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PREFACE 

During the test preparation, vehicle manufacturers are encouraged to liaise with the laboratory 

and to check that they are satisfied with the way cars are set up for testing. Where a manufacturer 

feels that a particular item should be altered, they should ask the laboratory staff to make any 

necessary changes. Manufacturers are forbidden from making changes to any parameter that 

will influence the test, such as dummy positioning, vehicle setting, laboratory environment etc. 

It is the responsibility of the test laboratory to ensure that any requested changes satisfy the 

requirements of Euro NCAP. Where a disagreement exists between the laboratory and 

manufacturer, the Euro NCAP secretariat should be informed immediately to pass final judgment.  

Where the laboratory staff suspect that a manufacturer has interfered with any of the set up, the 

manufacturer's representative should be warned that they are not allowed to do so themselves.  

They should also be informed that if another incident occurs, they will be asked to leave the test 

site. 

Whe e the e is    ecu  ence of the p oblem, the m nuf ctu e ’s  ep esent tive will be told to le ve 

the test site and the Secretary General should be immediately informed. Any such incident may 

be reported by the Secretary General to the manufacturer and the person concerned may not be 

allowed to attend further Euro NCAP tests. 

DISCLAIMER: Euro NCAP has taken all reasonable care to ensure that the information published 

in this protocol is accurate and reflects the technical decisions taken by the organisation.  In the 

unlikely event that this protocol contains a typographical error or any other inaccuracy, 

Euro NCAP reserves the right to make corrections and determine the assessment and 

subsequent result of the affected requirement(s).  
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1 INTRODUCTION 

This document supports the Virtual Testing – Crashworthiness Far side Assessment Protocol by 

providing details of the data required in qualification of WorldSID CAE models.  

The WorldSID 50th model qualification process is divided into three stages beginning with 

normative standard requirements, component test simulations and full scale far side sled test 

simulations performed in a simplified environment. In addition to this document, it is also 

necessary to refer to the Standard ISO 15830, the Euro NCAP VTC Simulation and Assessment 

Protocol as well as Euro NCAP Technical Bulletin CP 005. Additional reference documents and 

additional information are available using the following links: 

Euro NCAP | Protocols 

https://openvt.eu/EuroNCAP/wsid-model-qualification 

In future, additional sizes of WorldSID model will be incorporated into the VTC assessment and 

this document will also be updated accordingly.  

 

 

https://www.euroncap.com/en/for-engineers/protocols/
https://openvt.eu/EuroNCAP/wsid-model-qualification
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2 STAGE 1 – NORMATIVE DUMMY REQUIREMENTS 

  Normative references 

2.1.1  The model evaluat ion is based on the fol lowing normat ive references:  

· Mass properties according to ISO 15830-2 & -5 

· External dimensions according to ISO 15830-5 

· Range of motion according to ISO 15830-1 

· Sensors according to ISO 15830-3 

· Dummy dynamic qualification procedures according to ISO 15830-2 

 

2.1.2 The ISO 15830 is currently under revision, therefore the referenced 

documents are given undated and the latest version of the ISO document shal l  

be used. 

 

  Simulation setup 

2.2.1  Al l qual if icat ion procedures descr ibed in the ISO 15830 -2 must be 

simulated with the WorldSID AM50 model. All  setups must also meet the 

fol lowing simulat ion-related requirements:  

· Dummy-related control cards must match in all three stages 

· Active gravity 

· Signals must be outputted and filtered according to the specification in the ISO 15830-2 

 

2.2.2  The last specif icat ion requires an output of signals before t0 to perform 

f i l ter ing and offset correct ion as requested in the norm, this is why the 

simulat ion must start  with some t ime in advance of t0.  
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3 STAGE 2 – COMPONENT LEVEL TESTS 

  Dummy model suitability – sub-system simulation 

In Stage 2, the application-specific suitability of the dummy model is checked at component level 

via mini-sled tests. The fi st test setup is used to v lid te the model’s he d-neck performance 

whereas the second setup focuses on the lumbar spine performance. In both setups, lateral and 

oblique load cases are included. The same acceleration pulse is used in all the four load cases, 

which is shown in Figure 1. 

 

Figure 1: Acceleration pulse in component tests 

 

  Reference data 

The following finite element reference meshes and reference data sets are needed for this stage:  

3.2.1 Reference mesh for head-neck mini-s led environment  

• 11_reference_meshes/Head-Neck/lateral/master_input_lateral.key 

• 11_reference_meshes/Head-Neck/oblique/master_input_oblique.key 

3.2.2 Reference mesh for lumbar spine mini -s led environment  

• 11_reference_meshes/Lumbar_spine/lateral/master_input_lateral.key 

• 11_reference_meshes/Lumbar_spine/oblique/master_input_oblique.key 

3.2.3 Reference signal data of head-neck test  

• 10_reference_data/Head-Neck_lateral 

• 10_reference_data/Head-Neck_oblique 

3.2.4 Reference signal data of lumbar spine test  

• 10_reference_data/Lumbar_Spine_lateral 
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• 10_reference_data/Lumbar_Spine_oblique 
 

 

  Head-neck load case 

3.3.1 The head-neck assembly is mounted on a mini -s led and loaded with an 

accelerat ion prof i le of 350 m/s² (see Figure 2) in pure lateral ( load case 1) 

and obl ique (75-degree, load case 2) direct ions.  

3.3.2 Simulat ion Setup 

  

Figure 2: Test setup and FE mesh of lateral head-neck test with description of parts 

3.3.2.1 Environment 

The geometry of the sled environment must be based on the reference mesh. It includes mounting 

plate, swivel plate and socket. All components must be modelled rigidly as well as the connection 

within the sled environment. The properties of all parts are listed in Table 1. The provided mesh 

in combination with the specified density (hard requirement, see Table 1) defines the remaining 

properties of the components like mass, centre of gravity and moments of inertia. The lower neck 

adaptor bracket of the dummy head-neck assembly has to be rigidly connected to the socket. 

 Table 1: Properties of parts of the sled environment for head-neck load case 

Name of reference 
geometry 

Density Target mass* Material Part ID in 
reference 
mesh 

Socket 7.85E-6 kg/mm³ 0.24 kg steel / rigid 9003 

Swivel plate 7.85E-6 kg/mm³ 1.04 kg steel / rigid 9002 

Mounting plate 7.85E-6 kg/mm³ 2.10 kg steel / rigid 9001 

 * Included for verification 

3.3.2.2 Dummy model preparations 

The head-neck assembly of the WorldSID must include all components down to, and including, 

the lower neck bracket. The bracket is rigidly connected to the sled environment as described in 

Section 3.3.2.  

3.3.2.3 Loading and other configurations 

The following conditions must be considered: 

• The sled must be loaded with the accelerations specified in the reference load case, 
Figure 1 
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• Gravity shall be applied 

• Dummy-related control cards must match in all three stages 

• Simul tion time ≥ 150 ms 
  

3.3.2.4 Outputs 

For the measurement of head and neck signals, the standard load cells of the WorldSID model 

must be used. Table 2 lists all required outputs per test setup. 

The sampling rate of all outputs must be set to 20 kHz. 

Table 2: List of required outputs of the load cases for the head-neck test 

Test Head-neck lateral / oblique 

Angular rates Head X/Y/Z 

Forces Upper neck X/Y/Z 

Lower neck X/Y/Z 

Moments Upper neck X/Y/Z 

Lower neck X/Y/Z 

  

  Lumbar spine 

3.4.1 The lumbar spine, with an addit ional replacement mass, is mounted on a 

mini-s led and loaded as shown in Figure 3. I t  is loaded with an accelerat ion 

prof i le of 35g in pure lateral ( load case 3) and obl ique (60 -degree, load case 

4) direct ions.  

 

 

  

Figure 3: Test setup and FE model of lateral lumbar spine load case with description of parts 

 

3.4.2 Simulat ion setup 

3.4.2.1 Environment 

The geometry of the sled environment must be based on the reference mesh for the lumbar test. 

It includes mounting plate, swivel plate, socket and clamping bolt. All four parts must be rigidly 

connected and have to be modelled as rigid bodies.  
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The replacement mass assembly on top of the lumbar spine must also be based on the reference 

mesh. It includes clamp, bulk mass, bolt and sensor housing. As before, the connection between 

all components in this assembly must be rigid and all parts must be modelled as rigid bodies. 

The lumbar spine load cell is rigidly attached to the socket of the sled environment. The 

connection between lumbar spine and replacement mass assembly via clamp and lumbar 

mounting wedge shall also be rigid. 

Each part density in Table 3 is a fixed requirement that must not be changed. In combination with 

the mesh, it defines the remaining properties of the components like mass, centre of gravity and 

moments of inertia. The additional information in Table 3 is collected for verification purposes.  

Table 3: Properties of the additional components for lumbar spine load case 

Name of reference 
geometry 

Density Target mass* Material Part ID in 
reference 
mesh 

Sensors 1.5E-6 kg/mm³ 0.01 kg   9014 

Sensor housing 1.485E-6 kg/mm³ 0.20 kg  rigid 9013 

Bolt 7.85E-6 kg/mm³ 0.10 kg steel / rigid 9012 

Bulk mass 7.85E-6 kg/mm³ 4.21 kg steel / rigid 9011 

Clamp 7.85E-6 kg/mm³ 0.54 kg steel / rigid 9010 

Clamping bolt 7.85E-6 kg/mm³ 0.33 kg steel / rigid 9004 

Socket 7.85E-6 kg/mm³   steel /rigid 9003 

Swivel plate 7.85E-6 kg/mm³ 1.04 kg steel /rigid 9002 

Mounting plate 7.85E-6 kg/mm³ 2.10 kg steel / rigid 9001 

* For verification 

 The positions of the accelerometer and angular rate sensor of the replacement mass are listed 

in Table 4.  

An appropriate contact between the outer surfaces of the replacement mass assembly and the 

lumbar spine must be defined. The contact shall be checked, so that the edge to surface contact 

is working properly (e.g. no large penetrations or sticky nodes). 

Table 4: Location of sensors in the reference mesh in lumbar spine load case 

Sensor x y z Node ID in 
reference mesh 

Accelerometer 175.3 189.9 273.7 2016319 

Angular rate sensor 167.4 200.0 284.0 2090572 

  

3.4.2.2 Dummy model preparations 

Only the lumbar spine, the lumbar mounting wedge on top and the lumbar load cell are used in 

the simulation. 

3.4.2.3 Loading and other configurations 

The following conditions must be considered: 
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• The sled must be loaded with the accelerations specified in the reference load case, 
Figure 1 

• Gravity shall be applied 

• Dummy-related control cards must match in all three stages 

• Simul tion time ≥ 150 ms 
 

For the measurement of the signals in lumbar spine tests, the standard load cell of the WorldSID 

model and the additional sensors must be used. 

The sampling rate of all outputs shall be 20 kHz. Table 5 lists all required outputs per test setup. 

  

Table 5: List of required outputs of the load cases for the lumbar spine load case 

Test Lumbar spine lateral / oblique 

Angular rates Replacement mass X/Y/Z 

Forces Lumbar X/Y/Z 

Moments Lumbar X/Y/Z 
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4 STAGE 3 – FULL SCALE TESTS 

  Dummy model suitability – full  assembly simulation  

In st ge 3, the models’  pplic tion-specific suitability is checked at a full assembly level using two 

sled tests. Both tests are based on the same generic environment with a 75° oblique direction 

pulse, see Figure 4. However, in the first test, target delta v = 8 m/s (slow), whereas in the second 

sled test target delta v = 11 m/s (fast). 

 

  

Figure 4: Acceleration profile for v = 11 m/s (left) and v = 8 m/s (right) 

  

  Reference signals  

Data for the two sled tests were generated under the following projects: 

• Fo  Δv = 8 m/s, d t  w s gene  ted within expe iments pe fo med in the OS  AR p oject 
(funded under EU Horizon 2020 research and innovation programme, under grant 
agreement No. 768947) 

• Fo  Δv = 11 m/s, d t  w s gene  ted using  EESAR-LAB test data (Petit. et al., 2019) 
 

  Reference data 

The following finite element reference models and reference data sets are needed for this 

procedure: 

4.3.1 Reference CAE data: mesh for sled environment, boundary condit ions 

 est  int sett ings  nd t  get posit ion  efe ence fo  model ’s postu e  l ignment 

fo  sled test with Δv = 8 m/s 

• 11_reference_meshes/Far side_8mps/master_8mps.key 

4.3.2 Reference CAE data: mesh for sled environment, boundary condit ions,  

 est  int sett ings  nd t  get posit ion  efe ence fo  model ’s postu e  l ignment 

fo  sled test with Δv = 11 m/s  

• 11_reference_meshes/Far side_11mps/master_11mps.key 
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4.3.3 Refe ence sign l d t  fo  sled test with Δv=8 m/s  

• 10_reference_data/Far side_8mps 

4.3.4 Refe ence sign l d t  fo  sled test with Δv=11 m/s  

• 10_reference_data/Far side_11mps 
 

  Simulation setup 

4.4.1 Environment 

4.4.1.1 The sled test setup consists of separated components assembled in a common rigid 

frame as shown in Figure 5 & Figure 6. Apart of the rigid frame, the setup includes a rigid 

inclined seat pan, a rigid frame with two horizontal bars as seatback, rigid footrest, two centre 

consoles (one for legs and one for pelvis), 3-point belt, retractor, and belt attachment points. 

Note: The test setup is provided in a left-handed drive car seat configuration. 

4.4.1.2 The dummy model is seated on a rigid seat pan mounted on a rigid frame through load 

t  nsduce s. The model’s feet  est on    igid suppo t, which is mounted on    igid f  me. The 

rigid frame is fixed onto the catapult sled system. The rigid consoles are covered with 50 mm 

thick Polyethylene foam (Ethafoam TM 180, density 16 kg/m³). The 3-point belt is not 

connected to the seat (left-hand drive car seat), but to the rigid frame though attachment 

points. A preload in the shoulder belt was applied and maintained at a force of 200 N.  

4.4.1.3 The following contacts shall be defied with coefficients of friction between 0.10-0.60: 

• WorldSID-seat 

• WorldSID-seatbelt 

• WorldSID-centre console 
 

All contacts shall be checked to work properly (no large penetrations or sticky nodes). 

The applied contact settings (type and friction coefficient) must be reported in the qualification 

documentation report. 
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Figure 5: Sled environment as CAD image with description of individual parts 

  

 

Figure 6: Dummy in sled environment 
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4.4.2 Dummy model preparation 

4.4.2.1 The dummy model is seated, targeting the hip point, head centre point and surface data 

of the WorldSID in the physical test position. The target postures for the two sled tests are 

provided in reference CAE data files. 

4.4.2.2 Due to the se t’s fl t sh pe, the model’s defo m tion  t the bottom sh ll be conside ed 

to  void initi l penet  tion between model’s bottom  nd se t pl te when the model is se ted.  

4.4.2.3 It is noted that the target posture of the WorldSID provided for the CEESAR environment 

(sled test with Δv = 11 m/s) w s not st  ight but le ning slightly to the dummy’s left side. This 

is intentional to simulate the laboratory setup as close as possible. The described leaning 

postu e is not p esent in OS  AR t  get postu e p ovided (sled test with Δv = 8 m/s). 

4.4.2.4 The belt path shall be as close as possible to the provided reference belt path in the 

reference CAE file and adapted to the dummy's achieved body position.  

4.4.2.5 Contact definitions between model and the generic environment are pre-defined and 

provided together with the target posture in the reference CAE file. 

 

4.4.3 Loading and other configurat ions  

The following conditions must be considered: 

• The sled must be loaded with pulses matching the provided reference signal data. The 
lo ding  pplied  s ‘velocity-time’ bound  y p esc ibed motion is p ovided in  efe ence 
CAE data files. 

• The simulation must be performed with active gravity. 

• Dummy model-related control cards must match in all three stages. 

• End time ≥ 200 ms. 
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5 OUTPUTS 

  Postprocessing of output channels  

5.1.1 For each output channel generated, the sampling rate must be 20 kHz. 

Units and direct ions of each channel must be aligned to the reference data, 

which is recorded and provided in SAE J211 standard.  

5.1.2 For dummy model related outputs, the standard load cel ls of  the dummy 

model must be used with their original orientat ion! A l ist of required outputs 

is provided in Table 6. 

Table 6: List of required outputs of stage 3 sled tests 

Test Sled test slow / fast 

Accelerations Head X/Y/Z 

T1 X/Y/Z 

T12 X/Y/Z 

Pelvis X/Y/Z 

Angular rates Head X/Y/Z 

Forces Upper Neck X/Y/Z 

Lumbar X/Y/Z 

Moments Upper Neck X/Y/Z 

Lumbar X/Y/Z 

Displacement Second abdominal rib right 

  

5.1.3 The outputs of stages 2 and 3 are rated with the method described in the 

fol lowing sect ions.  

5.1.4 References 

The following documents are referenced throughout this chapter and are essential to perform the 

calculation of the rating: 

• ISO/TS 18571 Road vehicles – Objective rating metric for non-ambiguous signals 

• ISO 6487, Road vehicles – Measurement techniques in impact tests – Instrumentation 

• SAE J211-1, Instrumentation for impact test – Part 1: Electronic instrumentation 

• Reference signal data of neck tests: 
o 10_reference_data/Head-Neck_lateral 
o 10_reference_data/Head-Neck_oblique 

• Reference signal data of lumbar spine tests: 
o 10_reference_data/Lumbar_Spine_lateral 
o 10_reference_data/Lumbar_Spine_oblique 

• Reference signal data of sled test: 
o 10_reference_data/Far side_8mps 
o 10_reference_data/Far side_11mps 

The references are given undated, therefore the latest version must be used. 
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5.1.5 Pre-processing of s ignals  

Prior to any score calculations, all signal data from the simulations shall be pre-processed 

according to the instructions described below. 

5.1.5.1 Filter all channels with CFC60 according to SAE J211 or ISO 6487 

5.1.5.2 Apply ‘bi s  emov l’ of  ll ch nnels between t = 5 ms  nd t = 10 ms by c lcul ting the 

mean value of the given interval and offsetting the signal by the mean value (see Figure 7 

below)    

  

Figure 7: Channel bias removal 

The test data has already been prepared, so that it can be directly used for the calculation of the 

ISO sco es. In  ddition to filte ing with  F 60, ‘bi s  emov l’ w s  pplied fo   ll ch nnels 

between t = 5 ms and t = 10 ms. 

  

5.1.6 Calculat ion of scores 

The overall evaluation is composed of several scores, which are calculated sequentially one after 

another. 

5.1.6.1 Channel score 

The score of a channel must be calculated for a specific interval by application of the ISO metric 

as specified in ISO/TS 18571. The interval of evaluation for each load case is listed in Table 7. 

All necessary channels are listed in Table 2, Table 5 and Table 6. The provided reference data 

must be used as reference curves, whereas the simulation data must be used as evaluated 

curves.  

Table 7: Interval of evaluation for each load case 

Load case Interval of evaluation 

Head-neck, all 15 ms – 100 ms 

Lumbar spine, all 15 ms – 115 ms 

Full-dummy sled test Δv = 8 m/s 40 ms – 180 ms 

Full-dummy sled test Δv = 11 m/s 40 ms – 160 ms 
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5.1.6.2 Sensor score 

The sensor score is calculated by summarising all three weighted channel scores per sensor 

according to Equation 1. All weighting factors per channel, sensor and load case are listed in 

Table 13, Table 14 and Table 15. 

Equation 1 

𝑆𝑆𝑒𝑛𝑠𝑜𝑟 = ∑ 𝑤𝑖 ∗ 𝑆𝑖

i

 𝑎𝑛𝑑 𝑖 = 𝑋, 𝑌, 𝑍 

 with 𝑤𝑖 weighting factor of directional component of sensor 

𝑆𝑖 Channel score of directional component of sensor 

 

Table 8: Weighting factors per channel and sensor for the head-neck tests 

Sensor Channel Weighting factor 𝑤𝑖 for load case 

Lateral Oblique 

Head angular velocity S0HEAD0000WSAVXP 0.7589 0.6677 

S0HEAD0000WSAVYP 0.0486 0.1663 

S0HEAD0000WSAVZP 0.1925 0.1660 

Upper neck force S0NECKUP00WSFOXP 0.0990 0.1680 

S0NECKUP00WSFOYP 0.4776 0.4304 

S0NECKUP00WSFOZP 0.4234 0.4016 

Upper neck moment S0NECKUP00WSMOXP 0.7662 0.6966 

S0NECKUP00WSMOYP 0.1000 0.1794 

S0NECKUP00WSMOZP 0.1286 0.1240 

Lower neck force S0NECKLO00WSFOXP 0.0712 0.1728 

S0NECKLO00WSFOYP 0.6015 0.4948 

S0NECKLO00WSFOZP 0.3273 0.3324 

Lower neck moment S0NECKLO00WSMOXP 0.8735 0.7470 

S0NECKLO00WSMOYP 0.0600 0.1926 

S0NECKLO00WSMOZP 0.0742 0.0604 

  

Table 9: Weighting factors per channel and sensor for the lumbar spine tests 

Sensor 

  

Channel 

  

Weighting factor 𝑤𝑖 for load case 

Lateral Oblique 

Replacement mass angular 
velocity 

S0ABDO0000WSAVXP 0.8838 0.5467 

S0ABDO0000WSAVYP 0.0500 0.3215 

S0ABDO0000WSAVZP 0.0721 0.1318 

Lumbar spine force S0LUSP0000WSFOXP 0.0386 0.2500 

S0LUSP0000WSFOYP 0.3936 0.3768 

S0LUSP0000WSFOZP 0.5678 0.3673 
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Lumbar spine moment S0LUSP0000WSMOXP 0.8960 0.5650 

S0LUSP0000WSMOYP 0.0486 0.3331 

S0LUSP0000WSMOZP 0.0554 0.1100 

  

Table 10: Weighting factors per channel and sensor for the sled tests 

Sensor 

  

Channel 

  

Weighting factor for load case 

Slow Fast 

Head angular velocity S1HEAD0000WSAVXD 0.6624 0.6339 

S1HEAD0000WSAVYD 0.1839 0.1761 

S1HEAD0000WSAVZD 0.1600 0.1900 

Head acceleration S1HEAD0000WSACXD 0.0530 0.0405 

S1HEAD0000WSACYD 0.4203 0.3314 

S1HEAD0000WSACZD 0.5267 0.6281 

Upper thoracic acceleration 
(T1) 

S1THSP0100WSACXD 0.2342 0.1292 

S1THSP0100WSACYD 0.4793 0.5220 

S1THSP0100WSACZD 0.2865 0.3488 

Lower thoracic acceleration 
(T12) 

S1THSP1200WSACXD 0.2078 0.1577 

S1THSP1200WSACYD 0.6765 0.7546 

S1THSP1200WSACZD 0.1100 0.0877 

Pelvis acceleration S1PELV0000WSACXD 0.0167 0.1582 

S1PELV0000WSACYD 0.7487 0.6216 

S1PELV0000WSACZD 0.2346 0.2202 

Upper neck force S1NECKUP00WSFOXD 0.0400 0.0713 

S1NECKUP00WSFOYD 0.2483 0.1919 

S1NECKUP00WSFOZD 0.7066 0.7368 

Upper neck moment S1NECKUP00WSMOXD 0.5774 0.5721 

S1NECKUP00WSMOYD 0.3138 0.3075 

S1NECKUP00WSMOZD 0.1088 0.1204 

Lumbar force S1LUSP0000WSFOXD 0.0833 0.0675 

S1LUSP0000WSFOYD 0.2493 0.2311 

S1LUSP0000WSFOZD 0.6674 0.7014 

Lumbar moment S1LUSP0000WSMOXD 0.6726 0.6942 

S1LUSP0000WSMOYD 0.2371 0.1827 

S1LUSP0000WSMOZD 0.0903 0.1300 

Second abdominal rib right 
displacement 

S1ABRIRI02WSDS0D 1.0000 1.0000 
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5.1.6.3 Load case score 

The load case score is calculated as the arithmetic mean of all sensor scores per load case 

according to Equation 2. It has to be calculated for all six load cases of the stages two and three. 

Equation 2 

𝑆𝐿𝑜𝑎𝑑𝑐𝑎𝑠𝑒 =  
∑ 𝑆𝑆𝑒𝑛𝑠𝑜𝑟𝑗

𝑛
𝑖=1

𝑛
  

with 𝑆𝑆𝑒𝑛𝑠𝑜𝑟𝑗
: All sensor scores of the current load case 

𝑛:  Number of sensors of the current load case 

 

5.1.6.4 Overall score 

There are two overall scores, one for the component tests and one for the sled tests. Each are 

calculated as the arithmetic mean of the load case scores according to Equation 3 & Equation 4. 

Equation 3 

𝑆𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 =
𝑆𝑁𝑒𝑐𝑘𝑙𝑎𝑡𝑒𝑟𝑎𝑙

+ 𝑆𝑁𝑒𝑐𝑘𝑜𝑏𝑙𝑖𝑞𝑢𝑒
+ 𝑆𝐿𝑢𝑚𝑏𝑎𝑟𝑙𝑎𝑡𝑒𝑟𝑎𝑙

+ 𝑆𝐿𝑢𝑚𝑏𝑎𝑟𝑜𝑏𝑙𝑖𝑞𝑢𝑒

4
 

 

Equation 4 

𝑆𝑠𝑙𝑒𝑑 =
𝑆𝑠𝑙𝑒𝑑𝑠𝑙𝑜𝑤

+ 𝑆𝑠𝑙𝑒𝑑𝑓𝑎𝑠𝑡

2
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6 QUALIFICATION REQUIREMENTS - WORLDSID MODELS 

  Stage 1 

6.1.1 The propert ies of the dummy model must meet the fol lowing requirements:  

• Mass properties according to ISO 15830-2 

• External dimensions according to ISO 15830-5 

• Range of motion according to ISO 15830-1 

• Sensor positions according to the drawings as stated in ISO 15830-2 

• Dummy dynamic qualification procedures according to ISO 15830-2 
 

  Stage 2 

6.2.1 The simulat ions must fulf i l  the following criteria:  

• Max. mass added due to mass scaling to the total model is less than 5% of the total model 
mass at the beginning of the simulation run 

• Visual plausibility of animation must be checked: no intersections, sticky nodes, shooting 
nodes affecting the kinematics  

6.2.2 The overal l score of the component tests 𝑺𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 must be ≥ 0.7.  

 

  Stage 3 

6.3.1 The simulat ion must meet the fol lowing qual ity cr iter ia:  

• Max. hourglass energy of full setup has to be < 10% of max. internal energy 

• Max. hourglass energy of all WorldSID components has to be < 10% of max. internal 
energy of WorldSID 

• Max. mass added due to mass scaling to the total model is less than 5% of the total model 
mass at the beginning of the run  

• Less than 10 mm H-point z-displacement in first 5 ms of the simulation 

• Visual plausibility of animation must be checked: no intersections, sticky nodes, shooting 
nodes affecting the dummy kinematics (focus on contact between dummy and 
environment) 

6.3.2  The overal l score of  the sled tests 𝑺𝒔𝒍𝒆𝒅 must be ≥ 0.61. 

 

 

 

 

 

 

1 The threshold will be assessed during the monitoring phase and might be increased from 2026 onwards. 
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7 DOCUMENTATION 

  Reporting 

7.1.1 To document the fulf i lment of the qualif icat ion requirements, a report with 

diagrams showing al l  curves comparing simulat ion and reference curves must 

be provided.  

7.1.2 Al l individual ISO scores and the result ing overal l scores per load case (for  

each of the six load cases) must be provided as wel l as the overal l score for 

stages 2 and 3.  

 

 

 

 



 

Euro NCAP 

Version 1.0 — April 2023 21 

8 ADDITIONAL INFORMATION  

This Section describes additional information on the development of the WorldSID model 

qualification procedure and how the reference data was generated. 

  Test curve processing 

The following general procedure was used in all case to generate the reference data out of the 

test data sets.  

8.1.1 Identify the reference channel(s), see Table 11.  

8.1.2 I f  mult iple reference channels are l isted, create average of reference 

channels and use average as reference channel.  

8.1.3 Fi lter all channels with CFC60.  

8.1.4 Identify the start ing t ime of reference channel (t0 prel iminary).  

8.1.5 Apply bias removal of reference channel between t0 prel iminary = -50 ms 

and t0 prel iminary = -10 ms. 

8.1.6 Time zero t0 is defined as the t ime when the f irst data sample of the 

reference channel exceeds the search level,  see Table 11. 

8.1.7 Apply a test specif ic f inal t ime shif t  to al l measured channels, see Table 

11. 

8.1.8 Apply a test specif ic bias removal of al l signals except the reference 

channel, IR-TRACC angle and length, see Table 11. 

8.1.9 Calculate the mean of al l test repet it ions for each signal excluding fai led 

channels l isted in Table 12.  

 

Table 11: Details for steps 1 and 6 to 8 of the instruction 

Test Reference channel Search level Final time 
shift 

Bias removal 
interval 

  Step 1 Step 5 Step 6 Step 7 

Far side 11 
mps / fast 

S1SLEDLE0000ACYA 
 S1SLEDRI0000ACYA 

5 g (= 49.03325 m/s²) 20 ms -50 ms to -10 ms 

Far side 8 
mps / slow 

S0SLED000000ACXP 
 S0SLED000001ACXP 

5 g (= 49.03325 m/s²) 20 ms -50 ms to -10 ms 

Lumbar 
spine all 

S0SLED000000ACXP 5 g (= 49.03325 m/s²) 20 ms -50 ms to -10 ms 

Neck all S0SLED000000ACXP 5 g (= 49.03325 m/s²) 20 ms -50 ms to -10 ms 
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Table 12: Failed channel list; exclude in calculation of mean 

Test setup Test no. Signal 

Far side 8 mps / slow Far side_8mps_2 S1THSP0400WSACXD 

Head-Neck oblique neck_35g_75deg_ET3245_1 S0HEAD0000WSAVZD 

Head-Neck oblique neck_35g_75deg_ET3245_2 S0HEAD0000WSAVZD 

Head-Neck oblique neck_35g_75deg_ET3245_3 S0HEAD0000WSAVZD 

Head-Neck lateral neck_35g_90deg_ET3245_1 S0HEAD0000WSAVZD 

Head-Neck lateral neck_35g_90deg_ET3245_2 S0HEAD0000WSAVZD 

Head-Neck lateral neck_35g_90deg_ET3245_3 S0HEAD0000WSAVZD 

  

The reference data set includes only channels needed in the dummy model certification process.  

The sled pulses are modified in such a way, that a(t0) = 0 m/s². 

 

  Values for determination of weighting factors  

8.2.1 The following tables l ist the absolute maximum value of each channel per 

test for the calculat ion of the weighting factor according to Equation 5:  

 

Equation 5 

𝑤𝑖 =
max(|𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑡𝑒𝑠𝑡𝑖

|)

max(|𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑡𝑒𝑠𝑡𝑥
|) max (|𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑡𝑒𝑠𝑡𝑦

|) + max(|𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑡𝑒𝑠𝑡𝑧
|)

    𝑤𝑖𝑡ℎ 𝑖 = 𝑋, 𝑌, 𝑍 

 

with max(|𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑡𝑒𝑠𝑡𝑖
|) maximum absolute value of the channel in the respective axis 

direction. 

 

8.2.2 I f  the summed weighting factors of a signal are not equal to 1.0000, the 

lowest weighting factor is modif ied accordingly.  
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Table 13: Absolute maximum value and calculated weighting factor of each channel for the full dummy sled tests 
(abs. max. values given in SI units) 

 Channel Max. 𝒘𝒊  Channel Max. 𝒘𝒊 

F
a
s
t 

s
le

d
 t

e
s
ts

 

 

S1HEAD0000WSAVXD 68.06 0.6339 

S
lo

w
 s

le
d

 t
e
s
ts

 

S1HEAD0000WSAVXD 59.34 0.6624 

S1HEAD0000WSAVYD 18.90 0.1761 S1HEAD0000WSAVYD 16.48 0.1839 

S1HEAD0000WSAVZD 20.40 0.1900 S1HEAD0000WSAVZD 13.77 0.1600 

S1HEAD0000WSACXD 41.52 0.0405 S1HEAD0000WSACXD 36.27 0.0530 

S1HEAD0000WSACYD 339.86 0.3314 S1HEAD0000WSACYD 287.56 0.4203 

S1HEAD0000WSACZD 644.06 0.6281 S1HEAD0000WSACZD 360.39 0.5267 

S1THSP0100WSACXD 83.89 0.1292 S1THSP0100WSACXD 146.41 0.2342 

S1THSP0100WSACYD 338.91 0.5220 S1THSP0100WSACYD 299.69 0.4793 

S1THSP0100WSACZD 226.50 0.3488 S1THSP0100WSACZD 179.15 0.2865 

S1THSP1200WSACXD 121.06 0.1577 S1THSP1200WSACXD 107.13 0.2078 

S1THSP1200WSACYD 579.28 0.7546 S1THSP1200WSACYD 348.85 0.6765 

S1THSP1200WSACZD 67.36 0.0877 S1THSP1200WSACZD 59.67 0.1100 

S1PELV0000WSACXD 162.88 0.1582 S1PELV0000WSACXD 121.68 0.0167 

S1PELV0000WSACYD 640.24 0.6216 S1PELV0000WSACYD 449.02 0.7487 

S1PELV0000WSACZD 226.80 0.2202 S1PELV0000WSACZD 140.69 0.2346 

S1NECKUP00WSFOXD 236.94 0.0713 S1NECKUP00WSFOXD 94.06 0.0400 

S1NECKUP00WSFOYD 637.09 0.1919 S1NECKUP00WSFOYD 517.38 0.2483 

S1NECKUP00WSFOZD 2446.25 0.7368 S1NECKUP00WSFOZD 1472.59 0.7066 

S1NECKUP00WSMOXD 64.18 0.5721 S1NECKUP00WSMOXD 53.25 0.5774 

S1NECKUP00WSMOYD 34.50 0.3075 S1NECKUP00WSMOYD 28.94 0.3138 

S1NECKUP00WSMOZD 13.50 0.1204 S1NECKUP00WSMOZD 10.04 0.1088 

S1LUSP0000WSFOXD 336.09 0.0675 S1LUSP0000WSFOXD 379.57 0.0833 

S1LUSP0000WSFOYD 1152.21 0.2311 S1LUSP0000WSFOYD 1135.45 0.2493 

S1LUSP0000WSFOZD 3496.52 0.7014 S1LUSP0000WSFOZD 3040.23 0.6674 

S1LUSP0000WSMOXD 85.40 0.6942 S1LUSP0000WSMOXD 80.50 0.6726 

S1LUSP0000WSMOYD 22.48 0.1827 S1LUSP0000WSMOYD 28.38 0.2371 

S1LUSP0000WSMOZD 15.14 0.1300 S1LUSP0000WSMOZD 10.81 0.0903 

S1ABRIRI02WSDS0D - 1.0000 S1ABRIRI02WSDS0D - 1.0000 
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Table 14: Absolute maximum value and calculated weighting factor of each channel for the head-neck tests (abs. 
max. values given in SI units) 

 

Channel 𝒎𝒂𝒙 𝒘𝒊 

 

Channel 𝒎𝒂𝒙 𝒘𝒊 

H
e
a
d

-N
e
c

k
 l
a
te

ra
l 

S0HEAD0000WSAVXP 34.62 0.7589 

H
e
a
d

-N
e
c

k
 o

b
li
q

u
e

 

S0HEAD0000WSAVXP 33.16 0.6677 

S0HEAD0000WSAVYP 2.22 0.0486 S0HEAD0000WSAVYP 8.26 0.1663 

S0HEAD0000WSAVZP 8.78 0.1925 S0HEAD0000WSAVZP 8.24 0.1660 

S0NECKUP00WSFOXP 86.82 0.0990 S0NECKUP00WSFOXP 157.02 0.1680 

S0NECKUP00WSFOYP 418.78 0.4776 S0NECKUP00WSFOYP 402.01 0.4304 

S0NECKUP00WSFOZP 371.28 0.4234 S0NECKUP00WSFOZP 375.10 0.4016 

S0NECKUP00WSMOXP 47.90 0.7662 S0NECKUP00WSMOXP 45.34 0.6966 

S0NECKUP00WSMOYP 6.58 0.1000 S0NECKUP00WSMOYP 11.68 0.1794 

S0NECKUP00WSMOZP 8.04 0.1286 S0NECKUP00WSMOZP 8.07 0.1240 

S0NECKLO00WSFOXP 75.55 0.0712 S0NECKLO00WSFOXP 210.15 0.1728 

S0NECKLO00WSFOYP 638.84 0.6015 S0NECKLO00WSFOYP 602.04 0.4948 

S0NECKLO00WSFOZP 347.66 0.3273 S0NECKLO00WSFOZP 404.43 0.3324 

S0NECKLO00WSMOXP 97.76 0.8735 S0NECKLO00WSMOXP 94.49 0.7470 

S0NECKLO00WSMOYP 5.85 0.0600 S0NECKLO00WSMOYP 24.36 0.1926 

S0NECKLO00WSMOZP 8.31 0.0742 S0NECKLO00WSMOZP 7.64 0.0604 

  

Table 15: Absolute maximum value and calculated weighting factor of each channel for the lumbar spine tests (abs. 
max. values given in SI units) 

 Channel 𝒎𝒂𝒙 𝒘𝒊  Channel 𝒎𝒂𝒙 𝒘𝒊 

L
u

m
b

a
r 

s
p

in
e

 l
a
te

ra
l 

S0ABDO0000WSAVXP 31.88 0.8838 

L
u

m
b

a
r 

s
p

in
e

 o
b

li
q

u
e

 

S0ABDO0000WSAVXP 29.06 0.5467 

S0ABDO0000WSAVYP 1.59 0.0500 S0ABDO0000WSAVYP 17.09 0.3215 

S0ABDO0000WSAVZP 2.60 0.0721 S0ABDO0000WSAVZP 7.01 0.1318 

S0LUSP0000WSFOXP 66.80 0.0386 S0LUSP0000WSFOXP 453.84 0.2500 

S0LUSP0000WSFOYP 680.51 0.3936 S0LUSP0000WSFOYP 668.16 0.3768 

S0LUSP0000WSFOZP 981.82 0.5678 S0LUSP0000WSFOZP 651.33 0.3673 

S0LUSP0000WSMOXP 74.93 0.8960 S0LUSP0000WSMOXP 61.70 0.5650 

S0LUSP0000WSMOYP 4.07 0.0486 S0LUSP0000WSMOYP 36.38 0.3331 

S0LUSP0000WSMOZP 4.63 0.0554 S0LUSP0000WSMOZP 11.13 0.1100 
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