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Study on the influence of different loading conditions on lumbar response index
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Abstract: Lumbar load and dynamic response index (DRI} are two common lumbar response index used to assess passenger

lumbar injuries during emergency landing of aircraft. To elucidate the differences between these two metrics, firstly,
the seat—oceupant finite element model and the occupant upper limb lumped parameter model were established in
this paper. Secondly, a comparative verification is conducted between the seat—occupant finite element model and
the occupant upper limb lumped parameter model. Finally, a parametric analysis was conducted on these two lum-
bar response index by changing the loading time and loading peak value. The results show that the DRI value cal-
culated by floor acceleration is lower than that calculated by pelvic acceleration, and when the loading time is con-
stant, the DRI value shows an increasing trend with the increase of loading peak value. When the loading peak val-
ue is constant, the DRI value shows the trend of increasing first and then decreasing with the increase of loading
time. When the speed change is constant, the DRI value shows an increasing trend with the increase of the loading
peak value. In summary, by sorting out and analyzing the principle of DRI, it is helpful to promote the continuous

improvement of the criteria for determining occupant lumbar injuries.
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Fig.9 Lumbar load peak value calculated by lumped parameter

model and finite element model under different loading peaks
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Fig.10 Floor acceleration under different loading time
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Fig.12 Lumbar load calculated by finite element model under

different loading time

PP 11 AT 12 A1, Bifi 5 2 it (a] 38, f A
T U {3 A oA A, D P 220 S 5 M1 A
AT WAL [T R TR , WAL A S5 o > 53 ekt F
B B i o s A AR TP S B A, SR 15 DRI

{H B EMEZR fr WAL AN 3R 2 R o

£ 2 NEMEEE TH DRI &R EHHFIEEITLE R
Tab.2 Comparison table of DRI value and lumbar load peak value

under different loading time

s %?ﬂﬁfﬁﬂu %ﬂmg{ﬂn
T /s TEEERAFRY SRR Fiw/N Fu/N Fin/N
DRI {i DRI {H.

1010 175 218 6231.08 782794 7426.16

2 012 17.8 218 630820 780053 7019.54

3 0.4 17.8 213 624076 755470 6 385.30

4 016 174 203 608746 712735 5786.94

5 018 17.0 19.1 589375 663201 5314.81

6 020 16.5 17.8 569728 6150.28 4 907.52
FHE 2 Bl ml A, 242 'Fﬁiwﬂlul_l#ﬁ%mm HT

Wit I 2 ek ) 2 S 14 o, DR {538 i 5 s/

PRA S Iz it (R B s, RGBS fxﬁzr“ﬁuiﬁ,/'ﬁi-‘ﬂu
TNZREH A SR A BB, 2L DRI Fhis o 24 gkt (a]
AN, RGNS ZHTE R, REHE R G K
J 4 5 /0N 5 T R B A0 B T DRI B, B & in
% B (6] 228 ¥ 184 0, DRI 46 LA — R g 7 28 345 T [
Wi I T R R A R 5 i i 2k s (B 8, b A o
SRAS DRIAE 5B 2k 2 SR A5 DRI (H 2 Wiz,
FEHE AR AT VA P T 3, AT 13 AT 14 iz o [R] B
RIMAE 0.14~0.16 s NZLBT RIFE T, Fy oA 0ok B
SRAS MR BT 5 BR T H25 SR

2F .. —— MR N
T e - o~ B EINEE
21 Sy
20 b *
o .
= 91
181
al /\
16 1 1 1 1 1 1
0.10 012 0.14 0.16 0.18 020

TSR] ofs
13 REmERE TMEREFSHREITER DRI E
Fig.13 DRI value calculated by lumped parameter model under

different loading time
43 FEEIEER R
PRAUETE BE AR B — 2 , WF AN [R) R T AR 6 R i %o

I 280007 52 M, 388 3 8 o 2k e 0 AR b A 3R 3 R
B F I X MR s R A O o T R DL BARE T 400
T 4 FrbR = AN B 15 Fras 0 I 43
oM 156.80.183.26.219.52 .274.40 m/s>, JNZEIR [A] %}
43514 0.14.0.12.0.10.0.08 s, 8 FE A8 Ak 25 ) Tk



43 51 VAT, R 5T, 15 TG < AN TRD i 0 o A RO bR 2 M B -25-

8 000 ——— 15 DRI {H M MEHE R (IR 3 PR
7500 F . T 5000

z 7000 A S

@ : ‘ 0

& 6500

= z

4@ 6000 | &

: | -5000r IR/ (m-5)

N et T, = kLY 5680
5000 F - AAIMERE ™ 10000 - P ---183.26
ra o PR | | . 1 (019,52

010 0.2 014 0.16 018 020 To27440
i ~15 000 : ' '
IR ifs 0 005 010 015 020
B 14 FEmMEKAETEREFSEIERMERTERNITERY N
. TR o/s
PEMERTTIEE

B 17 TREIEFRGREE THRTER T E R

Fig.17 Lumbar load calculated by finite element model under

Fig.14 Lumbar load peak value calculated by lumped parameter

model and finite element model under different loading time

IFIE] R 0.16 s, INZRIE(E H 137.20 m/s2, #8314 BT
BRI T A B Fon s an s 16 Br

different waveform sharpness

£33 AEHEFRHIZETH DRI EREEZSFIEE LR
Tab.3 Comparison table of DRI value and lumbar load peak value

ﬂf\‘ s ﬁkﬂgﬁﬁﬁf ﬁn Fé—] 17 Fﬁ‘ i_\‘ o under different waveform sharpness
300 4
I Cm-5°) oo gy B THECETHE
P —156.80 o WP R o o Fue/N FuN o FuIN
o o200F /O -~ 18326 By (e TR
= F 7 s ©+-:219.52 DRI{H  DRIf4
E o 1 014 15680 18.6 219 6523.67 777133 6584.50
% 100 2 012 18326 218 248  7691.80 §825.60 8 228.40
§ f: 3010 21952 256 28.0 9 118.14 10 040.23 10 375.95
3 Of 4 0.08 27440  30.1 314 10 842.17 11 372.95 13 064.95
: . ; MR 3 s v A, R B B Rl , AR S8
o mﬁ‘;ﬁm e HURITHE L DRI EEHTHEA , FLHE T H A sk sk
1] ts L JEL 4 vy R Sk 4EL il D
P Y — (b DF{I H5HTH ﬁﬁugﬁrgjﬁﬁﬂﬁ DRI {H 3% W4
Fig.15 Floor acceleration under different waveform sharpness i ’ HE *Eﬁﬁ:l‘ﬂl% ﬁm%f%ﬁ{ﬁ}% ﬁ%% ’ ﬁﬂ Fé—] 18 Al Fé—]
200 19 Pt7R o {8 SPSSAU #EATAR DG 4Bt , Hbu AR i ik B
. YR SR AR |, SKAS 0 e 2 far 5 52 B
5 ELRAS By EAER T R? (B R 0.996 8, T 1 436 i 2 B 4R
g -200 | R SEE R  SRAF A I 20T 5 S PRI
B/ ol G IR (mes) 35
g 0 — 156.80
S i 18326 —— MR o
T 600l | 21952 sl - BAEmEE
-+ 274.40
80, 0.05 010 0.5 0.20 ig 25t
TNERINHIE] o/s A
16 AEKEERGERETERTEITENSRIRE 0l
Fig.16 Pelvic acceleration calculated by finite element model under
different waveform sharpness
15100 260 300
HIIEL 16 AN 17 AT, B RO 8 B Cin 28 i T
N 31 EL 4 i . I F 2 £ mes
e iﬁﬁu‘ﬁgﬂéﬁﬂzj" *Lﬁjhjfmﬁu ’ 18 R A R GRS ST 598 DRI
@‘j\ﬂg *Eﬁﬁmqafﬁﬁ@? ij] m, ﬂ@{ﬁﬂﬂ’%ﬂi&e HU o é[ ﬁ’jquJ Fig.18 DRI value calculated by lumped parameter model under

@ ﬁﬁ :Hﬂ*ﬁj]ﬂ IEJ_E %ﬂ %ﬁﬂﬂ IEJ:E 1&/\% ':F' %fﬂdﬁ H s 5}{ different waveform sharpness



~26 -

R AR AR

2025 42 H

14 000

—— MR N
- o - BRI r
12000 [ --a-- {j Tk )

Z
=
& 10000 +
&
i
= 8000

6000 F

100 200 300
IR IEAE/ (m-s2)
19 FEKERRGEE TEAEFSHERMGRTEITERY
PEMEE I ME

Fig.19 Lumbar load peak value calculated by lumped parameter

model and finite element model under different waveform sharpness
SRAFHYREMERAT R? (4 0.999 5, AHIEE &
5 45iE

TR AR SRS T TRABTIE S 087, A SCR T T
AR A IE B AR DRI S350 B 7 b
X REAESS O KU B 20 o 25 SR I TH R 4 R A LA
Tk

(1) 54 FH AR B2 15 D 315 DRI s AR
TE N2 (8] — RETH BT , BEE B (e 247 i, DRI
(ELZE TR 0, PEAREASE 0 US4 5 25 2 {— 7 , B
RGN, DRI (BRI 5

(a0, MR —E , i ki
(N, DRI AEZHTHE NN ; AR AR 4 rp 22
AR AR5t 0 M A , A — % X (R) 90 P O
B A BROCT HT R AR, i B RO AR o 4
SRR ARG B EHE R &, 258 %
SRS, (B S R TR B R A 2 A
R? B4, PRI SOR FH A AN AT A A 5

(3) LA SR T, REFELA 4 T DRI AY
VERIEBE, b Tk —20 B Fiiz F] DRI fealbfE A, I
N IZAERR BRI E R — Sk BRI T AR A, X
A HERE AR AR O FTIE AL A v A 8 SE I R A
SRMt T T BN R, A T e SR A 00 5 s v
FFFEESE

SE

[1] HERTZBERG H T, DANIELS G S, CHURCHILL E. Anthropometry of
flying personnel—1950[R]. Washington DC: Antioch Coll Yellow Spr—
ings OH, 1954.

[2] LATHAM W C F. A study in body ballistics: seat ejection|]]. Proceedings
of the Royal Society of London, Series B: Biological Sciences, 1957, 147
(926): 121-139.

[3] PAYNE P R. Personnel restraint and support system dynamics [R].
Washington DC: Frost Engineering Development Corp Denver Co., 1965.

[4] STECH E L, PAYNE P R. Dynamic models of the human body [R].
Washington DC: Frost Engineering Development Corp Englewood Co.,
1969.

[5] COLTMAN J W. Design and test criteria for increased energy—absorb—
ing seat effectiveness|R]. Washington DC: SIMULA INC TEMPE AZ,
1983.

[6] COLTMAN J W, INGEN V C, JOHNSON N B, et al. Aircraft crash sur—
vival design guide —volume Il —aircraft design crash impact conditions
and human tolerance: USAAVSCOM89-D-22B[R]. Fort Eustis: AVS—
COM, 1989.

[7] CHANDLER R F. Human injury criteria relative to civil aircraft seat
and restraint systems|C]//Aerospace Technology Conference & Exposi—
tion, October 14-17, 1985, Long Beach, California, 1985: 611-620.

[8] FAA. Injury criteria for human exposure to impact: AC 21-22[S]. Washi—
ngton DC: FAA, 1984.

[9] YVETTE A R. Transport aircraft crashworthiness and ditching working
group report to FAA[R]. Washington DC: Transport Aircraft Crashwor—
thiness and Ditching Working Group, 2018.

[10] TREATY N A. Test methodology for protection of vehicle occupants
against anti-vehicular landmine effects|R]. Brussels: Research and Te—
chnology Organization, Human Factors and Medicine Panel, 2007.

[11] FHERE i VL AT, 55 /NI AL X A AR 3T B A A3 1Y
RS Bl AR S TR, 2022, 22(24): 10776-10786.

[12] FHERE Ky o A e Ry RS e D). o
[ R, 2022,

[13] SAE. Analytical methods for aircraft seat design and evaluation: SAE
ARP5765BJS]. Wichita: SAE International, 2021.

[14] BRINKLEY J W, SHAFFER J T. Dynamic simulation techniques for the
design of escape systems: current applications and future air force re—
quirements|]]. Aerospace Medical Research Laboratory, 1971: 1-35.

[15] P RAMEE J. 828 CHLENTRHE: CCAR-25-R4[S]. dtxt:
I RS Jr, 2011,

[16] AN, POk E, 21, 55, Fer i N 9 R AL A HEREZT RIS
[J1. 2 224, 2024, 45(8): 192-209.

(17) fF VL, Wk, 48 K, 55, ML BB AE B (] BAE M 1y K% 5 S HEE
HED T AT RAUR S 244K, 2024, 42(6): 1-8.

(e #E . 2% 5 )



