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Technical requirements and test methods for calibration of aluminum honeycomb in vehicle Crash Testing

1. [bookmark: _Toc25773]Overview
Frontal impact barriers used in automotive safety testing are critical test equipment for full-vehicle side impact assessments. The consistency and stability of their performance exert a significant influence on vehicle model evaluation results. The core component, honeycomb aluminum, must be scientifically calibrated and accompanied by specific technical requirements to ensure barrier reliability. This standard specifies the structural design, material characteristics, and calibration methods for honeycomb aluminum, covering both static tests (for verification of Force-Deformation curves) and dynamic tests (including: rigid load-cell wall test and tube impactor test). Furthermore, it defines factory inspection and quality control requirements to guarantee product performance consistency and traceability.
2. [bookmark: _Toc30445]Scope
This document specifies the technical requirements for AC-MPDB used in vehicle crash tests, describes the corresponding test methods, and defines the inspection rules and administrative requirements.
This document applies to the manufacture of AC-MPDB for vehicle side impact tests and frontal offset impact tests.
3. [bookmark: _Toc3572]Normative references
The following documents, through normative references herein, constitute essential provisions of this document. For dated references, only the edition corresponding to the cited date applies. For undated references, the latest edition (including all amendments) applies.
C-IASI Vehicle Occupant Safety Index – Frontal 50% Offset Imapct Test Protocol (2023 Version, Revised 2024)
NHTSA TP-214D-09 DYNAMIC SIDE IMPACT PROTECTION
Euro NCAP 2020 Technical Protocol
NHTSA FMVSS 208 Occupant Crash Protection
SAE J211-1-2014 Instrumentation for Impact Test – Part 1: Electronic Instrumentation
ISO 6487 Road Vehicles – Measurement Techniques in Impact Tests – Instrumentation
ASTM C297-61 Standard Test Method for Flatwise Tensile Strength of Sandwich Constructions
4. Definitions, acronyms and abbreviations
4.1. [bookmark: _Toc32632]Definition
[bookmark: _Toc26445]4.1.1
Deformable barrier
A test device used to simulate vehicle front-end structures, capable of controlled deformation in automotive crash tests.
4.1.2
Honeycomb aluminum block
A lightweight block core material composed of hexagonal cells fabricated through adhesive bonding of aluminum foil.
4.1.3
Advanced Chinese Moving Progressive Deformable Barrier (AC-MPDB)
A deformable energy-absorbing device used in vehicle frontal crash tests to characterize the average stiffness of vehicle front-end structures. It evaluates energy absorption capabilities and occupant protection performance for compatibility.
4.1.4
Trolley
A wheeled frame structure designed to freely travel along the longitudinal axis toward an impact point. Its front end is equipped with frontal or side-impact mobile deformable barriers (3.3, 3.4).
4.1.5
Load cell wall (LCW)
A force measurement device comprising multiple load sensors integrated with a rigid wall, capable of recording impact forces during impact.
4.1.6
Tube impactor
A cylindrical structure representing vehicle frontal structures, used in dynamic calibration tests of honeycomb aluminum to quantify energy absorption and deformation metrics during impact.
4.1.7
Batch
Products of the same type and specifications manufactured using identical raw materials, during the same shift, and on the same production line.
5. [bookmark: _Toc6683]Technical requirements
5.1 Structural characteristics of honeycomb
The frontal collision moving deformable barrier structure meets the requirements of 50% frontal offset collision test procedures in 2026 C-IASI, which mainly consists of three parts: honeycomb aluminum block A, B and C, and the structure is shown in Figure 1.
[image: ]
1— Back plate；2— median disc 1；3—Honeycomb blockB1-2；4—Honeycomb blockB1-1；5—Honeycomb blockB3；6—Honeycomb blockC；7—Bend parts；8— blind rivet ；9—Honeycomb blockA；10— median disc 3；11—Honeycomb blockB2；12— median disc 2；13— contact plate ；14— shrouding 
Figure 1 the barrier structure
5.2  Cellular aluminum dimensions and material characteristics
[bookmark: _Toc9340]5.2.1  Honeycomb block
[bookmark: _Toc14316]5.2.1.1  Geometrical features 
As shown in Figure 2, the geometric characteristics are as follows：
a)The main size of block A is 50mm×826.8mm, and the main size of block C is 50mm×826.8mm；
b)Honeycomb block B consists of four parts: two upper cell blocks (block B1-1 and block B1-2), one central cell block B2, and one lower cell block B3. The main size of block B1-1 is 400mm 300mm; the main size of block B1-2 is 299.5mm 300mm; the main size of block B2 is 230mm 700mm; the main size of block B3 is 260mm 700mm.1200mm, 700mm and 250mm correspond to the W direction of the honeycomb aluminum structure, and 300mm, 230 and 260mm correspond to the L direction；
c)Honeycomb block B is divided into three rows: upper, middle and lower, 57 and the chamfer should be located in blocks B1-1, B2 and B3；
[image: ]
Figure 2 Overall dimensions of cellular aluminum main honeycomb block
[bookmark: _Toc21781]5.2.1.2  Material characteristics 
The material characteristics are as follows：
a）All blocks of the main honeycomb block shall be made of aluminum alloy with plate number 3003；
b）The cellular expansion direction is along the width direction (W direction).
c）No part of the honeycomb aluminum block shall be presqueezed.
5.2.2 Plate support and connection components
[bookmark: _Toc27038]5.2.2.1 Geometrical features
The connecting and supporting components are divided into back plate, middle plate, contact plate, sealing plate, bending parts, blind rivets, and the tolerance of each component is ± 1 mm.
[bookmark: _Toc20651]5.2.2.2 Material characteristics 
a) The backplane shall be made from AlMg 2 series to AlMg 3 series aluminum with a hardness between 50-67 HBS.
b) Intermediate panel is made of 5754H111 aluminum. The middle plate thickness shall be 0.5mm±0.06mm.
c) Contact plate is made of 1050 AH 24 aluminum. Contact plate thickness shall be 1.5mm±0.1mm.
5.2.3 Performance requirements of honeycomb aluminum calibration test
5.2.3.1 Performance requirements for the static calibration test
Make 100 honeycomb aluminum blocks to ensure batch consistency. The contents of the factory inspection report shall comply with the provisions of Annex A. The stress-deformation curve of each honeycomb aluminum sample shall be within the static stiffness channel range specified in Figure 3.
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	(a) Static stiffness characteristic requirements of block B1-1
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	(b) Static stiffness characteristic requirements of block B1-2
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	(c) Static stiffness characteristic requirements of block B2
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	(d) Static stiffness characteristic requirements of block B3

	Figure 3 Requirements for the static stiffness channel of each block



5.2.3.2 Dynamic calibration test performance requirements
For each 100 honeycomb aluminum barriers produced, the manufacturer shall conduct two dynamic calibration tests, using rigid measuring wall (hereinafter referred to as LCW test) and dynamic tube impactor test respectively.
5.2.3.2.1 The LCW test performance requirements
The force-deformation curve of honeycomb aluminum shall be within the range of LCW performance channel specified in Figure 4.
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	(a) Block A The LCW test performance channel range
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	(b) Block B LCW test performance channel range
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	(c) Block C LCW test performance channel range
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	(d) Whole honeycomb aluminum LCW test performance channel range

	Figure 4 Performance requirements for LCW test for each cellular aluminum block



6. [bookmark: _Toc13178]Test method
[bookmark: _Toc29020]6.1 Test Conditions
[bookmark: _Toc14905]6.1.1 Tube Impactor Test Conditions
a) Total mass of the tube impactor trolley: 1530 kg ± 20 kg.
b) Combined speed of barrier sled and tube impactor during testing: 60 km/h (lower limit: 0, upper limit: +1 km/h).
[bookmark: _Toc30663]6.1.2 LCW Test Conditions
a) AC-MPDB barrier honeycomb blocks shall be rigidly mounted to the trolley via a backplate. Total trolley mass: 1650 kg ± 20 kg.
b) Barrier trolley speed: 50 km/h (lower limit: 0, upper limit: +1 km/h).
[bookmark: _Toc22433]6.2 Test Equipment
The requirements for test equipment and instruments are listed in Table 1.
Table 1 Equipment and Instrument Requirements
	No.
	Equipment/Instrument Name
	Specifications/Accuracy

	1
	Data Acquisition System
	Sampling frequency ≥10,000 Hz

	2
	High-Speed Camera
	Frame rate ≥1,000 fps

	3
	Sensors (acceleration, force, etc.)
	Linearity sensitivity ≤1% of indicated value



[bookmark: _Toc2994]6.3 Test Facilities
[bookmark: _Toc23826]6.3.1 Test Site
The test site shall be sufficiently large to accommodate the runway and necessary facilities. The runway within 5 meters of the impact zone must be level, flat, dry, and clean.
[bookmark: _Toc9963]6.3.2 Propulsion System
Towing acceleration ≤ 0.3g to maintain dummy posture pre-crash.
Speed control accuracy: ±0.2 km/h.
[bookmark: _Toc15201]6.3.3 Lighting System
Activate strobe-free lighting for high-speed cameras 5 minutes before testing. Ensure ambient temperature in the impact zone remains within operational limits.
[bookmark: _Toc25643]6.4 Test Procedures
[bookmark: _Toc17081]6.4.1 Mobile Barrier Characteristics
a) Total mass: 1530 kg ± 20 kg. The sled structure shall prevent permanent deformation post-test. During impact, vertical and horizontal deviations shall be limited to ≤5° and ≤2°, respectively.
b) Front/rear wheel track: 1500 ± 10 mm.
c) Wheelbase: 3000 ± 10 mm.
d) Center of gravity (COG) position:
Longitudinal: 1000 ± 30 mm behind the front axle.
Vertical: 500 ± 30 mm above ground.
Lateral: ≤ 10 mm deviation from the longitudinal central plane.
e) Distance between the impactor face and barrier COG: 2290 ± 30 mm.
f) Deceleration sensors for sled COG measurement shall align with the sled’s longitudinal axis (CFC 180).
g) Sled displacement is derived by double integration of the COG deceleration curve. Total crush force is calculated by multiplying sled acceleration (CFC 60) by its mass.
[bookmark: _Toc14845]6.4.2 Tested Deformable Barrier
a) The barrier must represent mass-production specifications.
b) The barrier shall be rigidly fixed to the wall to prevent relative displacement. Lower mounting flanges may remain unbent for testing.
[bookmark: _Toc601]6.4.3 Tube Impactor Test Procedure
6.4.3.1 Tube Impactor Requirements
a) The impactor consists of a steel tubular structure per Figure 5. Geometry must adhere to specified dimensions. Longitudinal reinforcements are permitted if they do not alter load distribution.
b) The impactor shall be rigidly attached to the sled to prevent relative displacement during testing.
[image: descript]
Figure 5 Design of Tube Impactor 
6.4.3.2 Test Setup
a) Impact speed: 60 km/h (lower limit: 0, upper limit: +1 km/h). Tests exceeding this speed are acceptable if results comply with requirements.
b) Angle between sled longitudinal axis and motion direction: 0° ± 2°.
c) Tube impactor overlap with barrier Y-axis (lateral): 960 ± 20 mm.
d) Vertical/horizontal deviations during impact: ≤5° and ≤2°, respectively.
e) AC-MPDB barrier lower edge height: 120 mm above ground. Tube impactor lower edge height: 180 mm above ground. See Figure 6.
	[image: descript]
(a) Top view

	[image: descript]
(b) Side view


Figure 6 Test Configuration
6.4.3.3 High-Speed Camera Requirements
Six high-speed cameras shall capture barrier deformation (see Figure 7).
Left/right cameras: Parallel to the vehicle’s longitudinal central plane.
Top/bottom cameras: Parallel to the ground.
Camera specifications:
Minimum resolution: 2560×1980 pixels.
Frame rate: 1,000 fps.
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Figure 7 High-Speed Camera Layout
6.4.3.4 Verification
The force-displacement curve of the tested barrier shall fall within the corridor defined in Figure 8.
[image: ]
Figure 8 Corridor of Tube Impactor 
[bookmark: _Toc10747]6.4.4 LCW Test Procedure
6.4.4.1 Test Configuration
a) Angle between barrier sled axis and motion direction: 0° ± 2°.
b) Barrier mounting options:
Position 1: Barrier Y-axis aligned with sled backplate left edge.
Position 2: Barrier longitudinal centerline aligned with sled central axis.
c) Vertical/horizontal deviations during impact: ≤5° and ≤2°, respectively.
Test configuration per Figure 9.
	[image: descript]
(a) Side view
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(b)Top view


Figure 9 Test Configuration
6.4.4.2 High-Speed Camera (LCW Test)
Six cameras arranged as shown in Figure 10. Specifications match 6.4.4.1.
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Figure 10 High-Speed Camera Layout (LCW Test)
[bookmark: _Toc20326]6.5 Data Acquisition and Processing
a) Measure the sled COG deceleration curve aligned with its longitudinal axis. Calculate displacement via integration and total force via acceleration × mass.
b) Sum force-time curves from all load cells on the barrier to obtain the total force-time profile. Derive displacement-time curves via double integration of sled acceleration. Correlate force and displacement data to generate the barrier’s force-displacement curve.
[bookmark: _Toc28385]6.6 Bonding Strength Test
The bonding strength test shall be conducted in accordance with Clauses 7 to 11 of ASTM C297-16.
[bookmark: _Toc29485]7 Management Requirements
[bookmark: _Toc18499]7.1 Traceability
7.1.1 The collision block should be engraved with a continuous serial number using etching or other permanent preservation methods, which should be able to trace the batch and production date of each AC-MPDB.
7.1.2 Each deformable barrier that leaves the factory should be accompanied by a corresponding inspection report, which should include but not be limited to:
a) Manufacturer information;
b) Deformable barrier serial number;
c) Batch information of honeycomb aluminum blocks;
d) The corresponding test results for this batch of honeycomb aluminum blocks.
7.1.3 The content of the factory inspection report shall comply with the provisions of Appendix C.
7.1.4 The corresponding information above should be kept for at least 10 years.
[bookmark: _Toc17538]7.2 Factory Inspection
7.2.1 The factory shall establish quality control requirements and implementation plans for key components, key raw materials, key production processes, and finished products, and execute and retain corresponding records
7.2.2 The inspection agency shall inspect the quality control records of the automotive variable barrier production plant annually.

Annex A Factory inspection report (AC-MPDB)
A.1 The factory inspection report shall include but is not limited to the following contents：
a) Operative norm ；
b) Product name / model number；
c) Manufacture factory；
d) Serial number of the deformable barrier；
e) Date of manufacture;
f) Signature of inspection leader and report approver；
g) Static calibration test data record table and test curve, make data record of static calibration test according to Table A.1, and draw the force-deformation curve of each honeycomb aluminum block；
h) Dynamic test report number for the corresponding lots of the AC-MPDB.

Table A.1 Static Test Record Sheet for AC-MPDB
	Block No.
	Series No.
	Test Result

	Block C
	
	

	 Block B1-1
	
	

	 Block B1-2
	
	

	 Block B2
	
	

	 Block B3
	
	

	 Block A
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