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o We invite all R&D centers, universities, industries and innovation hubs for
1 L?\égg;fln to cooperation in design and manufacturing of tuned mass damper for reducing vibration
resonances & enhancing NVH project.
2 (l}:gunred FESPONSE | Within two weeks after RFP release.
Methods BY Post Automotive Industries Research and Innovation Center of SAIPA (AIRIC)
of y Km 15, Karaj Makhsoos Road, Tehran, IRAN, ZIP Code: 1386133311, PO Box: 13445/965
3 response | ByE-Mail | alizadeh.a@airic-ir.com (Mr. Alizadeh, commercial manager)
* ByFax | 021-44198073
Information requests | FOr further technical information please contact the following person:
4 (Including contact Mr. Khalaj — CAE manager
points) Email: khalaj.a@airic-ir.com
Background
(Including AIRIC’S :
5 mission, capability, See appendix.
experience, ...)
The aim of this project is to deliver a comprehensive technical report on the scope of
work involving the use of metamaterials as locally resonant vibro-acoustic solutions
. for reducing low-frequency vibrations and booming noise. Additionally, the project
6 Scope of project .
explores the application of elastomer/polymer tuned mass dampers for the same
purpose. The report will compare these two methods from various perspectives,
including vibration reduction effectiveness, mass, cost, and other relevant factors.




Scope of work /
deliverables outline

1- BENCHMARKING (TASK1):

1-1- LITERATURE REVIEW:

In order to identifies existing knowledge, trends and development of innovative
solution, the contractor must provide comprehensive literature review regarding
project topic. It should be covered at least theoretical framework, historical
development, mechanism and properties, design, challenges, limitations and
application of tuned mass dampers and locally vibro-acoustic resonant metamaterials.

1-2- CONCEPT DESIGN BENCHMARK:

Firstly, the contractor should define the objective, such as improving noise and
vibration reduction efficiency and/or optimizing material usage. Then, key
performance indicator including configuration, frequency range of stop bands,
material properties, manufacturing costs, and application effectiveness must be
identified. subsequently, the strategy of improvement must be clarified; in this step
some area like material selection (including polymers like Polyamide, PET Fiber,
EVA, Acrylic, Silicone Rubber, as well as metals like Stainless steel 316, Maraging
steel 300, Ti-6Al-4V, AlSi1l0Mg, Inconel 718, Inconel 625, CoCrMo, etc.), design
optimization, and manufacturing processes (including molding injection, additive
manufacturing, selective laser sintering, laser cutting, punching, thermoforming, etc.)
must take into consideration. At the end, the best top five concepts should be
suggested by contractor.
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2- MATERIAL CHARACTERIZATION (TASK2):

Apart from geometrical configuration of metamaterials, from mechanical properties
point of view, the suggested product concepts, in this case tuned mass damper and
locally vibro-acoustic resonant metamaterial depend on material as well as
manufacturing process. So below instruction considers combination of both factors to
achieve project objective.

2-1- MICROSTRUCTURAL-BASED TESTS:

Firstly, through the Optical Emission Spectroscopy (OES) for metals and through
Inductively coupled plasma mass spectrometry (ICP) for the rest, elemental
composition of suggested part should be determined. Secondly, phase identification
and analysis (quantify the phases, measure grain size, and identify inclusions and
defect) using optical microscope (metallography) in order to recognize the grade of
material and microstructural explanation of macro phenomenon. Finally, using
scanning electron microscope (SEM), image of phases, grains, second phase particles,
dislocation tangles, and impurities should be taken and analyzed. Also, fractography
of fracture surface in case of tension or fatigue should be take into consideration. In
regard to this matter, microvoids, microcracks and porosities should be detected as
well as mode of fracture. Moreover as an optional task, in case of metal, through
Transmission Electron Microscopy (TEM), dislocation lines, pile-ups, tangles, walls
and cells should be observed to explain macro behavior of material using dislocation
theory.
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2-2- Static and Dynamic Mechanical-based tests:

Conduct quasi-static uniaxial tension test using Digital Image Correlation (DIC)
to measure the displacement during the test. From output of the tests, Young’s
modulus, yield strength, tensile strength, uniform and total elongation, n-value
and r-value should be calculated. Also, carry out the dynamic tensile test using
Tensile Split Hopkinson Bar at high strain rate of 0.001 to 1000 per second. Use
Elastic Wave Propagation Theory to convert output waves type to stress, strain
and strain rate. m-value also should be calculated in this stage. As an optional
task, hardness of material and fracture toughness should be determined.

2-3- Calibrate strain rate-dependent ductile fracture model:

To pass the safety standard in crash simulation modeling of rapture during the
incident is of the importance. So, calibrate (determined the constant of the model)
proper rate-dependent model using the experimental data and optimization
algorithm is mandatory. Some well-studied model like Johnson-Cook or new
fracture model like Hosford-Coulomb (Based on stress triaxiality, lode angle
parameter and fracture strain) are suggested. To validate the calibration some
other complicated and multiaxial stress state should be examined and compared
with the simulation results.

2-4- Fatigue life:

Essence of motion is automotive mechanism is in close relation with periodic
loading and fatigue fracture as a result. So, estimation of fatigue in this regard
plays important role. In this stage, fatigue behavior of material, especially in the
case of metamaterial, should be precisely predict. This include low, medium and
high cycle fatigue. Accordingly, some experimental test should be designed and
conducted. Also, constant of both low and high cycle fatigue should be calculated.
At the end, as a verification and validation, the simulation should be validated
with the holed tensile specimen tensile test. In this task, effect of residual stress,
cyclic softening/hardening, ratcheting, etc. on fatigue behavior should be studied.
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3- Resonance Identification (Task3):

It is crucial to identify the key resonant frequencies that contribute to the interior
noise and vibration in the passengers’ cabin. Since LRMs are used to dampen
these vibrations, the first step is to recognize the resonant frequencies that play
the most significant role in interior noise and vibration.

3-1- Vehicle level resonance detection

In this step, results of the interior noise and vibration tests which are previously
carried out in AIRIC on Shahin Sedan product will be given to the contractor. The
contractor should analyze the raw test data (including accelerations on the
steering wheel and seat frame and sound pressure level at driver’s ear) based on
digital signal processing techniques and find the resonant frequencies in the rpm
sweep test. Finally, a list of the most important resonant frequencies and their
corresponding amplitudes should be reported.

Inputs: 1- The raw data of acceleration on the steering wheel 2- The raw data of
acceleration on the seat rail 3- The raw data of sound pressure level driver’s ear
Outputs: 1- The method for resonance identification- 2- MATLAB m code for
resonance identification and sorting- 3- Table of resonant frequencies and their
corresponding amplitudes

3-2- Body in White (BIW)-level resonance detection

In this step, locations of the detected resonances in section 3-1, should be
identified in the BIW. In other words, if the natural mode leading to the desired
resonance corresponds to a similar mode shape in the BIW, this mode shape and
its natural frequency should be detected. For this purpose, we propose two
methods. The final decision to choose the best method should be announced in the
proposal by the contractor:

1- Using finite element simulation: In this method, the finite element models
of BIW and full vehicle will be given to the contractor, and the decision
should be made based on comparing the mode shapes of BIW and the full
vehicle.

2- Using experimental modal analysis: In this method, the experimental
modal analysis results of BIW and full vehicle will be given to the
contractor, and the decision should be made based on comparing the mode
shapes of BIW and the full vehicle.

Inputs: 1- Finite element model of BIW and full vehicle 2- Experimental modal
analysis results (FRFs) of BIW and full vehicle

Outputs: The natural mode shapes and frequencies of the BIW that correspond to
each resonant frequency fgynd in section 3-1.

3-3- Experimental Validation

To ensure that the results found in section 3-2 are valid, an experimental test
should be defined and carried out based on the skills and experiences of the
contractor. This test procedure should be given in the proposal.




4-1- Concept design

In this project, at least 5 different geometric concepts should be considered for
optimization. These concepts should be selected by benchmarking and based on
manufacturing considerations. In this step, an automated process using a link
between MATLAB and CATIA is required. It is desired that the geometry of
LRM could be created automatically by running an m-file in MATLAB which is
linked to a CATIA-macro. Each concept model should be defined based on its
characteristic geometric parameters. We should be able to set the parameters and
select the concept number in MATLAB and get the generated geometry of the
LRM based on the mentioned input parameters.

Inputs: -

Outputs: A MATLAB m-file which generates the CAT-part geometry of the
LRM after setting geometric parameters and pattern number by the user.

4-2- Automatic FEM model generation

The finite element NASTRAN (.bdf) model should be generated automatically
based on the selected geometric concept, geometric parameters and constituent
materials of the LRM.

Inputs: -

Outputs: A MATLAB m-file which is linked to output of section 4-1 and gets the
material name and properties, then automatically generates the NASTRAN (.bdf)
file which is meshed automatically and the boundary conditions, materials and
modal analysis setting are setup automatically on this model.

4-3- Optimization in component level

The optimization process should also be developed to be performed automatically
same as concept design and FEM model generation. The objective of optimization
is to set the first natural frequency of LRM to be as closed as possible to the
frequency of the resonance of interest.

The optimization should be carried out based on two different setting: 1- The
geometric concept number of LRM is a design variable in the optimization
process 2- The geometric concept number of LRM is not a design variable in the
optimization process.

Inputs: -

Outputs: A MATLAB m-file which gets the geometric concept number,
frequency of resonance and total mass as inputs. The optimization method is
genetic algorithm. The desired outputs of optimization are: 1- A list of optimum
LRMs 2- The geometry of the optimal LRMs. 3- The CAT part of the optimum
LRMs 3- The finite element model (.bdf) of the optimum LRMs. 4- The (.op2)
file of the optimum LRMs.
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4-4-Graphical User Interface (GUI)

A MATLAB GUI (using MATLAB app designer) should be prepared which
includes the complete process of LRM design and optimization. The GUI should
include the following tabs:

Tab 1- Concept selection

Tab 2- Automatic geometry generator

Tab 3- Automatic FEM model generator

Tab 4- Optimization

Tab 5- Results

4-5- Manufacturing Process

In this step, A prototype of the optimum design of each geometric concept should
be manufactured. Feasibility of manufacturing should be considered through
undertaking combination of below tasks:

1- According to previous steps, required material should be selected; Ensure
selected materials meet specified mechanical and acoustic properties for
optimal performance. Some of probable material including polymers like
Polyamide, PET Fiber, EVA, Acrylic, Silicone Rubber, as well as metals
like Stainless steel 316, Maraging steel 300, Ti-6Al-4V, AISil0Mg,
Inconel 718, Inconel 625, CoCrMo are suggested.

2- Select proper production process to create prototypes; take optimal
geometry and selected material production method should be selected.
Some of probable manufacturing process including molding injection,
additive manufacturing, selective laser sintering, laser cutting, punching,
thermoforming are suggested.

3- Assembly of LRM: Attachment feasibility of LRM to the host structure
should be evaluated.

4- Quality control: Conduct acoustic and vibration testing as well as
mechanical testing to ensure the LRM meets the required performance
standards.

5-Final production: In this task final product should be manufactured.
4-6- Experimental Verification
The FE-model and optimization results should be verified using experimental
modal analysis. For this purpose, the following tasks should be carried out:
1- Experimental modal analysis must be carried out on each sample

The finite element modal results should be compared to the experimental results
using MAC matrix and at least 90% accuracy in MAC is expected
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5- Optimal configuration of LRMs in BIW and Vehicle level (Task5):

5-1- Optimization in BIW level

The contractor is authorized to select one of the optimal designs found in section
4 to implement in BIW and vehicle level tests. In this step, the optimal
configuration of the selected LRM should be found and mounted on the resonance
generation area of the BIW. The process of finding the optimal configuration
should described in the proposal.

Inputs: Physical Body in White (BIW) of Shahin

Outputs: The optimally configured LRM equipped BIW of Shahin

5-2- Validation in BIW level

To ensure from accuracy of the process of LRM configuration, an experimental
test should be carried out in this step. We ask the contractor to propose the
experimental test on the BIW to evaluate the effect of LRMs. It is very important
that we achieve at-least 50% reduction in the vibration level of the target locations
on the BIW.

5-3- Validation in full vehicle level

The final validation must be carried out on the full vehicle of Shahin. In this step,
the interior noise and vibration of the areas mentioned in section 3-1 will be
measured after mounting the LRMs. The vibration and sound peaks should be
reduced by 10dB and 5dB respectively.

Inputs: Physical full vehicle of Shahin

Outputs: The optimally configured LRM equipped full vehicle of Shahin

6- Final Deliverables (Task 6):

Final deliverables should include all Excel files of experimental test results,
pictures of specimens before and after tests, all simulation files, optimization
codes, GUI code, prototypes and final products, final reports, and all project-
related outputs

Roles &

e 8 responsibilities All steps and tasks should be done by contractor.

,ﬁ - Proposal from the executor within 2 weeks.

o | 9 | Timing - Kick-off meeting and sign the contract within 1 week.
e - AIRIC considers this project will take about 3 months.
hie AIRIC

e 10 strategy/technical Assumed software:

assumptions
& requirements

- MATLAB, NASTRAN, Abaqus, CATIA, etc.
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11

Contract start
technical information

12

Proposal
format/content

+ v" Company profile, including major customer projects in the public domain.

v Statement of confidentiality and security.

v" Overview of your company quality and project management systems.

v Detailed plans, reports and relevant documentation (in ......................... ).

v List of assumptions used in your proposal.

v Your requirements for startup of the contract (technical & commercial).

v" Your planned headcount, resource type and competence level to achieve the
deliverables within the stated contract duration (Note: provide a smile
skill/headcount macro chart)

v" Cost/budget matrix, to include:

- Fixed price for the set of stated deliverables.
- Charge rate for each resource type
- Estimated travel budget (to be invoiced at receipted cost)
- Any miscellaneous costs
¥v' Your Invoice schedule proposal.

<A 13

Contract schedule
(proposed)

w14

Commercial issues

First payment: 5% of contract price after 80% Task 1.

Second payment: 10% of contract price after 80% Task 2 and 100% Task 1.
Third payment: 15% of contract price after 80% Task 3 and 100% Task 2.
Forth payment: 20% of contract price after 80% Task 4 and 100% Task 3.
Fifth payment: 50% of contract price after 100% all Tasks (Task 1 to 6).
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Appendix

The Automotive Industries Research and Innovation Center (AIRIC) of Saipa is Iran's first
automotive design and engineering center, which was established in October 1993. It was
officially inaugurated in the second quarter of 1997 following the procurement and installation
of necessary equipment and recruitment of skilled workforce. AIRIC was designed to, among
other things, design vehicles, render services on engineering analysis and automotive tests,
and manufacture prototypes of designed vehicles for both local and international markets.

On the back of successful implementation of vehicle design and research projects, and
startup of standard experimental laboratories to test vehicles and auto parts, AIRIC made its
presence felt on the automotive stage and secured a special status among automakers, parts
manufacturers, and government organizations. AIRIC takes care of A to Z of automotive
design and design changes - market assessment and through final stages of vehicle testing.
Quality is the name of the game all the way down the line. Presence of skilled workforce, high
technical know-how, experience of the past years and Airicll-equipped laboratories have all
contributed to the high potential of AIRIC. Taken into account the heavy investment made in
the sector, and in order to make optimal use of facilities, which are on hand at these
workshops, AIRIC has embarked on rendering services to other industrial firms and
organizations in a wide array of fields such as research projects, engineering services and
laboratory tests.

AIRIC offers services to a large number of institutions, among them such automakers as Iran
Khodro, Saipa, Pars Khodro, Sapco, and non-automotive institutes and organizations such as
the Iranian Standard and Quality Inspection Company, the Fuel Optimization Organization (an
Oil Ministry affiliate), the Industrial Research and Standard Organization, Tehran Air Quality
Control Company, the Research Jihad Institute, and the Environment Protection Organization.

The Mission of AIRIC in SAIPA Automobile manufacturing group:

Implementation of studies and introduction of innovation into automotive design, production
methods, and tests, in a way that they will eventually see the manufacture of products that
meet international standards, are part of the mission at Saipa. Investment, research, industrial
and related commercial operations account for yet another part of the center's
responsibilities.For more information visit our Airicb site: www.airic-ir.com
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