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1. VERIFICATION REPORT EXECUTIVE SUMMARY

Military ground vehicles are currently designed using requirements fromSWI:1472G, the
Department of Defense Design Criteria Standard: Human Engineeiiihg MIL-STD,
however, is difficult for designers to apply properly becauseoitt&open to interpretation.
Easyto-use ComputeAided Design (CAD) toolsire needed bthe ground vehicle community
to address this issué’he CAD tools being developare called accommodation models.
Accommodation models are constructed from 3D empirical data for a given seating
configuration to provide population workspace boundaries that include the effects of both
anthropometry and postufgielinski et al 2015).The verification effort is intended to build
confidence in accommodation models for use in ground vehicle design.

The modebdescribed in thiserification report is th€&round Vehicle Systems Cen{&VSC)

Fixed Seat: NorDriver CAD model. Tis model isapplicable to ground vehiclegth fixed

seating positions often located in the rear of the vehicle. The fixed seats Heorizoatal or
vertical seat track adjustment and likely include a seat back that is also statibmaryccupant

in this position has few seated tasks interacting with the rest of ground vehid&VSCFixed
Seat: NorDriver CAD model is intended to provide the composite boundaries representing the
body of the definediserpopulation, including the effectd posture, and protective equipment
and gear. The boundaries defined include the
helmet, eyes, elbowkneesandboots Clearances between the used anrrounding interior
vehicle surfaces have been adgedMIL-STD- 1472G(e.g.head clearanceequired from head
(helmet) to vehicle roof line)Direct vision zones have been added based onr$MD-1472G

and SAERecommended Practice J105theFixed Seat: NoiDriver model is a statistical

model created uiting data collected in th8eated Soldier StudiReedet al2013) completed by
the University of Michigan Transportation Research InstitutdTRI). The original model, as
provided by UMTRI, consists of a Microsoft Excel workbook. The CAD version ahtbdgel

was ceated using PTC Cr&@8D CAD softwareand is a standlone geometric reproduction of

the output found in the UMTRMicrosoft Excelspreadsheet

This CAD accommodation model can be applied early in the vehicle design process to ensure
accommodion requirements are met and help explore possible design tradeoffs when conflicts
with other design parameters exMehicle designers can use B& SCFixed Seat: NoiDriver

CAD accommodation model for the following scenarios: 1) during the concepleaigh phase

of new acquisition programs, 2) while upgrading existing ground vehicle platforms, ford 3)
assessing a commercial -dfffe-shelf (COTS) system. Human factors engineers could benefit by
working with vehicle designers to perform virtual assaents in CAD when there is not enough
time and/or funding to translate vehicle models into compatible formats for assessment and
perform detailed human figure modeling.

The intention of verification is to build confidence in the CAD accommodation mivisdel
verification included ten testcenarios focompamg the Fixed Seat: Non DriveCAD model
outputsagainst predefined requirements and acceptability criteria. Specifivlliyy given the
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same inputsaccommodation model geometrgm the CAD modeWwas comparetb the outputs
of the UMTRI SoldierSquadAccommodatioModels(2019) spreadshegandboundary manikin
hip and eye locations were compared to the outputse@eated Soldier Posture Prediction
(2019) spreadsheetBecausano other models for comparison exiSybject Matter Experts
(SMEs) were used to determine that CAD model ogtfmutoccupant clearances matched the
agreed upoimterpretation of MILSTD-1472Gand thadirect vision zonematchedthe agreed
uponinterpretatiorfor combiningconcepts presented MIL -STD-1472G and SAE
Recommended Practice J1050 (2009)

No issues were discovered during the verification of the model. The final outcome from the
review was teansonsensus that tiiéxed Seat: NoiDriver CAD model passed verification.
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2. PROBLEM STATEMENT

Military ground vehicles are currently designed using requirements fromSWI-1472, the
Department of Defense Design Criteria Standard: Human Engineeifihg requirement to
accommodate the centi@0 percentof theuserpopulation in which the fullgquipped usetan

sit safely and comfortably while performing all required functions, requires multivariate analysis
methods so that bothh e  argheoposély and posture can be conside(BdDD, 2012.
MIL-STD-1472G is often open to interpretation and is therefore difficult for designers to apply
consistently. Easto-use, valid design tools and procedures based on these methods are needed
to effectively design vehicle workstations. The choserstaComputerAided Design CAD)

based accommodation modetiapted forusers in military ground vehicles, that directly parallel
long-standing SAE recommended practices used in the commercial automotive and truck
domains (Zielinski et al 2015)The second such CAD model to be developed is the Fixad Sea
Non-Driver CAD accommodation moddtigurel.

X
\RP_SEAT

X
\RP_PROJECTED_TO_FLOOR

Figure 1. Fixed Seat: NonDriver CAD Accommodation Model

2.1 INTENDED USE

TheFixed Seat: NoiDriver CAD model described in thigerificationreportis applicable to
ground vehiclesvith fixed seating positions often located in the rear of the vehicle. The fixed
seats haveo horizontal or vertical seat track adjustment and likely include a seat back that is
also stationary.The user in this positiohas few seated tasks requiring interaction with the rest
of the ground vehicle.
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The Fixed Seat: NeDriver CAD model is inended to provide the composite boundaries
representing the bodies of the defined user population, including the effects of posture, and
protective equipment and gear. The boundaries defined include the required space needed for
the equi ppe ekyes slmwsskoecdn@bbdots eCtegrancebetween the user and
surrounding interior vehicle surfaces have been addedliheiSTD-1472G(e.g.head clearance
required from head (helmet) to vehicle roof lin®)jirect vision zones have been added based on
MIL-STD-1472G and SARecommended Practice J1050.

It should be noted that CAD accommodation models serve as a design tool and are not intended
to replace, but rather complement, Human Factors Engineeririg) @#sessment tools.

2.2 M&S OVERVIEW

TheFixed Seat: NoiDriver CAD model is a statistical model created utilizing data collected in
the Seated Soldier Stud2013) completed bghe University of Michigan Transportation
Research InstitutdJMTRI). The original model consists of a MicrosBftcelworkbook. The
CAD version of the modetreated using PTC Cr88D CAD softwareandis a stanealone
geometric reproduction of the output found in the UMTRI MicroEodtel spreadsheet.

Model inputs intude the definition of the target design population (a subset of the Army
Anthropometric SurveyANSUR) II) (Gordon et al 2012}he target population gender mix, the
ensemble (clothing and equipment worn by the user), the desired level of accommodation (e
90%), and the seat height and seat back angle. The ensemble is selectableResr soihair
Protective Equipment (PPE) which includes the Improved Outer Tactical Vest (IOTV) or
Encumbered (ENC) which includes the PPE and Tactical Assault Panel\{ithF§quad
Automatic Weapon (SAW) Gunner kit, both of which are defined irSéegted Soldier Study
Ideally, the level of accommodation will be set at the central 90% of the target design population
to be consistent witMIL -STD-1472G requirements. The only vehicle inputs to the model are
the Human Accommodation Reference Point (HARG®ction 2.3.1) andeat back angle.

HARP can be measured using either a SAE J&po@iHt manikin or the$O 5353 Seat Index
Point (SIP) ool (Reed et al 2014)t should be noted that the 2010 ANSUR of U.S. Marine
Corps (USMC) PersonneGprdon et al 2013)an also be added to the model if USMC
anthropometry is needed for design.

The Fixed Seat: NeDriver CAD model repesens the postue and position variability for the
entireselected target uspopulation (e.g. central 90%, 85% njaldhe model can guideshicle
designers in creating an optimized workspace fout®s The CAD a&commodation model,
along with additional added spadaims for human factorsaa be used to visualize MIETD-
1472G requirements. This eliminates the conceinaainsistent application afie MIL-STD by
vehicledesigners when creating the occupant workspaiedinski et al 2015)
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2.3 M&S APPLICATION

The use of th&ixed Seat: NotDriver CAD model provides the opportunity &pply Human
Systems Integration (HSI) very early in the acquisition process. The nardet citilized during
the Material Solution Analysis Phase prior to Milestone (MS)A anthigugh and including
MSB. Past programs have not actively engaged HSI until ®¥SBe Engineering
Manufacturing and Development (EMD) Phassulting in significant desigandcost changes.

This Fixed Seat: NoiDriver CAD model can be used to explomesgible design tradeoffs when
conflicts with other design parameters exigehicle designers can use tmedelfor the

following scenarios: 1) during the concept and design phase of new acquisition programs, 2)
while upgrading existing ground vehicle platforms, and 3) for assessing a commerthal off

shelf (COTS) system. Human factors engineers could benefiblking with vehicle designers

to perform virtual assessments in CAD when there is not enough time and/or funding to translate
vehicle models into assessment software compatible formats and perform detailed human figure
modeling.

2.3.1 MODEL ORIGIN

The Human Acommodation Reference Point (HARP)gure2, is theorigin for theFixed Seat:
Non-Driver accommodation odel The HARP is aeference point for predictg human

posture and position with respect to the s@de HARPIs defined and measured using either
the SAE J826 Hpoint manikinwith associated procedures or the ISO 5353 SIP device and the
associated procedes presentesh UMTRI-201433.

Cushion Angle

Seat Height

Figure 2: HARP Represented in Seat CAD

2.3.2 MODEL INPUTS
TheFixed Seat: NoiDriver accommodatiomodelrequires seven inputs, listed in Table 1:

Table 1: Fixed Seat: NonDriver Accommodation Model Inputs
Target Accommodation| The percentage of the target design population to be
accommodated. The occupants not accommodated are evenly
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between the smaller and larger extremes of the population. In
STD-1472G (2012), the aommodation target has been set at 9
Fraction Male The percentage of males in the defined target design populatig
Ensemble Clothing and equipment available for selection in the model:

! !PPE=ACU+I0TV + ACH

f 2ENC = ACU + PPE SAW Gunner

SeatHeight The height of the seat, as n
heel rest surface (typically, the floor).

Seat Back Angle The angle, from vertical, of the fixed seat hack

Consider Hydration A seatback with hydration pack relief claly accommodate an

Pack Relief occupant s hydration pack su

seat is the same regardless of wearing a hydration pack. The
following selection will be available in the model:

1 Yes

T No
Human Accommodatior Indicates which HARP measurement device has been chosen
Reference Point t he o c c u fhemwb optonssoesadt desigtARP
(HARP) Tool measurement tools are the SAE J82fdiht manikin and Seat

Index Point(SIP)tool (Reedetal 2014). Thdollowing selection
will be available in the model:
1 SAE J826

1 1SO 5353
1 Personal Protective Equipment (PPE), Advanced Combat Uniform (ACU), Improved Outer Tactical Vest (IOTV) that included
Enhanced Small Arms Protective Insert (ESAPI) plates, Enhanced Side Ballistic Inserts (ESBI), and Advanced Combat Helmet
(ACH).

2 Encumbeed (ENC), Rifleman Ensemble defined in the Soldier Load Configurations in Ground Vehicles (McNamara, 2012)
and Sated Soldier Study (Reed et2413).

2.3.3 MODEL OUTPUTS i OCCUPANT COMPOSITE BODY BOUNDARIES

The primary model outputs includee usepopulation boundaries and preferred boundary
manikin posture and position information for the vehicle designer to utilize when creating or
assessing an occupant workspakBdel outputsare describetielowin Table2 and shown in
Figure3.

Table 2: Fixed Seat: NonDriver CAD Model Accommodation Boundary Outputs and Definitions
Eyellipse The eyellipse (a contraction of the words
"eye" and "ellipse") depicts the distribution
occupant eye locations in the vehicle (Reec
2015).

Helmet Boundary The helmet boundary depidtse distribution
of target design population helmet locationg
the vehicle. The Advanced Combat Helme
(ACH) was used in the development of all t
accommodation models (Reed, 2015).
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Knee Boundaryncluding Leg and Thigh The knee boundary with leg attdgh depicts
the top, forward, and lateral distribution of t
resting knee locati@in vehicle.

Elbow Boundary The elbow boundary depicts the distributior
of resting elbow locations of the occupant

(Reed, 2016).

Boot Boundary The boot boundargiepicts the distributio of

resting boot locations whetke lower leg is

vertical (ankle under knee). Based on boot
measurements,sangle boot is assumed to

have a toe box that 62.5 mm in height and
4.0 inchesn width.

Helmet Contour

~0 00

Elbow Contour
Knee Contour

See, 0/

i i(mR

Y _X
I YARP_SEAT

Boot Contour

T ;

o MW

HARP_PROJECTED_TO_FLOOR

Y _X
HARP_PROJECTED_TO_FLOOR

Figure 3: Fixed Seat: NonDriver CAD Model Example Output

2.3.4 MODEL OUTPUTS i OCCUPANT CLEARANCE SBASED ON MIL -STD-1472

Clearance zonemre included irthe modelo serve as a visual check feehicledesignes to
utilize when creating thecgupant workspac&enerally, 2 inches of clearance isueqd
between the seated occupantl all vehicle structures and/or equipméfidel clearancesare
described belown Table3 and shown irFigure4.

Table 3: Fixed Seat: NonDriver CAD Model Clearance Outputs and Definitions
Model Output Description
Clearance ldimet Helmetclearanceconsists of an additional
inches ofspace claimequiredbetweerthe
helmet boundargnd thevehicle ceiling and
nearby equipment
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Clearanc&kneewith Leg and Thigh Knee, leg, and thigh clearance constdtan
additional 2 inches of space claim required
betweerthekneesand any surrounding
compamentssuch as doors, consoles and
racks. The space between the legs is incluc
in the clearance zone.

Clearance Bow Elbow clearanceonsists ofin additionaPl
inchesof lateral space claim requiredtween
the elbowsin a resting positionand nearby
vehicle structures such as door trim
Clearance Boot Boot clearance consists of an additional 2
inches ofspace claim required between the
bootsand any surrounding components sug
as the structure of another seat or door trin
The space between theotsis included in
the clearance zone.

A )
d 00

9 .

i
v _X X
SARP_SEAT iaw EA

z
- X e
I = HARP_PRCJECTED_TO_FLOOR

Y X
HARP_PROJECTED_TO_FLOOR

Figure 4: Fixed Seat: NonDriver CAD Accommodation Model Clearance Zone Outputs

2.3.5 MODEL OUTPUTS - DIRECT FIELD OF VIEW BASED ON MIL -STD-1472 AND SAE J1050

The direct field of view habeen divided into primary, secondary, and tertiary zdrigsireb.

The zones were developed WiEICDC Data and Analysis Center (DAC) ddTRI using a
combination of vertical and horizontal visual fieltlsscribed iMIL -STD-1472G and SAE
J1050. When membies of a population have different eye points, tangents to the eyellipse are
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used to determine field of viegiHuston Il et aR016).Model outputs are described below in
Table4 and shown irFigure6, Figure7, andFigures8.

Y X
HARP_PROJECTED_TO_FLOOR

Figure 5: Fixed Seat: NonDriver Accommodation Model Vision Zone Example

Table 4: FHP: Driver CAD Model Vision Zone Outputs and Definitions

Model Output

Description

Vision Zoneg Primary

The pimary visionzone(Figure6) indicates
space viewable by all occuparftsm at least
oneeyal Si ng a mi nieyaum
rotation. Combining the limits of MUSTD-
1472Gand SAE J1050, i
defined laterally as 15 degrees stdeside
from the occupant ds
as +15/30 degrees from horizont@Huston |l
et al 2016).

Vision Zone Secondary

The ®condary visiorzone(Figure7) includes
both fAeasyo eye rot
Combining the limits of MILSTD-1472G
and SAE J1050, ndeas
feasyo head turn is
degreessidto-si de from t he
centerline (15 degrees eye + 45 degrees he
and vertically as +1530 degrees from
horizontal (eye rotation onlyf{Huston Il et al
2016)

Vision Zone Tertiary

The ertiary visionzone(Figure8) includes
both fAmaxo eye rot a
Combining the limits of MILSTD-1472G
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and SAE J1050, dAmax
Aimaxo head turn is
degreessideo-si de from t he
centerline (35 degrees eye + 60 degrees h¢
and vertically as +45 degreedd degrees
from horizontal (eye rotation only).

+ 15 deg.

- 30 deg.

15 deg. right

Intent CAD Implementation

Side View £

13 in. offset >
> pr o

Top View H H

15 deg. left

Figure 6: Primary Vision Using Eyellipse in Creo

+ 15 deg.

- 30 deg.

Head rotated
right 45 deg.

Eyes rotated
15 deg.

Intent CAD Implementation

Side View

13 in. offset

Head rotated
- left45 deg.

Top View

Eyes rotated
15 deg.

Distribution Statement A.

Figure 7: Secondary Vision Zone Using Eyellipse in Creo
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Intent CAD Implementation
+ 45 deg.

Side View

Horz LneofSigm_  __ _ | _— -

13 in. offset

- 65 deg.

Head rotated ,~, ~_Head rotated

right 60 deg. | ;\ ------- ..,_'_f/ 2 \> left 60 deg.
\ 4P y

Top View

Eyes rotated
35 deg.

Eyes rotated
35 deg.

Figure 8: Tertiary Vision Zone Using Eyellipse in Creo

2.3.6  MODEL OUTPUTS - MANIKIN PLACEMENT

Using the same data underlying the creation oatte®@mmodation boundaries, boundary

manikins representing the anthropometric extremes of vehicle workstation design are placed in
their nominal positions. This is helpful in understanding how specific individuals in the
population fit into the vehicle aralds visualization for those unfamiliartivithe

accommodation boundari@iduston llet al 201. Model outputs are described belowlable

5 and shown irFigure9.

Table 5: Posture Prediction Model Output and Definitions based on Seated Soldier Study
Model Output Description
Boundary Manikin Posture and Position TheBoundary Manikin Posture and Positior

predicts position and torso posture for a
family of simulatedbccupantdased on the
vehicle configuration and the anthropometr
inputs of stature, body weigtgnd erect
sitting height (Reed, 2®).
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Figure 9: Manikin Placement Using Posture Prediction Model

2.4 VERIFICATION SCOPE

This reportdocumens the verification of thd=ixed Seat: NotDriver CAD mode| includingthe
activities, results, and recommendations that were gathered duriveyifieationeffort. This
report will be managed by tlf@CDC GVSCacommmodation model Project Lead and will be
used to suppodny future enhancements to fhiged Seat: NoiDriver CAD model.

Verification of the modelwascompleted on 28 Marck020 by the Verification Agergtlisted in
Table9, Section7. CCDC GVSCled the \erification effortand requested review, feedback, and
concurrence from the key participants listed able9, Section’.

The goal ofverificationwas to evaluatthe PTCCred® 3D CAD version of thé&ixed Seat:

Non-Driver CAD mode| perthe following:

1) Determine if the accommodation boundaatulated by th6&VSC CAD modelmatch
those calculated bijpe UMTRI MicrosoftExcel spreadsheetoldier Squad Accommodation
Models201907-07

2) Determine if the clearance zong&lmet,knees, legs, shinand bootscalculated by the
GVSCCAD modelmatchthe Subject Matter Expert (SMEhnterpretation of MILSTD-
1472G

3) Determine ifthedirect fields of view (primary, secondary, and tertiagglculated by the
GVSCCAD modelmatchthe SME interpretation of MIESTD-1472G and SAE J1050
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4) Detemine if the hip and eye pomtalculated by th&VSC CAD modelmatchthose
calculated byhe UMTRI MicrosoftExcel spreadsheedeated Soldier Posture Prediction
201907-08

3.

REQUIREMENTS AND ACC EPTABILITY CRITERIA
TheFixed Seat: NoiDriver CAD modelshall meet the requirements showTable6 below:

Table 6: Requirements Relationship Tablefor Accommodation Model

# ] M&S Requirement Acceptability Criteria Metrics/Measures
1 | Model allows for a targgiopulation | 1.1Target accommodation input | 1.1 Representative (Pass)
input (e.g. 90%) option in model Non-Representative (Fail)
2 | Model allows for input of the 2.1 Fraction male input option in | 2.1 Representative (Pass)
population gender mix (e.g. 85% model Non-Representative (Fail)
Male : 15% Female)
3 | Model allows for selection of 3.1 Ensemble selection of PPE inf 3.1 Representative (Pass)
ensemble as either PPE or ENC model Non-Representative (Fail)
3.2 Ensemble selection of ENC inf 3.2 Representative (Pass)
model Non-Representative (Fail)
4 | Modelallows for input of the seat 4.1 Seat height input option in 4.1 Representative (Pass)
height model Non-Representative (Fail)
5 | Model allows for selection of either | 5.1 HARP measurement tool 5.1 Representative (Pass)
SAE J826 or ISO 5353 fdhe Human| selection of SAE J826 in model | Non-Representative (Fail)
Accommodation Reference Point "5 51 ARP measurement tool 5.2 RepresentativgPass) /
(HARP) measurement tool selection of ISO 5353 in model | Non-Representative (Fail)
6 | Model allows for input of the seat 6.1 Seat back angle input option | 6.1 Representative (Pass)
back angle model Non-Representative (Fail)
7 | Model allows for selection of seat | 7.1 Hydration pack relief selection 7.1 Representative (Pass)
hydration pack relief in the seat of MYES model Non-Representative (Fail)
7.2 Hydration pack reliefedection | 7.2 Representative (Pass)
of @4NDOn model Non-Representative (Fail)
8 | Model predicts the dimensions and | 8.1 Model outputs a left and right| 8.1 Representative (Pass)
location of the eyellipse eyellipse for a given population | Non-Representative (Fail)
and gender mix that adjusts with
different inputs
8.2 CAD modelmatches the 8.2 Representative (Pass)
UMTRI spreadsheet Non-Representative (Fail)
9 | Modelpredicts the helmet contour | 9.1 Model outputs a helmet 9.1 Representative (Pass)
boundary (helmet locations) with contour for the given population | Non-Representative (Fail)
respect to the eye location and fitted andgender mix that adjusts with
to the eyellipse different inputs
9.2 CAD model matches the 9.2 Representative (Pass)
UMTRI spreadsheet Non-Representative (Fail)
10 | Model predicts the knee contour with 10.1 Model outputs a knee 10.1 Representative (Pass
leg and thigh segment angles baseq ellipsoid for the given population | Non-Representative (Fail)
on location ofrestingo ¢ ¢ u p a n { and gender mix that adjusts with
kneesin vehicle differentinputs
10.2 CAD model matches the 10.2 Representative (Pass
UMTRI spreadsheet Non-Representative (Fail)
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11 | Model predicts elbow contours basg 11.1 Model outputs elbow 11.1 Representative (Pass
on | ocation of r | contours forthe given population| NonRepresentative (Fail)
elbows in vehicle and gender mix that adjusts with

different inputs
11.2 CAD model matches the 11.2 Representative (Pass
UMTRI spreadsheet Non-Representative (Fail)

12 | Model predicts boot contours based| 12.1 Model outputs boot contourgy 12.1 Representative (Pass
on |l ocation of r|forthe given population and Non-Representative (Fail)
boots in vehicle where the lower leg| gender mix thaadjusts with
is vertical (ankle under knee). different inputs

12.2 CAD model matches the 12.2 Representative (Pass
UMTRI spreadsheet Non-Representative (Fail)

13 | Model provides a clearance zone fo| 13.1 Model outputs 2 inch 13.1 Representative (Pass
the head (helmet) to rotihe based | clearance zone from thep of the | Non-Representative (Fail)
on a back calculation from MHSTD- | helmet contouthat adjusts with
1472G requirements different inputs

14 | Model provides a clearance zone fol 14.1Model outputs & inch 14.1 Representative (Pass
the knee, leg and thigh baseddRE | clearance zone from thep and Non-Representative (Fail)
recommendations front of the knee contour and the

front of the leg segmemtndtop of
the thigh(in sideview) that
adjusts withdifferent inputs

15 | Model provides a lateral clearance | 15.1 Model outpus a 2inch 15.1 Representative (Pass
zone for the elbow contours based ¢ clearanceone laterally for the Non-Representative (Fail)
HFE recommendations resting elbowcontourgthat adjusts

with different inputs

16 | Model provides a clearance zone fo| 16.1 Model outputs a 2 inch 16.1 Representative (Pass
the boot based adFE clearance zonfrom the top of the | Non-Representative (Fail)
recommendations boot contour that adjustgith

different inputs

17 | Model provides direct field of view | 17.1Model outputs direct field of | 17.1 Representative (Pass
(primary, secondary, and tertiary view from the eyellipsehtat Non-Representative (Fail)
zones) based on MIBTD-1472G adjusts with different inputs
and SAE J1050

Along with using the~ixed Seat: NoiDriver CAD mode| ground vehiclalesigners will use
boundary manikins when creating the interior workspace. The boundary man#postured
and positioned in CAD usingguations fronthe posture prediction model created by UMTRI.
The requiremesstfor posture predictioareshownin Table7 below:

Table 7: Requirements Relationship Tablefor Posture Prediction ofBoundary Manikins

with respect to thelARP

# | M&S Requirement Acceptability Criteria Metrics/Measures
1 Model predicts the location of the hi] 1.1 Model outputs the location of| 1.1 Representative (Pass)
with respect to thelARP the hip with respect to tHeéARP Non-Representativ@ail)
that matches the UMTRI
spreadsheet
1.2 The manikin hip joint center | 1.2 Representative (Pass)
aligns with the hip point Non-Representative (Fail)
2 Model predicts the location of the ey 2.1 Model outputs the location of| 2.1 Representative (Pass)

the eye with respect to theARP
that matches the UMTRI
spreadsheet

Non-Representative (Fail)

2.2 The manikin eye aligns with
the eye point

2.2 Representative (Pass)
Non-Representative (Fail)
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Numerical valuesalculated by both the VSC CAD model andhe UMTRIMicrosoft Excel
spreadsheets must matehhin +/- 0.100 inchesr +/- 0.100 degreet® be considered
equivalent

4.  CAPABILITIES, LIMITA TIONS, & ASSUMPTIONS (CLA),
RISKS/IMPACTS

41 M&S CAPABILITIES
The Fixed Seat: NeDriver CAD model will provide gvernment and industry partners with the
following M&S capabilities:

1 Relevant populatioboundaries fouserposture in a occupant workspace

1 Posture prediction for the identified boundary manikins

1 Clearances basl m interpretation of MILSTD-1472GandHFE recommendations

1 FOV based on interpretation of Ml BTD-1472Gand SAE J1050

4.2 M&S LIMITATIONS
The Fxed Seat: NofDriver CAD modelhas limitations based on the ground vehicle
requirements for theccupantvorkspace, as follows:

1 Predicts fixedseat useconditions(e.g. squad, scouts, dismounts ety anddoes not
address other speciabsitions with a fixed seat such as a gunner.

1 Cannot be used if horizontal and vertical seat travel are integrated into the seat design.

T Predicts where useideallywant to posture and position themselves but does not include
vehicle limitations such as low ceiling heightlionited leg room

T Model was created with a specific range of clothing and equipment kit weights and
depths, so it will have to be reevaluatikthe clothing and equipment kits drastically
change.

1 CAD accommodation models serve as a design tool and are not intended to replace, but
rather complement, HFE assessiienls.

4.3 M&S ASSUMPTIONS
The development of a valieixed Seat: NotDriver CAD modelis based on the following
assumptions:
1 The fixtures created and used by UMTRI to collect the occupant data are representative
of a fixed seating type environment in the back of a ground vehicle.

T Anal ysis methods used by UpvieRdd postareanad at el y

position.
1 Position data collected in a static environment over a short period of time are reasonably
similar to usersoé6 pref er r-cudtiopdiwsng.ur es and

4.4  M&S RISKS/IMPACTS
The constraints and limitatiomsghlighted above could potentially result in an interior
workspace design that is not fully optimized. This risk will be mitigateddtigborating with
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Data Analysis Center (DAC) HEMEswho complete human factors assessments on the
proposediesigns COTS vehicles, and demonstrators during the acquisition process IAW AR
602-2. This assessment will be captured in documentatiarpleted byhe DAC HSI SMEs.

5.  VERIFICATION TASK ANALYSIS

5.1 DATA VERIFICATION TASK ANALYSIS

No specific @taverificationtasks were completdsbcauséJMTRI, as the data developer,
documented the methods and results of the data colleclioa data and statistical techniques
employed by UMTRI are appropriate for the creation of the models. Standard anthropometric
data, whiclcorrelated to ANSURII data, was collected on the study participants. Avhdie
laser scanner was used to record body shape in both seated and standing [Ristiistcal
analysis of body landmark data was conducted by UMTRI and validation ohtdéod the

models to prediabccupanposture, as a function of vehicle factors, was completed (Reed et al
2013). The UMTRI documents capturing this work are listed below:

1 Seated Soldier Study: Posture and Body Shape in Vehicle BeatsReport UMTRI
201313

1 Development of Accommodation Models for Soldiers in Vehigtgsad Final Report
UMTRI201439

1 Seated Soldier Elbow Clearance Zoriz&1612-10

1 SoldierSquad Accommodation Mod@81307-07, UMTRI Excelspreadsheet

1 Seated Sdlier Posture Predictio201907-08, UMTRI Excelspreadsheet

Theinformation provided by UMTRWwas utilized tacreatethe Fixed Seat: NoiDriver CAD

model. GVSCACT reviewed eacb f U MERe¢élspeadshesto verify thattheyaligned

with the written reports and then used the information as the basis for the creation of the CAD
model.

5.2 MODEL VERIFICATION T ASK ANALYSIS

Model verification included #otal of ten testsshown below irifable8, to compareoutputs from
theFixed Seat: NotDriver CAD modelto theUMTRI Soldier SquadAccommodation (209)
spreadsheetnd Seated Soldier Posture Prediction @@preadshest The highlighted values
in the table indicatevhich inputs were changdcbm the previous test.
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Table 8: Fixed Seat Non-Driver Accommodation Model Test Matrix

Test# Target Fraction Male Ensemble Seat Height Z (in.) Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (A40) Measurement Relief
Tool Availability
1 90% 90% PPE 13.8 0.0 SAE J826 No
2 90% 90% PPE 15.0 20.0 SAE J826 No
3 90% 90% PPE 15.8 15.0 ISO 5353 No
4 90% 90% PPE 17.7 18.0 SAE J826 No
5 90% 90% PPE 15.0 10.0 SAE J826 No
6 90% 90% ACU 15.0 10.0 SAE J826 No
7 95% 90% ENC 15.0 10.0 SAE J826 No
8 90% 50% PPE 15.0 10.0 SAE J826 No
9 90% 50% ACU 15.0 10.0 SAE J826 No
10 90% 50% ENC 15.0 10.0 SAE J826 Yes

Tests #15 primarily explore the effestof varying theseat heighaind seat back angle

1 Geometry for composite body boundaries (except knees) is constant, but position varies
1 Knee Contour geometry and position are unique for each test to reflect changing thigh

angles
1 Changing the HARP measurement tool shifts all geonetitye X-direction

Tests #610 primarily explore the effects of varying Target Accommodation, gender mix
(Fraction Male), and Ensemble

1 With increased Target Accommodation, composite body boundaries increase in volume

and Vision Zones decrease

1 Geometry foromposite body boundaries decreases in volume with a smaller proportion

of males

1 Position for composite body boundaries shifts in théinéction with the chosen
Ensemble

1 Hydration Pack Relief only affects the ENC ensemble

Results from the above tests/eadbeen reported both in terms of passing or failing the
requirements and acceptability criteria presented previousSgation3 and screenshots
showing how calculated numerical results were translated into&ADd c ompar e
results Please refeto the following appendices:

1 Appendix Bi Requirements and Acceptability Criteria Results

1 AppendixG - Initial Task Analysis

6. VERIFICATION RECOMMENDATIONS

Teamconsensufrom the verificatiorpackage reviews that theFixed Seat: NoiDriver CAD
model passed verificationith no outstanding issues requiring correetaction Thae are no
recommendations from the team for the model.

7. KEY PARTICIPANTS
Table9 identifies the participants involved in therificationeffort, including ther roles and
responsibilities.
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Table 9: Key Participants for Fixed Seat: NorDriver CAD Model Verification Effort

Verification Description Responsible M&S
Function

M&S The organization that has primary Frank J. Huston lIGVSCACT

Proponent responsibility for M&S planning and Gale. L. ZielinskiGVSCACT
management that includes developme
verification and validation,
configuration management,
maintenance, use of the model or
simulation, and others as appropriate.

Government entity.

M&S User The individual, group, or organization | Gale M. Litrichin, GVSCGVSP
that uses the results or products from | Eric S. Paternoster, GVSCSI
specific application of the model or HSI SMEs, CCDC DAC
simulation. Government Contractors

Verification The organization designated by the | Frank J. Huston II, GVS@CT

Agent M&S proponent to perform verification Gale L. Zielinski, GVSCACT
of a model, simulation, or federation o
M&S.

M&S The individual, group or organization | Frank J. Huston Il, GVS@CT

Developer respansible for developing or modifying Matthew P. Reed, Ph.D, UMTRI
a model or simulation in accordance
with a set of design requirements and
specifications.

SMEs Individual who, by virtue of education,| Frank J. Huston Il, GVSBCT
training, or experience, has expertise | Gale L. Zielinski, GVSCACT
a particular technical or operational | Cheryl A. Burns, DAC
discipline, system, or process. Richard W. Kozycki, DAC

Joseph R. Urda, DAC

David A. Hullinger, DAC

Brian D. Corner, PhD, MERSSIAT
Matthew P. Reed, Ph.D, UMTRI

8. ACTUAL YV ERIFICATION R ESOURCES EXPENDED

8.1

VERIFICATION RESOURCES EXPENDED

Table 10 identifieshe resources used teeate theCCDC GVSP Fixed SeaNon-Driver CAD
modeland complete associatadtivities including verification

Table 10: Verification Resources

Document/Deliverable Required Resources POC
The Seated Soldier Study: Posture and Bo( M&S Developer and SME | UMTRI
Shape in Vehicle Seats FirRRéport support
Seated Soldier Posture Prediction Excel M&S Developer and SME | UMTRI
Spreadsheet support
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Development of Accommodation Models fg M&S Developer and SME | UMTRI
Soldiers in Vehicles: Squad support
AccommodatiorModel Funding Approval fo| M&S Proponent GVSC ACT
FY18
Fixed Seat: NotDriver Verification Plan Verification Agent, M&S GVSC ACT
Developer and SME suppor
Accommodatbn Model Funding Approval | M&S Proponent GVSC ACT
FY19
Fixed Seat: NotDriver Accommodation M&S Developer and SME | GVSC ACT
Model Build support
Fixed Seat: NotDriver Accommodation M&S Developer and GVSC ACT,
Model Verification packet completed Verification Agent UMTRI
Fixed Seat: NotDriver Model Release into | M&S Developer GVSC ACT
PDMLink
Fixed Seat: NoiDriver Verification Report | Verification Agent, GVSC ACT
Revision 1.0 Validation Agent, M&S
Developer and SME suppor
OPSEC of Fixed Seat: Nebriver M&S Proponent GVSC ACT
Verification Report and CAD Model
Releasef Fixed Seat: NoiDriver M&S Proponent GVSCACT
Verification Report and CAD Model to the
GVSC public website.

8.2

ACTUAL VERIFICATION MILESTONES AND TIMEL INE

Table 11 identifieshemajor milestone achievements in the creatiorFilked Seat: NoiDriver
CAD model and completion of associated activities, including verification.

Table 11: Verification Milestone Timeline

Document/Deliverable Delivery Date
Draft Posture PredictioBpreagheet September 2014
Fixed Seat: NofDriver Final Report from UMTRI September 2014
Fixed Seat: NotDriver data applied to Combat Vehicle April 2015
Prototyping (CVP) concept
Soldier Squad Accommodation Models 2605605 from UMTRI | May 2015
Fixed Seat: NofDriver CAD template development started February 2018
Fixed Seat: NoiDriver data applied to CVP (updates) January 2016
Soldier Squad Accomodation Models 20162-22afrom February 2016
UMTRI
Fixed Seat: NotDriver data applied tdrmored Reconnaissance January 2018
Vehicle (ARV)
SoldierSquad Accommodation Models 2008-12afrom February 2018
UMTRI (elbows added to the model)
Fixed Seat: NotDriver CAD template updated with elbows April 2019
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Fixed Seat: NotDriver data applied tMission Endler
TechnologiedDemonstrator (MEID)

November 2018

Fixed Seat: NoiDriver VerificationPlan

February 2019

Soldier Squad Accomodation Models 20194-02 from UMTRI
(boot contour added to the model)

April 2019

Fixed Seat: NotDriver CAD template updated with boot contoy July 2019
SoldierSquad Accommodation Models 2009-07 from UMTRI | July 2019

(final spread sheet with manikin positioning updates)

Functional Posture integrated with CAD Boundary Manikins | August 2019
Fixed Seat: NotDriver CAD model complete September 2019
Fixed SeatNon-Driver CAD Model Verification Complete January 2020

Fixed Seat: NoiDriver CAD Final Model Release into PDMLinK

January 2020

Verification Report (Final)

March2020

9. VERIFICATION LESSONS LEARNED

Verification of theFixed Seat: NoiDriver CAD modelmarks thesecondime thatGVSChas
verified such a producBased on lessons learned from the first verificatiba M&S
Proponents and Developeatstermined thaterifying CAD outputsagainstUMTRIG s
spreadshegegiven the number of calculatioms/olved would betoo time intensive to complete
in front of a live audiencélternatively,a PowerPointlocument (sefppendixG - Initial Task
Analysig was compiled fodistribution to all participantsThis gave participants flexibility to
review the document and provide feedback. If particular tests were of interest, the M&S

developer cold provide more detailed feedback and conduct a live review for the requesting

party. This was the most efficient way to complete a verification without haxsogeaiuled

live verification event.
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10. APPENDICES

10.1 APPENDIX A i M&S DESCRIPTION

10.1.1 M&S DEVELOPMENT AND STRU CTURE

Theinformation in this Appendi, which is also applicable to the Fixed Seat posii®n,
extracted fronCreation of the Driver Fixed Heel Point (FHP) CAD Accommodation Model for
Military Ground Vehicle Desig016)

Ensuring thaa given percentage of the population can sit safely and naturally while performing
all required functions requires multivariate analysis methods that consider the physical
dimensions of th&oldier(anthropometry) and behavioral effects (posturegjthree

dimensional space (O 2012). This analysis mvailable forthe Fixed Seat: NoiDriver

position as Soldiespecific statistical population accommodation med#¢veloped by UMTRI,

that parallel longstanding 8 E recommended practices used in tbenmercial automotive and
truck domains. Because vehicle designs are developed from the early concept stages forward
using CAD sof t waaskenendodled Rto & garamwedric RAD template that
adjusts based on user inputs describing the Soldmulation, desired accommodation level, and
vehicle environment.

The primary developments that have made it possible to create a eeGsdbkemplate
representingus&crc commodati on are UMTRI 6s predictive
utilization d automated design capabilities available in many current CAD systems.

The automotive industry began introducing statistical population models into vehicle design in
the 1960s to better understand various aspects of driver posturgedieel Soldier StudiReed

et al 2013) was completed to capture Soldier preferred posture and position dixadsaat
mockup while considering the unique ground vehicle workstation environment and the clothing
and equipment ensembles worn by Soldiers.

The Seated SoldieStudygathered data on 145 enlisted men and women as daiverfixed

seating positions (e.g. dismoundé)hree Army posts. Soldiers wore three levels of clothing and
equipment including: 1) the advanced combat uniform (ACU), consisting of the $otdiero w n
jacket, trousers, shirt, and combat boots; 2) personal protective equipment (PPE), consisting of
the ACU plus an Improved Outer Tactical Vest (IOTV), Enhanced Small Arms Protective Insert
(ESAPI) plates, Enhanced Side Ballistic Inserts (ESBI), anfldvanced Combat Helmet

(ACH); and 3) encumbered (ENC), consisting of the ACU and PPE, plus a hydration pack and a
Tactical Assault Panel (TAP) with a Rifleman equipment kit (Reed and Ebert, 2013).

The mockupused in the studgimulates a Fixe&eat: NorDriver workstation The test seat was

set to two different combinations of back angle and cushion angle. Seat height was adjusted and

Soldiers wore either PPE or ENC for the study.
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UMTRI 6s analysis of the dat a yduasladaduhctidnoft h t he
their body size and equipment level and accommodation boundaries capturing posture variability

for everyoneacross the target population. In particular, the accommodation boundaries indicate

the resulting positions for the equipped 5di er popul ati onds eyes, hel
models were provided by UMTRI in the form Microsoft Excel spreadsheets. For a more in

depth discussion of UMTbBdatedSoldiav StudiReedetal,2618)s e r e f e
andDevelopment cAccommodation Models for Soldiers in VehiS@guad(Zerehsaz edl,

2014).

The CAD version of theiked Seat: NofDriver accommodation modeascreated byGVSC

ACT using PTC Creo® 3D CAD software. Functionally, the foundation of the model is a stand

alore geometric reproduction of UMTRIG&6s Microsof
the Soldier population and surrounding interior vehicle surfaegslayered onto the model per

the intent of MILSTD-1472G, along with direct vision zonasd a groundntercept toothat

incorporate concepts from both METD-1472G and SAE Recommended Practice J1050,
Describing and Measur i,2099. Totaid in Onderstaedmghow Fi el d o
workstation design affects individuals, boundary manikins represggthgnanthropometric

extremes for workstation desigrereplaced in their predicted postures.

After building a static version of the accommodation model (i.e., a single instance of the possible
combinations of Soldier population, desired accommodatiot, lanwéd vehicle environment

inputs), the process of automating the model began. This was done using a tool within Creo
known as Pro/PROGRAM. Most CAD users already take advantage of the parametric nature of
todaydés design soft wa thav.amédelis constractag singple chdrggese n d i
can be propagated throughout by delving into
Pro/PROGRAM takes this concept a step further and allows for control of a model from outside
the model tree, using relatis and rules. End users of thiged Seat: NoiDriver

accommodation model are ablenodify a list of parameters that are tied to the underlying

geometry. Logical expressions are used to determine which portions of the Pro/PROGRAM code
to execute for given set of input values.

UMTRI 6s spreadsheets provide the values neces
elements comprising the accommodation boundaries (e.g. centroids and axis lengths for several
ellipsoids). It was possible to encotled equati ons from UMTRI 6s spre
without modification or the need for further calculations, with two notable exceptions. Because

the majority of human anthropometric dimensions are normally distributed, the standard normal
cumulativedistth ut i on function (CDF) is used througholt
the desired | evel of accommodati on. Creo does
NORM.DIST function, so the following logistic approximation, having a maximum error of

0.00014 at z = + 3.16, was used instead (Bowling, Khasawneh, Kaewkuekool, and Rae Cho,

2009).
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The second exception involves the positioning of manikins. UMTRI provides coordinates of

body landmarks with respect to theagnetric origin of the accommodation model (i.e. the

HARP) sufficient to locate the hips, torso articulation, and head. To place these coordinates into
the reference systems of the boundary manikins (an axis system located between the hips of each
manikinand aligned with the torso) and calculate the joint angles needed to position the limbs in
threedimensional space, Euclidean transformations for both translation and rotation were used.

10.1.2 M&S USE HISTORY

The data for the Fixed Seat: N@miver CAD model wapulled ahead to apply ©ombat
Vehicle Prototyping (CVRMission En&ler Technologie®emonstrator (MEID), and the
Armored Reconnaissance VehichRV) concepts.Each instance required manually running
the spreadsheets from UMTRI and then transcrithegesults to CAD. This eanyork
provided valuable feedback to the CAD M&S Developer regarding the limits of the anudiel
additional features that should be considerfear example, after inserting the CAD output into
vehicle environments, it became apparent that contours representing population elbows and boots
would benefit ground vehicle designershe development of the final mogethich has not yet
been applied ta programyas an iterative procegetween the CAD M&S Developer and
UMTRI to add and refine features.

10.1.3 CONFIGURATION MANAGE MENT
The GVSC ACTwill manage any changes to thixed Seat: NoiDriver CAD accommodation
model and upload the latest version.

The Fixed Seat: NoiDriver CAD accommodation mod& released i®DMLink at the
following location:

Libraries > STANDARD CAD TEMPLATE LIBRARY, 19207 > Accommodation

The following top assemblies have been released:
12632884 GVSC Fixed Seat Nbmiver 19207_12632884

Questions related to tl@AD modeldevelopment and applicatiamould be sent to:

CCDC GVSCAdvanced Concepts Team
6501 E. 11 Mile Road

Bldg. 200,FCDD-GVR-MSS

MS 207

Warren, M|l 483975000

Gale L. Zielinski (Project Lead) Frank J. Huwn Il (Model Developer)
Office: (586) 2825287 Office: (586) 2825657
E-mail: gale.l.zielinski.civ@mail.mil E-mail: frank.j.huston.civ@mail.mil
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10.2 APPENDIX B 1 REQUIREMENTS AND ACC EPTABILITY CRITERIA

RESULTS

Therequirements and acceptability criterésultsfor accommodation and posture predictare
shown below infable 12and Table 13respectively Metrics are noteds pass or failNone of
the metrics produced a failing resubd nocorrectiveaction plais arerequired

Table 12: Accommodation Model Requirements Results

on |l ocation of r

elbowsin vehicle

# | M&S Requirement Acceptability Criteria Metrics/Measures
1 | Modelallows for a target population| 1.1 Target accommodation input | 1.1 Representative (Pass)
input (e.g. 90%) option in model Non-Representative (Fail)
2 | Model allows for input of the 2.1 Fraction male input option in | 2.1 Representative (Pass)
population gender mix (e.g. 85% model Non-Representative (Fail)
Male : 15% Female)
3 | Model allows for selection of 3.1 Ensemble selection of PPE in 3.1 Representative (Pass)
ensemble as either PPE or ENC model Non-Representative (Fail)
3.2Ensemble selection of ENC in 3.2 Representative (Pass)
model NonRepresentative (Fail)
4 | Modelallows for input of the seat 4.1 Seat height input option in 4.1 Representative (Pass)
height model Non-Representative (Fail)
5 | Model allows forselection of either | 5.1 HARP measurement tool 5.1 Representative (Pass)
SAE J826 or ISO 5353 for the Humg selection of SAE J826 in model | Non-Representative (Fail)
Accommodation Reference Point 755" ARP measurement tool 5.2 Representative (Pass)
(HARP) measurement tool selection of ISO 5353 in model | Non-Representative (Fail)
6 | Model allows for input of the seat | 6.1 Seat back angle input option | 6.1 Representative (Pass)
back angle model NonRepresentative (Fail)
7 | Model allows forselection of seat 7.1 Hydration pack relief selectiof 7.1 Representative (Pass)
hydration pack relief in the seat of AYESO i n mo d NonRepresentative (Fail)
7.2 Hydration pack relief selectiof 7.2 Representative (Pass)
of ANOO i n mode| NonRepresentative (Fail)
8 | Model predicts the dimensions and | 8.1 Model outputs a left and right| 8.1 Representative (Pass)
location of the eyellipse eyellipse for a given population | Non-Representative (Fail)
and gender mix that adjusts with
different inputs
8.2 CAD model matches the 8.2 Representative (Pass)
UMTRI spreadsheet Non-Representative (Fail)
9 | Modelpredicts the helmet contour | 9.1 Model outputs a helmet 9.1 Representative (Pass)
boundary (helmet locations) with contour for the given population | Non-Representative (Fail)
respect to the eye location and fitted andgender mix that adjusts with
to the eyellipse different inputs
9.2 CAD model matches the 9.2 Representative (Pass)
UMTRI spreadsheet NonRepresentative (Fail)
10 | Model predicts the knee contour witlf 10.1 Model outputs a knee 10.1 Representative (Pass
leg and thigh segment angles baseq ellipsoid for the given population | Non-Representative (Fail)
on location ofrestingo ¢ ¢ u p a n | and gender mix that adjusts with
kneesin vehicle different inputs
10.2 CAD model matches the 10.2 Representative (Pass
UMTRI spreadsheet Non-Representative (Fail)
11 | Model predicts elbow contours basg 11.1 Model outputs elbow 11.1 Representative (Pass

contours for the given population
and gender mix that adjusts with

different inputs

Non-Representative (Fail)
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11.2 CAD model matches the
UMTRI spreadsheet

11.2 Representative (Pags
Non-Representative (Fail)

12 | Model predicts boot contours based| 12.1 Model outputs boot contoury 12.1 Representative (Pass
on |l ocation of r| forthe given population and Non-Representative (Fail)
boots in vehicle where the lower leg| gender mix that adjustsith
is vertical (ankle under knee). different inputs

12.2 CAD model matches the 12.2Representative (Pass
UMTRI spreadsheet NonRepresentative (Fail)

13 | Model provides a clearance zone fo| 13.1 Model outputs 2 inch 13.1 Representative (Pass
the head (helmet) to roof line based| clearance zone from thep of the | Non-Representative (Fail)
on a back calculation from MHSTD- | helmet contour that adjusts with
1472G requirements different inputs

14 | Model provides a clearanaone for | 14.1 Model outputs 2 inch 14.1Representative (Pass
the knee, leg and thigh based on Ml clearance zone from thep and Non-Representative (Fail)
STD-1472H draft recommendations| front of the knee contour and the

front of the leg segmemtndtop of
the thigh(in sideview) that
adjusts with diffeent inputs

15 | Model provides a lateral clearance | 15.1 Model outpusa 2 inch 15.1 Representative (Pass
zone for the elbow contours based ¢ clearancezone laterally for the Non-Representative (Fail)
MIL -STD-1472H draft resting elbowcontours that adjustg
recommendations with different inputs

16 | Model provides a clearance zone fo| 16.1 Model outputs a 2 inch 16.1Representative (Pass
the boot based on MISTD-1472H | clearance zone from the top of thl Non-Representative (Fail)
draft recommendations boot contour that adjusts with

different inputs

17 | Model provides direct field of view | 17.1 Model outputs direct field of| 17.1Representative (Pass
(primary, secondary, and tertiary view from the eyellipse that Non-Representative (Fail)
zones) based on MIBTD-1472G adjusts with different inputs
and SAE J1050

Table 13: Posture Prediction Model Results
# | M&S Requirement Acceptability Crite ria Metrics/Measures

1 Model predicts the location of the hi] 1.1 Model outputs the location of| 1.1 Representative (Pass)

with respect to thelARP the hip with respect to thHdARP Non-Representative (Fail)
that matches the UMTRI
spreadsheet
1.2 Themanikin hip joint center | 1.2 Representative (Pass)
aligns with the hip point Non-Representative (Fail)

2 Model predicts the location of the ey 2.1 Model outputs the location of| 2.1 Representative (Pass)

with respect to thelARP

the eye with respect to theARP
that matches theMTRI
spreadsheet

Non-Representative (Fail)

2.2 The manikin eye aligns with

the eye point

2.2 Representative (Pash)
NonRepresentative (Fail)
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10.2.1

TEST #1171 NUMERICAL RESULTS

UNCLASSIFIED//FOR OFFICIAL USE ONLY

TEST #1: BASELINE FOR TESTS #1-5

Z DEVCOM

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (A40) Measurement Relief
Tool Availability
90% 90% PPE 13.8 0.0 SAE J826 No
e e Y
(] L]
9 p Q
o -
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches
+0.100 degrees

Largest Observed Differences

Basic Accommodation:

0.004 inches
0.000 degrees

Manikin Placement:
0.000 inches

For complete results, including calculated numerical values and their translation
into CAD, see pages 34 - 70.

Note: Test #1 results include construction details for accommodation geometry.
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UNCLASSIFIED//FOR OFFICIAL USE ONLY

TEST #1: RESULTS, ACCOMMODATION

Z DEVCOM

HARP Boot Contour
| BRI Velue [ GUSCWae [ Diffeienice L Oiffarence
HARE | 3.000] in | 0,000 in_| 0.000] WEIGTED CONT X 25619 in 0.C00] in
HAEE_£ | a0 in | 13200 n | o.oo0] ir E_YEIGHTED CENT ¥ 7 394 in 0.CC0[ in
i EIGHTED_CEI 2 [XETE W 0oo] in
EveL“A?f]?/ﬂ = | OvSC wale Diference LIS LNGTT 1500 n 0.C01] in
LEUE (e IS nes, ¥ AXIS _ENGTH =.704] = 70| in 0| in
5. 9661 iy 5:966 in 90004 in JE_2_AXIS__ENGIH EER ) A9 in 0.Co0|_in
<.zen| in 1 i 0.000] it — — e -
F3.427] in =a.208 in 0.0
3.907] in 2909 in 0.00¢] -
o] in a0 in 0.001] i
4.590] in Z.2596] in 0,001 in
Helmet Contour
ORI Yelus | GYSC Wabs
2719 2 " e
5 18; : GVSC CAD values to agree with UMTRI spreadsheet values within
.27 in +0.100 inches
n +0.100 degrees
n
N n LarsastOh d Giff
arge: served Differences:
Knee Contour o 034 sy
OITR Yalue | OUSC wal Diference >
KIEE_COMT OUP,_WEIGHTED CENT_% i) W B coo | 0.000 degrees
KINEE_CONT OUR_WEIGHTED_CPNT_Y (7~ T in 0.000] v
VIEE_CONTOUR WEICHTED CENT_ 72 n 0.000]
KIEE_COMTOUR,_%_AAIS L=HGIH n X o.00e] -
KIEE_CCOMTOUR, 7 _AA1S [=NGTH n 9,057 in 0.000] r
KIEE_COMIDUR 2 _AXIS LENGTH n 75290 in ool
KIEL_ St ARNGLD 20 0.000] deg Q. 000 551
FINEE_ | FLGH VHGLE Tril|deq| orioildeq o0 dec
Elbow Contour
TR Yolug GYSC Yal el e
ELSOW_WEIGHTED_CENT_X A in G.300] in 000
FIGHTED CFNT ¥ E I n X "
Y _WEIGITED CENT 2 Zin in 0] i
WX _AXIS LENGTH T in il s
Y s LENGIH 5. 655) n in A L] in
T 7 BAIs FGTE =779 in i TS A
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TEST #1: RESULTS, MANIKIN POSITIONING lDEVEDM

Small Overall Female

UNTR ®

OSTLS

5
P
0e

Dfferznce
oo o
0,000 in
ool n
0,000 in
= . Difterence
“,;R ‘:_FD)' ,}3 "{; — GVSC CAD values to agree with UMTRI spreadsheet values within
GSTUIE DT i3 +0.100inches
06 1 L E +0.100 degrees
Widest Shoulders
ONTR] Valae Largest Observed Differences:
ZOSTL o 0.000 inches
POSTL
FOETL
OGS TILN

lues in agreement

FOSTUNE D5 TP
POS TLRE_ DS HIF 2
FOGTLRE DS EVE ¥
POSTURL D 145 [VE 2

Longes

G

40153
Large Overall M

al
v ‘&lue
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10.2.2 TEST #217 NUMERICAL RESULTS

UNCLASSIFIED//FOR OFFICIAL USE ONLY

TEST #2: VARY SEATING HEIGHT/ANGLE

Z DEVCOM

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Basic Accommodation:
0.004 inches
0.000 degrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY

Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) {A40) Measurement Relief
Tool Availability
0% 90% PPE 15.0 200 SAE J826 No
A M

[ @
o ot
[ btz St

— —

Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

For complete results, including calculated numerical values and their translation
into CAD, see pages 71 - 105.
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TEST #2: RESULTS, ACCOMMODATION

Z DEVCOM

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY

HARP | Boot Contour
T ORI ahie | oSG Wais | Dfferenie I CRITRI Valie i fereric s
HARD X | ool in | o000l n | oo - Lo [TCD_CENT X 26.002] in 0,00 in
T oo on [ tooooln | ooool o0 TED_CENT_Y 7.504] in D0 in
Evellpse = = o futs
TR Velue | OWSC Wale Ofference | s é-m o (-’tlj‘ o
3573 in in 0000 n [5o5 i in | sceilin ] noodn
) I i I
m,:ﬁl i i "
].f_ﬂ__?_l n n r
=) I Ta0| in "
2504 in Z.500] in T
Helmet Contour
ORI Yolie | GUSCwals | Gifermnce
3. 620 0. 000 . ey
2.?851 - :3.0:-3 = GVSC CAD values to agree with UMTRI spreadsheet values within
'.3,251 n 0.0 ] +0.100 inches
5wl in 0.005] ir +0.100 degrees
5 I Q.00 -
__ENGIH ~ioeo) n 11363 n NN S
— Largest Observed Differences:
Knee Contour 0.004 inches
_RATEL Valus OUSC Vabi Difereace 2
KIEE_COMT OUP,_WEIGHTED CENT_% T in |7 o coo | 0.000 degrees
RINEE_CONT OUR_WEIGHTED CPhe Y (/-] m 7594 in D.000]
KNEE CONTOUR WEICHTED OENT 2 il 19.3:1] in 0.000f r
KINEE_COMT DUR, % Aol | =HGIH Tean n e
RINEE_COMT LR, _AK(S_L=NGIH n 5037 in 0.000]
KIEE_COMIDUR 2 _AXIS LENGTH S.o29) n Z.5290 in ool
KINCL_S1 O ARG 0.000]dea| 0.000|deg 0.0 5gg
FINZE_ | FUCH WHGLE S| deg| Tooe|deq Jooofdec ]
Elbow Contour
IR Yolue el e
FLS0W_WEIGTTED_CENT X n
FICHTED CENT Y m
Y _VeEIG ITED_CENT 2 20.506] in
WX _AXIS LENGTH 4.796) in
Y s LENGIH 2.653] n
7 Bl L FRIGTE T 7rain

-4

w
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TEST #2: RESULTS, MANIKIN POSITIONING lDEVEDM

Small Overall Fema

OSTLS

5
P
0e

Offersnce
0.000] 0
0.0 0
.00 n
.00 0

Dittersnce

UETLRE DAAR HIP X

SETE DTG T 2 GVSC CAD values to agree with UMTRI spreadsheet values within

+0.100 inches
+0.100 degrees
Largest Observed Differences:
POSTU 0.000 inches
S
FOGTL
OB TN
lues in agreement |
TORTUNE DS TP —— -
POSTLRE DAMS HIE £
FOGTLRE DS EVE ¥
POSTURL D 145 [VE 2
Longes
42906 in
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10.2.3

TEST #3171 NUMERICAL RESULTS

UNCLASSIFIED//FOR OFFICIAL USE ONLY

TEST #3: VARY SEATING HEIGHT/ANGLEAND  [BEVEoM
HARP TooL

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
90% 90% PPE 15.8 15.0 1SO 5353 No

e Y A
[ °

o o

Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI

spreadsheet values within
+0.100 inches
+0.100 degrees

Largest Observed Differences

Basic Accommodation: For complete results, including calculated numerical values and their translation
atey into CAD, see pages 106 - 140.
. egrees

Manikin Placement:
0.000 inches
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TEST #3: RESULTS, ACCOMMODATION l DEvVCOM

HARP Boot Contour
| BRI Velue [ GUSCWae [ Diffeienice LIVITE] valus 2
HERE X | 3.000] i | 0,000 in_| 0.000] 200T _TOL _WEIGHTED_CENT X 20,4334 in
R | L) I EXEATY) ST MG S 500~ TCE_WEIGHTED_CEINT ¥ 750 in
s C TED_CEN ¢ [TNERT) ) in
Evellipse S XTSI E] Lﬁ;l n in
ORIl Value Oference = e o ] v
;:?. : '\::m " OF 2 /XIS __ENGIH EER ) A9 in 0.Co0|_in
41,251 in 0.00t
5007 in 0.000] i
o] in 0.001] i
4.590] in 0.000 -
Helmet Contour
TEATRI Yelus Tifforence
1. 539 0. 000 . ey
CEE B :3.0:-3 = GVSC CAD values to agree with UMTRI spreadsheet values within
0.00 ] +0.100 inches
I +0.100 degrees
r
EEN R T & L <t Ob d Diff
arge: served Differences:
Knee Contour 0o
HATRI Yalue Oiference 0.004inches
KIEE_COMT OUP,_WEIGHTED CENT_% S in coo | 0.000 degrees
KNFE_COMTOUR_WEIG Y (#-]) -] i 7. .00 i
KNEE _CONTOUR WEIG Z i 19.764| in 0.000f r
WINEE_CCMT DUR,__R Sonl in g0
KINEE_CCMTOUR, A1 n 5.057] in 0.00e] -
SUR 2 AN £ n Z.529) in ool
e deg 0.000] deg 9. 000 55«;
Fhee THOH ANGLE I:g 17255 deg . L) _ei
Elbow Contour
TR Yolug e
LSO _WEIGTED_CENT X o] in =
&l FIGHTED CPNT ¥ 2| in T
EL: ChT 2 25450 in 0| r
EL: H Eas = T
EL: Y 3 LENG| 5. 655) n r
|'Fl—=f7':!' > oAlS FTE 5779 in 5.75: 0005
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TEST #3: RESULTS, MANIKIN POSITIONING lDEVEDM

Small Overall Female

Offersnce
0.000] 0
0.0 0
.00 n
.00 0

Dittersnce

UETLRE DAAR HIP X
OSTLRE DS )} IE 2

GVSC CAD values to agree with UMTRI spreadsheet values within
+0.100 inches
+0.100 degrees

Largest Observed Differences:

0 : 0.000 inches
=S
FOGTLY
OGS TILN
lues in agreement
FOSTUNE_D S _IP_X ——— -
POS TLRE_ DS HIF 2
POSTLRE DS _EYE X
POSTLOL D S [VE 2
Longest Legs Male
JNTRI Valus
-1.2 i
1 n
41‘;41." :
Large Overall Male
JNTR] Velae
OSTLRE_DHIZ_HIFP X -1.5 in
STLAC D T | (P2 i i
UG T LR =t
STt v 7
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10.2.4 TEST #4171 NUMERICAL RESULTS

UNCLASSIFIED//FOR OFFICIAL USE ONLY

TEST #4: VARY SEATING HEIGHT/ANGLE

Z DEVCOM

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Basic Accommodation:
0.004 inches
0.000 degrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY

For complete results, including calculated numerical values and their translation
into CAD, see pages 141 - 175.

Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) {A40) Measurement Relief
Tool Availability
0% 90% PPE 17.7 18.0 SAE J826 No
P e
] 9
r ° r @
— —
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins
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TEST #4: RESULTS, ACCOMMODATION

Z DEVCOM

HARP Boot Contour
| BRI Velue [ GUSCWae [ Diffeienice LIVITE] valus 3/5C vaus Oiffarence
TR X ool in | ooool o | o000 ¢ 500 _TOL_WLIG TED_CIN X AR IR I W) 0.Cc0] o
R | EA) T YT T IV T 500~ TOE WEIGTED CEN .7 7.504] n 7 od i 0Coo] in |
i o0 & TED_CEMT_2 [ENERT) W) [EIENE ) 0.o0of in
Evelllp§er = _ —— Ol HE] L.§§I n 1Te00] in 0.C01[ in
L “{""“’ SEcAar: T ;“'_':"; N Gl FRGTA, 5.704] i Z708] in 0o in
5.2 in i oo T T — - =
o e B n D00 O £ AXIS _ENGTH 521 N 4921 in 0.200)_in
43.205] in n 0.00t
5007 n .00
1 in 0.001] ir
n 0,001 in
GYSC Wals Diference
ZEo LS C] GVSC CAD values to agree with UMTRI spreadsheet values within
r +0.100 inches
I +0.100 degrees
7 r
SENG | & L <1 Ob d Giff
arge: SENVE: Ifferences:
fnee Conour — 0004inches
KINEE_CONT DU, WEIGHTED_CENT_¥ 3.272] in o] - 0.000 degrees
KNEE_CONTOUR_WEIG Y (#-]) 39 in i
KNEE CONTOUR WEICE Z 13,6251 in r
KINEE_COMT DUR %A e W e[ r
KINEE_CONT DU, 7 8] 5.065] in ] I
ZUR 2 A Z.o29) in r
LA T.o00] 323 Coafde
Fhee THOH ANGLE 11. 743 f-::g é
Elbow Contour
TR Yslue ce |
FLS0W_WEIGTED o X [ in o] T+
FL FIGHTED OFNT WV n i
L TNT_Z 23.264] in o r
EL: H 409 in = T
EL: Y 3 LENG| 5. 655) n r
|'Fl—=—f7'~!' > oAlS FTE 5779 in oo
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TEST #4: RESULTS, MANIKIN POSITIONING lDEVEDM

Small Overall Female

OSTLS

5
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10.2.5

TEST #57 NUMERICAL RESULTS

TEST #5: VARY SEATING HEIGHT/ANGLE
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Z DEVCOM

Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) {A40) Measurement Relief
Tool Availability
0% 90% PPE 15.0 100 SAE J826 No
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P 9 ‘h @
Aad e L &
— -
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI

spreadsheet values within

+0.100 inches
+0.100 degrees

Largest Observed Differences

Basic Accommodation:

0.004 inches
0.000 degrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 21

For complete results, including calculated numerical values and their translation
into CAD, see pages 176 - 210.
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TEST #5: RESULTS, MANIKIN POSITIONING lDEVEDM
Small Overall Fema
Dfference
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10.2.6

TEST #617 NUMERICAL RESULTS
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TEST #6: VARY ENSEMBLE ZDEVC‘DM

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
90% 90% ACU 15.0 10.0 SAE J826 No
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° ol
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Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Pade Arcammodsion For complete results, including calculated numerical values and their translation
ggg Z'Chﬁ into CAD, see pages 211 - 242.
i egrees

Manikin Placement:
0.000 inches
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TEST #6: RESULTS, ACCOMMODATION l DEvVCOM

HARP Boot Contour
| BRI Velue [ GUSCWae [ Diffeienice LIVITE] valus 3/5C vaus Oiffarence
1AE0_x | ool in | oooolin | o000 ¢ Z00T_TOC_WLIGUTLD CLN X 22560 1 24560 in 0000 in
FRED_C oo n [ Tsooo[n | oo - B00_TCE _WEIGHTED_CEN Y 7504l 7 594] in 0.000] in
i & TED_CEMT_2 [ENERT) W) [EIENE ) 0.000] in
Eveljh/,'?:%,l -] GEcvaie: | Dieehcs < ] L.§§I n o0 in 0,001 in
Ow_\’“:‘ o r“;n L n“'_':; = Gl ] S704] i =708 in 00| in
3 =S| in S \Ifl'l:\ n OE 2 AXIS__ENGTH s521] n A2 in 0000 In
40.519] in in 0.00t
3.907] in n 0.00G]
o] in 5 n 0.001] i
4.594] in [ in 0.0 -
Helmet Contour
GVSC CAD values to agree with UMTRI spreadsheet values within
The ACJ enservble does not nclude a nelmet *+0.100 inches
+0.100 degrees
Largest Observed Differences:
Knee Contour 0o
T re— — 0.004 inches
TOITRI Yalue | OUSC wal Diference
KIEE_CONT DU7,_WEIGTTED_CENT_X FETs) W coo | 0.000 degrees
KNEE_COMTOUR_WEIGHTED CENT Y (- 7594 in 0.000] it
VIEE_CONTOUR WEICHTED CENT_ 72 n 0.000]
KIZE_CCMT OUR, RIS _L=MGTH e o.00e] -
KIEE_CCOMTOUR, 7 _AA1S [=NGTH n 9,057 in 0.000] r
oun 2 Al E n Z.529) in ool
e deg 0.000] deg 9. 000 55«;
FIEE_I FUCH VHGLE deq|  vwoos|deq 0000 dec |
Elbow r
2 {:]
ELSOW_WEIGHTED_CENT_X n ool -
E FIGHTE CENT Y n "
EL! ChT 2 L097] in 0| r
EL: H 40%6] in 0 = T
EL: 3 S LENG S.6a5] 0 C
|'Fl—=f7'~'! 7 EAIS [FNGTH 5779 in 5.75: 0005
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 213

Distribution Statement A. Approved for public release; distribution is unlim@&RSEC3871

| Page43



UNCLASSIFIED//FOR OFFICIAL USE ONLY

TEST #6: RESULTS, MANIKIN POSITIONING lDEVEDM
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10.2.7

TEST #7171 NUMERICAL RESULTS
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AND ENSEMBLE

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
95% 90% ENC 15.0 10,0 SAE J826 No
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— -—
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Basic Accommodation: For complete results, including calculated numerical values and their translation
e into CAD, see pages 243 - 277.
X egrees

Manikin Placement:
0.000 inches

TEST #7: VARY TARGET ACCOMMODATION l DEvVCOM
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TEST #7: RESULTS, ACCOMMODATION l ODEVCOM
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gg TEST #7: RESULTS, MANIKIN POSITIONING {ns’ vcom

Small Overall Female
NT el [X
OETU F_x
Ve P,
EYS 3
oS EVEZ
Dfferznce
.00 0
O.000] in
oo in
0,00 in
Difterence
OSTURE DHAR HIP X il . PRy
ST DL ~ GVsC QAD values to agree with UMTRI spreadsheet values within
OLTLIE_ DT, X n +0.100 inches
06 1 L A0S 0 +0.100 degrees
Widest Shoulders
JNTRI i Differs=nce Largest Observed Differences:
08T C 0.000 inches
=S
FOGTL
OB TLI
Longest ENN ] 7
- ues in agreement |
TORTUNE DS TP —
POS TLRE_ DS HIF 2
POGTLRE D5 EYE X
POSTLOL D S [VE 2
Longes
RS
Large Overall Mal
IV e
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 270

Distribution Statement A. Approved for public release; distribution is unlim@&RSEC3871 | Paged6



10.2.8

TEST #8171 NUMERICAL RESULTS
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TEST #8: VARY GENDER MiX [BEvcom

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
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S ICEE into CAD, see pages 278 - 312.
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TEST #8: RESULTS, ACCOMMODATION l DEvVCOM
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TEST #8: RESULTS, MANIKIN POSITIONING lDEVEDM
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10.2.9 TEST #97 NUMERICAL RESULTS
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TEST #9: VARY GENDER MIX

Z DEVCOM

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
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Basic Accommodation: For complete results, including calculated numerical values and their translation
ey into CAD, see pages 313 - 344.
. egrees
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TEST #9: RESULTS, ACCOMMODATION
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TEST #9: RESULTS, MANIKIN POSITIONING lDEVEDM
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10.2.10 TEST #1017 NUMERICAL RESULTS
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TEST #10: PROVIDE HYDRATION PACK RELIEF

Z DEVCOM

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Manikin Placement:
0.000 inches
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Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) {A40) Measurement
Tool Availability
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— —
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Basic Accommodation: For complete results, including calculated numerical values and their translation
ey into CAD, see pages 345 - 379.
X egrees
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TEST #10: RESULTS, ACCOMMODATION

Z DEVCOM
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TEST #10: RESULTS, MANIKIN POSITIONING lDEVEDM
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Dfference
.00 0
O.000] in
oo in
0,00 in
Difterence
OSTURE DHAR HIP X 1 . PRy
ST DL n' GVsC QAD values to agree with UMTRI spreadsheet values within
OB TLI X n +0.100 inches
06 1 L A0S 0 +0.100 degrees
Widest Shoulders
T Differs=nce Largest Observed Differences:
08T C 0.000 inches
=S
FOGTL
OB TLI
lues in agreement |
TORTUNE DS TP —— -
POS TLRE_ DS HIF 2
POGTLRE D5 EYE X
POSTLOL D S [VE 2
Longes
41 155 in
Large Overall Mal
JNT elae
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 372

Distribution Statement A. Approved for public release; distribution is unlim@&RSEC3871 | Pageb2



10.3 APPENDIX Ci1 REFERENCES

Gordon CC, Blackwell CL, Bradtmiller B, Parham JL, Barrientos P, Paquette SP, Corner BD, Carson JM, Venezia
JC, Rockwell BM, Muncher M, and Kristens8n(2014) 2012 Anthropometric Survey of U.S. Army Personnel:
Methods and Summary Statistics. NATICK/AIR/007. Natick, MA: U.S. Army Natick Research, Development,

and Engineering Center.

Gordon CC, Blackwell CL, Bradtmiller B, Parham JL, Hotzman J, Pé&j&#, Corner BD, Hodge BM (2013) 2010
Anthropometric Survey of Marine Corps Personnel: Methods and Summary Statistics. NATHCBIOES.
Natick, MA: U.S. Army Natick Research, Development, and Engineering Center.

Huston Il, F., Zielinski, G., and Reeld, (2016). Creation of the Driver Fixed Heel Point (FHP) CAD
Accommodation Model for Military Ground Vehicle Design. DTIC Technical Repor28804. NDIA Ground
Vehicle Systems Engineering and Technology Symposium (GVSETS) Modeling and Simulation, diedting
Validation (MSTV) MiniSymposium August 2 4, Novi, Michigan.

MIL -STD-1472G, Department of Defense Design Criteria Standard, Human Engineering. 11 January 2012.

MIL -STD-3022, Department of Defense Standard Praétidbecumentation of Verification, Valation, and
Accreditation (VV&A) for Models and Simulations 28 January 2008.

McNamara, J. (2012%oldier Load Configuration in Ground VehicleBTIC Technical Report No. 23726, U.S.
Army Natick Research, Development and Engineering Center, Natick, MA.

Reed, M. (2016)Seated Soldier Elbow Clearance Zorigsiversity of Michigan Transportation Research Institute,
Ann Arbor, MI.

Reed, M. (209). Seated Soldier Posture Prediction 20%-08 [Microsoft Excel Spread Sheet]. MI: University of
Michigan Transprtation Research Institute.

Reed, M. (2015). Soldier Driver Accommodation Models 20185 [ExcelSpread Sheet]. MI: University of
Michigan Transportation Research Institute.

Reed, M. (209). Soldier Squad Accommodation Models 28X7-07 [Microsoft ExcelSpread Sheet]. MI:
University of Michigan Transportation Research Institute.

Reed, M., and Ebert, S. (201Evaluation of the Seat Index Point Tool for Military Se&sportNo. UMTRI-
201433. Ann Arbor, MI. University of Michigan Trasportation Reseah Institute. Retrieved from
https://deepblue.lib.umich.edu/handle/2027.42/111823

Reed, M., and Ebers. (2013)The Seated Soldier Study: Posture and Body Shape in Vehicle BeptstNo.
UMTRI-201313. University of Michigan Transportation Research Institute, Ann Arbor, Ml. Retrieved from
https://deepblue.lib.umich.edu/handle/2027.42/109725

SAE Recommended®rct i ce, SAE J1050 Describing and Measuring th

Zerehsaz, Y, Ebert, S, andReed, M.(2014).Development of Accommodation Models for Soldiers in Vehicles:
SquadReport No. UMTRI201439. University of Michigan Transpaation Research Institute, Ann Arbor, MI.
Retrieved fromhttps://deepblue.lib.umich.edu/handle/2027.42/120917

Distribution Statement A. Approved for public release; distribution is unlim@&SEC3871 | Pageb3


https://deepblue.lib.umich.edu/handle/2027.42/111823
https://deepblue.lib.umich.edu/handle/2027.42/109725
https://deepblue.lib.umich.edu/handle/2027.42/120917

Zielinski, G. and Huston Il, F. (2@L U.S. Army Combat Capabilities Development Command (CCDC) Ground
Vehicle Systems Center (GVSC) Fixed Seat: fgiver CAD Accommodation Model Verification Plan.
http://www.usarmygvsccom/index.php/accommodatiomodels/. U.S. ArmyCCDC GVSCWarren, Ml.

Zielinski, G., Huston Il, F., Kozycki, R., Kouba, R., and Wodzinski, C. (2015). Introduction to Boundary Manikins
and Accommodation Models for Military Ground Vehicle Occupant Centesigh. DTIC Technical Report TR
26516. U.S. Army Tank Automotive Research, Development, and Engineering Center, Warren, MI.

Distribution Statement A. Approved for public release; distribution is unlim@&SEC3871 | Pageb4


http://www.usarmygvsc.com/index.php/accommodation-models/

10.4 APPENDIX D1 ACRONYMS

ACH
ACT

ACU
ANSUR

CAD
CCDC
COTS
CSlI
DAC
EMD
ENC
ESAPI
ESBI
FOV
GVSC
GVSP
HARP
HFE
HSI
0TV
MCoE
MERS
MS
M&S
OCP
PPE
SAW
SIP
SME
TAP
TECD
UMTRI

Advanced Combat Helmet
Advanced Concepts Team

Advanced Combat Uniform
Army Anthropometric Survey

ComputerAided Design

Combat Capabilities Development Command
Commercial OffThe-Shelf

Center for System Integration

Data and Analysis Center

Engineering Manufacturing and Development
Encumbered

Enhanced Small ArmBrotective Insert
Enhanced Side Ballistic Inserts

Field-of-View

Ground Vehicle Systems Center

Ground Vehicle Survivability and Protection
Human Accommodation Reference Point
Human Factors Engineering

Human Systemmtegration

Improved Outer Tactical Vest

Maneuver Center of Excellence

Marine Expeditionary Rifle Squad

Milestone

Modeling and Simulation

Occupant Centric Platform

Personal Protective Equipment

Squad Automati®Veapon

Seat Index Point

Subject Matter Experts

Tactical Assault Panel

Technology Capability Demonstration
University of Michigan Transportation Research Institute
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10.6 APPENDIX FT VERIFICATION PLAN

TheFixed Seat: NorDriver CAD Accommodation Model Verificatiétian (2019) can be found
on the CCDC GVSC website fattp://www.usarmygvsc.com/index.php/accommodatien
models/

The reference for the fal planis below:

Zielinski, G. and Huston I, F. (2019). U.S. Army Combat Capabilities Development Command
(CCDC) Ground Vehicle Systems Center (GVSC) Fixed Seat:Diorer CAD

Accommodation Model Verification Plarnttp://www.usarmygvsc.com/index.php/
accommodatioAmodels/. U.S. Army CCDC GVSC, Warren, MI.
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10.7 APPENDIX G - INITIAL TASK ANALYSI S

Ten different test scenariegere completed fathe verification package sent out on 4 February
2020 This section outlinesachtest scenario ancomparelG VS C@ABr esul t s t o
Microsoft Excelresults The model geometrywasadjusedby changingvalues assigned to the
input parameter table ilhé CAD top assembland then regenerating theodel.
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AN PURPOSE En’sw:am

o

Verify the GVSC™ Fixed Seat: Non-Driver CAD accommodation model

What is verification?

Verification, per the Department of Defense Standard Practice Documentation of Verification,
Validation, and Accreditation (VV&A) for Models and Simulation (2008) is defined as follows:

Verification is the process of determining that a model, simulation, or federation of
models and simulations implementations and their associated data accurately
represents the developer's conceptual description and specifications.

Does the GVSC™ Fixed Seat: Non-Driver CAD accommodation model
output match the UMTRI accommodation model spreadsheet output?

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 2
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:&; DEFINING IN-VEHICLE OCCUPANT POSITIONING ZDEVEDM
POSTURE PREDICTION AND ACCOMMODATION MODELS

Empirical Soldier data is being used to develop CAD tools that realistically posture and
position boundary manikins and predict population body boundaries for crew and squad

» Results, which are repeatable, allow for vehicle design from the occupant outward
» Trades between the vehicle and its occupants are data driven and quantifiable

\—
”O ~

o i Posture Accommodation fvkag_ynmecfs:_

- QELCOR,
UMTRI Seated Soldier Study UMTRI Posture Prediction GVSC CAD Integration
Soldier preferred posture and Statistical analysis of the data Morphing parametric CAD
positioning, while wearing summarized in Excel-based models created that respond
varying levels of encumbrance, posture prediction (individuals) to user inputs for Soldier
were recorded in driver and and accommodation models population, accommodation
squad mockups (populations) level, and vehicle environment

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 3

Distribution Statement A. Approved for public release; distribution is unlim@&RSEC3871 | Page60



UNCLASSIFIED//FOR OFFICIAL USE ONLY

- -
¥ '
rL. P

v ox
B> _sEaT

! ¥ b

Y x ¢ x e
&% arcre o nos V.G _PR0.257E0 70 FLOOR [ R B

The GVSC™ Fixed Seat: Non-Driver CAD Accommodation Model consists of the following:

Basic Accommodation

the target design population

Basic accommodation is calculated by the CAD model using equations from the UMTRI Microsoft Excel
spreadsheet Soldier Squad Accommodation Models 2019-07-07

Clearance (2.0 inches)
Clearance between the target design population and the surrounding vehicle environment

values are increased (e.g. helmet contour axis values) or shifted (e.g. elbow contour centroids) as needed

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY

ACCOMMODATION TOOLS, A LAYERED APPROACH [ oevcom

X
VTS PR GTTD_TC I Oof

Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

Population body boundaries representing the aggregate of all occupant positions in the vehicle environment for

Clearances are added to the CAD model by layering a second set of geometry in which basic accommodation

UNCLASSIFIED//FOR OFFICIAL USE ONLY

Vision Zones

horizontal visual fields from MIL-STD-1472 and SAE J1050

basic accommodation output representing the target population’s eyes

Boundary Manikins
Positioned boundary manikins provide another reference for design

The 2015 Boundary Manikins are nominally positioned as follows:

+ Hip and eye point locations are calculated by the CAD model using equations from UMTRI's Excel
spreadsheet Seated Soldier Posture Prediction 2019-07-08

assumptions:
+ the torso is in a functional posture
« the head is held level

» Leg angles are calculated such that the lower legs are vertical with feet flat on the floor and knees are
splayed to the mean knee locations (by gender)

+ Armangles are calculated such that lower arms are parallel to ground, upper arms are perpendicular to
lower arms, and elbows are splayed to the mean elbow locations (by gender)

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY

ACCOMMODATION TOOLS, A LAYERED APPROACH [ pevcom

The direct field of view (divided into primary, secondary, and tertiary zones) using a combination of vertical and

Vision zones are created geometrically by applying vision zone principles (e.g. 15 degree lateral eye rotation) to

+ Torso angles are calculated to allow manikins to simultaneously hold hip and eye points, using the following

+ angle differences between the head and torso are evenly split between the top and bottom of the neck
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7N
@%. MANIKIN VARIABLES

l DEVCOM

Inputs Outputs

Vehicle Environment
+ Seat Height, via HARP
+ Seat Back Angle (A40)

Boundary Manikin Anthropometry
+ Stature

+ Body Weight

+ Erect Seating Height

Hip Locator Coordinates Eye Locator Coordinates

Anthropometric values, used for all test cases, are as follows:

DHM #1 Small Overall Female

DHM #4 Widest Shoulders Male

DHM #7 large Overall Male

Stature 1507 mm Stature 1887 mm Stature 1962 mm
Body Weight 50.2 kg Body Weight 86.1 kg Body Weight 108 kg
Erect Sitting Height 779 mm Erect Sitting Height 965 mm Erect Sitting Height 998 mm
DHM #2 Small Overall Male DHM #5 longest Torso Male
Stature 1643 mm Stature 1890 mm
Body Weight 66 kg Body Weight 85.9 kg
Erect Sitting Height 842 mm Erect Sitting Height 1004 mm
DHM #3 Average Size Male DHM #6 Longest Legs Male
Stature 1804 mm Stature 1918 mm
Body Weight 79.5 kg Body Weight 94.4 kg
Erect Sitting Height 920 mm Erect Sitting Height 932 mm
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 6
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;&% WHAT IS THE SCOPE OF THE VERIFICATION?

l DEVCOM

The GVSC™ Fixed Seat: Non-Driver CAD accommodation model will be audited to determine the
following, which is based on Soldier data and SME guidance:

1) Determine if the accommodation boundaries generated by the GVSC™ CAD model matches the UMTRI
Microsoft Excel spreadsheet Soldier Squad Accommodation Models 2019-07-07

2) Determine if the clearance zones (helmet, elbows, knees, legs, shins, and boots) match what Subject Matter
Experts (SME) interpreted using MIL-STD-1472G

3) Determine if direct field of view (primary, secondary, and tertiary) matches what SMEs interpreted using MIL-
STD-1472G and SAE J1050

4) Determine if the hip and eye point of the CAD boundary manikins match the UMTRI Microsoft Excel
spreadsheet Seated Soldier Posture Prediction 2019-07-08

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 7
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ACCEPTABILITY CRITERIA l DEVCOM

Inputs Outputs

1| Model slows ¢ selection of sest 11 Hparatian peck resef seiection of | 1.1 Aepreservative (Pass) ° =] (]  loh anc gt 67 aprasaniabie (Pase) |
Iytieas o pack ke i the seat “yox” in mooel Nan Regesantater Eal] unalion of fis eyaligme ayelipia bor wed
12 T [Fasa]
s 0 el hon Represntative Fal) B L) [y Gt B L2 ]
" Basaden [ 111 e e [ 131 Pasay
7 |Wean 71 HARP ED) Fann)
835 5 1300 5353 for the Heman amlechicn of SAR JE28 m mode Nan-Kepesantatrse 7 al; focation of restng occuparta’ sibows i | the gwen populeion snd gendermis | Nen-Represestative (Fa )
“ 2 - 27 HARR 22 Pass) ? vehice: thet odpusts weh diferest nputs.
DIARP) neasurerart ool salecticn of 150 $353 o model Non-Representatte Fat) o 112 TARDEC CAD medel munhas | 12.2 Reprasaruing (Pasey
3| Mcdel allowa fer pet o he popesion | 3.1 Frastion mak npul cpton 31 Ruprasenmati (Pasa] N the UNTR! ssesnssrent hen-Represestdee Fan)
gender mix (6 . $9% Vo - 12% madel Hon Representathon (Fol o 2 forba 127 W 4T ceaance | 121 Ragraseriaive (Fase) |
Farain) 15050 (hebne) 10 cafine based cn 3 | 2u0e hom 1re top of e hemat Non Rapresentaion (Fak)
T | Mcoel wiows bor e ET I Pue] s ME-STO- 24728 -t ttaract
a5 #inar PPE or ENC madl Non Rapresentatice Fal) o [w requrenets irgon
23 Erseriole seecton CIENG 1 | 42 Represarratie (Pasa) o 13| Model provices & chaance 26na fol e | 139 Wodel Guipats 8 2 clearance | 13.1 Rapraserisive (Pass) {
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(03 97%) oztion in medet Non-R = | oyt w 1p of the Ug (0 sick-
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urmghe e Fai)
15| Wiodel proans drect fag of view CEIT veor [ 151 Fassy
(priray rores) Eawed on MILSTO- | zcne that adpsin wth model npcts | Non-Reprasactem (F8)
14726 90 SAE 1106

Boundary Manikin Placement

| Accegtetiy o
1 Mode pradets the lzosticn of he hig. 1.9 Jecatian of 11 (Pass)
Wit respect 10 the HARF the o0 Pe HARS (Fol)
that mtchas the UMTRI
spreadshest
1.2 Tha mamicin Np joirt cemer 1.2 Regresertatve (Fass) /
signs ath tha o port (P,
Vicaw predim the lscwben st Fm ey | 21 ecatarat | 21 Fas)|
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73 The maeiin wye wigns st he | 33 Resesmariston [Fase]
e poict )

+ GVSC CAD values to agree with UMTRI spreadsheet values within =0.100 inches and *0.100 degrees
*+ GVSC CAD geometry to display in full without error (e.g. missing geometry or inversions)
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' AXIS SYSTEM REVIEW ZDEYCDM

Vehicles are designed in CAD with respect to a global axis system, as described below
» X-Plane: vertical plane through the front edge of the bumper

* Y-Plane: vertical plane through the centerline of the vehicle

+ Z-Plane: horizontal plane through the bottom of the tires/track (ground)

Subsystems within the vehicle are positioned using local axis systems. The GVSC™ Fixed Seat: Non-Driver
model has an axis system located at its origin (0, 0, 0), the Human Accommaodation Reference Point (HARP).
There is also a secondary system, HARP Projected to Floor, that is more suitable for inserting results into the
vehicle environment.

ZERO Y PLANE
ZERO X PLANE ’z AL (:my OF VEHICLE

X = FRONT OF VEMICLE

N

+X

ZERO Z PLANE JARP Projected to Floor

2% GROUND

-X
Y =Y
-Z
Vehicle Axis System GVSC™" Fixed Seat: Non-Driver Axis System
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7N
% MODEL INPUTS — VEHICLE DESCRIPTION l ODEvVCOM

Human Accommodation Reference Point (HARP) Measurement Tool
HARRP is a seat reference from which sitter hip locations and other aspects of posture can be calculated. Both
the SAE J826 H-point manikin and the ISO 5353 SIP Tool can be used.

Seat Height Z (in.), (H30, vertical)
The height of the seat, as measured to the seat's HARP, above the heel rest surface (typically, the floor).

Seat Back Angle (deg.), (A40)
The angle, from vertical, of the fixed seat back.

Hydration Pack Relief Availability

Indicates the presence of an opening in the seat back that fully accommodates a donned hydration pack, such
that the occupant's position in the seat would be the same with or without the hydration pack.

Index

Point \
H-Paint
SAE J826 H-point Manikin I1SO 5353 SIP Tool
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 10
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ZS MODEL INPUTS — TARGET DESIGN POPULATION  [Deveom

Fraction Male
The expected percentage of males in the defined target design population.

Ensemble
The clothing and equipment that will be worn. The following ensembles are available in the model:

» Personal Protective Equipment (PPE)
PPE includes the Advanced Combat Uniform (ACU), Improved Outer Tactical Vest (IOTV) and Advanced
Combat Helmet (ACH)

* Encumbered (ENC)
ENC includes all clothing and equipment in PPE plus a rifleman equipment kit as defined in UMTRI-2013-13

Personal Protective Equipment (PPE) Encumbered (ENC)

Target Accommodation

The percentage of the defined target design population to be accommodated. Those not accommodated are
evenly split between the smaller and larger extremes of the population. In MIL-STD-1472G, the
accommodation target has been set at the central 90%.
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TEST MATRIX ZDEVEDM
Test# Target Fraction Male Ensemble Seat HelghtZ(In) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (A40) Measurement Relief
Tool Av ailability
1 90% 90% PPE 138 0.0 SAE J826 No
2 90% 90% PPE 15.0 20.0 SAE J826 No
3 90% 90% PPE 158 15.0 IS0 5353 No
4 90% 90% PPE 17.7 18.0 SAE J826 No
5 0% 90% PPE 15.0 10.0 SAE J826 No
6 S0% 90% ACU 15.0 10.0 SAE J826 No
7 85% 0% ENC 15.0 10.0 SAE 1826 No
8 S0% 50% PPE 15.0 10.0 SAE 1826 No
9 90% 50% ACU 15.0 10.0 SAE J826 No
10 20% S50% ENC 15.0 10.0 SAE J826 Yes

Note: Highlighted values differ from the previous test.
Tests #1-5 primarily explore the effect of varying the Seat Height and Seat Back Angle
+ Geometry for composite body boundaries (except knees) is constant, but position varies
+ Knee Contour geometry and position are unique for each test to reflect changing thigh angles
+ Changing the HARP measurement tool shifts all geometry in the X-direction

Tests #6-10 primarily explore the effects of varying Target Accommodation, gender mix (Fraction Male),

and Ensemble

» With increased Target Accommodation, composite body boundaries increase in volume and Vision Zones
decrease

+ Geometry for composite body boundaries decreases in volume with a smaller proportion of males

+ Position for composite body boundaries shifts in the X-direction with the chosen Ensemble

* Hydration Pack Relief only affects the ENC ensemble

GVSC™ Fixed Seat: Non-Driver CAD accommodation model is verified based on all tests meeting or
exceeding the acceptability criteria
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l DEVCOM

Summary Test Results
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(7N
,/r\ TEST #1: BASELINE FOR TESTS #1-5 ZDE’ vcom
Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (A40) Measurement Relief
Tool Availability
90% 90% PPE 13.8 0.0 SAE J826 No
AR e Y
[ L
o P Q
f— -
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

£0.100 inches

+0.100 degrees

Largest Observed Differences

gg: {‘°:‘°mm°da"°"i For complete results, including calculated numerical values and their translation
d inches i

0.000 degrees into CAD, see pages 34 - 70.

Ianikin Placement: Note: Test #1 results include construction details for accommodation geometry.
0.000 inches
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L7
,/r\ TEST #2: VARY SEATING HEIGHT/ANGLE Zm_=' vcom
Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommaodation (H30, vertical) (A40) Measurement Relief
Tool Availability
90% 90% PPE 150 20.0 SAE J826 No
A Ve Y
[ o
bod ) :
bace b et 4
e —
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

£0.100 inches

+0.100 degrees

Largest Observed Differences

Basic {“°:‘°mm°daﬂ°"f For complete results, including calculated numerical values and their translation
g’gg sy into CAD, see pages 71 - 105.
X egrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 15
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TEST #2: COMPARISON TO BASELINE

l DEVCOM

Test# Target Fraction Male Ensemble Seat HelghtZ(In) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (M0) Measurement Relief
Tool Availability
1 90% 90% PPE 138 0.0 SAE J826 No
2 90% 90% PPE 15.0 200 SAE J826 No

Note: Highlighted valu:

es differ from comparison test.

— Test #1 (Baseline)
Test #2

Si

de View Front View

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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TEST #3: VARY SEATING HEIGHT/ANGLE AND
HARP TooL

l DEVCOM

spreadsheet values within
+0.100 inches
+0.100 degrees

Basic Accommodation:
0.004 inches
0.000 degrees

Manikin Placement:
0.000 inches

GVSC CAD values to agree with UMTRI

Largest Observed Differences

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
90% 0% PPE 15.8 15.0 1SO 5353 No

£ e Y
] ]

o o

— —
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

For complete results, including calculated numerical values and their translation
into CAD, see pages 106 - 140.
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TEST #3: COMPARISON TO BASELINE

l DEVCOM

Test# Target Fraction Male Ensemble Seat HelghtZ(In) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (M0) Measurement Relief
Tool Availability
1 90% 90% PPE 138 0.0 SAE J826 No
3 90% 90% PPE 158 15.0 IS0 5353 No

Note: Highlighted values differ from comparison test.

Observations/Notes
+ The HARP Measurement Tool does not affect the relationship between the occupant and the seat. However,

because composite body boundaries are provided with respect to HARP, care must be taken when inserting
results into the vehicle environment.

— Test #1 (Baseline)
Test #3
— A A
Side View Front View
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 18
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TEST #4: VARY SEATING HEIGHT/ANGLE

l DEVCOM

Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommaodation (H30, vertical) (A40) Measurement Relief
Tool Availability
0% 90% PPE 17.7 18.0 SAE J826 No
o e
]
. e F
— —
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

i fxof,ommodaﬁ""i For complete results, including calculated numerical values and their translation
ggg I:c i into CAD, see pages 141 -175.
. egrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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TEST #4: COMPARISON TO BASELINE

l DEVCOM

Test# Target Fraction Male Ensemble Seat HelghtZ(In) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (M0) Measurement Relief
Tool Availability
1 90% 90% PPE 138 0.0 SAE J826 No
4 90% 90% PPE 17.7 18.0 SAE J826 No

Note: Highlighted values differ from comparison test.

— Test #1 (Baseline)
Test #4

A M

Front View

Side View

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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TEST #5: VARY SEATING HEIGHT/ANGLE

l DEVCOM

Target Fraction Male Ensemble Seat Height Z (in.) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (A40) Measurement Relief
Tool Availability
90% 90% PPE 15.0 10.0 SAE J826 No
P Ve
] )
r ® [h Q®
endsent ¥t e -
— —

Basic Accommodation Clearance (2.0 inches) Vision Zones

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

0004 'Aofaommwaﬁom For complete results, including calculated numerical values and their translation
ggg I:c - into CAD, see pages 176 - 210.
. egrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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TEST #5: COMPARISON TO BASELINE

l DEVCOM

Test# Target Fraction Male Ensemble Seat HelghtZ(In) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (A40) Measurement Relier
Tool Availability
1 90% 90% PPE 138 0.0 SAE J826 No
5 90% 90% PPE 15.0 10.0 SAE J826 No

Note: Highlighted values differ from comparison test.

Front View

— Test #1 (Baseline)
Test #5

Side View

g
N

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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TEST #6. VARY ENSEMBLE

Z DEVCOM

Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
90% 0% ACU 15.0 10.0 SAE J826 No
[ ] ("]
. pv oo
— —
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

o004 'Ao?mmwaﬁom For complete results, including calculated numerical values and their translation
5,000 degree into CAD, see pages 211 - 242.
. egrees

Manikin Placement:
0.000 inches

n
[53
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TEST #6: ENSEMBLE EFFECTS lnEchM
Test# Target Fraction Male Ensemble Seat HelghtZ(In) [Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H30, vertical) (M0) Measurement Relief
Tool Availability
X 90% 90% PPE 15.0 10.0 SAE J826 No
6 90% 90% ACU 15.0 10.0 SAE J826 No

Note: Highlighted values differ from comparison test.

Observations/Notes
+ For a given seat, Soldiers wearing ACU are able to sit further rearward and are able to rest their elbows closer
to the body than those wearing PPE.

— Test #5
Test #6 ‘
' v g i ‘ % '
| A M
Side View Front View
DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY 24
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TEST #7: VARY TARGET ACCOMMODATION Z DEvCOM
AND ENSEMBLE
Target Fraction Male Ensemble Seat Height Z(in.) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation {H30, vertical) (A40) Measurement Relief
Tool Availability
95% 0% ENC 15.0 10.0 SAE J826 No
A A
] ? z
i 3 [ ° : £
— —
Basic Accommodation Clearance (2.0 inches) Vision Zones Boundary Manikins

GVSC CAD values to agree with UMTRI
spreadsheet values within

+0.100 inches

+0.100 degrees

Largest Observed Differences

Basic {\Of‘ommodaﬁmi For complete results, including calculated numerical values and their translation
ggg i into CAD, see pages 243 - 277.
. egrees

Manikin Placement:
0.000 inches

DISTRIBUTION C. See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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TEST #7. TARGET ACCOMMODATION AND

ENSEMBLE EFFECTS

l DEVCOM

Test# Target Fraction Male Ensemble Seat HeightZ(in) |Seat Back Angle (deg.) HARP Hydration Pack
Accommodation (H3D, vertical) (R0) Measurement Relief
Tool Availability
) 90% 90% PPE 15.0 10.0 SAE J826 No
7 95% 90% ENC 15.0 10.0 SAE J826 No

Observations/Notes
+ For a given seat, Soldiers wearing ENC sit further forward and rest their elbows further outward from the

body than those wearing PPE.
* Increasing Target Accommodation results in larger composite body boundaries.

e
o

P~

Side View

DISTRIBUTION C.

Note: Highlighted values differ from comparison test.

— Test #5
Test #7

nw

A A

Front View

See first page. //UNCLASSIFIED//FOR OFFICIAL USE ONLY
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