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DRI Code: Motivation

 Develop a fast in-house code for calculating the
Dynamic Response Index (DRI) injury metric
using test or simulation results as input.

e Code should be stand-alone in nature and
should lend itself easily to process automation.

Test \
— [DRICode] —
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Background

Various metrics are used to
predict the occupant
response and evaluate the
safety of vehicle designs in
underbody blast events.

Underbody blast events
cause a predominant risk of

thoraco-lumbar spine injury.

The Dynamic Response
Index (DRI) has been used
historically as a metric for
spinal compression.
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Dynamic Response Index (DRI)

m

C _Jl:l ? k
Measure of spinal injury risk that accounts for the time
duration of a load.

Occupant torso modeled as a spring-mass-damper system.

Calculated from maximum relative displacement between
the pelvis and upper torso.

(02)(6..) w, = natural frequency (of spring-mass system)
= O,nax = Maximum relative displacement

e g = gravitational acceleration

DRI =

Tolerance level of 17.7 for 10% risk of AIS 2+ injuries.
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1-DOF model

Takes anthropomorphic
test device (ATD) pelvis
acceleration or seat
acceleration as input
(pelvis preferred).

mil(t) = Fsprmg + Fdamper
m¥,(t) = —k(x; —x) —c(¥; — %)

m(6 +x%)=—ké —cé

. k c .

§t+i=-——6-——8
m m

6+ %= —wid —28w,b

¥=—0—28fw,6 — wid

—X%(t) = 6 + 28w, 6 + w36

-

m

Upper Torso

spinal

%

o %Jx

compression
& =%, —X

\ Pelvis

Tx -/

~i()=06+28w. 06+ &S

DRI =

)

FoImMax

g

+ Oisthe relative displacement
between the upper body and
pelvis = (x,-x)

» Cis the damping coefficient?

(0.224)

- W, is the natural frequency

(52.9rad/s)
Q}s= k/m

S “2vmk

C
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1-DOF Computational model

Input time and Simulation

acceleration * Trapezoidal rule for

e Time series numerical integration

e Triangular pulse e Spring and damper forces

Acceleration data from physical test:

— Input to pelvis
— Upper body

Acceleration (m/s™~2)
DRI value

Acceleration

Time (s) Time (s)
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3-DOF model

3 \ » Takes hull acceleration as input. - ,
: Piecewise Linear Spring
e Accounts for energy absorption by < Stiffness
p— A T Xs the floor and seat. é
Torso 3 . . b [r——
e Springs representing the floor and E
. . . oo
L seat are piecewise-linear. £
— Q
Spi ky = . . . . 7 . .
Pe "'é =] / * The spring representing the spine is Spring deformation (m)
still linear.
X
:ert./ m, 1 i myi3(t) = Fsp'r'mgS + Fdampe*rﬂ Z3 = X3 — Xz
elvis
maia(t) = —k3(x3 —x3) — c3(X3 — %) Z2=X2 7M1
L_ m3(23 + xZ) = _kgzg — 032.3 £ =X — X
S::t k, _:r |_—:J c, m3Z3(l) = —M3X—K32Z3 — 323
A-I'; mzﬁz (t) = _FsprmgS - FdamperS + Fsprmgz + Fdamperz
Floor m, X1 myi,(t) = k(o3 — x3) + c3(X3 — %) —ka(x; — x4) — (&2 — %4)
mz(éz + xl) = k3Z3 + C32.3 - kzZz — sz.z

| mzzz(t) = —mle + ngg + ngg — kzZz — Cz?z

Floor K 'g_-‘g LJ
EA = c e
: L myxy (t) = _FsprmgS - FdamperS + Fsp'r'mgz + Fdamperz
-] my%; () = ka(x2 — x1) + (k2 — %1) —ky (g — %) —€1(%; — %)

-;;. ml(él + x:) = kzZz + sz.z — klzl — Clz.l

‘mlil (t) = —‘ml."f + kzZz + szz — k]Zl — Clzl
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3-DOF Computational model

Input time and Simulation

acceleration * Trapezoidal rule for

e Time series numerical integration

e Triangular pulse e Spring and damper forces

Triangular pulse input data (from
previously developed Excel code):

— Input to hull
— Upper body |1
— Seat/pelvis
— Floor
~
<
n
E E
5 g
:
o .
Acceleration
<
|

Time (s) Time (s)
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DRI Code

Written in Python.

e Requires Python
2.7+ and matplotlib

plotting library.

Executed from
command line.

Allows several

optional arguments.

Runs on Windows,
Linux, UNIX, and Mac

OS X.

UNCLASSIFIED: Distribution A. Approved for public release

Outputs from 1-DOF
code with triangular
pulse input

— Pelvis
— Upper body
Relative

[mis~2]

Acceleration

—— Upper body

10



User manual

Explains input formatting and
output files generated.

Includes example command-
line calls and full test cases.

Test cases used to validate
code against:
— Previously developed Excel code

— Known DRI values for several
physical tests

Command Prompt _ o] x] I

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\Dacie.Manion>cd C:\Users\Dacie.ManioniDocuments\DRI

C:\Users\Dacie.Manion\Documents\DRI>C:\Python27\python.exe dril.py Testl.txt --s
kip 4

Maximum DRI value:

Time at which maximum DRI is reached:

Maximum lumbar load:

C:\Users\Dacie.Manion\Documents\DRI>

i) | =
1
Hame Insert Page Layout References Mailings Feview View
= Cambria (Body) FER B - == == YN [ M
1) : AW == e IR AaBbCer | AaBbCcC AaBbCcl AaBbCel - A
Paste 7 (B4 g - o A - AW W M55 TMormal | WMo Spacing  Headingl — Heading2 < Ef‘é"?

3DOF Test Cases
1) Input file: Test4.txt

Description: Triangular pulse input from previously developed Excel code for 3DOF
model with time duration seconds, peak acceleration

Format:

DRI (known):
(calculated from Excel code)

Time Duration (=) Peak Acceleration (g)

Command-line call:
python dri3.py Testd.txt --skip 4
Qutputs to command prompt:

Maximum positive DRI walue:

Time at which maximum positive DRI is reached:
Maximum negative DRI value:

Time at which maximum negative DRI is reached:
Maximum lumbar load:

Maximum (absolute value) floor stroke (m):
Maximum (absolute value) seat stroke (m):

1 |
Page: 12 of 17 | Words: 2871 | L8 O G o = ja2eeut]
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Triangular pulse input data with given time
duration and peak acceleration:

DRI output from Excel: DRI output from Python:

DRI value

Time (s)

Acceleration data from physical test:

Python output DRI vs. Time:

DRI value

Time (s)

Validation

Validated against Excel code
for both 1-DOF and 3-DOF.

Used physical test results
with DRI calculations
previously done in other
software to further validate
1-DOF model.

Validated 3-DOF model
against 1-DOF model by
setting very large spring
constants.
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EARTH Code: Motivation

 Error Assessment of Response Time Histories (EARTH)
— Compares time histories to validate M&S results.
— New rigorous, quantitative tool for in-house VV&A.
e MATLAB code delivered by the Automotive Research
Center (ARC) with several papers but no user manual
— (Pan, 2012)
— (Sarin, 2008)
— (Sarin et al., 2010)

4 )
Historyl & / \ e ~N
- Time(s) J EARTH Validation
4 A Code Metric
.Tlme 3 - / _ J
History2 =
\ Time (s) /
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EARTH code

Combines existing measures and
algorithmes.

Quantifies and separates error due to:

— Phase shift

— Magnitude differences

— Topology (shape) discrepancy
Takes two time histories as inputs
along with a few parameters.
Outputs:

— Plots of original, shifted, and warped
time histories

— Derivatives of shifted and warped
time histories

— Error metrics for phase, magnitude,
and topology

— Uses Bayesian framework to
determine model confidence for
original, phase-shifted, warped, and
warped derivative data.

UNCLASSIFIED: Distribution A. Approved for public release

El s 9 (] P Faes & H [fz, New Variable | Analyze Code
{1} open Variable v J7 Run and Time
New New Open || Compare Import Save -
Script = - Data Workspace L', Clear Workspace ~ [’ Clear Commands
FILE VARIABLE =
& = » C: ¥ Users » Dacie.Manion » Documents » VWA » EARTH OCT12 (i
‘Workspace
Name & |Va|ue Min Max
CAE <4964x1 double>  3.0150 3.6050
CAE_temp <49604x1 double> 3.0050 3.6050
Confidence 100 100 100
i DataType <1x4 cell>
L1_magnitude... 0.0017 0.0017 0.0017
L1_shape 0.4511 0.4511 0.4511
LAMBDA 205.0184 205.0184 205.0184
OutputSelect 2 2 2
PH_O 0.5000 0.5000 0.5000
SIGMA 205.0184 205.0184 205.0184
Test <4964x1 double>  3.0338 3.6017
Test_temp <49604x1 double> 3.0251 3.6188
Ts <49604x1 double> 25.6100 31
v <49604x1 double> 3.0050 3.6050
cae_der_warped <=5869x1 double> -596.4364 943.4789
cae_eval <5869x1 double> -696.4364 943.4789
cae_phase_shif... <4964x1 double> 3.0150 3.6050
cae_warped <7710x1 double=  3.0150 3.6050
d_eval <5869x1 double> -172.4711 178.0700
dt 1 1 1
epsilonMethod 2 2 2
epsilonhcal 50.6936 50.6936 50.6936

Acceleration

Warped Slope of Time Shifted Histories

ﬂ === Test

Time

14




EARTH code validation

* ARC provided electrothermal o OronalTmeHstres
battery model example: [
2 28F
* Testvs.simulation datafor §..
terminal VOItage. 7%34
e EARTH input parameters. s \‘
. Used to ensure code was A R
working properly. Time
* Results were consistent with e e
those of the ARC (Pan, 2012). ~ o
Phase 1 Tg
€
Magnitude 0.0017 @
Topological 0.4511 S L S S R A N A O |

Time
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Acceleration (m/s"2)

Acceleration (m/s"2)

Simple test of EARTH code

Original Time Histories

——=-Test
——CAE
Time (s)
Warped Time Shifted Histories
! ! ! I———-Test

CAE

Compared Excel output vs. Python
output for 1-DOF DRI model. Used
triangular pulse input data with:

e Input peak acceleration
* Input time duration

Down-sampled from ~25,000 to
~1200 data points to reduce
computation time.

Very low error across each category
as expected.

Phase 1
Magnitude 0.0011
Topological 0.0058

16
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Acceleration (m/s"2)

Acceleration (m/s"2)

600

Phase shift test of EARTH code

Original Time Histories

: : : ===-Test
: : : — CAE
: - = : -
................. ’,r . ‘“-\\\
” : . N :
s by 5
...... A NN
/ ' LN 5
! N :
IF A SR S S S SN
i bR
] [
i by
Y
RN IO PSPPI SNPTS AN
i DN
i \\
§ s
..\....
i i i i
0 0.01 0.02 0.03 0.04 0.05
. Ti ﬁﬁ) L
Warped Tlmenéeh ed Histories
T T T T
: —==-Test
i
0 0.0z 0.04 0.06 0.08 0.1

* Introduced a phase shift of
1000 data points in the
original vector.

e Down-sampled to ~800 data
points. (phase shift of 33)

e EARTH code recognized and
handled the phase shift,
vielding low magnitude and
topological error again as
expected.

Phase 34
Magnitude 0.0022
Topological 0.0103

17
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Acceleration (g)

Acceleration (g)

Validation of EECS models

Case 1 Case 2

Original Time Histories Original Time Histories
i : ———-Test : . : === Test
e CAE no CAE
PR H 1o
B 1
r b | LI
il —_— ! II H

1 I
it 0 i1
H L
: c [
(o) L1
o— AL
= i
[¢0] :
—_ 14
Q i\
] I
o 1
(s] {:
<C H
1
L
]
A

Time Time
Warped Time Shifted Histories Warped Time Shifted Histories
! ! I I ‘ --I--Test I ‘ I ‘ I -—I--Test
,'“-l : : CAE H : ﬁ : : CAE
r:| : - = | : '] : : n
l:l : : : 1 1 : :
|:| : : L : P : . H il
il — H :
! 00 il :
: ~ ']KI 1
: g H 1
= :
o :
2 B
w N
3 i
< i
1
1y
15
‘)‘
Time Time

Original data from
drop tower tests.

Case 1
Phase
Magnitude

Topological

Case 2
Phase
Magnitude

Topological
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0.4508
0.7635

0.6779
0.8296
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Ongoing work

e Write EARTH code user
manual for in-house use
at TARDEC.

 Use DRI code to help

evaluate new concept
vehicles for DARPA.

 Update Hybrid Lumped-
Finite Element (HLF)
code (HyperMesh script N V-hull model
for generating hull « .~ fromHLFcode
models) to add 3-DOF
occupant models.
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Summary

1. DRI
— Developed 1-DOF and 3-DOF code in Python.
— Validated against Excel code and physical test results.
— Documented usage and examples.

2. EARTH code
— Learned and tested EARTH code.
— Gathered example I/O data.

— Applied to EECS Team data to support in-house
model VV&A efforts.

— Documented code for future VV&A at TARDEC.
3. Summarized all work in a technical report.

UNCLASSIFIED: Distribution A. Approved for public release



References Acknowledgments

. NATO Science and Technology Organization. Test P 1
Methodology for Protection of Vehicle Occupants against Matt CaSta nier

Anti-Vehicular Landmine Effects. RTO-TR-HFM-090

AC/323(HFM-090)TP/72, Technical Report, April 2007. e Ravi Thya ga raj an
. Pan, H. (2012), On the Integration of EARTH metric into the

Bayesian Validation Framework, Technical Report, University

of Michigan, Ann Arbor, MlI, USA. i Sa I'a Pa ce
. Yorra, A.J. (1956), The Investigation of the Structural

Behavior of the Intervertebral Discs, Masters Thesis, ° H a0 Pa N

Massachusetts Institute of Technology, Cambridge, MA,

USA.

. Ruff, S. (1950), Brief Acceleration: Less than One Second, ¢ G regO ry H u I be rt
German Aviation Medicine in World War I, Vol. I, Chapter

VI-C, Department of the Air Force. ° :
. Ramalingam, J. and R. Thyagarajan. (2013, Jan 23). Design M IChaeI KOkkOIa ras

and Analysis of Vertically Stroking Floors (OCP-TECD).
Technical briefing.

. Sarin, H. (2008), Error Assessment of Response Time
Histories (EARTH): A metric to validate simulation models,
M.S. Thesis, Department of Mechanical Engineering,
University of Michigan, Ann Arbor, MI, USA.

. Sarin, H., Kokkolaras, M., Hulbert, G., Papalambros, P.,
Barbat, S., and R.-J. Yang (2010), Comparing Time Histories
for Validation of Simulation Models: Error Measures and
Metrics, Journal of Dynamic Systems, Measurement, and
Control, Vol. 132, pp. 061401-1 — 061401-10.

UNCLASSIFIED: Distribution A. Approved for public release



	Computation and Validation of the Dynamic Response Index (DRI)
	Introduction
	DRI Code: Motivation
	Background
	Dynamic Response Index (DRI)
	1-DOF model
	1-DOF Computational model
	3-DOF model
	3-DOF Computational model
	DRI Code
	User manual
	Validation
	EARTH Code: Motivation
	EARTH code
	EARTH code validation
	Simple test of EARTH code
	Phase shift test of EARTH code
	Validation of EECS models
	Ongoing work
	Summary
	References

