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Abstract: As the new energy vehicle market expands domestically, the demand for vehicle intelligence and
multifunctionality among consumers is growing, which has led to the birth of numerous innovative products.
Among them, the zero-gravity seat, as an emerging technology, has become a hot topic in the industry
because it can provide a larger backrest inclination angle, a suitable seat cushion angle, and a legrest angle,
thereby bringing a more comfortable riding experience for drivers and passengers. However, the safety issues
of zero-gravity seats urgently need in-depth research. When discussing the safety of zero-gravity seats, safety
collision testing is an indispensable part. In this process, how to accurately define the seat angle and
determine the position of the H point has become the key and challenge of the research. Currently, the
automotive industry has not yet formed a unified method to define the angle of zero-gravity seats and the
positioning method of the H-point. This study used three types of H-Point Machine (HPM), and arranged the
HPM and dummies on rigid seats and automotive zero-gravity seats set at different angles. The research found
that under large inclination angles, the HPM-II fits more closely to the seat back; experimental data further
revealed that there are differences in the torso angle, seat cushion angle, and H-point position measured using
three different HPMs on various vehicle zero-gravity seats. In addition, the relative position relationship  of
H point between the HPM and the THOR-50M dummy in the traditional protocols may no longer be
applicable to the current test conditions.
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Figure 4 HPM-I tested on Rigid Seat Figure S HPM-II tested on Rigid Seat
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Table 1 Rigid Seat Measurement Record Form
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W1 Wl HPM Wl W1
A=A HPM-II R R it HPM-I  HPM-I ¥Rl  HPM-I  HPM-II
*
Ap i ! AR 1 L) AL 3
T
- 25.0 23.6 23.6 50.0 457 492 50.0 50.7 49.7 65.0 63.8 62.9
(B
AL
- 15.0 10.8 11.1 15.0 11.4 113 25.0 21.7 22.0 35.0 30.3 30.9
(B
H A X1
952  -118.0 -69.1 745 -75.7 712 -50.9 41.7
(mm)
HAZE
154.6 163.4 1473 150.9 161.3 161.1 161.5 155.2
(mm)
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Figure 6 HPM-I tested on Vehicle Seat

Figure 7 HPM-I tested on Vehicle Seat

Figure 8 HPM-TAE tested on Vehicle Seat
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Table 2 Vehicle seat A Measurement Record Form
T2 AREER ANRIERE
RIERERS A HorAk VR A BIRMAE VR A Bk TR A R
%%* 2wk %2 %2
W& TR HPM-I HPM-II HPM-I HPM-II HPM-I HPM-II HPM-I HPM-I
WFfH D 252 22.0 43.1 37.7 253 22.0 429 38.7
HAXMHE (mm)  -261.5 -255.5 -264.6 -250.0 -262.6 -253.5 -263.9 -252.7
H&ZME (mm) 3471 3372 346.2 332.4 344.7 340.1 346.9 336.1
Table 3 Vehicle seat B Measurement Record Form
3 AREERBUERIEER
. e VURRER B R e EIERERS B A
RZERERS B BRI 1 o RN B WAL 3 o
AR 2 AR 4
) HPM- HPM- HPM- HPM- HPM- HPM- HPM- HPM-
W& TR HPM-I HPM-I
II TAE II TAE II TAE II TAE
AR D 54.1 49.1 54.9 47.4 54.2 50.2 452 53.8 55.5 652
A () 25.9 24.5 27.4 242 16.8 16.0 16.2 112
H s X E
3923.6  3929.5 39206 39315 39215 41246 4141.0 41059 41479 41103
(mm)
HiZ1E
(o 1409.6  1396.6 14109 1389.4 14132  1408.6 13935 14140 13949  1430.8
mm
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Table 4 Vehicle seat C and D Measurement Record Form
*4 REEH CFDMEEREE
TRIEJERG C RIS 1 TRIEJERS D iR AL 2 1

W& TE HPM-I HPM-II HPM-TAE  HPM-II HPM-TAE

AR (D 434 38.75 44.6 49.9 58.5
A () 19.6 20.7 21.55 23.4 16.7
5
H X 2302.8 2316.7 22944 3743.1 3718.1
(mm)
o
HRZH 529.5 519.7 528.3 1026.5 1053.1
(mm)

4.2 BAZEBIRESER
R 5. R o NIEARTE, MM HPM-IL & H £iJ5, ] THOR-RS 5t THOR-AV A #EATHIL, it
0 H A, BLE 2R ERY HPM-I & H S B H siAhbs.
Table S THOR-RS Dummy H-Point and HPM-II Measurement H-Point Recording Form

% 5 THOR-RS B A H ££5 HPM-II (U E H SidFE

HPM-II THOR-RS ZEE*
H & X AR H & Z A5 H & X AR H & Z A5 H & X AR H 5 Z AR
(mm) (mm) (mm) (mm) (mm) (mm)
RAEER A iR
i 4097.4 1395.5 4068.3 1431.0 -29.1 355
1 (45°)
RAEER A iR
: 4098.6 1393.6 4081.1 1428.2 175 34.6
KD (47.4°)
KRR E iRk
i 3719.2 1041.0 3708.6 10393 -10.6 -1.7
1 (45°)
KRR E iRk
i 3738.6 1010.8 3717.0 1034.0 21.6 232
%2 (50°)
KRR E iRk
i 3653.3 1017.1 3636.6 1040.0 -16.8 22.9
#3(50°)
KRR E iRk
i 3758.8 1009.1 37403 1038.7 -18.6 29.5
4 (55°)
Rl -19.0 24.0
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Table 6 THOR-AV Dummy H-Point and HPM-II Measurement H-Point Recording Form
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HPM-II

H & X Asbr

H & Z Ahr

THOR-AV

H & X Abr

H & Z b5

H & X Abr

ZEE*

H 5 Z b5

(mm) (mm) (mm) (mm) (mm) (mm)
AR B BRI
" , 3929.5 1396.6 3916.1 1419.4 -13.4 22.9
1 (49.1°
AR B BRI
sy , 3931.5 1389.4 3914.4 1422.0 -17.2 327
P (474°
AR B BRI
s , 4141.0 1393.5 4121.0 14173 -20.0 23.8
#3 (4520
TR F BRI
23 (4so) 24375 408.7 2405.8 425.4 317 16.7
3 (45°
TR F BRI
%3 (45 24448 448.3 2408.3 464.1 -36.5 15.8
TR ERT F A Ak
3 (4se) 2433.0 4455 2413.0 464.0 -20.0 18.5
Q o
TR ERT C A Ak
3 (3875 2316.7 519.7 2302.6 534.9 -14.1 15.2
% 75°
TR RS D AgifAk
3 (49,00 3743.1 1026.5 3720.2 1048.3 229 21.8
% 9°
T 22,0 20.9
5 9%
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RIGAN, WL 1-4 A [F] HERS I B2 VBT i) HPM-1. HPM-11. HPM-TAE $35, #5560 418 F AN [ HPM
WA AR TE 9. Kl 10.

FENIE R A G T, HPM-1 5 HPM-IL AR KT A S AR S A O, M ZE KA 10,

FEVE PR REG T, HPM-1 5 HPM-IT JIrill 53 45 # b Al 38 4 3R B W2 19 22 57t . HPM-T 55 HPM-IT 9K+
FZEAEHLE 4°L0 F, H HPM-IT & KT A 24/ F HPM-I K HPM-TAE Frill & KT 47, b HPM-I frill & 5K T
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Figure 9 Comparison of torso angles measured by different HPMs
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Figure 10 Comparison of cushion angles measured by different HPMs
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Figure 11 Side view of HPM-II on reclined rigid seat Figure 12 Side view of HPM-I on reclined rigid seat
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PO TRISIVEE , A 5 e o 3R T I 5 5

Figure 13 Side view of HPM-TAE on reclined vehicle seat
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Figure 14 Side view of HPM-II on reclined vehicle seat
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Figure 15 Vertebral angles of THUMS AMS50
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Table 7 LL angle of THUMS AMS0 at different seat back angle

=7 EARREESHETH THUMS AM50 9 LL

Seat Back Angle (deg)

25deg 35deg 45deg

LL 5.8 10.8 16.8
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THOR-RS JI & H mi2:HFE 16 B 17,

B 16 HROR I, BRI R B AR AL, RN AR FIYR 4R HE s F, HPM-1 A HPM-TAE ()l & H m3545
Ai{E L HPM-IT U H A0 JE S = % R, B HPM-I & HPM-TAE JII & H A% HPM-II & H 28 i k.
ERT CEERFEAE T M) o 1 HPM-I 5 HPM-TAE #HEL#E, HPM-I I H A% W E 15 R, [ )5 .

B 17 F R, B — % THOR-RS iR 384, 7E75 4= Mak; I, THOR-AV & THOR-RS FJ H 5545434 £ LA HPM-II
M H SNE SRS R, %9 THOR-AV K THOR-RS A\ H £ HPM-II & H S8 E. mf. “FY
J&i 7715, Thor-RS #HEL HPM-IIf H 5 X fH B K F T2 19mm, Z {E 45 1] _E4) 24mm. Thor-AV A1 L HPM-II
() H A XA SR RTZ) 22mm, Z (A EZ) 20.9mm. W OHE N B BT E R 4E 2R T, M8 T HPM
BEFEME H A, A H SERKALEE. THOR-RS & THOR-AV 785 % 5z bk S A8 N oA 35 A7 48 5 T
THOR-50M iR A58 7 A& 2, RIS B A7 R 703056 o7 LAE] B 3 AR AR, (H/DHGRIE TR 2

WAL, FEBERTRT AR BEROR, R B /INGY T R R I S 4 IR tHEC B, HPM-1A1 HPM-TAE 5
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Figure 17 Comparison of dummy’s H point and HPM-II’s H point
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HPM-1 7ESEPrl o FE v, AR T Hofh HPM, AFLEI A B R . 76 HPM-T (254l JF & Hi i) HPM-TAE
REBS T KM R EAE, IXPA HPM 25 5 A3 98T A S AL B A M B E20 . HPM-TT 28 B AT HPM-T BEBE 47 I & K
AR AR R R SR T, LIS FH AR A A FEYG BRI BE T, Ty 2 B 22 R DR 2K

EEAALZETR, HPM-1 5 HPM-IL & M B2 R AR, (BERZE R b, BT R, HPM-II 2 Bl
T RENS ARG & R, EMRHA EERG K S, HPM-I1 5 HPM-1 1 HPM-TAE E 30 H AN [ (0 2 5

X IEA R, AR EREN, —F HPM 2% B & 5 S0 e g8 T A i, AR /MY N HPM-TAE>
HPM-1>HPM-II, H HPM-II Wl & A #4136 K T HPM-1 J2 HPM-TAE. % T H sALkR, DA [ 8 #5515 7K
EJ RN X IEJ7 A, HPM-II>HPM-1>HPM-TAE, VAZEE/KF[a 2K Z 1E77 [\, HPM-TAE>HPM-1>HPM-II.
H AT F P REARHE SR\ THOR-AV F1 THOR-RS ) H 555 HMP-II & H R A H A5 2 T8] PR N 9% 2 K 22 80T 33
JE Y HTELFE Thor-50M 5 HPM-TFHE ORI E 2K .
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HPM-TAE H F 54 TR BL, $hZ ATFIBOR SRS, & Bt — 20 (R ORI A L AR KA
R P RE YR BTN BT, HPM-I IR H A S5 RO H 22 18] (A2 B 5% 2 CAS -3 2 AT I 0 R0
FEER, /5 EE RN KBRS R B R E B H 5 HPM R E L E R R
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