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Abstract; Objective To investigate the design approaches and manufacturing techniques for the calibration sys-
tem of side-impact dummy neck. Method The ES-2 side-impact dummy neck was selected as the research
subject and a set of calibration system of ES-2 side-impact dummy neck was developed in this experiment accord-
ing to the pendulum impact theory, and the new design approaches and new manufacturing techniques suitable
for the present industrial conditions in China were created to establish its two key components; the pendulum de-
vice and the head-neck flexion angle measurement device. The optimal designs for the quality distribution and in-
ertia moment distribution of the whole pendulum were also carried out to assure the pendulum initial velocity and
the pendulum impact velocity-time curve during the pendulum-absorber impact, while optimal designs for three
angle sensors and the complex stereoscopically-dependent relationship among those three sensors were carried
out to assure the reliability of the head-neck flexion angle measurement device. Correspondingly, a total of six
calibration tests were carried out to validate this calibration system in terms of the technical requirements of ECE
R95. Results The pendulum initial velocity of 3.36 ~3.48 m/s and the pendulum impact velocity-time curve dur-
ing the pendulum-absorber impact, which were generated by the pendulum device in this calibration system of
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ES-2 side-impact dummy neck, were in accordance with the ECE R95. Meanwhile, the head-neck flexion angle
measurement device of this calibration system was sufficient to detect the following three target angle values more
accurately; the maximum values of fore pendulum base angles, the maximum values of aft pendulum base an-

gles, and the maximum values of head-neck complex flexion angles. Conclusions

The calibration system of

ES-2 side-impact dummy neck is basically capable of meeting the demands of the existing international rule, the
ECE R95. Besides, this neck calibration system is convenient and practical, and its design approaches and man-
ufacturing techniques are likely to find the wider application in the impact biomechanics field.

Key words ; Manikins; Neck; Calibration system; Impact testing; Biomechanics

T AR KEMAE MEMEE KEELHE
BEAL, 2AHRARARGEW ; B 5t 238 AR
JUEE 5 AT, EE B 0 T R SRR A R
B U MG RATR SRR, RN
R E SR N EEBR R

A0 A2\, BB AR AR 40U A AR A TR ) T ol 8 o P A
Wy Ema R (e A 5 16 S L S8 T A Y e
), A TR TSR 1 o A 1 & LE AL S B B
Mo HRARARSEARHE (AR ECE R9S™ | 3EH FM-
VSS 214 [E 4% GB 2007120061 ) 8 # %  M] Alf 15
NRPRUEMIAE R AE Y5 VR G . H AT,
BT EARSZH MRS, B AR RS = YR A
2G| HEE | HOCET I By A A 2R A B
IR E RS o

SR, BLA MR B Bt R FIARE ik, £
BT 20 tH4E 60 4R LARTERSE A Fh iyl 18 4= 97 71
FEWHIR . WEERE,MEERBL B
25 A LUSGE BRI NS T i M B, TTie1E
ESMEETEE N, PR SSE F R BT 5 60
FERUATABRKOAR, FHiL, MEAFBRPEA
TS, T S R T A 3CE FHi
MIRER R, B EHEES THEAN EREN6ER
NTEHN B RER A ST R FRE ik o

233 R [ B _B A i ) ES-2 BUUAE R
FEERPFFR TS, FFEFEAR Bk, ITHEE .
SLEES iy W) B2 B S G SR A, B — 2 U Al
RASTERRE RS, R AL R A SRR & RGE W
E- R R REA RSB TH AR,

1 ZAEMmMmITER

1.1 RGAERK
R R R R B ES2 BUMIAE R B
FhrE ARG o “ES-2 BUMBEARA (LA EFR: ES-

2) 7 SR i Sk A SRy T WS R Sy MR
ZIE AR AR R R (IR 1) o S/ BT HE
o BV MISS AR B 1 AR L SRR R
4 A RIR R PRI A SUHERE A R4
WRIBH R, Wisii A 5 LB LR — R L. B
RAETE SO b, A0 SRR ST AR I SR IR &
(1.0£0.05) kg, EEMIMERLETAH 1 1“H
R A THRAISHE . P LA KRR . SR T
SUHERE (A rpC L b3 T 3 0 0 5 B Sk Bk 4 L 3
Mfedt. ES2 kBUHEM LIRS+ BA 5 A MEk
FPAHARI 3 SR ALE Sh 22

E1 ES2 BMaREAFEEHEE
Fig.2 ES-2 side-impact dummy neck parts

ES-2 SUERARE RGO - B LA
Yy kIS AR E SAERESUE RS, &
BUYIAREALL BS-2 SR, B B AR A T H0ASHE
AR YERETREE BE , Sk U5 A 00 222 A ) a3
HERFRLRENA N . B E R TAERAE N - 8
S5, 80 ES2 FUE S K BIY G 1 A ES2 K3
HEWREARAE B IR B BT 2 e R
JG B BB, 7E 98 5 AL B B i I RE S IF 7 AR
ECE R95 FyE B 23K b 4 B 138 128 J3€ - P[] i 8 5



X L, E NEHRASESRE RGN ERHE
LIU Li, et al. Experimental study on calibration system of side-impact dummy neck 175

RISk S5075 A T 2 2 A 00 00 A 4 5 AR
ES-2 Sk B & R B A AL B W L 5 e ), T30 %
ESLBARAEHITE S

1.2 ZEERE

1.2.1 BAZR BERBEQRE 28 KRR
BE R R R . PR E AR ER R B
fa o I BE DR A4 1R 8 BE T LAAR B 13088 1 B R AL EA T
PV HEEGEE N (3.4 £ 0.1) m/s i, BE
Tl 8k B - i) 2R 2 4 T BT 2 Fp R BRAR BRT R
RE MV

5 10 15 20 25 30 35
t/ ms

B2 ZEmEEE-AEmgN ERAMTR

Fig.2 The upper and lower limit of impact ve-

locity-time curve of pendulum

1.2.2 HAEERFERENSAFF WE3FT
N, R B TR R R, EE NS RN

Mglsina =Ja (1)
SRAR ] 5, 2B T R BER B0 U 5
Vimo =f(M,l,J,a0) (2)

KM LT ooy, SN 8 T R R R
DR BE A R S EEWMZ
Bl BB iR e ERE B Pl e st AR A I L3R
T fa o R ) SR

TERE L R AR A P, B TR AR K H
R B AR o e B v, R 01 RE
A ik B - ) 2 (B - A £ ¥ 22 LRE FR) PR
MNOLE2~3),

AT FEHERRHER v, T 0,,,-HIER, TR R TTBOT

e TR EES

[l ezgiiie 0

B3 BENRITRE
Fig.3 Design principles of neck pendulum

GIER M1\, 0, BREAT R R H [ B 3
1.2.3 A4 #i%it ECE R95 77N ES-2 B
AR A SER 5 € R Gt B BB HERE R AE 2 3/
16” (PRI AE  HXE M1 T vy, o RRBEATRIIE T
BB L E * . M =29. 6 kg, =828 mm,J =20. 3
kg + m* 0,0 = (3.4 £0.1) m/s; IR BEA R e B 40
Yo (H2, ENTRIERXFEBNE . AL, 43
ELERRAHRETE R —EERE. M THEXA
(M,1,],v,0) B8, &3 REHE K, 7B L
G E HH KL DR 1 R & 4
B RUCKH AR 8 9 KB, [T 8 A
X B340 m Al 1A 2B FLGEFL) 7555 9 M IX B
TR EE IR, TR ARG  BREFEA. TR
A:

M = Zmi (3)
J =~ Zmilf (4)

A em, LRSS R X B RO R B
EETMMEER . B, S EAE m, L BB
HIRBEEIAR . B 4 Pm LRl fE RS



EREMAE $2608 £28 20115F4 A7
176 Journal of Medical Biomechanics, Vol. 26 No.2, Apr. 2011

B4 BESXEIUE
Fig.4 The developed product of

neck pendulum and stand

1.2.4 B3R LB ZEEGLEMART ERAE
%19 mm B 28. 8 kg/m’ [YEBEEEM S 1 R
REATRL, IO TR T E R
1.3 IHETHANERE
1.3.1 KHFAARGLEHET  TEbhrE L8,
PR SKFRAT R, SR AEM] 7125 #3236 11 [F] B
STEEGTEEM T R, AT EURX AR,
Bt — X FR B S Ty (L4 ~5) AR Sk FE
XFEES2 Sk M ARG LAY EB M ES2
HittE

LAY (WA 4) R TSR 2 FRAKE
B FOBAR A X, £8P I 3 4 A S R B B
LAY R A 3.92 kg, ERAEE R 12 mm, i
£70.208 ke,
1.3.2 k#mumbhTHAHNEST % 3IMAE
FE R4 (B Pot-A \Pot-B . Pot-C) 3k & ES-2 3L
AAEKEE A" . Pot-A Pot-B. Pot-C 4351 i £
R 0, JEEREAEM 0, KBS 0.0 Pot-
A Pot-B [R5 A B RE 1R B N B4, T Pot-
C Wyl R sh ik & ) B € 4. Pot-A  Pot-B

S RIMER R A B, BT S EMEN T
PAFIEShIC & , T R PO 38 22 1RG5 0T T 3 AH X 2
3, Pot-C fiiEH L 1EFF C,C 5 Pot-C HiE il )
Lk B (LA S ~6) .

Pot-A \@0

SN

BUHEZEBAR

E5 ES2 A#MASETHAHNES E
Fig.5 The measurement principle of ES-2 head-neck com-

plex flexion angles

B AR

A W)
i do.

E6 3NAELMESBNSHE
Fig.6 The distribution scheme of three an-
gle sensors

ES-2 LS4l & 2 iy TS fi B, A A5 BRds
Pot-C {05l " B AE %3N, M BE A% B35 Pot-A  Pot-B
IRFT 43 50 3 18 £ BE % %48 Pot-A Pot-B 1y “ il
BN MER,

£ FE A2 18 2% Pot-A \Pot-B [& % 76 128 (Wi Ml ,
Pot-C ZE27E L Y X PR 2 Lo B T HE %W &
ES-2 3L 275 jl £, B3R Pot-A  Pot-B . Pot-C % H:JE
B A BEFF C LB H = ARG (WA S) .

A& 6 B WL, ES-2 k3 AR i /A it EA
KM



X FL % MERAFBRERENKBEHR

LIU Li, et al. Experimental study on calibration system of side-impact dummy neck 177
B =0, +0, - m (5) (B KA Manfrotto 2 &) = Speed Meter ) Il B 12 1
‘ 2 PIRATRE . WAL A AR, — A T
e Bk, - WANTE BRI, R REEE RN
B = dg, + do, (O) SoPATHIBOLT ST BT B AP 5 B

1.3.3 XHTHwANEEEIGLMAHRIT H

Bl 5 6] UL, 225K Sk 3525y A 0 2 5 BB RS 5
B AEEAA 0, G BEEAM 6, LAY E A
Oc ;3T M BB BB ARG,

e WDS36 ¥ % SRl e i1 8%, B 3 1~
FEf&I%45 (Pot-A, Pot-B, Pot-C) . R4 28 1) 5L b
50, Tt 3 A B A JRES I [ e 2 I N2 ARl A
WA, &t e B b I/, ) 58 ik 302 il A Tl
REE(WE 7)., Ho, = EEAS VLT # R
ES-2 Zi#B 3L EI M Pot-A Pot-B Pot-C 2 [A] A5 # 4%
G JEEAES, TR 3 A B A5 Bk ] 5 e i S,
BRShHLAG 8 AL AR G540 s

0 5¥H B

0, 5 A

(a)

B A O 5iEF C

(b)
E7 LEY(a) 5LFTHANERE (D)
Fig.7 ES-2 head form (a) and the measurement device of head-
neck flexion angles (b)

1.4 HIERESHE
1.4.1 AR EGNST  FHEOG X

S NBOE R G I, SRR s A PR B0E
PRI P 0 P 1) 22 % P () FR) P AT R, Y AN AT
PIHE B M BRI 0,00

SR FH B [i] o 32 BE A% B A% (3R B Meas 22 H] 77
AO11018 7R B ] i ik J32 A% Bl ) A 428 o T BE SR 5
A R B - (R BH 2k (v, -HIER) o IZIER AR
RN RS LIS EALE, ; SCIR A, SRR R
ST AR M
1.4.2 kHubhTHAadNE BIEL3.27,
Rl 3 A BEAL R BB 55 0,4 .05.0c, FF KR
KB #A B
1.4.3 Bxk542H FRAHPEE Kayser-Threde /)]
¥ Minidau K3700 ZU%in R4 R 45 (64 @il ) , Al
BV RHE I @, A BRI O RS 0,
N HR1%E 1306487, @ pendulm T A e il 8 R R Y 4K
FURPHAHRG N 1S0 CFC60, T 0, .05 .0 HIEF
YEIE AR ZR Y N 1ISO CFC180,

R i Matlab 2R, 3 @ penquiun 1 04 05 0 Ti5 UK
B KSR LEER.
1.4.4 popmig F 30k oy B RIRITER K
TRV I B R i . 5 A
IE

Vin =0 + @ (i, — 1) (7)

A 1 TR T — I % 1, RN B 20 5 0, 0 G IS 2
IR E , a, g JH I 20 B D53 B 50, R T — B 220 Bk
.
1.4.5 m@REeysE MEETEEE SRR
B AR A B ] 2 — DBk, TR0 - I 1] O & it
KPR, R E S A&
KRS IE LR T A Z e

e AR E ES-2 B UAE B A SR 56 3E A4S SCHIF R 1)
“ES-2 BRI ASERIRERG” . ERRIE: BE
FE AR A AR B RERE R L Sk S A
T B AR VERRA I ES-2 Sk BHGAE H A



EREMAE $2608 £28 20115F4 A7
178 Journal of Medical Biomechanics, Vol. 26 No.2, Apr. 2011

2.1 FEEZXIPBAER
2.1.1 EEwsdE EENREERE™ N
Vo =(3.40.1) m/s
2.1.2 EEBERE-WESGE MEEUYIHRE
BE(3.4 = 0.1)m/s B KRB /T , D83 R BB 2
Fh R R () R A TF B 2 P L BR AT R
P BR A BT FE
2.1.3 WEARA GEEARAKATHA
B KATRIEA ™ 0, e : BIAE 32.0° ~37.0°,
HRAFEMEZE NS 53.0 ~63.0 ms 4,
BARGHEER A 0y, B IE 27. 67° ~
34.22°, H & A EREE R NS 54.0 ~64.0 ms A,

®2 ES2 BMAERAFEIRE R SGWIE LW HE

B SKT5 HlF ° Ban : IEAE 49.0° ~59.0°, H
RHATERHEZE 5 54.0 ~66.0 ms P,
2.2 HMHE5HE

FESZ 4R &SRR AR e S 4R AR 4219 mm
I 28.8 kg/m’ ; FEIRE B ALY BS2 kB4 A
A T B A TR Sk SIS A W = % s VAT
JEMH A BE R RS, TH51% #8 ECE R95 45
HER T “ES-2 AU A R A B F A5 € i
R R SE RS W A IR
2.3 &=

HIFRT 6 KIRIESLLE, W 2 Fik,
2.3.1 EAEWAEMEESAERE E8NEL

Tab.2 Validation experiment data of the calibration system of ES-2 side-impact dummy neck

RREHL M RRHEEA A BRIGEEAMA BICK YRS
Es;ﬁéﬁ%_l) R, RERTE AEE RAERE MEE RENFE AEME RENFE/

) ms ) ms ) ms ) ms

FESEME 3.3 ~ 3.5 49.0 ~ 59.0 54.0 ~ 66.0 32.0 ~ 37.0 53.0 ~ 63.027.67 ~ 34.2254.0 ~ 64.0 —— —
T 1 3.36 52.8 55 27.6 49 25.2 55 27.9 57
T 2 3.52 52.3 56 27.2 51 25.1 61 27.4 59
L3 3.39 53.6 54 27.5 50 26.1 57 28.6 61
T 4 3.44 57.1 53 29.4 49 27.7 53 29.3 59
TS 3.48 55.6 57 28.7 53 26.9 62 29.4 63
LK 6 3.43 58.3 55 30.4 51 27.9 60 30.0 58

JG 3 LR T W R
ECE RS ZE R, A F3RILBEAWHL
-5.7% % B (4 ECE R95 Tk

TE A — Wi /e ECE R9S ZR

20)

56 6 PRy 1 2 4Rl 4 ot BE o £k L Al 98 T B 4K
Bl 8w, g F7NE S s BE 5 42 il A 3 B2 Al
i BE 45 S35 5F o (8] i £k Oy S 110 36 A 48 R -
e 2, b T gl & o ECE RIS 45
MEPAE R R L TR AR LB 8 AT LIFE
H L6 YR UE S B HP R R 1R - TR £,
i i2 ECE R9S5 triEZIK,
2.3.2 WEALABEELAKHTTHA

B9 s 6 1y 1 HATIREAA JEEEAA
kB A 2 (1819 o, 0 B2 B RERE S 450) o
Horp,d6, 7 30. 4° (BRUES EH 320 ~37°) , R AE

FEREIE T )5 49 ms (FRHES B {H:53 ~ 63 ms);
dOy . H 27.9° (B ESHE.27. 67° ~34.22°) , k&
HTEREHEZ S 59 ms (BRHESH{H:54 ~ 64 ms) ;
Buuw J3 58.3° (W ES H{H:49° ~59°) , R A LR 1
FRJG 60 ms (FRESE(H:54 ~ 66 ms), HH,
A0 v T B I B S HL 2 L B B] 32735 2 T ECE
RO5 HYER 5 0, B RS 1) AR WS D000 /DN, 222 B9
B 1] W S SR T o

M1 A9 Ha] LUE 6 UBIESE 5 Al
BEAFM JREEAS A SLIT M AL, B 5%
% 6 FIAHIMRR A, BEA T I FLZEK



X L, E NEHRASESRE RGN ERHE
LIU Li, et al. Experimental study on calibration system of side-impact dummy neck 179

—
(==
T

(=
T

TR INIE /o

R

AW N =

S S S
—

0.05 0.10 0.15 0.20 0.25 0.30 0.35
t/s

N

-4 1 L 1 f f 1 L 1
-0.10 -0.05 0 0.05 0.10 0.15 020 0.25 0.30 0.35
t/s

.10 -0.05 0

|
[=]

I
—

|
w

FIEFEE P /(m - 1)

B8 EEMAENEE. AEEESHEXRMLE (XK 6)
Fig.8 The impact acceleration and impact velocity-time curve of
pendulum ( Test No.6)

25

0 010203040506 0.7 08
t/s

0 010203040506 0.708

t/s

0 0.1 020304050607 0.8
t/s
B9 ES2 k#HAHE ihfA-tia i 2 (K5 6)
Fig.9 The flexion angle-time curve of ES-2 head-neck complex

(Test No.6)

3 WikEHi

3.1 FAXEBIMFBEARAFZE

o E A RRESE A B R S S B
ZHUF R F B RAET L T B AR A Bl
Bl shisind . S Fasmim A 7E R i ARy 38

RER R KRR, AT 51 2E T 4L B B B
fan, B AT FEARZA MRS, BN IRE R E RS
FEPRMEE T HET | T IH Jr ik A
REAR AT R E R G, B, B Y7 ZIF & E =
BN B R BB H R

o T B — o A 6 ES -2 B0 A B BB
PRRERG” A SR “ SRR A0 K B il A1
BRI 2 DR, T 2 TR

(1) SEAT EF=9H AR, 5L R i
w R A B R R B R A AR R
i, BT AL AR ) R T B Tl o P RO RE A
i /& ECE R9S :ALEK

(2) SCRT ENIA KA B EREGE R %
A, &% ES-2 BUUIRERA SR LB 3 A AL
BERZ BN RS R AR, BRI
ARSI, SEBX = Z RIS & D0 12
s PR L P AL ) Sk S i M U B, R B
BRI ES-2 TUMIRE B ST TR EA A R 82
BN ki
3.2 HIEEXARMRERNRES T

PRBR 1 A B Se I B R 5 AR HE S 5 fE T A
05 1 1 B A IE B TIE MBI ESR , H db, e TRK
HAH -5.7% MB/MRZE. & RATIEEA A M
(CE=L0RN: A I Tk

(1) AU T4 (R i R, 128 i SRR o)
fi S B SRR EE —-B A —EH
iZz o

(2) M1T ES2 BIMUAEBRASUE K23 4
A BE P AR IO ZS (AR S R R R A RSB EOR A1)
Z IR EA R E BEh 3 B T R A A e AL

(3) BRASRAS By ) Jy 22T BBt BN Y
“TIREIRL” , SR B IR AR TR BE R K o
3.3 4ig

AL ES-2 MRE R SRR E R G, A
i\ SEH, A R BT [ PRin 2Rk . Horp, AT
il A BT ARSI B 22, 7T LAGE 5 I 2 A 1
MEFUBIE. FiL, g RE AR —ENE
FEAHE) R HME

SE M

[1] Chen HB, Yang KH, Wang ZG. Biomechanics of whiplash



180

EREMAE $2608 £28 20115F4 A7
Journal of Medical Biomechanics, Vol. 26 No.2, Apr. 2011

[2]

[3]
[4]

[5]

[6]

[7]

injury [ J]. Chin J Traumatol, 2009, 12(5) ;305-314.
MikAg, WAL, £8, . FEH AT R WBEH G5 J].
E Y 15, 2010, 25(4) : 262-265.

Liu SY, Cong H, Wang H, et al. Study on neck injuries in
military pilots [ J].J Med Biomech, 2010,25(4) :262-265.
EIEHE. EEF[M]. RE: R L, 1997.
Byrnes K, Abramczyk J, Berliner J, et al. ES-2 dummy bi-
omechanical responses [J]. Stapp Car Crash J, 2002,
46 353-396.

Sutterfield A, Pecoraro K, Rouhana SW, et al. Evaluation
of the ES-2re dummy in biofidelity, component, and full ve-
hicle crash tests [ J]. Stapp Car Crash J, 2005, 49. 481-
508.

Been B, Philippens M, Lange RD, et al. WorldSID dummy
head-neck biofidelity response [J]. Stapp Car Crash J,
2004 ,48 ; 431-454.

Dibb AT, Nightingale RW, Chancey VC, et al. Compara-

[8]

[9]

[10]

[11]

[12]

tive structural neck responses of the THOR-NT, Hybrid I,
and human in combined tension-bending and pure bending
[J]. Stapp Car Crash J, 2006, 50; 567-581.

ECE Regulation No. 95. Uniform provisions concerning the
approval of vehicles with regard to the protection of the oc-
cupants in the event of a lateral collision [ S].1995.

i ERZ AL E B E R 4. GB 20071-2006 35, 00 1T fif 8
AT AR [ S]. 2006.

FHE. SHARRERE—®RA W EHE, 2506, &
i, % ARRELZLIM]. Jbnt: ARZGE ! i, 1997:
130-143.

First Technology Safety Systems Corporation. ES-2 user
manual [ M]. 2002.

wep ], s, XN RTRER WA Y 1=
2R [J]. P EBHIS SRS, hitp://www. paper. edu. cn.
2010 1-7.

KT HEEIEEARNEXK

B K OESCH B U BB BV S E L SO R, BAETE 5 N I I S e R R R IEE , 8 2 E
DUESRRIT . 48mIE B 7 0T L ERA o8 o TR BB AR IR B 1IE . A A RGBT A S HH &
FR,IN“DNA” , FWSIE AP BAT o

ESHEE Tl
2011-04-20



