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Side Impact Test

Introduction: ECE 95 (Euro Dynamic Side Impact)

The ECE directive specifies that the barrier used in this standard is to be manufactured from
aluminum honeycomb or equivalent elements. In full-scale side impact testing, a 950kg Mobile
Deformable Barrier (MDB) is used to represent the front of the oncoming vehicle in-motion. The
barrier must fulfill geometrical requirements and must conform to energy absorption limits when
activated at a velocity of 50 km/h.

This regulation applies to the lateral collision behavior of the structure of the passenger
compartment. Both M and N categories of vehicles where the R point of the lowest seat is not
more than 700mm from ground level when the unloaded mass of the vehicle increased by a mass
of 100kg (that is the mass of the side impact dummy and its instrumentation).
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Crash Tools

ECE Barrier
C.G. Location

ECE Barrier

DATABASE STATISTICS
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Procedure Flowchart

Read a FEA model I

v

Select VPG/Safety
Crashworthiness
ECE 95 Side Impact

v

Input barrier placement and velocity
information

v

Pick most outside node in Y direction for
barrier/vehicle clearance calculation

v

Rotate dummy/leg position about its Y-axis

v

Input test point/H-point for automatic dummy
positioning

v

Create single surface contact between |

vehicle parts and additional contacts if

needed.
Check barrier velocity I
Define control cards I

v

Define ASCII cards

v

Define Binary cards

v

Output analysis deck
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ECE95 Dynamic Side Impact Analysis
Step-by-Step Tutorial

Step-by-Step Procedure

1. First read in a validated car FEM model.
a. Select FILE/READ DYNA from Main Menu.

b. Select side_impac_car.dyn from the file name list and select OK.

LookF CyDocuments and Settingséetaivty Documents*PG Safetet © | L3

HH apilzr.dyn

28 boybiock m
23 oumper.oym

28 childs=at .ty
a8 Coor thn

iR ECa oy

&R tneehoister. dyn
28 lugnage cthn

28 p4_raining.dyn
8 roofcrush.dyn
== side jimpa

Flle Name: [side_impac,_car dyr Cipen
Flle Type: i T | caniel

2
-

B

EFRAIPG

c. Press F1 back to Main Menu.
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2. Import the ECE 95 Moving Deformable Barrier (MDB) and dummies.

a. Zoom in the front wheel. Select UTIL/IDENTIFY NODE, and select a node from the
lowest position to get the minimum Z-coordinate of the vehicle.

.Ilil-.'H-

ElnAain

The coordinates of the selected node displays in VPG Dialog Window,
NODE 104725 X= 2.1530 Y= 853.7250 Z= -258.7460
This gives the Z-coordinate of the vehicle ground as —258.7
b. Fit the view by selecting FILL from View Options menu. Turn off all the parts except
those belonging to the tires. Select two nodes at the center of the front and rear tires

respectively.

NODE 100839 X= 0.00 Y= -778.0000Z= 65.0000
NODE 104566 X= 2820.00 Y= -778.0000Z= 65.0000

o

Calculate the difference between the x coordinates of the two nodes to get the
vehicle wheelbase. In this case it is 2820 mm. The vehicle wheelbase center is half
of the above value (1410mm).

d. Select SAFETY\CRASHWORTHINESS\ECE95 EURO SIDE IMPACT from MAIN
MENU. VPG prompts 'ENTER ECE95 SIDE IMPACT INFORMATION" and a window
appears.
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-2 ECE SIDE IMPACT DATA

ITEMS DATA

VEHICLE/BARRIER ¥ CLEARANCE (m [2.000000E+001 |
BARRIER YELOCITY {mms) 1.388889E+004 |

¥ OF WEHICLE YWHEELBASE CENTER |1 -41000886E+ 003
Z OF YEHICLE GROUND [mm) i—26l_1

Cancel | 0K |

Enter X OF VEHICLE WHEELBASE CENTER as 1410 mm which can be obtained
from x-coordinates of the 2 nodes at the center of the front and rear tires.

We obtained the Z value of the vehicle ground as —258.7 earlier. Enter -260 mm for Z
OF VEHICLE GROUND to avoid initial contact penetration.

Use default values for the other parameters.

Select OK to proceed.

3. VPG prompts for the crash target for MDB.
>PICK A NODE TO CALCULATE BARRIER/VEHICLE CLEARANCE

You an either select a node on the car or specify a position by entering %, y- and z
coordinates for the crash target.

Set the model to rear view, and select a node from the left most position. The y
coordinate of this node acts as the contact clearance calculation base.

[ ——
T——

4, VPG prompts whether using the default Side Impact Dummy (ETA SID):
>USE DEFAULT DUMMY? (Y/N)
Select YES.

5. VPG prompts for the location of the dummy.
>PICK TEST POINT/H-POINT FOR ECE95 DUMMY

H-POINT is a reference point on the dummy for the user to locate it.
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o

&

Select KEY IN X, Y, Z from the CONTROL KEYS.

>KEY IN XYZ FOR ECE95 DUMMY TEST POINT/H-POINT
. 1408, -370, 277

A ROTATION menu appears in the VPG Menu Window. The user can rotate the dummy
or leg to adjust their position.

VPG Me... [ T[X||

PPER RIGHT ARN

ERDET
EUTEN IOH AMELE
BOTRTE Sl

PR
RILET JLEFT
REJECT akiEMALY
WHD® LAST

FART OH/BFF
EXIT

The default rotation angle increment is 1 degree. You can select CHANGE ANGLE to
change it. Here we use the default position.

Select EXIT.

6. The MDB and DUMMY are imported from the library and put on the location you have
specified.

VPG 3.0 (7/16/2004) 7



VPG/Safety Tutorial ECE 95: Dynamic Side Impact
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7. Define a part set for all vehicle parts.

Select PART\ON/OFF\PART SETS ON/OFF, turn off part set 506 and 509 (ECE MDB
PART SET and ECE DUMMY PART SET. Select EXIT back to the Main Menu.

2VPG Me... 2 EX

ECE HMDB FART SH
LEFT LEG
RIGHTLEG

ECE DUHMMY PART
LEFT ARH
RIGHTARH
LEFTFOOT
RIGHTFOOT

CURSOR AT ELEMENT I

EXIT I
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Select PRE/SET MENU/PART/CREATE from the Main Menu.
>ENTER NEW PART SET NUMBER (1) OR E TO EXIT

Enter 1 in VPG Dialog Window as the part set number to be created.

Select DISPLAYED PARTS from the part list window to select all the parts displayed on
the screen.

>0OK TO SELECT ALL DISPLAYED PARTS? (Y/IN)

Select YES to response the prompt.

8. Modify the contact between the MDB and the vehicle structure.

Select CONTACT INTERFACE/MODIFY from PRE menu. A contact card list pops up.
Select the first contact from the list.

The CONTACT DEFINITION CARD appears.

Click NEXT to the second card and select the button following SSTYP and select 2-PART
SET.

Click the button following SSID, select 2-SELECT and select Part Set 1 from the part set
list.

Click the button following SBOXID and select 5002 from the box list.
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CONTACT DEFINITION

COHTALT DEFNITION III.I!FD 1 =
MEDHTACT_AUTOWETIC:_BLRFACE_TO_BURFACE

ITEWE DATA
AT DESCAETION VIO o vehile
Sl [BAVE DY 1
WEI (MASTER 1D s
BETIF ELAE TFE) q
METYF [WAGTER TYFEX 9
SEOMDIEGND FOR BLAVE DEFRITION 5wy
B 04D BCHI FOR NAETER DERHTION) q
R (FRNIT SLAVE [ BIPLERY FORCE FILEY 0
PR (FANT WAETER 1K BNERYFORCE FILE) 1
aK [ [ he Frevious | Carcel |

9. Modify Contact between ECE dummy and the vehicle.

Select CONTACT INTERFACE/MODIFY from PRE menu. A contact card list pops up.
Select the last contact (DUMMY TO OUTSIDE) from the list.

The CONTACT DEFINITION CARD appears.

Click NEXT to the second card and select the button following SSTYP and select 2-PART
SET.

Click the button following SSID, select 2-SELECT and select Part Set 1 from the part set
list.

Click the button following SBOXID and select 5002 from the box list.

CONTACT DEFINITION

GORTAGTOEFRATCN  [CARD 2 ¥
“CONTACT_ALTOMATIC BURFACE TTI_BLIRFACE
ITEWS DATA

CARD DERCRIFTION Fiwaa TO CAUTSIE
SED ELAEID) 1
WD WAETEF: ) sy
ETYR EELAVE TYPEL E
METYF WASTER TYPEI 4
I B FOR SLAVE DEFHITIN) saug
B 60 FAR WASTER CEFIITION L
PR PRINT SLAVE M BINARY FORCE FILEY T
WA (FRINT MAGTER I EUHART FORGE FILEY b

oK | Hed || Prewas | cacel |

Enter the following parameters in card 5:

SOFT (SOFT CONSTRAINT OPTION): 2
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CONTACT DEFIMITION

coNTCcTOEFNTEN |GG ]
“CONTACT_AUTOMATIC BURFACE_To_8URAFACE
ITENS  oars

CAR D DESCRFTION [ty To QUTSC
BOFT (S0FT CONETRARNT CRTION ]
BOFBCL (GONETRANT FORCES SCALE FACTOR [ oonoooE-or
LOICME (040 CLRVE ARERSTHICHNEES) q
BAKFAR, N PARAMETRC C-CIOADINATE FOR SEARCH) T
ECE [ECE-TE-ECGE PENETRATION GHETH) foooo0ELDoD |
DEFTH (SEARTH DEFTH INALTOMATIC CONTAZT, [z onoonE«oon
BEGRT{GVELES BETWEEN BUCKET S0RT) B
FRCFRG (CCLER BETWEEH CONTACT FOACE LRDWTE) [
P ¢ el | [ Frevios | cancel |

Select OK to accept the definition.
10. Create the Vehicle automatic single surface contact:

Select SAFETY\AMODELING TOOL\CONTACT\CREATE\3 DIMENSIONAL. A contact card
list pops up. Select 13 —~AUTOMATIC SINGLEO SURFACE from the list.

Click the button following SSID, select 2-SELECT and select Part Set 1 from the part set list.

Click the button following MBOXID, click on SELECT button and select Box 5002 from the
box card id list.

CONTACT DEFINITION

CONTAGT CERNITION CAROZ ¥
STONTACT_SUTOMATIC_BINGLE. SURFACE
ITEWMS DATA
CARD DEEERIFTIN frercesar
SBI0ELME O] ﬂ
e
SETVP [ELAVE TrFEl ﬂ
DEEHD B FOR BLAYVE DEFTHIMON| iﬂzi
MEOHD [BOHD FOR NASTER DEFTITIOR ﬂ
AFR [FRINT ELAVE M EHARY FORCEFILE) ID—
PR FRINT WASTER INBIMART FORGE FLE) o
ok B . 1 Predos | cancei |

Click to Card 3 and enter the following parameters:

FS (STATIC COEFFICIENT OF FRICTION): 0.3
FD (DYNAMIC COEFFICIENT OF FRICTION): 0.3
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CONTACT DEFINITION

COMTAST DEFMTION

STORTACT _AUTOMETIC SINOLE_SURFACE

CARD3 »

ITEWMS
CARD DEECRIPTION
FE (BETATIC CDEFFICIERT OF FRICTION)
FO [OTAAC COEFFICIERNT OF FRICTION]
OC EXFONENTIAL DECAY COEFFICIENT]
WC (COEFFICENT FORWMIEBC0UE FRICTION]
WO MMBCOUE DANF G IN % CRITICA )
FERCHE [EMALL PERETRATION CHECH DFTION)

BT {BIATH TE}

DATA

ferie seor
R omoateaor
3 DO0000E- 001

i ooococe o0
[ ooococe 000
[ ooocaes000
o
famoaterom6

DT [CERTH TINE] 1. QCODACE+020
.
0k [ E=Ehr= Predous | concel |

Select OK to accept the definition

11. Define analysis control cards.

Select CONTROL CARDS/ DEFINE form MODELING TOOLS. The Control Card Definition

window appears as fellows:

3 CONTROL CA... [=|C [X]
COARSEH HO =
COHTRET VES
CEUPLTHE VES
CRU HO
BYHAHTE RELAXATION YES
EHEREY VES
EXPLDSTUE_SHADDW I
HOURGLASS HO
HOURELASS 936 HO
IMFLICIT ANTO HI
IMPLIGET _DY¥HARHIGE HD
IMPLICLT_EISEHVALUE HO
llllth:'r_r_ﬁElEl;m. HO

'I. AT Sl AT e i

Define the following control cards:
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CONTROL CARD DEFIMITION

CONTROL CARD DEFIMITION

CONTROL CARD DEF IMITION

-
- ]
2
=
A
=
=

A R+ s

B 1B G+ s

CONTROL_CONTACT:

This control card prescribes penalty factors,
penetration factors, and contact options for the
analysis.

Use these default values for this analysis.

CONTROL_DYNAMIC_RELAXATION:

This control card provides the necessary
parameters for dynamic relaxation. This control
card is important for stress initialization

Use the default values shown for this control
card.

CONTROL_ENERGY:

This card controls the energy dissipation option
in the analysis.

Use the default parameters shown for this
control card.

VPG 3.0 (7/16/2004)
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CONTROL CARD DEFINITION

0, DENBABE = 208

. POROpE +
LR

SN ~ |
—
C—
C—
C—
R
oo sre
C—
T

CONTROL_OUTPUT:

This control card defines the printing options for
the model nodal and element data.

The default parameters shown should be used
in this analysis.

CONTROL_SHELL:

This control card defines options for computing
shell response. This defines the shell warping
parameters, default shell theory and shell
stiffness options.

For this analysis, the default parameters shown
will be used.

CONTROL_TERMINATION:

This control card defines the analysis run time
and job termination parameters.

For this analysis we will set the termination time
to 0.09 seconds. All other parameters will be
left as default values.

VPG 3.0 (7/16/2004)
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ACONTROL CARD DEFINITION
COWTROL CARD DEFINTION CARD A
TCONTROL_TIMESTER
P Ll CONTROL_TIMESTEP:
CARD DESCRIPTION i
[T TIHE REEr DIZE) BLLLLLELL This control card allows the user to define time
TESFAL [COMPLITED THE STEF EF] % . NBH@NGE- N step options, as well as mass scaling for the
1500 (TIMESTER FORMUILE] 1 model.
TELINT [EHELL ELEMENT MIN.TIME ETEF} 0. ARNNRE +I.IH
DTS PMSE SEALII [~ +1enene-gns In this model we will allow mass scaling to
. o control the time step by setting DT2MS to -
ErRORE A LR T 1.11E-06. All other parameters are left as
default values.
NETTT (WaES BECALING LINIT) n
| WK Camiil

12. Define ASCII Cards.

Select D.B. ASCIl/ DEFINE from MODELING TOOLS. The ASCII Database Definition
window appears as follows:

ABSTAT - AIRBAG STATISTICS HNOD =

AUSFLT - AUS FORMAT DB HO
BHDOUT - BOUMDARY CONDITIOHN HO
DEFGED - DEFORMED GEODMETRY HO
DEFORC - DISCRETE ELEMEHT YES
ELOUT - ELEHMEHT DATA YES
GCEOUT - GEOM. CONTACT EHNT. YES

GLSTAT - GLOBAL DATA YES
JHTFORG- JOINT FORCE DATA YES
MATSUM - MATERIAL EHERGIES YES

MOVIE - MOUVIE FORMAT DB HO
MPGS - MPG3 FORMAT DB HO
HEFORC - HODAL INTERFACE HO

HODFOR - HODAL FORCE GROUPS HO

EXIT

Define the following Database ASCII cards:
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DB_ASCH DEFINITION

DE_ASCI DEFINITION

DATABASE_DEFORC:

This control card creates a file called DEFORC
that contains discrete element data. This data is
output for x-y curve plotting.

DT refers to the time interval between outputs.

DATABASE_ELOUT:

This control card creates a file called ELOUT that
contains element data from the element sets
defined in the model. This data is output for x-y
curve plotting.

DT refers to the time interval between outputs.

DATABASE_GLSTAT:

This control card creates a file called GLSTAT
that contains all model global data. This data is
output for x-y curve plotting.

DT refers to the time interval between outputs.

VPG 3.0 (7/16/2004)
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DBE_ASCH DEFINITION

DB_ASCH DEFINITION

DB_ASCH DEFIMNITION

DATABASE_JNTFORC:

This control card creates a file called INTFORC
that contains all model joint force data. This data
is output for x-y curve plotting.

DT refers to the time interval between outputs.

DATABASE_MATSUM:

This control card creates a file called MATSUM
that contains all material energy data. This data
is output for x-y curve plotting

DT refers to the time interval between outputs.

DATABASE_NODOUT:

This control card creates a file called NODOUT
that contains all nodal group data (node sets),
including force, displacement, velocity and
acceleration. This data is output for x-y curve
plotting

DT refers to the time interval between outputs.

VPG 3.0 (7/16/2004)
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DBE_ASCI DEFINITIOM

DB_ASCH DEFIMITION

13. Define Binary Cards.

DATABASE_RCFORC:

This control card creates a file called RCFORC
that contains all contact interface data. This data
is output for x-y curve plotting

DT refers to the time interval between outputs.

DATABASE_RWFORC:

This control card creates a file called RWFORC
that contains all the rigid wall forces output for x-y
curve plotting

DT refers to the time interval between outputs.

DATABASE_SLEOUT:

This control card creates a file called SLEOUT
that contains all sliding interface energy data.
This data is output for x-y curve plotting

DT refers to the time interval between outputs.

VPG 3.0 (7/16/2004)

18



VPG/Safety Tutorial

ECE 95:

Dynamic Side Impact

Select D.B. BINARY/ DEFINE from MODELING TOOLS.

"DATABASE BINARY CARD

|PaPLOT - COMPLETE OUTPUT STATE

I]'-S'I'l[IT = ELENEHT SUBIET T.H.
IIHIIILF = DYHAHIC RELAXATION
DHIJIHF - BINARY RESTERT FILE
{DEMERH - HEAM UALUE DRTOERSE

|DEFART - PRAETIAL DUTFUT STATE
DHI:II:I: — GRAGK DATH

IHTFOR - COMTACT THTERFAEE DaTh
(RUBRSEF - BIHARY RESTART FILE
EXTRA TEHE BISTORY BATA

DMTARAS £ ENMARY CARTLDEFNITIOH CAAD
"TATABASE_FIHAR'_COPLAT
ITEWS BATA
CART GESERIFTICH |
DTACHEL (THE INTERYAL oF GUTFUTY ST
L BT {THE NTERVAL LT CLIRVE) o
EEAM (GONVEREION P ]
HFLTE (VERTDE O T FELD) W
| - Lancel

DATABASE BINARY CARD DEFINITION

EE®

DRTARSSE BHARY CARD DEFIN MON CeRTi 1
OATARAEE BINARY_ [ DLW

ITEWE OATA
CAND CESCRIFTION I
DTG (TINE BTERVEL OF OLTRIT F.ﬂﬂ&'m
| oK Cpmcel

DATABASE_BINARY_D3PLOT:

This control card creates complete output
states for the 3 dimensional data of the model
(deformations, stresses, etc.)

DT refers to the time interval between outputs.

DATABASE_BINARY_D3DUMP:

This control card creates a “family” of binary
output restart files called D3DUMPO01,
D3DUMPO02, etc. These files can be used to
restart the analysis. A new D3DUMP file will
be created after each interval.

DT refers to the time interval between outputs.

VPG 3.0 (7/16/2004)
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DATABASE BINARY CARD DEFINITION EE&
EATABASE BINART CARD DEFINMAON C&RD 1
"CATABAZE _BINARY_RUHREF
ITEME DATA .
B — I DATABASE_BINARY_RUNRSF:

SRR Mol This control card creates a binary output
restart file called RUNRSF, this file can be
used to restart the analysis if interrupted. It will
be overwritten after each interval.

DT refers to the time interval between outputs.
| L.} Camcel

14. Define Database History Cards.

Select D.B. HISTORY/DEFINE from MODELING TOOLS. The Database History Card
Definition Window appears as follows:

2DB HISTORY CARD LISTNS  ACTIVE [ |BJX)

1 HODE Uehicle Monitor Points
2 HODE ECE DUMMY Honitor Points
3 BEAM ECE DUHMHY H Point

4 HODE HDB C.G.

EXIT |

In ECE95 Dynamic Side Impact Analysis, the following locations have been defined in time-
history node output for correlation and post-processing:

a. ECE Dummy upper, middle, and lower ribs, pelvic, head C.G. point.
b. ECE Dummy H Point.

c. MDB C.G. Point.
SUBMITTING THE SIMULATION FOR ANALYSIS
Use the VPG interface to directly submit the simulation for analysis.
INTERPRETING THE RESULTS

VPG/Safety automatically creates the following Database ASCII output cards to facilitate the
post processing:

a. Dummy HPC value: A seatbelt accelerometer is positioned in the C.G. location of
dummy head to measure the nodal displacement, velocity, and acceleration values

and these values are outputted to “nodout” file.
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b. Thorax Performance Criterion: Three spring elements are positioned at the dummy’s

rib area to measure the Rib Deflection values and this value is outputted to “deforc”
file.

c. Pelvis Performance Criterion: A beam element is positioned at the pelvis area to
measure the pubic symphysis force and this value is outputted to “elout” file.

d. Abdomen Performance Criterion: Three contacts (Contact Name: Rear Abdomen
Load Cell, Middle Abdomen Load Cell, and Front Abdomen Load Cell) in the
abdomen area are used to measure the abdominal force and these values are
outputted to “rcforc” file.

Users should follow ECE 95 guidelines to interpret these results.
CONCLUSION

The user should now be able to perform this procedure for vehicle evaluation according to
ECE 95 standards.
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