics of the process. Substitution of a cast preform for a forged preform would eliminate the
forging step in the roll forming process. This change could dramatically lower the -cost of making
wheels “using this technology Three Wheels were received from IMSP that were ‘manufactured -
 from the Al295 alloy. A report was also received describing the processing procedures used to
manufacture these wheels. Comparisons will be made of the forming characteristics of this alloy

U

" Pty mNO D T o VR e O B i e - %N
EEROR A LA L RS AR KA (Y TS TR RO R R S X SO S TR T A ROV €1 545 TR0 S QPRI RS 305 A A




- wheels and the processing characteristics of the starting material, forged preform and final wheel.
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relative to the Russian aluminum alloy AVT, the American alloys 7475 (coarse grain), 7475 (fine
grain) and the 6061 alloy previously used in roll forming studies.

3) Evaluate/demonstrate truck wheel manufacturing (work performed by RENC-VNIITF). Work -

on previous tasks has focused on automotive wheels. Work on this task involved using the
superplastic roll forming technology to manufacture a truck wheel of Russian design. The 6061
alloy was used. The work established the feasibly of forming larger sized components,
specifically truck wheels, for which there is a large market. Three truck wheels and two preforms
were received from RFNC-VNIITF that were manufactured using the superplastic roll forming
procesé. A report was also prepared describing the processing procedures used to manufacture
these wheels. . o '

4) Conceptual design of a wheel production line (work performed by RENC-VNIITF). In this
task, the equipment and procedures that would be used for high volume, commercial production of
car wheels was studied. The results of this study were documented in a report. This work will
help establish the material and processing costs for making wheels using the superplastic roll
forming technology. With this information the economic feasibility and appropriate market
segments for technology can be established. The report could also form part of a business plan
that would be used to establish a Russian-based industry for manufacturing wheels using the
superplastic roll forming process. The objective of this production line is to produce automobile
wheels at the highest production rate possibli-. The production line should be capable of high
volume production - producing over 1 millioz» wheels year. ‘In this conceptual study consideration
was given to thermo-mechanical processir.g of the as-received material, preform manufacturing,
preform heating and movement before isothermal roll forming, isothermal roll forming, part
removal and final machining and finishing operations required to manufacture a finished wheel.

The study specified in detail the equipment used and the specific operations performed in each step

in the process.

D. Partner Contribution

Rockwell’s contribution to this project was to evaluate the Russian processing technology,
materials and formed pafts. This work was based on previous projects that Rockwell had
completed with IMSP and RENC/VNITF. This work was documented in internal Rockwell '

IEports.

Lawrence Livermore National Laboratory also evaluated the mechanical properties of the as-formed

The results were documented in reference (a) below.
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