
Panel 2:  Engineering Realities  
Structural Crashworthiness, 

Occupant Injury and Advanced Vehicle Design 

Honda R&D
Koichi Kamiji

Senior Chief Engineer
2011.2.25

Honda’s Thinking About Size, Weight and Safety
Fatality Rates
Weight Reduction & Downsizing
Compatibility Issues
Unnecessary Testing Increases Weight
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Occupant Fatality Rate Are Declining

(Traffic Safety Facts: DOT HS 811 368)
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Crashworthiness Improvements and Fatality Rates

Better Crashworthiness leads to lower fatality rates  

Frontal Crash of 4door Sedan
Driver Death/ Number of Fleet Vehicles in 2001 and 2008

NCAP IIHS Models
■ 3★ - 92-95 Civic

93-97 Corolla

■ 4★ A

94-97 Accord,98-02 
Accord

96-00 Civic
92-96 Camry
98-02 Corolla

■ 4★ G 97-01 Camry

■ 5★ G

03-07 Accord
01-05 Civic

02-06 Camry
03-07 Corolla

NCAP/IIHS Rating and Fatality Rate
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New safety requirements will emphasize this trend, and crash avoidance 
technologies (e.g. crash mitigation brake) are getting popular. 

Enhanced Safety Performance

UNDER
INVESTIGATION
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New NCAP

NEW Safety 
Requirements

IIHS Roof
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Honda Accord BIW Weight

Current Model

339 365

40% HSS (480) 50% HSS (590)
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Target of Weight Reduction※

in case of mid-size vehicle

present ～'15
FMC

～'25
FMC

furtherfurther
Weight downWeight down
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Mid Term
Expansion of 
light material application

Multi-function structure

Mid Term
Expansion of 
light material application

Multi-function structure

Near term
Optimize structure 
Revise joint method
HSS Use Rate

~based on current structure

Near term
Optimize structure 
Revise joint method
HSS Use Rate

~based on current structure

※Require the countermeasure for performance, cost, etc.
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HSS Expanding

HSS Expanding

Ta
rg

et
 o

f 
M

as
s 

re
du

ct
io

n 
fr

om
 S

te
el

Technology Direction of BIW

Steel Body

Aluminum Body

’00 INSIGHT

Ultimate light-weight Body

2010 2015 202X

Future Material'90 NSXNSX

200520001990

-40%

-30%

’03 
Accord

-10%

-20%

-30%

-40%

’08
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Next 
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Down Sizing can reduced fuel consumption

Customer Role:  
• Consider smaller vehicles
Regulatory Role:
• Do not discourage smaller vehicles
OEM Role:
• Make attractive small vehicles:

– Advanced Safety
– Fun-to-drive
– Functional
– More fuel efficient

Downsizing can 
reduce CO2 by ~20%
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Consumer Downsizing Examples

Downsize Example FE GHG Savings
Accord L4 32.6 273  
Civic 39.3 226  -17%
Pilot 4WD 23.6 377  
CR-V 4WD 30.5 291  -23%
Pilot 2WD 23.6 377  
Accord V6 29.4 302  -20%
CR-V 2WD 31.2 285  
Civic 39.3 226  -21%

Car to
Car
Truck to 
Truck
Truck to 
Car
Truck to 
Car

Downsizing is a major consumer response to high 
fuel prices… This also results in reduced vehicle 

mass and potential compatibility concerns
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SIDESIDE

1.0

13.0

0 50

SUV
To

CAR

CAR
to

CAR

SIDESIDE

FRONTFRONT

FRONTFRONT

Passenger car driver fatality rate

3.4 times

3.6 times

Vehicle Compatibility Challenges

Vehicle compatibility (e.g. Car to SUV) 
represents a key opportunity to reduce fatalities

* Distribution of Car Occupant Deaths 1999-2002 models during 2000-01

Vehicle to Vehicle
crashes*

42%

Single Vehicle
crashes*

58%

Mass reduction is clearly a benefit for 42% of all fatal 
crashes because absolute energy is reduced.
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Fatality Trend for Compatibility is Improving



Property of Honda R&D Co., Ltd. Feb 2011 13

1830
47495764687376828485

102113115
123131

146

2

RX
33

0
Hi

gh
la

nd
er

Sa
nt

a 
Fe

CR
-V

Ex
pl

or
er

Pa
th

fin
de

r
Gr

an
d 

Ch
er

ok
ee Vu
e

Re
nd

ez
vo

us
Xt

er
ra

Es
ca

pe
Tr

ib
ut

e
Tr

ai
lB

la
ze

r
Ex

pl
or

er
 S

po
rt 

Tr
ac

Li
be

rty
Bl

az
er

 4
dr

Ro
de

o
M

on
te

ro
Sp

or
t

［人/100万台

MV/SV/ROOverall Death Rate (IIHS 2007)

45
67 68 70 74 79 89 93100

118125
150161

191

0

50

100

150

200

250

Go
lf

IO
N

Se
nt

ra
Je

tta
Ci

vic
Co

ro
lla

S4
0

Sp
ec

tra
El

an
tra

Fo
cu

s
La

nc
er

Ca
va

lie
r

Ne
on

Sp
ec

tra
ha

tc
hb

ac
k

［人/100万台

14
3535383940

556366 737779
101

115116119
130

A4
/S

4 
Qu

at
tro

Pa
ss

at
Ac

co
rd I3
5

Av
al

on
Le

ga
cy

Ca
mr

y
LS 6

So
na

ta
Se

br
in

g
Al

tim
a

Op
tim

a
Gr

an
d 

Am
St

ra
tu

s
Al

er
o

Di
am

an
te

［人/100万台

68
82

97
119 124

169 171 179

202

Co
op

er

Ci
vic Go

lf

Ce
lic

a

Fo
cu

s

Ec
lip

se

Ca
va

lie
r

Su
nf

ire

RS
X

［人/100万台］

59 63

101 106 109

136
160

Se
br

in
g

co
nv

er
tib

le

Ac
co

rd

St
ra

tu
s

M
on

te
 C

ar
lo

Se
br

in
g

Al
er

o

Gr
an

d 
Am

［人/100万台］Small 4D Mid 4DSmall 2D Mid 2D SUVMV/SV/ROOverall Death Rate (IIHS 2007)

7 17 17
35 36

48 54 63 65 72
97

As
tro

Si
en

na
Od

ys
se

y
Se

do
na M
PV

Gr
an

d
Ca

ra
va

n
To

wn
&C

ou
nt

ry
Ve

nt
ur

e 
LW

B
Ca

ra
va

n
Ve

nt
ur

e
Si

lh
ou

et
te

［人/100万台］
Minivan

Average = 79

Fatality Rate by Segment & Model

Technologies exist to make small cars safe!Technologies exist to make small cars safe!

Fatality Rate [Persons /1mil. Vehicles]
2000-2004

103 134 71 103 53 78
Average in class
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Compatibility Discussion Overview
•• We learned compatibility issues from We learned compatibility issues from real worldreal world

accidents and crash test studiesaccidents and crash test studies

Stiffness 
Mismatch

Fork Effect

Horizontal 
Misalignment

Override / 
Underride

Issue
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Current Industry/NHTSA MOU for Compatibility
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Compatibility Discussion Overview
•• We learned compatibility issues from We learned compatibility issues from real worldreal world

accidents and crash test studiesaccidents and crash test studies

Stiffness 
Mismatch

Fork Effect

Horizontal 
Misalignment

MOUOverride / 
Underride

IndustryIssue
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Compatibility Discussion Overview
•• We learned compatibility issues from We learned compatibility issues from real worldreal world

accidents and crash test studiesaccidents and crash test studies

ACEStiffness 
Mismatch

ACEFork Effect

ACEHorizontal 
Misalignment

ACEMOUOverride / 
Underride

HondaIndustryIssue
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Former Body vs. ACEFormer Body vs. ACETMTM BodyBody

Former Body Structure

Preventing Misalignment Preventing Misalignment 
with other Vehicle Bodieswith other Vehicle Bodies

Load DispersionLoad Dispersion

Achieving Highly Efficient Achieving Highly Efficient 
Energy AbsorptionEnergy Absorption

Single load path

Multi‐load path
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ACEACETMTM ((Advanced Compatibility EngineeringAdvanced Compatibility Engineering)) Body StructureBody Structure
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1Improved structure showed more homogeneous in barrier force distImproved structure showed more homogeneous in barrier force distribution.ribution.

Peak force can be reduced to improve partner protection.Peak force can be reduced to improve partner protection.

Load Distribution of Body Structure
in Frontal Collision (FWDB test)

High High 
AggressivityAggressivity
from Frame from Frame 

Rail Rail 

Advanced Structure Advanced Structure 
(Honda(Honda’’s ACEs ACETMTM))
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April 14, 2009

Investigate quantitative evidence technically, not a hypothesis.

Car size and weight
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GMSTRUCTUR
E

8484Body injury 
liability

9293Medical 
payment

10290
Personal
injury 
protection

POST TEST
A-PILLAR

POST TEST
CABIN

AccordFit

Crash Performance & Real World Insurance Losses

Fit performed well in the real world too.

average worse than average substantially worse
than average 
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Insurance Losses Insurance Losses of Small Cars 
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Compatibility Discussion Overview
•• We learned compatibility issues from We learned compatibility issues from real worldreal world

accidents and crash test studiesaccidents and crash test studies

ACE

ACE

ACE

ACE
Honda

Need Additional Research 
& Industry MOU?

Stiffness 
Mismatch

Fork Effect

Horizontal 
Misalignment

MOUOverride / 
Underride

CommentIndustryIssue
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Does Weight reduction also reduce vehicle safety?Does Weight reduction also reduce vehicle safety?

Conceptual diagram of
collision energy absorbing

Absorbed by
Small car

Absorbed by
Large car

Small carLarge car

Energy
absorbing

Kinetic Energy 

Weight Reduction & Vehicle Safety

Better interaction and better balance of stiffnessBetter interaction and better balance of stiffness

Cabin 
Intrusion

Cabin 
Intrusion

maintain
survival space

Base line

Improved
Compatibility



Property of Honda R&D Co., Ltd. Feb 2011 25

Compatibility Test Procedure Research is NeededCompatibility Test Procedure Research is Needed
Interaction

With 
Geometry

Stiffness Matching
With Geometry Compartment 

stiffness
(Strength)Local Global

FWDB
Good Good Acceptable Poor

FWRB
Limited Limited Acceptable Poor

PDB
56-
60kmh

Poor Poor Acceptable
No bottoming

Acceptable
Severe for 

Small

ODB
56-
64kmh

Poor Poor Poor
Bottoming

Acceptable
Severe for 

Large

O
ffs

et
O

ffs
et

Honda recommends 
FWDB & PDB to develop 
compatibility standards
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Unnecessary Regulations?

• Honda’s Hypothesis:
– Seatbelt usage is growing and effective

• Seatbelt reminder is effective
• Seatbelt laws and enforcement are effective

– Unbelted Occupant testing requires additional 
vehicle length causes increase in weight

– Real crashworthiness is not changed
– Can we save +20 kg on small cars?
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Seat Belt Use

Potential to increase from 
85% to 88% through wider 
acceptance of seat belt law 
enforcement
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Conclusions:  “Belt reminders in Honda as well as Ford vehicles are increasing.
Although the increase of seatbelt use rate is moderate (5.6 percentage points), 
on a national level it could have prevented at least 736 driver deaths in 2004.”

Effectiveness of Seat Belt Reminder

IIHS, 2006, Effectiveness and Driver Acceptance of the Honda Belt Reminder System
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Fatal Accidents 100% Seat Belt Usage Est. 

18X18X
10X10X 8X8X

Unbelted Occupants Are Major Portion of Fatality Rates
15% of drivers (unbelted) make up 50% of fatalities!

2009 Traffic Safety Facts
Japan vs US Fatalities by Restraint Use
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FMVSS 208’s Unbelted Occupant 
requirement seems to be ineffective
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Japanese Model
U.S. Model
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US Fit is 88lbs heavier partially due to longer 
front overhang compared to Jpn Fit.  Safety 
performance is nearly equal.  100 mm of 
148mm increase in length is due to unbelted 
occupant test.  +20kg can be reduced.

US and Jpn Fit  Test Performance Comparison
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■■ 42% of fatalities are Single Vehicle Crashes 42% of fatalities are Single Vehicle Crashes –– these will all these will all 
benefit from light weighting due to decreased energy.benefit from light weighting due to decreased energy.

■■ The application of intelligent design can improve safety The application of intelligent design can improve safety 
even when controlling for weight and sizeeven when controlling for weight and size

■■ Improved compatibility (beyond current MOU) has the Improved compatibility (beyond current MOU) has the 
potential to further improve safety even as customers potential to further improve safety even as customers 
downsize and OEMs down weight.  (stiffness)downsize and OEMs down weight.  (stiffness)

Conclusion

■■ Unbelted occupant testing seems to be ineffective in reducing Unbelted occupant testing seems to be ineffective in reducing 
fatalities, while adding length and weight to small cars.  fatalities, while adding length and weight to small cars.  
Rethinking this issue could save +20kg for small cars.Rethinking this issue could save +20kg for small cars.
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Thank You for your attention


