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Ca noo ' s mi s s i on i s  t o  br i ng EVs  t o Eve r yone .

Ca noo ha s  t e a ms  i n  Ar ka ns a s ,  Okl a homa ,  Te xa s ,  Mi c hi ga n & Ca l i f or ni a
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Ca noo De l i ve r s  Cr e w Tr a ns por t a t i on Ve hi c l e s  To Na s a  For  Ar t e mi s  Mi s s i ons
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Introduction
oFree Motion Head (FMH) is the impactor used for analyze, test and certificate 

vehicles to be sold on U.S. market for  Interior Head Impact Upper 
(FMVSS201u).

oThis impactor has the singularity to travel in the air for at least 20cm 
accordingly to TP201, this adds an ingredient of kinematic to the 201u impact 
event, unlike other impactors with rigid shafts-fixtures such as ejection 
mitigation, head impact lower or impactors with similar moments of inertia on 
each direction such as pedestrian protection.
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Challenge
oThis impactor has the singularity to travel in the air for at least 20cm 

accordingly to TP201, this adds an ingredient of kinematic to the 201u impact 
event, unlike other impactors with rigid shafts-fixtures such as ejection 
mitigation, head impact lower or impactors with similar moments of inertia on 
each direction such as pedestrian protection.
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Example of FMH kinematic, video:
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FMH, impact event:

• FMH travels at least 20cm 
in rigid motion mode until 
touching Interior trim.

• Impactor has a first point of 
contact on fore head impact 
zone, the trim and BIW 
structure begins to absorb 
energy.

• Head form rotates over 
“ears axis” due to the room 
between the FMH chin and 
A-Surface (specified on 
TP201 due to back angle 
FMG setup).
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Technique to understand interaction of FMH and interior trim
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Technique to understand interaction of FMH and interior trim
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FMH Force Transducer example
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Technique to improve 201u performance

By energy absorption 
countermeasures 

and/or  design changes the reaction 
forces curves 

on FMH might be managed  to 
minimize injury
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Example:
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F r e e  M o t i o n  H e a d ,  c a l i b r a t i o n
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NTHSA Calibration test, background.

https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/tp-572-l-00.pdf
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/tp-201u-01c_tag.pdf

https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/tp-572-l-00.pdf
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/tp-201u-01c_tag.pdf
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NHTSA FMH Assembly Drawing:

https://static.nhtsa.gov/nhtsa/downloads/Test-
Procedures/201U/tp-201u-02_appc_tag.pdf
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NHTSA FMH Assembly, CG and inertial properties:
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LSTC Validated V2.0 FMH Model:

Even though i22 is into NTHSA tolerance, there is still a slight area of opportunity

Acceleration 
Peak (g)

Lateral 
Acceleration (g)

i11 i22 i33

NHTSA SPECIFICATION 225 TO 275 <15 4.5± 0.05 N/A 23,388± 11,239 N/A

LSTC V2.0 FMH Impactor 241 0.296 & -0.267 4.5393 1.95E+04 20,790.00 1.36E+04

2.72mm/ms. Drop test 376mm 
Total 

mass (Kg)

Principal inertia (mm·KN·ms²)

Data and plots were copied from LSTC V2.0 manual
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FMH, slight improvements:

CGz, moved -0.47mm

Acceleration Peak (g)
Lateral 

Acceleration (g)
i11 i22 i33

NHTSA SPECIFICATION 225 TO 275 <15 4.5± 0.05 N/A 23,388± 11,239 N/A

LSTC V2.0 FMH Impactor 241 0.296 & -0.267 4.5393 1.95E+04 20,790.00 1.36E+04
Slightly improved LSTC impactor 239 1.607 & -1.022 4.5385 1.95E+04 23,320.00 1.36E+04

2.72mm/ms. Drop test 376mm height
Total 

mass (Kg)

Principal inertia (mm·KN·ms²)

LSTC V2.0 FMH Impactor 446.17 1140.1
Slightly improved LSTC impactor 453.99 1143.55

Physical test results from LSTC 
FMH V2.0 Manual

437 1067

Reference Drop test at 4.0mm/ms. 
Acceleration Peak (g)

Reference Drop test at 6.71mm/ms. 
Acceleration Peak (g)

Modified Iyy moment



C A N O O

2 0N o r t h  A m e r i c a n  L S - D Y N A  U s e r  F o r u m  2 0 2 3

Rotational comparison
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Conclusion
o As presented, during Free Motion Head impact event, there are kinematic considerations to better 

understanding the behaviour and interpretation of the FMH CG Acceleration curve, the methodology 
consist of extract more information than acceleration curve from FMH simulation, with addition of contact 
transducers can be obtained the forces due to the FMH and interior trim interaction, separating the FMH 
face by areas.

o Also is shown the importance of the extra calibration of the Free Motion Head impactor close to NTHSA 
nominal values of moments of inertia and center of gravity location, this approximation can yield more 
accurate CAE predictions to physical testing.
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THANK YOU
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Discussion: Q & A


	FMH, Methodology for Better Understanding of Kinematic-Stiffness Coupling Behavior
	Content:
	Slide Number 3
	Slide Number 4
	Introduction
	Challenge
	Example of FMH kinematic, video:
	FMH, impact event:
	Technique to understand interaction of FMH and interior trim
	Technique to understand interaction of FMH and interior trim
	FMH Force Transducer example
	Slide Number 12
	Example:
	Slide Number 14
	NTHSA Calibration test, background.
	NHTSA FMH Assembly Drawing:
	NHTSA FMH Assembly, CG and inertial properties:
	LSTC Validated V2.0 FMH Model:
	FMH, slight improvements:
	Rotational comparison
	Conclusion
	THANK YOU
	Discussion: Q & A

