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ABSTRACT

In the present automotive industry, all suppliers and OEMs are focusing on designing, developing and
manufacturing products and automobiles with higher quality, lower cost and faster delivery to the customers. The
automobile industry has placed a significant amount of efforts including time and funding into devel oping products
that can meet these challenges.

Thisis probably one reason that in recent years Finite Element Analysis (FEA) has been widely used and become a
mainstream design and devel oping process in automotive industry. Thisis especialy true in the Noise, Vibration,
Harshness (NVH) and safety fields.

This paper presents a project of Fisher Dynamicsin the system level Quasi-static FEA using LS-DY NA effectively
directed the design of an automotive seat latch to meet the stringent high load requirements. The analysis
successfully predicted the results of physical testsincluding the ultimate load. Hence the company was able to
deliver adesign in conformance with the specifications of the customer on time.
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INTRODUCTION

Fisher Dynamics designs, devel ops and manufactures Seat Recliners including Power, Manual, Linear and
Pawl/Sector, also Armrests, Latches, including Seat Back and Floor Latches, Headrests, and other safety related
products. A large number of these designs are included in seat integrated systems of high strength with annual
production of millions of units. Production of such avariety and such an enormous number means that any small
improvement in the Research and Devel opment phase can result in large degree of savings for the company in terms
of both time and money. Performing FEA in the design and develop process has become a routine practice in Fisher
Dynamics.

The design of a structural latch for an automotive seat system has become more and more complicated and
challenging. A latch today not only needs to offer more functions but also has to meet stringent load specifications
with strict packaging constraints.

A latch generally consists of an upper arm, alocking plate (Claw), arelease cam and two supporting package plates.
Inan FMV SS 207/210 test which is the Federal Motor Vehicle Safety Standard, there are three areas that yield.
They are the upper arm, claw and cam. In this paper, the key load-carrying components are the Claw, the Cam and
the Plates. The load can be ssimplified as a straight pull downward force. Figure lisasecond row seat with ahigh
latch.

By performing FEA analysis the load carrying-ability of the design can be assessed before releasing the design for
prototype. If adesign can not meet the specification, the FEA model combined with engineering cal culations can
provide insight into where additional design changes are required.

APPROACH

Material Properties

The materials used for the key partsin this program were all high strength steels. Some of them were heat-treated
carbon steels. The property data of these steels were taken from Society of Automotive Engineers (SAE) J1397 and
Fisher Dynamics own Material Standard.

Material Model

At the ultimate load plastic yielding was desired, Piecewise Linear Plasticity Material Model was used for al the
key components. This material is an elastic-plastic material with an arbitrary stress versus strain curve and arbitrary
strain rate dependency can be defined. Also, yielding based on a plastic strain or a minimum time step size can be
defined. This material model isidentified as Type 24 in the LS-DY NA code, and is available for beam, shell and
solid elements.

Element Type Selection
Fully integrated 8-node S/R solid element type was selected for al key components as shown in Figure 2.

Load

Since concentrated node force load applied to a deformable material causes stress concentration. To simulate the
reality more accurately, concentrated pressure loading was chosen. This was accomplished by applying the |oads
that represent pressures to the solid elements’ faces that are supposed to contact the Load Bar.

Constraints
The nodes at the periphery of the two mounting holes were placed constraints, i.e., all six degrees of freedom of
these nodes were fixed, just likein an FMV SS 207/210 test set up.

Contact Set Up
The interaction between digoint parts was defined as Contact Automatic Single Surface. This was true except for
the interaction between a pivot and its hole was defined using Contact Entity.
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Running Time
After several runs with kinetic, internal and total energies of the assembly being examined, it was decided to attain

the ultimate load in 12 milliseconds.

Figure 1. A 2™ Row Seat With High Latch

Figure 2. The FEA Model
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DISCUSSION OF RESULTS

The First Design

FD-14299RP-(MPA) 1.1854E403

STEP 47 TIME = 1.1039896E-02

1.0869E+03

1.1576E+03

MAX VONMISES
948 326294

629.765522

711.244751

592.703979

474163177

355622375

237.061569

ONMISES: 183 479172 delta: -974.121887 118.540794.

0.000000

Figure 3. The FEA of the First Design

Figure 3 shows that the Claw would yield at 91.7% of the 35KN ultimate load applied, or 32.1KN, along section
AA. It alsoindicates that the section BB had the second highest stress.

The physical test on the First Design found that the Claw yielded at the position the FEA had predicted and at 32.03
KN as shown in Figure 4 and Figure 5.

Figure 4. The Post - Test of the First Design

9-34



7" International L S-DYNA Users Conference

Simulation Technology (2)

Load (kN)

L5 30

r3

o

Position (mm)

[

0

Peak Load
Peak Position;

Test Results

32.0300 kN
7.4167 mm

Figure 5. The Load Teat Data of the First Design

The First Design and FEA were a success, but a second design was needed to meet the increased load specification.

The Second Design

The FEA on the first design showed that the section modulus of section AA and BB of the Claw need to be
increased to meet higher load specification. This means that either the thickness or the length of the sections needs
to beincreased. Since there was no room to increase the thickness and increasing length was more efficient. It was
decided to increase the length of section AA to 8.26mm, BB to 28.64mm based on the following calculations.

I=h

Thisisthe formula of the moment of inertia of ab x (H-h) square about an

axiswhich is h away from the square.

M-Y
c=——

FL htn

M - Moment

Y - Distance of the Point from the Axis, hereY = H

o - Tensile Stress
F - Load Applied

Figure 6 and 7 drawn in MathCad show the Factor of Safety (FOS) vs. section length. To reach 1.0 FOS, the lengths
for section AA and BB are 8.26mm and 28.64mm.
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15 FOS vs. Section Length (mm) - AA Section
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Figure 6. FOSvs. Section Length for Section AA

15 FOS V'S Section Length (mm) - BB Section
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Figure 7. FOSvs. Section Length for Section BB
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The FEA on the second design shown on figure 8 indicated that the assembly would still yield at
the Claw. However, the location has moved from section AA to section BB and the ultimate load
would be 42 KN.

FD-15460 40KN, (MPA) 997.999939

STEP 42 TIME = 9.8399166E-03 898.199951

1.1525€+03

MAX YONMISES
798.399963

698.599976

598 790988

499.000000

399.200012

299.400024

199.600006

fasos
ONMISES:  148.446442 defta: -1004.042114 99.800003

0.000000

Figure 8. The FEA of the Second Design

The physical test conducted on the Second Design observed the same area yielding and ultimate load of 42.16 KN
was the same as the FEA had determined it would be. (See Figure 9 and 10).

Figure 9. The Post - Test of the Second Design
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_ 50 Test Results
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Figure 10. The Load Test Data of the Second Design

Figure 11. The Test Apparatus

SUMMARY

An efficient Quasi-static FEA model was developed by Fisher Dynamics for use in predicting the ultimate load of an
automotive seat latch. The FEA data was also used to direct the design layout. By means of engineering calculations
and math application tools the intended design details could be chosen straightforwardly and graphically. Overall,
the FEA model correlated well with the physical tests in terms of system yield location and peak load when LS-

DY NA Quasi-static approach was used.
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