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1. Background

TOYOTA BOSHOKU

« Current aircraft seat dynamic qualification tests use the Head Injury
Criteria (HIC) to evaluate head protection. Difficult to understand which
characteristics contribute the HIC value.

« Seat supplier must satisfy HIC with overall seat system, but the parts
other than those of the seat supplier may be incorporated to the seat.

« Development verified by detailed seat model as conventional manner is
costly and it takes time to complete the analysis.

Ou'g et

Clarifying the correlation of each characteristics of component items by using

Model Based Development, then define target characteristics for product design.
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1. Background TOYOTA BOSHOKU

Application of Model Based Before test Head impact during test
Development to row to row HIC test

* Row to row HIC test (Zone C)
To confirm whether the occupant’s head injury, femur load
and post-test seat deformation condition within the limit or
not, in case the inertia load of emergency landing occurred
with multiple row layout.

HIC = 1000

Femur compression Load = 2250 Ibf
Deformation: within the limit,

no harmful edge or injurious protrusion

Sample of Head resultant acceleration graph

HIC is calculated by following formula with Head Acceleration 160

G
HIC ={|——=- | a(t)dt| (t, —t;y) g
(t; —t1) J; o

1 max S 80

Extracted from AC 25.562-1B *%'
Where a(t) is the resultant acceleration of the CG position of %
anthropomorphic test device head in g’s, and t, and t, are é

times in the response that maximize the function. £ o :

0 01 U ty 0.2
Time (sec)
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1. Background
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 What's Model Based Development?

To develop a product from functional perspective In prior to structural verification phase.
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1. Background
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« What's 1D CAE?

Representing the entire target product on function basis without omission and evaluating them.

It is possible to design overall appropriately at the upstream stage of product development.

Physical Model (1D CAE model) Product (3D CAE model)

Setback Backrest Display Test Dummy

H

Bracket

Backrest

Bracket

Display
Functional target
Chest (Characteristics)

MWW Translational rigidity <@ Rotational rigidity = -

Represent physical phenomenon as simple
model (can be replaced by mathematical
formula), then verify the functional target

Design the shape of structure that
satisfies the functional target
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1. Background
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* Procedure of model based development

1. Consider the ideal performance of seat

(Value design/conceptual design/statement)

Determine what kind of seat to design and where to put the
value into.

2. Generate function tree and clarify the interaction among
each characteristics.

Breaking down overall target into types of functions. Make
what the target consists of visible.

3. Generate function model

Make simple function model and understand the behavior.
Generate function model at necessary fineness level, then
confirm the sensitivity.

4. Allocate functional target
Set target value of component part and predict performance

Development

Assembly  Overall Target € EiiEiEs Assessment

O

Component Target / Assessment

g
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1. Background
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* From partial optimization to overall optimization

Optimization of overall seat function

« Seat function have many categories such as “Safety

ﬁ T A\
Re“ab.my TS component characteristics are closely related to their

Clarify the performance target.
relatlonshlp and
allocate

“Reliability”, “Comfortability” etc. And various

B functional target < « To achieve goals with overall seat in a well-balanced
manner, it is necessary to clarify the relationships
between each function and characteristics, then
optimize and allocate the functional target.

Characteristics have relationship beyond the type of function
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1. Background TOYOTA BOSHOKU

« Advantage of 1D CAE

1. Frontloading of development

Required characteristics can be drafted when shape is not determined yet, and the discussion can be

conducted dynamically about the allocation of functional target.
Achievement scenario may be found by creating model based on physical principle.

2. Optimization of multiple functions

Overall non-defective condition can be found by confirming the interaction between multiple functions.
Easy to conduct verification with varied characteristics, and it may arrive to the new achievement scenario.

3. Shorten development duration

Compared with 3D CAE, calculation duration is short, so many variations of characteristic can be verified in
a short period. In addition to this, the completed model can be utilized continuously by improving and

updating.
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2. Goals
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« Goals of this report

« Construct a simple model that can confirm the behavior of each
characteristic value with respect to HIC in row to row HIC test.

* Find the better function allocation (amount of influence and sensitivity)
among them by using created 1D CAE model.
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3. Setting target of seat function FOYOTA BOSHOKU

Setting target Value of HIC

Which conditions are better?
Ideal - No Head impact to front seat — Increase seat pitch upto enough space (Unrealistic in economy class)

Target - Reduce head injury probability level — Make “critical” probability to 0% in Head injury risk curve

.. . Extracted from “Expanded Prasad-Mertz Curves . . . ..
Head injury risk Curve  and reionship between he Hic score of head ~ Rating of Automotive frontal impact about Head injury

impact and the probability of an injury”.

100% : . i . .
. ’ // a 3 Frontal Impact against ODB* with 40% Overlap at 64km/h
- ) ) = * Moderate |
5 son[ [ ; - - Citcal Hic,™ | <s60 <700  <sswo [NNSISAONN
= v / — Fatal Extracted from “/IHS rating”
T 40% / 3 7 / §
8 ! "y - *ODB: Offset-Deformable Barrier
o 20%( 1, 4// ~ **HIC5: HIC calculation result value which time duration (t, — t;) is limited
. 7/ 1 i
09 _ i to a maximum value of 15 msec.
0 500 1000 1500 2000 2500 3000 | . : :
HIC Score § HIC score 500 is a target comparable to automotive rating.

HIC 500 is estimated to represent a 0% risk of critical injury.

From the above, the target value of HIC is set at 500 or less.
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3. Setting target of seat function
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Relationship between HIC value and Head acceleration

Condition: If pulse shape of head acceleration of 15t
.. . . IRY If A> B,and Aty = Aty
collision is comparatively large, HIC value may be Iy
. ot . . 5 15 I HIC value will reduce
determined by 15t collision pulse magnitude only. 3 AL, 3 | \‘
[} [}
In such case, HIC value may be reduced by 2 B8 Area’s” WY Aol req"B"
changing pulse shape of head acceleration as below. ~ < w
th 0 Time \ t1 t2  Time
Expanding the HIC calculation formula for clarify, we get
1 t 25 I\\ If A=C,and Aty < At
HIC = (t = [j a(t)dt] _% I\ HIC value will also reduce
2~ t) t max 3 I
i . . . i § JAtc W\  Areac”
HIC value will be decreased if At (t, — t;) increased or integral of acceleration !
(i.e. area) is decreased. :
t t; Time
Our approach: Verify the response against each characteristics by using 1D
CAE, because At is variable which is determined from the pulse shape of
acceleration.
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3. Setting target of seat function
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Relationship between HIC value and Head acceleration

Condition: There are cases when At will become

HIC max calculation includes
2nd collision if interval is short

Delay 2" collision timing
enough not to include

HIC max calculation

long and include the acceleration of 2"d collisionto s & | 5 )
HIC value calculation, because At (t, — t;) is 5 5
. . . [} [}
determined so as to maximize the HIC value. e e
In such case, HIC value may be reduced if the time
interval of collisions can be increased.
ty t2 Time ) Time
Our approach: It is also verified by using 1D CAE Image of HIC including 2" collision and not including 2" collision
how the response against each characteristics 160
indicate. c
o
@
%80 R
Q znd || 1
< 1st collision compen
0 T
0.1 Time 02
Head acceleration pulse shape with 2" collision
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4. Creation of simple model TOVOTA BOSHOKU

Confirmation of Head Acceleration occurrence mechanism

By observing the behavior during the test, the collision phenomena 1 to 4 can be confirmed,

160 123 4 and extract the items that are thought to affect the head acceleration in each state.
1. Head collide with display and head acceleration have highly raised.
d 2. Display support bracket have buckled and bottomed out, then head acceleration

have raised again.
3. Backrest have leaned forward and head left backrest.
4. Backrest have leaned rearward and head collide with backrest again.

Acceleration

From the above, at least the head, display and backrest must be represented as mass

points, and the collision rigidity between head and display, the rigidity of bracket that
0 support display, and rotational rigidity of backrest are necessary.

— Conceivable Influence period

4.
Display
Support Bracket
Backrest
= : , : -
Head collide Bracket buckled and Head bottomed out Head left Head collided again
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4. Creation of simple model
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Summary of simple 1D model

Create simple model with Backrest, Display and Head as mass

3D model 1D model )
points.
| Display Head Since the head trajectory is not a translational motion but a
Backrest Display rotational motion, the chest mass point have been also
9 incorporated. The each rigidity values between each mass points
o have been also incorporated.
Bracket .. .- . . L.
Bracket Contact Neck Each characteristic value and position are acquired from existing
racke

seat parts and test dummy in order to increase reproducibility.

Input parameter:

J 'H Restraint H— ] i X ] X
D Backrest X X X Rotate
Bracket - - - Translation
Display X X X
Use “Simulation X", a physical modeling software developed by ESI ITI, Contact - - - Translation
for creating and analyze 1D CAE model. Head X X X
Neck - - - Rotate
Chest X X X
Restraint - - X Translation & Rotate X
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4. Creation of simple model
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Validation of Display linear rigidity Validation of Display support bracket linear rigidity

Obtaln Force Stroke graph with component configuration

Stroke &0

Validation of Backrest rotational rigidity
Obtam Torque- Angle graph with component configuration

1500

Actual test FEA model
: o -
FE ; =]
# e ' Identify the equivalent display =
‘rj stiffness by reproducing the
H test with FEA model
Qﬁ/ L‘TTLM#“#-Q\,VQ, 0 &
° Angle *
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4. Creation of simple model TOVOTA BOSHOKU

Confirmation of reproducibility

160 v
w 3D model
1D model S
_ 3 HIC 607.1
Display Head D gy | t,-1;:0.050 sec

. § t;: 0.119 sec

< t,: 0.169 sec
Bracket " _ 0 ‘
Contact Neck 0 01ty t; 02
‘ Time
Behavior is generally matched
160 - I
: 1D CAE model
Restraint c
2 HIC 715.9
= t,-t,: 0.069 sec
987 1,:0.117 sec
g t,: 0.186 sec
The pulse shape of head acceleration
can be reproduced by 4 mass points. 0 //T
0 01ty t, 02

Time Simulated behavior image by using software (Simulation X)

The model can be used for parameter study.
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5. Application example
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Verification of changes in characteristics values
I The higher the rigidity, the lower the HIC Value

3 Bracket Rigidity
1D model f 50% 60% 70% 80% 90% 100% 150% 200%
Display Head E 50% | 609.0 | 5127 | 5036 | 5009 | 5032 | 5031 | 5289 | 537.9
IBracket é 60% | 717.8 | 6451 | 6223 | 5985 | 5753 | 5579 | 5655 | 577.1
Contact Neck o | >

» o [S|7o%| 8092 | 7670 | 7309 | 7189 | 6961 | 6555 | 6157 | 6223
Z|80% | 8479 | 8240 | 8185 | 7762 | 7263 | 6827 | 6105 | 6326
é Peees 26 Restait g 00% | 9036 | 855.7 | 8133 | 7837 | 7296 | 7038 | 6048 | 6153
©|100%| 9291 | 8732 | 8136 | 7748 | 7315 | 7159 | 5822 | 600.1
150%| 94655 | 9429 | 8148 | 7885 | 7284 | 6543 | 607.0 | 595.0
m 8370 | 7949 | 7854 | 768.7 | 6726 | 6434

I:HIC ~500 :HIC 500~650 :HIC 650~1000 M :HIC 1000~
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5. Application example
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Verification of changes in characteristics values
‘ The lower the rigidity, the lower the HiChANETI

Contact Rigidity
1D model A 50% 60% 70% 80% 90% 100% | 150% | 200%
Display  jeag E 50% 503.1 | 712.8 911.9
Y ' é 60% 521.0 | 557.9
Contact Neck 5 >
| o | 2| 70% 5229 | 5714 | 6129 | 6555
i— =y 503.1 | 5594 | 602.9 | 657.3 | 6827
S g 90% 5182 | 5702 | 6217 | 6614 | 7038
| 100% 5156 | 558.2 | 613.8 | 6495 | 7159
150% 541.0 | 599.0 | 6309 | 654.3
200% 558.8 | 6158 | 692.0 | 768.7
:HIC ~500 :HIC 500~650 :HIC 650~1000 M :HIC 1000~
TOYOTA BOSHOKU PROPRIETARY 19 / 26



5. Application example
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Verification of changes in characteristics values

Backrest rigidity

50% < 100% ) 200%
1601 160 15‘ 2nd 3rd 4th 160 1 1st ond | grd | gth
1D model ntervay b
Display Head % % 0.039sec % * S Okzsed
w &
) 2 2 2
Bracket E/ < < \'\/ < H
Contact Neck J /{
rest "0 o1 012" 0176 02 o 01 01213 01590180 55 g 01 0118 %%0150° 1% o2
Backrest . . . .- . .. .. . . ..
Wsﬁamt Backrest rigidity affects the first collision timing and time interval of collisions.
This is because the natural frequency was changed as a result of rigidity change.
. . . 1 k
A natural frequency is obtained by a calculation formula f = Pl

This behavior matches the theoretical formula, and it can be seen that it is able to be
changed by rigidity and mass.
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5. Application example
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Verification of changes in characteristics values

Contact rigidity

50% < 100% L Up 2 200%
240 240 240 228G ‘
1D mOdeI st ond 3rd 4th qst ond 3rd | 4th | 5th
| 5 5 5
Display Head = = 140G T i
’ k) k) o
[] [] (O]
/ 8 84G 8 9
Brac Ct act Neck < < <
ontac ec
J J LJ J)
rest 0 0 0

: : —0.119 0.157 184
0 0.1 0.119 0.161 0.2 0 01 0122134 (159 0180 02 0 0.1 0133 )

L/

£8 Restraint  Contact rigidity strongly affects the peak of collision acceleration.

I According to equation of motion ma + kx = 0, the peak of acceleration was changed as
rigidity change.

The time interval between collisions is linked to the natural frequency, just like Backrest
case.

Backrest

TOYOTA BOSHOKU PROPRIETARY
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5. Application example TOYOTA BOSHOKL

Verification of changes in characteristics values

Characteristics
X XX X

X XX

Summary of the confirmation results

1D model

Time interval between collisions

Head acceleration peak value —

— X —

Affect items

1st collision timing

Legend - XX: Strong correlation, X: Correlation, —: No correlation

HIC value can be reduced mainly by the rigidity of Backrest and Contact.

Backrest rigidity contributes the time interval between collisions.
Contact rigidity contributes the peak value of Head acceleration.
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5. Application example
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Verification result

Bracket Rigidity

50% 60% 70% 80% 90%

100%

150%

200%

Backrest Rigidity

557.9

655.5

682.7

703.8

Backrest Rigidity

715.9

654.3

768.7

50% | 609.0 512.7 503.6 500.9 503.2 503.1 528.9 537.9
60% | 717.8 645.1 622.3 598.5 575.3 557.9 565.5 577.1
70% | 809.2 767.0 730.9 718.9 696.1 655.5 615.7 622.3
80% | 847.9 824.0 818.5 776.2 726.3 682.7 610.5 632.6
90% | 903.6 855.7 813.3 783.7 729.6 703.8 604.8 615.3
100%| 929.1 873.2 813.6 774.8 731.5 715.9 582.2 600.1
150%| 946.5 942.9 814.8 788.5 728.4 654.3 607.0 595.0
@_ 837.0 794.9 785.4 768.7 672.6 643.4
Contact Rigidity
100% 150% 200%
503.1 712.8 911.9

Combination of Backrest and Bracket rigidity

No combination of parameter satisfying the target of
HIC 500 or less could be found. To satisfy HIC 500 or

less, reduction by other characteristic value is required.

Combination of Backrest and Contact rigidity

Multiple combinations satisfying HIC 500 or less were
found, but all of them require reduction of contact rigidity.

(Area surrounded by red frame)
Each parameter must be verified by the other related
functions.
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6. Conclusion
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Summarizing this activity as follows:

The simple model which can confirm the behavior of characteristics about row to row
HIC test could be generated.

The combination of characteristics which satisfy with the target HIC value could be
found by 1D CAE.

The hypothesis verification cycle by using 1D CAE is fast, so countermeasures can be
verified in a short period.

It is possible to know the amount of influence of characteristic value changes in the
absence of actual components.

1D CAE is suitable for verification of changes in physical quantities (rigidity, mass,
arrangement)

Function models (1D model) are useful for checking the behavior of characteristic
values. Also useful for understanding the interaction between component items.
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/. Future work
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Summarizing future works as follows:

Plan to create 1D CAE model about the other test items and sub-
systems for increasing functions that can be optimized.

Utilize this 1D CAE model for proposing required characteristics to the
new design seat.
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Thank you

75> TOYOTA BOSHOKU

TOYOTA BOSHOKU Seat Business Group
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