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October 19, 2020 
 
James Clayton Owens, Acting Administrator 
National Highway Traffic Safety Administration 
Docket Management Facility, M-30 
U.S. Department of Transportation 
1200 New Jersey Avenue S.E. 
West Building Ground Floor, Room W12-140 
Washington, DC 20590-0001 
 
Subject: NHTSA NPRM HIII 5F Request for Comments 
Docket No. NHTSA-2019-0023 
 
Humanetics Innovative Solutions appreciates the opportunity to provide additional 
supplemental information regarding NHTSA’s Notice of Proposed Rulemaking (NPRM) 
announced December 26, 2019 to update the Hybrid III 5th Female ATD chest jacket 
specifications. 
 
We are the proud supplier of the world’s most sophisticated crash test dummies. We are an 
industry partner that relentlessly brings advanced technologies to market, raising the bar on 
vehicle safety standards and ultimately saving lives. 
 
The supplemental information herein is complimentary to the comments provided by 
Humanetics to the original NPRM closing February 20, 2020 and August 3, 2020 (italicized).   
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Hybrid III 5th Percentile Female ATD (HIII-5F) Item 3 comments from 2/20/2020 & 8/3/2020: 
(Note: All data, keys and templates for the measurements were provided 8/3/2020) 
 
Summarized 

 
3. NPRM Page 14: Our proposed additional specifications for the jacket’s contour adds breadth, 

depth, and circumference dimensions at different section levels of the jacket on the main 
assembly drawing of the dummy (880105-000, Rev. J, Sheet 5). 

 
Humanetics cannot support the enhanced physical dimensional check of the jacket as 
proposed. Humanetics welcomes the efforts of NHTSA to further define the jacket geometry to 
ensure no barriers are in place for new suppliers. However, after further investigation, we have 
determined that the additional dimensional checks cannot realistically be met using the 
procedural updates provided, both on and off the ATD.  

 
A study was conducted comparing measurements taken as prescribed in the NPRM and with the 
chest jacket mounted on a mandrel. The Gage R&R for measuring the completely assembled ATD 
on the bench as shown on the external dimension procedure had poor to bad results. The 
measurement system had Total Gage R&R values ranging between 33% and 201%. Typically, the 
Total Gage R&R should be equal to or less than 30% of the study variation or %Tolerance 
depending on which is more significant. Repeatability was also shown to be a significant source 
of variability.  The range of repeatability values fluctuated between 31.97 to as high as 184.58 
percent of tolerance.  
 
Beyond repeatability, there were also a large amount of technician to technician differences as 
indicated by the reproducibility numbers ranging as high as 135% of tolerance. This shows that 
different technicians, even in the same lab with one set of equipment and common procedures 
were unable to get the same average measurements.  
 
The jacket only measurements as prescribed were also concerning, having all 5 jackets evaluated 
failing 4 or more measurements.  An improvement to the measurement process and/or change 
in corridors is needed if this update is implemented. However, we strongly advise removing the 
additional measurements from the external dimension portion of the top-level drawing, 880105-
000. If we implement the changes proposed in the NPRM the pass yield to the chest jackets is 
going to be very small, approaching near 0%.  
 

Continuation of comments providing data as of 10/2/2020:  
(Note: All data, keys and templates for the measurements are in the attachments) 

 
The use of the mandrel can serve as a precision tool to constrain the jacket and provide a more 
repeatable setup. The mandrel was designed to be a representation of the design geometry of 
the torso portion of the dummy. With the jacket constrained to the mandrel, users are then able 
to focus on the jacket and gather measurements with a higher level of certainty than if 
measuring the jacket while on the ATD, especially when using a FARO or CMM.  
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The improved mandrel design provides locating pins at the access holes to assist in orienting the 
jacket. The removeable arm feature provides added structure for the jacket to rest upon, while 
doubling to accommodate the arm opening measurements once removed. The mandrel also 
tapers to the current SAE jacket modifications made subsequent of the original designs from 
Denton and FTSS, ensuring the appropriate fit.  
 
Reference surfaces were implemented to establish a coordinate system; a compliment to the 
FARO used to capture measurements. The mandrel keeps the jacket conformed to the design 
shape as if on an ideal dummy and provides support of the flexible vinyl to allow the best 
repeatability of measurements possible.  
 

  
 

External Measurements on Mandrel: 
 
Humanetics developed a method to measure the critical features to define the shape of the 
jacket to check the design against the drawing design intent.  To do this, 3D measurements were 
taken at points along cross sections as well as other areas which were used to define the overall 
shape of the jacket.  All 3D points are taken from the 3D CAD model of the jacket referenced to 
the origin of the mandrel.  This set of 3D measurements allows the shape of the jacket to be 
checked against the original design intent of the jacket.  
 
This method of checking the jacket was evaluated by taking measurements conducted by two 
technicians and (10) jackets of varying vintages. A large number of measurements were taken 
per jacket using the FARO. Using the mandrel to establish the coordinate system, points were 
established to capture the critical 3D theoretical nominal geometry.  
 
We established multiple points around the jacket to capture the 3D shape in the critical areas 
defining the placement and geometry of key features. The section spacing correlate to the 
original spacing of the sections provided but are tied back to the mandrel coordinate system; 
not the h-point. Moving these measurements to the component drawing, ensures goodness of 
the jacket geometry and would be applicable to all new jackets including spares. The mandrel 
measurements were captured using a FARO and illustrate the deviation from the 3D point which 
is on the surface of the jacket design model. (as shown is schematic provided below) 
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Once set up, the technicians were able to complete the measurements in approximately 30 mins 
per jacket. Measurements were repeated for each series of jackets a total of 4 times; exceptions 
noted.  
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All tolerances are based on the average of the measured jackets +/- 7.6 mm, except for angles 
which are +/-1°. This centers the tolerances around a population of jackets. If NHTSA measures 
their jackets, the values of the population can be updated if desirable. 
 
We were able to see a marked improvement in repeatability of measured values while using the 
mandrel. Most points pass the acceptance criteria of repeatability <=30% of tolerance with 
acceptable to marginal values based on the corridors provided.  
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We suggest updates be limited to the jacket drawing, 880105-355-H, to define a component 
level method of checking new jackets to the design intent.  Current jacket dimensions should be 
made reference, and this method should be used on new jackets to check the shape. This will 
ensure the component is manufactured with the intended geometry and measured on the ideal 
fixture, the mandrel, alleviating any stack-up concerns. This method could be used by any jacket 
manufacturer as well as by customers to check new jackets to verify they meet the correct 
shape.   
 
Round Robin using the mandrel: 
 
Humanetics participated in a round robin with two other labs, at Ford and GM. We agreed to 
take a specified number of measurements both on the mandrel and on-ATD. The same mandrel 
and procedures were used by each participant and is provided in the attachments.  
 

 

The results were favorable to the use of the mandrel; marked by more repeatable and 
reproducible data and noted by technicians for the ease of use. The mandrel allows for 
proper jacket alignment. Whereas some issues were noted with the on-dummy setups. For 
example, the jacket was tilted relative to the design position by the orientation of the 
dummy. 
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Comparison of Data using different collection methods: 
 
We noted that when taking equivalent measurements, the FARO resulted in equal or better 
results when compared to the caliper method at the critical sections. For this reason, we suggest 
manufacturers use a FARO or equivalent to ensure increased precision. The manual / caliper 
measurement method is acceptable to marginal for basic annual inspections.  
 

 

 
 
Annual Inspection Recommendation: 
 
We propose that jackets go through an annual subset of parameters to be included as an 
inspection check in the Procedures for Assembly, Disassembly, and Inspection (PADI). The 
inspection of the eight parameters shown in the table below will check for aging shrinkage of 
the jacket over time. This assessment can be done using various instruments, such as FARO, 
calipers, height gages, etc. We suggest that jackets failing the checks provided are noted as out 
of tolerance and taken out of service at the user’s discretion. 
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Lessons learned: 
 
There are some things to consider avoiding while measuring the chest jacket. We advise to stay 
away from the zipper area of the jacket, as this leads to problems with variability. The zipper 
tabs, both at the top and bottom of the jacket, distort the shape. Also, we noted that over time, 
the cable routing may deform the shape of the rear jacket. 
 

 
 
The technicians did note having difficulty performing measurements with the FARO at the arm 
opening due to the double curvature design of the flesh. For this reason, we suggest that to 
check the arm opening length and height, the positions for making the measurements, 
top/bottom or front/back, be marked using the FARO to find the location and a pencil to mark 
the jacket. The height and length of the arm opening can then be measured using a caliper. This 
is the easiest way to overcome the double curvature of the jacket in this area. We were unable 
to evaluate this method due to time constraints, but it should be a reasonable approach. 

 
  
Summary: 
 
Humanetics recommends replacing the current jacket only checks in the NPRM with the 
measurement of critical overall dimensions and surface deviation points on the mandrel using a 
FARO or equivalent CMM measurement system. All current dimensions on the jacket drawing 

Proposal for Jacket Check
Width jacket bottom
Width at shoulders
Width at neck
Jacket height (bottom of jacket to most anterior point at neck)
Jacket height (bottom of jacket to symbols left side)
Jacket height (bottom of jacket to symbols right side)
Width at section b-b (at height of symbols)
Width at section d-d
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should be made reference, and the drawing should point to the measurement procedure for 
checking the design and shape of new jackets. 
 
Humanetics recommends an annual check of jackets by users with a measurement of 8 critical 
dimensions on the mandrel.  This measurement can be done using a FARO, equivalent CMM, or 
manual measurements tools like calipers and height gages.  These 8 critical measurements will 
check for shrinkage that could occur over time as a jacket ages.  Based on these measurements 
the user will be alerted that a jacket may have changed too much, and they can consider 
whether it is still appropriate to use.   
 
Humanetics has included with these submission comments a Microsoft Excel workbook 
containing all data and calculations for data shown in these comments. 
 
3D CAD information for the mandrel is available. Humanetics was unable to upload the CAD file 
due to restrictions on file type for NPRM submissions.  However, Humanetics is willing to 
provide NHTSA with the 3D CAD file to upload to the NPRM for evaluation.  If it is included in the 
final rule, it can be made available as public domain along with the other NHTSA documentation. 
The 3D CAD could be used by anyone to create a physical mandrel by utilizing common 
manufacturing technologies.  A physical mandrel can be provided to NHTSA for evaluation 
purposes upon request. If there are any additional questions, or NHTSA requires further 
information regarding this submission, do not hesitate to contact us. Thank you.  
 

 
-END- 


