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创新 拼搏 担当 快乐
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创新 拼搏 担当 快乐Research Background

High Market Penetration Rate 
and Popular with Consumer

[1] Letarte, Peter B. , et al. "The effect of reclined seats on mortality in motor vehicle collisions - Discussion." The Journal of trauma 64.3(2008):627-628.

Higher mortality Risk and 
Injury Severity in Accidents

New Injuries and Higher 
Injury Severity in Tests

Ø 87.5% Penetration Rate (28/32 OEMs)
*Source：CAERI Investigation 2023-2024

Ø Higher proportion of AIS 3+ injuries
*Source：FASS   N=3270

Ø  Higher mortality of reclined occupants
*Source：NASS/CDS   N=90412 [1]

Ø Submarining, Iliac wing, sternum, ribs 
and spine fractures

*Source：UMTRI & UVA PMHS Tests Reports

There is no test and assessment protocol to ensure reclined occupants safety in collisions.

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)

CAERI - 
Intellig

ent C
ockpit S

afety Research
 Group (2025 RCCADS Workshop)



创新 拼搏 担当 快乐Research Group

5. Protocol1. Object 2. Tool 3. Method 4. Rating
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创新 拼搏 担当 快乐

1. Object 2. Tool 3. Method

Test Condition

Test Pulse

4. Rating

Restraint System and 
ATD Kinematic

Overall

ATD Injury

5. Protocol

Protocol Location

Positioning Procedures 
of Seat and Dummy

Selection of 
Environment Samples 

and BIW

Dummy

Definition of Reclined 
Seat

Selection of T&A 
Objects

Test Angle of Reclined 
Seat

Frame
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创新 拼搏 担当 快乐1. Object
nDefinition of Reclined Seat

• Automotive reclined seats refer to automotive seats that can adjust the angle of  components including the seat cushion, seat back, and leg/foot 

suppot to make the occupantts’posture different from the traditional sitting posture.

• After adjustment, the seat cushion angle is greater than 10° and the torso angle is greater than 35° （measured by HPM-II）.

n Selection of T&A Objects
• Reclined seatst which are forbidden during driving are not within the scope of the protocol, but reports must be provided.

nTest Angle of Reclined Seat
• Prioritize testing according to the OEM-recommended reclining angles. If not 

available, test according to the maximum seat back reclining angle.

submarining

T12 Axial Fz

HPM-II, SAE J4002 2022
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创新 拼搏 担当 快乐

Selection 
Principles

• Biofidelity • Published paper, presentations and other reports or public materials
• PMHS corridor and ATD responses

• Test Execution • Repeatability
• Durability

• Price • Price and Service

• Consistent with Global Protocols • Consistent with EuroNCAP, IIHS, etc.

• Others (IRCs, FE model, etc.) • Available injury risk curves
• Available and validated FE model

n Selection of Environment Samples and BIW

• If the reclined seat is in the front row, BIW and interior components such as the IP panel need to be configured. If it is in 

the rear row, the front-row seats are required, and the others are optional.

nDummy

2. Tool
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创新 拼搏 担当 快乐

• Extract the characteristics of the vehicle acceleration curves from over 50 tests of moderate-offset frontal collisions 

between two vehicles with equal mass and stiffness. Simplify them into a double - trapezoidal pulse to serve as the 

standard input and corridor for testing.

nTest Pulse

3. Method
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创新 拼搏 担当 快乐3. Method
nAdjustment and Positioning Procedures of Seat and Dummy

The adjustment procedures from current protocol are not applicable to seats with larger angles.

H-point and posture like pelvis angle of reclined dummy is quite different from the current upright dummy.

The reclined posture prediction function is only applicable when the seat cushion angle is 14.5°. (Reed et al. 2019 TIP)

• Adjustment procedures of other parts of the dummy are basically consistent with that of the THOR-50M dummy in MPDB test protocol of C-IASI.

Adjust to target position (test condition), 
record H-point by HPM-II

(XSC, ZSC)TP

(XBP, ZBP)TP
·

·
14.5° 
cushion 
angle 
measured by 
HPM-II

Rotation

BAsp
measured 
by HPM-II

 Calculate Pelvis angle 
PAsp and PATP

(Reed et al. 2019 TIP)

(XBP, ZBP)SP

·

·

Rotate 
Back
D
u
m
m
y ·

·

STEP 1
Target Position

STEP 2
Standard Position

STEP 3
Target Position

test cushion 
angle

AngleD

test cushion 
angle
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创新 拼搏 担当 快乐3. Method
n Pelvis Angle and H-point of Dummy

• To obtain H-point of the dummy, HPM-II is used for H-point, and the method of using 

the HPM-II refers to SAE J4002.  

• The coordinate relationship between the H-point measured by the HPM-II and the H-

point of the dummy should meet the following ranges:

To calculate pelvis angle, rotate the seat until the seat cushion angle is 14.5°:

• Based on the torso angle BASP measured by HPM-II, PASP is

 

• Based on the seat rotation angle AngleD and the difference X between pelvis angle sensor values and 

human pelvic angles caused by different dummy structures, the target pelvic angle of dummy 

PAdummyTP is

PASP = 0.33BASP + 50.6°

PATP = PASP+AngleD , PAdummyTP = PATP + X

(Reference: Reed et al. 2019 TIP)

Ø XDummy = XHPM-II + AX ± 2*SX mm

Ø ZDummy = ZHPM-II + AZ ± 2*SZ mm

X / Z coordinate differences between HPM-II and Dummy
                                          ( Research in progress)

 2*SX
2* standard deviation

 2*SZ
2* standard deviation

Average point
(AX , AZ)
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创新 拼搏 担当 快乐

nMain Risks of Reclined Occupants

4. Rating

p What are the main injury risks for reclined occupants in frontal impacts?

Rubbing Neck Rib and Sternum Fracture

Lumbar Spine InjuryPelvic Iliac Wing InjurySubmarining

ü Risks are concentrated in the thorax, pelvis, and lumbar spine, with kinematic risks of submarining and belt rubbing neck.

Real 
Human 
Injuries

Ø Summary of PMHS test reports

Ø Analysis of accident occupants’ injury reports

Ø  80+ sled tests and analyses

Ø Corresponding HBM simulation analysis

Dummy-
Predicted 

injuries
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创新 拼搏 担当 快乐

nLumbar Spine
1. https://www.nhtsa.gov/research/biomechanics
2. Baudrit, P., et al., Stapp Car Crash J, 2022.
3. Richardson, R., et al., Stapp Car Crash J, 2020.

l In 9 out of 11 frontal impact reclined cadaver tests, AIS2+ injuries were observed in the T12 - L5 

vertebrae, among which 7 of the 9 cases were AIS3.

4. Rating

p How to assess lumbar spine injury in dummy?

submarining

Consistency Inconsistency

submarining

T12 Fz Peak Change

T12 Fz Peak Value T12 My Peak Value

T12 My Peak Change

Ratio 1.6 / 1.7 Inconsistency
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创新 拼搏 担当 快乐

nExamples of solutions for excessive lumbar axial compression force

Example B: 
Cushion Airbag

Example A: Collapsible Energy Absorbing Device/
Passive collapse mechanism

Patent: CN221137781U

4. Rating

Improved

Improved
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创新 拼搏 担当 快乐4. Rating
n Pelvic Iliac
l In 7 out of 11 frontal impact reclined cadaver tests, AIS2+ injuries were observed.

1. https://www.nhtsa.gov/research/biomechanics
2. Baudrit, P., et al., Stapp Car Crash J, 2022.
3. Richardson, R., et al., Stapp Car Crash J, 2020.
4. Moreau, D., et al., Ann Biomed Eng, 2023.
5. Richardson, R., et al.,Traffic Inj Prev, 2024.

p A dummy only has force sensors in X direction Fx for iliac wing now.

p How to assess pelvic iliac injury in dummy?

Pelvic Iliac Wing 
Injury Risk Function 
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创新 拼搏 担当 快乐4. Rating
nThorax Injury
p In reclined posture, almost every cadaver test resulted in rib or sternum fractures.
p In reclined posture, ATD tests and simulations indicate that the chest compression deformation will 

be higher and the Z direction of chest compression may contribute more.

Rating Good Acceptable Marginal Poor

Chest Compression Deformation（mm） Monitor (X/Y/Z and Resultant)

*25 Sled Tests using 
different vehicle seats

C
om

pr
es

si
on

 D
ef

le
ct

io
n 

(m
m

)
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创新 拼搏 担当 快乐4. Rating
nAbdomen Injury
p If the occupant submarines, the belt force acting directly on the abdomen may cause organ damage.

Dummy Abdominal Pressure Dummy Abdominal Compression Deformation

Matthew Craig et al., Injury Criteria for the THOR 50th Male ATD, September 2020
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创新 拼搏 担当 快乐

Restraint System and ATD Kinematic

Derived from restraint system and ATD kinematic demerits Demerits

1.1.1 Head and Neck Protection

1.1.1.1 Dangerous deployment of frontal airbag1 1

1.1.1.2 Diagonal belt slippage (obvious rubbing with ATD’s neck) 1

1.1.1.3 Two or more hard contacts on the head2 1

1.1.2 Chest and Abdomen Protection

1.1.2.1 Excessive shoulder belt load（6kN） 2

1.1.3 Knee and Pelvis Protection

1.1.3.1 ATD submarining 4

1.1.4 Other Protection

1.1.4.1 Failure to unlock the seat belt or excessive unlocking force3 1

1.1.4.2 Seat Failure（Do NOT include seat failures resulting from design for the 
purpose of achieving occupant protection）

6

Restraint System and ATD Kinematics Rating Good Acceptable Marginal Poor

Demerits ≤1 ≤3 ≤5 ≥6

1. Dangerous deployment of the frontal airbag means that during the airbag deployment process, in the head evaluation area, it sweeps across the dummy's face in the horizontal or vertical direction, posing a potential 
risk to the dummy's face or eyes, or its deployment speed is greater than 90 m/s. The head evaluation area refers to the rearward area perpendicular to the longitudinal plane of the vehicle, 150 mm in front of the 
dummy's face under the test condition.
2. Two or more hard contacts on the head (1 defect) means that there are two or more hard contacts that cause the resultant head acceleration to exceed 70g.
3. Failure to unlock the seat belt or excessive unlocking force (1 defect) means that when the dummy is released from the restraint system after a collision, the seat belt cannot be unlocked or the unlocking force of the 
seat belt buckle is greater than 60N. 

nRestraint System and ATD Kinematic Rating 

4. Rating
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创新 拼搏 担当 快乐

Neck※ -- The current neck criteria and thresholds are derived from the THOR dummy in the current C-IASI protocols, and may be updated based on research.

4. Rating

ATD Injury

2.1 ATD Injury Rating

2.1.1 Head/Neck Good Acceptable Marginal Poor

2.1.1.1 HIC15 ≤560 ≤700 ≤840 ＞840

2.1.1.2 Shear Force Fx（kN）※ ≤1.9 ≤2.5 ≤3.1 ＞3.1

2.1.1.3 Tensile Force Fz（kN）※ ≤2.7 ≤3.0 ≤3.3 ＞3.3

2.1.1.4 Tensile Bending Moment 
Mocy（Nm）※ ≤42 ≤49.5 ≤57 ＞57

If there is one hard contact resulting in the resultant head acceleration 
exceeding 70 g, the head and neck injury rating will be degraded by one level, 
but the defects in the restraint system and ATD kinematics rating will not be 

counted

2.1.2 Chest/Abdomen Good Acceptable Marginal Poor

2.1.2.1 Chest Compression 
Deformation（mm）

Monitoring(X/Y/Z and Resultant)

2.1.2.2
(Depends 
on dummy)

Abdomen Pressure（bar） ≤1.28 ≤2.09 ≤2.69 ＞2.69

Abdomen  Compression 
Deformation（mm）

Monitoring(X/Y/Z and Resultant)

2.1.3 Thigh/Hip Good Acceptable Marginal Poor

2.1.3.1 Compression Force on Thigh 
Fz（kN）

≤3.8@0ms
≤3.8@10ms

≤6.44@0ms
≤5.68@10ms

≤9.07@0ms
≤7.56@10ms

>9.07@0ms
>7.56@10ms

2.1.3.2 Compression Force on 
Acetabulum FAR（kN）

≤3.28 ≤3.69 ≤4.1 ＞4.1

2.1.3.3 Iliac Force Fx（kN） ≤2.5 ≤3.5 ≤4.5 ＞4.5

2.1.3.4 Lap Belt Force（kN） Monitoring

2.1.4 Spine Good Acceptable Marginal Poor

2.1.4.1 Lumbar Spine Compression 
Force T12 Fz（kN）

≤4.5 ≤5.5 ≤6.5 ＞6.5

2.1.4.2 Lumbar Spine Bending 
Moment T12 My (Nm) Monitoring

2.1.5 Tibia/Foot Good Acceptable Marginal Poor

2.1.5.1 Knee joint sliding
displacement D (mm) ≤12 ≤15 ≤18 ＞18

2.1.5.2 Tibia index (upper and lower) 
TI ≤0.8 ≤1.0 ≤1.2 ＞1.2

2.1.5.3 Tibia axial force Fz (kN） ≤4.0 ≤6.0 ≤8.0 ＞8.0

2.2.5.4 Maximum resultant foot
acceleration A(g) ≤150 ≤200 ≤260 ＞260

nATD Injury Rating
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创新 拼搏 担当 快乐

• Physical tests. C-IASI →  Vehicle Occupant Safety Index → Additional Protocols（TBD）；

• Select the lowest-configured vehicle equipped with reclined seats for testing. Each position with a reclined seat (eg. 

the front-passenger seat, second-row seats) needs to be tested separately. Then, pick the worst result among all.

Rating Object
Overall Rating

GOOD（G） ACCEPTABLE（A） MARGINAL（M） POOR（P）

Driver/front-passenger/second-row, etc. Pick the worst rating

Head and Neck 0 2 10 20

Chest and Abdomen 0 2 10 20

Thigh and Hip 0 2 10 20

Spine 0 2 10 20

Leg and Foot 0 1 2 4

Restraint System and ATD Kinematic 0 2 6 10

Overall Rating Cutoffs 0-3 4-9 10-19 20+

nOverall Rating and Protocol Location

5. Protocol
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Protocol 

Implementation 
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Protocol Release

2025 Q4
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Thank You!

Contact Me
e-mail: wangpeifeng@caeri.com.cn
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