inter-noise
83

ARPPLICATION OF MECHANICAL IMPEDANCE METHODS TO SEAT TRANSMISSIBILITY

Thomas E. Fairley and Michael J. Griffin

Human Factors Research Unit, Institute of Sound and Vibration Research,
The University, Southampton, England S09 5NH.

INTRODUCTION

An understanding of the dynamics of the seat-man syltem Is required if
seats are to be designed to optimally reduce the effects of vibration
on health, performance and comfort of man. Seat-design cannot be baged
con the dynamic response of a seat loaded with a rigid mass., Inter-
national Standard 5982 Il| defines a standard whole-body driving point
mechanical impedance of the sitting human body subjected to vertical
[z=axis} vibration on & hard flat seat. The Standard suggests that
this information could be used in the design of isclation systems such
as seats but there is no knewn applicatieon of the 5Standard for this
purpese. Here, mechanical impedance methods are used to measure the
dynamics ¢f a conventional soft vehlcle seat with a man sitting en it,
and it is shown how these methods ¢an be used to predict seat trans-
missibilivy.

The Seat-Man Dynamic System Han T ay {w)
In principle, the seat and the
man caomprise a non-linear, multi-
input, multi-output dynamic

Seat-man interface

syatem. A simplified represen- Seat
tation (Flgure 1} assumes that Dynamics
the compliant part of the seat {Hassless) T agm (w)

has negligible mass ané that
there Is a single rigld inter-
face between the seat squab and

the man. Rigid Mass -

of Seat T agm{w)
Measuring the force Fiw), the
acceleration agm(w) at the basa Flw) 1
of the seat and the accelera- Fig.l. Representation of seat-man
tion ap(w) at the seat-man system,
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interface gives the apparent mass of the cushion-man system,

.. _ | _Flw} _ |mass of rigid
Asmlo) = [asm(mJ] [part of seat]

and the seat transmissibility, Ti{w) = aplw)
agm (w}

For this representation,
Asm (w)

T (w) 3

the apparent mass of the man is, Ap () =

and the impedance of the seat is, Zglw) = 2%—§§%%E% (4)

A knowledge of both Ap{w) and Zg{uw) is required in order to optimise
vehicle ride by making changes to the components of the seat.

Predicting the Seat Transmissibility

If the seat transmissibility T{w) is measured, then the impedance of
_Tlw) (5

1 - Tiw)

where Ap(w} is the known apparent mass of the body on the seat.

the seat is given by, Zg{w) = Jw Ayplw)

Knowing the impedance of the saat, 25(w), the seat transmissibility
can be predicted for a man with apparent mass Ag {w) ,

Zc bw)

[E—- L1 S
Tlw) Jw Ap{w) + Zglw)

(6}

METHOD

Test results are reperted for a seat with the backrest remcoved. A
wire and spring suspension on a tubular steel frame supported a foam
block over which the cover of the seat was tightly fitted. The seat
was mounted on a force platferm consisting of a plate supported on
four forcg transducers. Gaussian random vertical vibration (0.25-20
Hz, 1 m/s° rms) provided by the Human Factors Research Unit's l-metre
stroke hydraulic vibrator was used. Vibration at the seat-man inter-
face was measured with a thin 200mm diameter disc placed directly
underneath the subject's ischial tuberosities. The subject's faet
rested flat on the vibrator table. Measurements were also made:

T (L) without the feet supported;

{41) with the subject sltting directly on top of the force platform
{a hard flat seat surface};

{111) with a 36 kg mass resting directly on the seat cushion.




IMPEDANCE OF SEATS

Soft seat, feet

RESULTS
- not supported
Transfer functions were calculated A
using cross-spectral density methods 2 100 Hard seat, feet
with a resolution of ©.125 Hz. The w suppor ted
apparent mass of the subject on the .3 Soft seat, feet
soft seat 1% campared with that on 3 supported
the hard flat seat in Figure 2. 2
When the subject's feet are not
supported the apparent mass is 0
increased belew about 5 Hz. o 1o 20
— Frequency (Hz)
The massless impedance of the soft o v
seat is shown in Figure 3. The o ° Y
commonly assumed parallel spring and ¥
and viscous damper model has been o
fitted to the data. Whilst such a o
component medel is crude, it may E -0
give a useful prediction of the sear £ Hard seat, feet
transmissibility (Figure 4) using supperted
equation {6} and the apparent mass of Fig.2. Apparent mass of subject
the subject on a hard flat seat. for three conditions.
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The seat transmissibility measured with a mass on the seat

cushion (Figure 5) has a larger peak transmissibility than that with

a man. Using equation (6) it gives the impedance of the seat (Figure
6). The seat appears to have less stiffness and damping than with the
subject.

CONCLUSIONS

A method to measure the mechanical impedance of a seat has been illu-
strated, assuming that the dynamiecs of the seat are massless and that
there is a single rigid seat-man interface. The apparent mass of the
man on the soft seat was similar to that on a hard flat seat surface,

The transmissibility of a seat depends upon the dynamics of the body
on the seat as well as the dynamics of the seat. Hence, seat trans-
missibility measures applicable to man cannot be obtained directly
with a pure mass on the seat. Furthermore, the impedance of a seat
loaded with a mass has been shown to be different from the lmpedance
of a seat loaded with a man.
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