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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Cominittee ISO/TC 22, Road vehicles, Subcommnpittee SC 39,
Ergopomics.

This|third edition cancels and replaces the second edition (ISO 20176:2011), of which it qonstitutes a
mingr revision. The changes comparéd,to the previous edition are as follows:

— 1ninor editorial changes;
— 1lemoval of reference to the cancellation and replacement of ISO 6549:1999.

Any feedback or questigns on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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The tools and procedures for H-point determination given in this document are based on SAE J4002.

H-point devices are used during vehicle design and development to establish interior reference points
and dimensions for occupant packaging, and to validate the location of these key reference points and

dimensions

on physical properties during audits.

H-point devices are also used for the design and validation of seats. However, in these instances, the
reference points and dimensions are defined relative to the seat structure or surface, rather than the

vehicle's int

erior The procedures for pasitioning the H-point devices in seats do not require the 1

se of

the shoe tod

For conveni
their name.

human capabilities, or comfort. H-point devices do not represent the size or posture of any categg

occupant.
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Compar
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measur
their inf
discuss
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2) “Le

advj
legd

3) Shd

including:

4) Cus

| or leg segments.

ence and simplicity, many terms associated with H-point devices use human body paj
However, they should not be construed as measures that indicate occupant accommodg

hces from ISO 6549

ed to the H-point machine (HPM) specified in ISO 6549, the HPM specified in
nt provides improved repeatability, greater ease of use, as well as additional feature

ipact on the location of reference points and measurements. Several of the change
pd below.

arate components

For this HPM, the legs (upper and lower), shoe, cushion pan and back pan are all sep
es. This greatly improves the ease of installation.

pless” manikin

The H-point location is defined without having to attach the legs. This is a 1
antage. The procedure specified in this document is based on installing the HPM wit
. Use of legs is optional.

e tool

Several improvements were made to the shoe tool and how it is positioned in the ve

replacing the pedal reference point (PRP) with a new ball of foot reference point (BOH
specifying a new procedure for positioning the shoe on the pedal.

hion angle

tsin
tion,
ry of

this
b and

ement capabilities. All efforts were made to achieve these improvements while minimjizing

5 are

hrate

najor
hout

hicle,

RP);

The cushion angle is now measured independently of thigh angle, and at the same

time

the other measurements are made. With the ISO 6549 HPM, cushion angle was measured from

the

thigh line, and required a separate installation of the HPM.

5) Lumbar support

The articulation of the back pan assembly allows the HPM specified in this document

tobe

better seated in contoured seats. It also provides a measurement of lumbar support prominence
(LSP). This measurement provides an indication of the amount the seat back is contoured to
provide support for the lumbar spine. The contour of the back pan assembly is most similar to

the

Vi

ISO 6549 H-point machine when the HPM is in a neutral posture (LSP equals zero).
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Changes from IS0 20176:2011

The procedures for auditing the seat are unchanged from the second edition.

In the second edition, the most significant change was that the ball of foot (BOF) of the shoe does
not have to be on the pedal surface. The HPM shoe can contact the pedal at any point(s) on the
bottom of the shoe. The term pedal reference point (PRP) was deleted (since the BOF may not
be on the pedal) and replaced by a new term called the ball of foot reference point (BOFRP). The
accelerator heel point (AHP) to BOF distance was changed from 200 mm to 203 mm to be consistent
with ISO 6549, SAE J1100, and vehicle manufacturers around the world.

2 : art of the shoe
hottom was extended from 200 mm to 203 mm. A new scale was added to the top of €the shoe to aid
in determining the pedal contact point (PCP). A new H-point divot was added tocallow coordinate
measuring machine (CMM) point taking from above. The knee angle scale was recessed to improve
its durability and reoriented to improve its readability. Several figures were(rvevised [to illustrate
these changes.

Finally, the terms pedal plane and pedal plane angle (PPA) were reptaced by shoe plane and shoe
plane angle (SPA). These new terms more accurately convey the meaning. SPA is a sid¢ view angle
that is provided by the vehicle manufacturer.
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INTERNATIONAL STANDARD IS0 20176:2020(E)

Road vehicles — H-point machine (HPM-II) —
Specifications and procedure for H-point determination

1 Scope

This document provides the specifications and procedures for using the H-point machine (HPM)Y to
audifvehitteseating positions T e HPMisa physicat too used toestablisirkey referemnce points and
meagurements in a vehicle. The H-point design tool (HPD) is a simplified computer-aided,degsign (CAD)2)
version of the HPM, which can be used in conjunction with the HPM to take the optional mgasurements
specified in this document, or used independently during product design.

These H-point devices provide a method for reliable layout and measurement of occupﬁant seating
compartments or seats. This document specifies the procedures for installing the H-pojint machine
(HPNI) and using the HPM to audit (verify) key reference points and measurements in a vehficle.

The devices are intended for application at designated seating positions. They are not to be construed
as tgols that measure or indicate occupant capabilities or comfort-"They are not intendgd for use in
defirling or assessing temporary seating, such as folding jump seats.

2 Normative references

The following documents are referred to in the text'in such a way that some or all of their content
constitutes requirements of this document. Fordated references, only the edition cited |applies. For
unddted references, the latest edition of the referénced document (including any amendmehpts) applies.

ISO 4130, Road vehicles — Three-dimensionalreference system and fiducial marks — Definitigns
SAE |1100, Motor vehicle dimensions

SAE |4002, H-point machine (HPM:1l) specifications and procedure for H-point determination] — Auditing
vehidle seats

3 Terms and defifitions
For the purposes ofthis document, the terms and definitions given in SAE J1100 and the follpwing apply.

ISO dnd IEC nraintain terminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IECGElectropedia: available at http: //www.electropedia.org/

31

H-point

point at the pivot centre of the back pan and cushion pan assemblies, located on the lateral centreline of
the H-point device

Note 1 to entry: The H-point device can be the H-point machine (HPM) or the H-point design tool (HPD).

1) All references to H-point machine or HPM in this document refer to the SAE J4002 H-point machine (HPM-II),
unless otherwise noted.

2) CAD has come to encompass any software system or approach to automotive design and development, and is
often used to refer to CAE (computer-assisted engineering) and CAM (computer-assisted manufacturing) software
systems as well.

© IS0 2020 - All rights reserved 1
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Note 2 to entry: The H-point is also the intersection of the cushion line and the torso line. When an H-point device
is properly positioned within a vehicle, either in CAD or in an actual physical property, the location of the H-point
relative to the vehicle is used as a vehicle reference point. If the seat is moved, the location of the H-point within
the vehicle is changed. Therefore, adjustable seats have more than one H-point location, while fixed seats have
only one H-point location.

Note 3 to entry: H-points are often referred to as hip points or hip pivot points. They simulate, but do not precisely
represent, the location of the human hip joint.

3.2

H-point travel path
all possible locations of the H-point (3.1) provided by the full range of seat adjustments (horizontal,
vertical or t]lt) for a given designated seating position

3.3
seating ref¢érence point
SgRP

R-point
manufacturpr's intended location for a design H-point (3.1), which is specifically-designated as R-point
or SgRP, and which:

a) is the [fundamental reference point used to establish occupant caccommodation tools| and
dimensijons;

b) simulatgs the position of the pivot centre of the human torso and<high;
c) has coordinates established with respect to the designed vehicle structure;

d) establishes the rearmost normal design driving or riding H-point of each designated septing
position, which accounts for all modes of adjustment;-horizontal, vertical and tilt that are available
for the deat, but does not include seat travel used forpurposes other than normal driving and r{ding

Note 1 to entfy: The SgRP is sometimes referred to asthe design H-point.

3.4
accelerator heel point
AHP
point repregenting the heel of shoe lecation on the depressed floor covering, when the bottom of shoe is
in contact wjith the undepressed accelerator pedal and the ankle angle is at 87°

Note 1 to entfy: The lateral location/( y-coordinate) is aligned with the BOFRP (3.5) unless shoe interferencd with
side support ptructure causes-anoffset of the AHP from the BOFRP (see 5.1.4.2).

3.5
ball of foot referen¢e point
BOFRP
point repredenting the ball of foot location on the shoe plane when the H-point (3.1) machine shoe |s set
to a specifigd Shoe plane angle (3.8), the bottom of shoe is in contact with the undepressed accelefator
pedal, the ball of foot is aligned with the lateral centreline of the undepressed accelerator pedal in rear
view, and the heel of shoe is at the depressed floor covering

Note 1 to entry: The BOFRP and AHP (3.4) are at the same y-coordinate unless there is lateral shoe interference.

3.6

floor reference point

FRP

<rear passenger> point at the intersection of the heel of shoe and the depressed floor covering, with the
bottom of shoe resting on the depressed floor covering

Note 1 to entry: FRP is determined within 127 mm to either side of centreline of occupant, with the shoe or lower

leg segment moved forward to rest against the seat in front (contacting the underseat structure, lower portion of
the seat back trim, etc.).

2 © IS0 2020 - All rights reserved
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3.7

lumbar support prominence

LSP

measure of the back-pan shape imposed on the HPM by the contour of the lower seatback

Note 1 to entry: See Table A .4.

3.8
shoe plane angle
SPA
®sp
angle
acce

o o P D N\AJ
wAw,

al and the shoe heel is at the AHP (3.4)

e-indepressed

erator ped
Note |l to entry: SPA is provided by the vehicle manufacturer or calculated from the mannifacturdr's published

seat lieight H30-1 (see 5.1.4).

4 Measurement procedure for the three-dimensional H-peint machine

4.1 | General

A copplete description of the three-dimensional H-point machine is given in Annex A (s¢e Figure 1).
Specifications and tolerances are given in Annex B. A field checking procedure for the HPM is given in
Anngx C.

The HPM3) includes divot points that can be used by a coordinate measuring machine (CMM) and in
CAD% to fully define the location of the machine in the vehicle space (see A.2.3). Calibrated planar
surfaces on the HPM facilitate field measurement of machine angles using an inclinometer. A scale
readout indicates the lumbar support prominence (LSP) value. An ankle angle scale is provided to aid
HPM installation in long-coupled passenger seating.

3) All references to H-point machine or HPM in this document refer to the SAE J4002 H-point machine (HPM-II),
unless otherwise noted.

4) CAD has come to encompass any software system or approach to automotive design and development, and is
often used to refer to CAE (computer-assisted engineering) and CAM (computer-assisted manufacturing) software
systems as well.
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Several of the reference points established with an H-point device are required for the subsequent
positioning of other design devices, such as head contours, eyellipses and reach curves. The most
important reference points established by an H-point device are the H-point, the H-point travel path,
the seating reference point (SgRP), the accelerator heel point (AHP), and the ball of foot reference point
(BOFRP). These reference points are illustrated in Figure A.8.

4.2 Summary of installation procedure

4.2.1 Summary

See Table 1.
Table 1 — Summary of installation procedure
Driver position | Passenger positions: 2nd and3rd row
Preparife the physical property. If possible, calibrate the CMM equipment to vehicle grid'coordinates.

Position seaf

Position the test seat and (if the-HPM legs are to b¢
to design intent location and attitude.
intent location and attitude.

installed) the seat in front of/the-test seat to design

Install shoe
shoe dimens
measuremer

ions. Record shoe-based

ixture and shoe tool, if measuring leg and Install shoe tool, if measuring leg and shoe dimens

Record shoe-basedimeasurements. See 6.1.
ts. See 5.1.

ions.

Install and load the cushion pan and back pan.
If measuring headroom, install headroom fixture before loading the pans. See 7.1.

Determine H-point, torso angle, cushion argle and LSP. See 4.8.

Attach thigh|
leg-based di

Attachthigh and lower leg segments, if measuring
legibased dimensions. See 6.1.

and lower leg segments, if measuring
mensions. See 5.1.

Determine o

ptional measurements. See 5.2 and 7.1.

Determine optional measurements. See 6.2 and 7.1.

4.2.2 Mes

When verif
with the thy
manufactur
or seat is c
manufactur
HPM measu

4.3 Prepare vehicle and seat

sured versus design values

ying or auditing a particular® designated vehicle seating position, measurements f
ee-dimensional HPM are‘normally compared to the design values indicated by the ve
er. If any measured value-s sufficiently close to the manufacturer's design value, the vd
bnsidered to meet the manufacturer's design intent for that measurement. The vg
br or a regulatory.agency may provide specifications for the term “sufficiently close”
Fements of particular interest are H-point (SgRP) and torso angle.

4.3.1 Veh

rcle

aken
hicle
hicle
hicle
Two

Dimensions shall be measured relative to the vehicle three-dimensional reference system by setting up
the vehicle relative to the fiducial marks in accordance with ISO 4130 as specified by the manufacturer.
The vehicle (or seating buck) shall be levelled prior to any HPM installation or measurement. Once the
vehicle is levelled, care should be taken to not lean on it, rock it, or in some other way knock it off level.

If the accelerator pedal is needed for the measurements, the accelerator pedal shall be held in an
undepressed position by some means. For example, use blocks or clamp the accelerator cable to prevent
the pedal from moving. If the pedal rotates about a pivot, independent of throttle movement, do not
restrict that motion. If the accelerator pedal has fore/aft adjustment, the pedal shall be positioned as
specified by the manufacturer. If no specification is provided, the pedal shall be adjusted to its most
forward position in the vehicle.

© IS0 2020 - All rights reserved
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4.3.2 Seat

The vehicle shall be preconditioned at the manufacturer's discretion, at a temperature of 19 °C to 26 °C
to ensure that the seat material reaches room temperature. Room relative humidity should be within
50 % £ 5 %. If this relative humidity is not met, record both relative humidity and room temperature.

The following considerations are to help ensure that stable, reliable measurements are made across
seat types. If the seat to be checked has never been sat upon, a 70 kg to 80 kg person or device shall be
placed on the seat to flex the cushion and back. Prior to the installation of the HPM, seats should remain
unloaded for 30 min at the manufacturer's request. This is to allow the seat and seat materials (e.g.
foam) to recover from compression.

Musllin cloth should be placed over the seat prior to installing the HPM. The muslin cloth fitaly be a single
piece fitting across both seat cushion and seat back, or two pieces, one for the cushian and one for the
seat pack. This ensures a constant friction surface across seat fabrics. See B.11.

Wheh using the HPM, interactions can occur between adjacent seating positions (i.e. haying an HPM
instdlled at the centre occupant position can change the results obtainedcfor the outboafd occupant
position). Therefore, only one machine should be installed in a particularow of seats during each test.

4.4 | Determine the H-point travel path (optional)

If verification of the H-point travel path is desired, the seat's(tbavel path shall be digitized and then
translated to the H-point travel path. First, adjust the seat.cushion to the middle of the cushion angle
adjugtment range. Next, place one or more registration matrks on the side of the seat. The [registration
mark(s) can be located anywhere along the side of the seat that can be easily accessed py the CMM
equipment. Finally, digitize the location of the registration mark(s) with the seat in ¢ach of four
positions: lowest most-rearward, highest most-reatward, highest most-forward, lowest mpst-forward.
By connecting these four points, the seat's travel(path can be seen more readily. See Figure|2 a) and b).

NOTH For seats without vertical adjustment,only two points are taken, most forward and m¢st rearward,
provided the seat track follows a linear path:lJf the seat track travel path is curved, additional poipts (between
forenhost and rearmost) are taken.

1
®
[——
—

a) Place registration b) Move seat through c) Translate seat travel d) Move seat by (x;,z,)
mark on seat with seat its fore/aftand up/ path by (x,2) to get the from lowest, most-rear-
at lowest most-rear- down travel path H-point travel path ward H-point to its
ward position SgRP location

© IS0 2020 - All rights reserved 5
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ion mark

ion mark at extremes of seat travel

lowest, most-rearward H-point

Figure 2 — Locating seating reference point from the seat travel path

T+

4.5 Adjus

4.5.1 Moy
All adjustab

installing the HPM.

For seats w
fixed in a pd

The seat reg
extreme log
intent posit
translate se
intent, digit

4.,5.2 Tor

4.5.2.1 Gd

Seat torso and cushion angle adjustment progcedures for auditing differ depending on whether o

variance in

4.5.2.2 St

The seat sh
HPM. The v
attitude of t
points, head

4523 0O

If the purpdg

ot

o-desion intent
o-gesignitent

fe seat to design intent position

e features of the seat shall be set to manufacturer's design intent attitude or'position b
th an independent vertical adjustment or suspension, the vertical position shall be ri
sition specified by the manufacturer.

istration mark is helpful in positioning the seat at design intentrelative to one of the s
ations (usually the rearmost, lowest position) determined-in 4.4. Normally, the d
on specified by the vehicle manufacturer is the SgRP. Figure 2 illustrates a typical w
ht travel to H-point travel and then to SgRP. After an adjustable seat is positioned at d
ze the seat registration mark(s).

50 angle and cushion angle

tneral

beat build is of interest.
andard audit: include seatand vehicle build variability
pll be adjusted to the, design intent torso angle and cushion angle before installin

he discernible seat'structure (e.g. the seat frame), other hard points (e.g. seat controls,
restraint rods), or the amount of adjustment required to attain the desired seat attitu|

ptional dudit: exclude seat build variability

se.of the audit is to evaluate the build of the vehicle package without accounting for

build variab

cfore

gidly

eat's
psign
Ay to
bsign

I not

b the

hicle manufacturer:(or seat supplier) shall provide information regarding the location and

pivot
de.

seat

ility, then the HPM needs to be installed in order to set the seat to the design intent v

hlues

of torso and

cushion angles.

As the HPM is loaded with weights, torso angle tends to increase and cushion angle tends to decrease.
If torso and cushion angles are adjustable, the initial (unloaded) angles usually differ by about 1° to
2° from the desired final angles after loading. For example, set the seat back initially to an angle of
approximately 20° to achieve a final torso angle of 22°.

Monitor and readjust torso and cushion angles as necessary during installation of HPM weights in order
to achieve the design intent angles as the final reading (see Table 2). Then, remove the HPM, wait 30 min
to allow the seat materials to recover, and install the HPM a second time for the audit. For this audit, the
HPM installation normally includes the leg and shoe tool, as well as the headroom fixture.

NOTE The seat can also be audited independently of the vehicle.
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Table 2 — Optional audit: Adjusting torso and cushion angles during HPM loading

Angle Driver position Passenger positions: 2nd or 3rd row

If the seat recliner is adjustable, initially set
the torso angle to approximately 2° more
vertical than the design intent. Monitor
and adjust if needed during HPM loading to
achieve design intent.

Initially set the torso angle to approximate-
Torso angle ly 2° more vertical than the design intent.
A40 Monitor and adjust if needed during HPM
loading to achieve design intent.

If the seat cushion is adjustable, initially set the cushion angle to be slightly greater than

Cushion angle design intent value. Monitor and readjust as necessary during HPM installation to achieve

Az7 the design intent cushion angle as the final reading.
. 8
9
1 5
2 \
-—10
BE@ ° /7
Q 2 11
502 .
; ®
4 \ = 12 A\
0
o
5 -——13
| 17
I~
° VionS |14
7 15
16
Key
1 andle 10 thoracic segment
2 rso articulation locking lever 11 B2 divot
3 inclinometer lands for torso angle 12 articulation mechanism
4 ead\room fixture tumbler 13 lumbar segment
5 lumbar support prominence (I.SP) scale 14 lower weight rack (left side)
6 load application point 15 pelvic segment
7  indicator to read LSP value 16 H-point pivot shaft
8 Bildivot 17 one of twelve back weights
9  upper weight rack (left side)

Figure 3 — Back pan

4.5.3 Seatin front of test seat

If leg positions, legroom, footroom and knee clearance are to be measured, the seat in front of the test
seat should be positioned to its SgRP and design intent torso angle.

© IS0 2020 - All rights reserved 7
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4.6 Install HPM cushion and back pan assembly

4.6.1 Install the cushion pan

Place the cushion pan (see Figure 4) on the seat with the back of the pan resting lightly against the seat
back. Visually centre the cushion pan laterally in the seat.

o
13

Key

1  thigh wejght locating pins (4)

2 handle

3 load application point

4  C1divot

5 inclinometer land for.cdshion angle
6 lateral leyvel

7  H-point $addle

8 H1Rdivqt

9 HI1Ldivot

10 locking bushings for attaching back pan (2), thigh segment (2) and headroom fixture
11 H2L divot

12 thigh weight (6)

13 pelvic weight (6)

Figure 4 — Cushion pan

4.6.2 Install the back pan

To protect the shells of the cushion and back pans, the back pan should be locked in a slouched position
before installing it. Articulate the back pan into a slouched position (LSP < 0) and lock.
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Place the H-point pivot shaft, located at the base of the back pan, on the H-point saddle of the cushion
pan (see Figures 3 and 4). The upper portions of the back pan should not contact the seat back. Secure

by sl

iding the brass locking bushings inwards over the H-point shaft.

Unlock the torso articulation. Put one hand firmly on the cushion pan T-handle to maintain the position
of the cushion pan. Put the other hand on the back pan T-handle and gently rotate the back pan assembly
against the seat back to allow the back pan assembly to conform to the seat back contour. Ensure that
the top and bottom corners at each side of the lumbar segment remain outside the thoracic and pelvic
segments. Also ensure that the muslin cloth is not caught between the back segments (see Figure 5).

The cushion and back pan can be connected and installed as a single unit if preferred. Follow the same

Step_ [) ClbUVC LClltl ills thc \,uohiuu lJClll }isht}y asqiuot thC DCClt ba\,}\ \A4 ith thC bq\,}\ Pall I Ut
and locked in the slouched position.

If mdasuring headroom, install the headroom fixture now (see 7.1).

4.6.3 Level the HPM

Refefring to the bubble level on the cushion pan, dither and adjust the HRM)so it is level lat
seat.[Make sure the HPM is in firm contact with the seat back.

4.7 | Load the HPM

4.7.1 Procedure

Instqlling weights on the HPM is referred to as ‘loading’. The HPM shall be loaded wif

artic
H-po
loadsé
sprin

ulation mechanism unlocked. Weights shall be ‘installed from the H-point outward a
int upward to prevent the HPM from toppling-out of the seat. Prior to each round of wj
bd, an 89 N force shall be applied twice by.‘punching' the appropriate load application

reaches its spring loading. This proceduré_ensures the HPM remains fully nested into the

thel

4.7.2

The
HPM

pading.

Summary table

HPM shall be checked far level during the loading process. The sequence of actions fo
summarized in Table 3; shall be followed.

Table 3 — Loading the HPM

ted forward

erally on the

h the torso

nd from the

eights being
bite with the

g-loaded probe. The operator shall immediately release any applied force once the punch probe

seat during

loading the

Round | Apply:89 N Load two weights Then load two weights Check for:
Punch tWICE |5 pelvic — innermost positions 2 Thigh Level
(eushion)

2 I{’unih tjﬁ”ce 2 Pelvic — next innermost positions |2 Thigh Level
LbualllUllJ

3 Puncl} twice | 2 Bg\{elled pelvic — outermost 2 Thigh Level
(cushion) positions

4 I()S;CCIS twice 2 Lower rack — innermost positions |2 Upper rack — innermost positions| Level
Punch twice |2 Lower rack — next innermost 2 Upper rack — next innermost

5 " L Level
(back) position positions

6 }()l;l;:k}; twice 2 Lower rack — outermost positions |2 Upper rack — outermost positions| Level

7 Lock torso articulation

© IS0 2020 - All rights reserved 9


https://standardsiso.com/api/?name=42ef88ff75aa8275d55b10dca545f269

ISO 20176:

2020(E)

4.7.3 Load the cushion pan

There are two types of weights for loading the cushion pan: pelvic weights, which are positioned in
slots along the H-point axis, and thigh weights that are held in place by the pins in the thigh area.

Punch the HPM twice at the cushion pan load application point (see Figure 5). Install two pelvic weights
in the innermost pelvic weight slots (one to either side of the H-point). Install two thigh weights (one to

either side).

Check for level.

Repeat these steps (punch twice, load two pelvic weights, load two thigh weights, and level) two more
times to complete the loading of the cushion pan.

4.7.4 Loa

There are ty
the same ty

When audit]

necessary during the loading to obtain a final cushion and torso angle that equals design intent

4.5.2.3). The

shown in Taple 3.

Punch the H
lower racks
Install two ¥
Check forle

Repeat thes
rack, and ley

After the ba

d the back pan

vo areas for loading weights on the back-pan assembly, the lower and upper rackssHow
be of weight is used in both areas.

ing the vehicle, but not the seat build, adjust the seat cushion or seat back recliy

adjustments should be made after checking the cushion or back pamfor level in each r

PM twice at the back-pan load application point (see Figure). Install two weights o
-one on either side of centreline. Push the weights towatd the centreline as far as pos
veights on the upper racks, one on either side of centreline, and push towards the centr
Jel.

e steps (punch twice, load two weights on the Tower rack, load two weights on the y
rel) two more times.

ck pan is fully loaded and level, lock the torso articulation mechanism.

ever,

rer if

(see

pund

n the
sible.
bline.

pper

10
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Key
1 lheadroom probe setting for measuring torso angle an@P
2 dorrect overlap of back pan segments %)
3 1SP indication R\
4  Back pan load application point \,O
5  dushion pan load application point ‘\(\}‘
Figun@ﬁ”— H-point machine installed in a seat
4.8 | Soak time O

After installation, t \PM can continue to “settle” into a seat, depending on the type of seaf being used.
Thergfore, the in r should wait 5 min after completing the HPM installation before recprding data.

4.9 Recq@neasurements — digitize HPM points

4.9.1 é}&e?n\eral

The HPM allows the H-point location, torso angle, LSP and cushion angle to be defined without having
to attach the legs.

4.9.2 H-point

The H-point is located at the lateral centreline of the HPM. Therefore, this point cannot be directly
digitized. Rather, divot points H1L and H1R are provided for digitizing at either end of the H-point
rods (see Figure 4). If either H1L or H1R is not readily accessible by the CMM, use divots H2L and H2R.
Both H1L and H1R or H2L and H2R should be digitized. The H-point is midway between these two
points. Divot points B1, B2 and C1 may be used to establish the HPM centreplane in CAD to check the
y-coordinate of the H-point.

© IS0 2020 - All rights reserved 11
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The digitized H-point, which represents the measured SgRP or R-point, shall be compared to the design
SgRP or R-point to assess the accuracy of the seat build.

4.9.3 Torso angle and cushion angle

Record the following measurements using an inclinometer and the appropriate land: torso angle, using
the headroom fixture land or back assembly land; cushion angle, using the cushion pan inclinometer
land. As an alternative, the torso angle can be calculated from divot points H1L, H1R and B1, and the
cushion angle from divot points H1L, H1R and C1. H2L and H2R can be used in lieu of the H1 divots.

4.9.4 Lu

The HPM pr

4.9.5 Summary of driver measurements

Table 4 shoy

bar Qllppﬂl’f prnminpnﬂn

pvides a scale on the back pan assembly for a direct read-out of the LSP (Figure 5)!

s the standard and optional measurements for the driver seat position:

Table 4 — Driver measurements

SAE J1100 Code Dimension

L31, W20, H70 SgRP x-, y-, and z-coordinates
A40 Torso angle

A27 Cushion angle

L81 LSP

Optional measurements (leg and-shoe attached)
L8, W8, H8 AHP x-, y+'and z-coordinates
L1, W1, H1 BOFRPR.X-, y-, and z-coordinates
PW86 BOERP to AHP lateral offset
A47 SPA

A57 Thigh angle

A42 Hip angle

A44 Knee angle

A46 Ankle angle

H30 Seat height

B61 Effective headroom

L33 Maximum legroom

L34 Effective legroom

5 O t' 1 +a F, Aaz 'y
puolarmeasturementsror-ariver-seat

5.1 Legand shoe installations

5.1.1 General

If the user plans to measure shoe and leg dimensions, the shoe fixture and shoe tool should be installed
before the HPM cushion and back pans are installed (see Table 1). The shoe tool is used to establish the
BOFRP and the AHP for the driver.

12
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5.1.2 Mark accelerator pedal centreline

Before installing the shoe tool in the driver compartment, place masking tape down the longitudinal
centre of the accelerator pedal and draw a line along the accelerator centreline.

5.1.3 Install the shoe fixture

The shoe fixture is used to hold the shoe level and in place on the pedal (Figure A.4). Position the
forward edge of the shoe fixture approximately 100 mm to 150 mm rearward of the accelerator pedal
such that the fork that is to hold the shoe tool is in line with the accelerator centreline. The fixture shall
be square to the grid and level. Adjust the screws on the shoe fixture until it is level.

5.1.4 Install the shoe tool

5.1.4.1 Procedure

Placg the shoe in the fixture, set the shoe plane angle (SPA) at the manufactuter specified apgle, tighten
the shoe locking screw to hold the shoe in place and slide the shoe forward.The shoe shall be positioned
with(the heel on the depressed floor covering, the bottom of shoe contaeting the pedal face pnd the BOF
aligned with the pedal centreline. For flat, free-pivoting pedal pads,ithe bottom of the shge should be
flush with the face of the pedal. When there is a single point of contact, that point is the ppdal contact
point (PCP). Where there is continuous contact, e.g. with a susgended, flat pivoting pedal, there is not a
specific PCP. See Figure 8.

If th¢ manufacturer does not specify the SPA, calculate it from Formula (1) as follows:

(Y

— —7 1,3 —4 7,2 -2
op =(2 52251077 503 ) = (3 961x107 42 ) + (4 644x107 2, ) +73 374 )

wherte

¢sp is the SPA, expressed in degrees:from the horizontal;

h, isthe seat height, in millimetres (dimension code H30 in SAE J1100).

z

Check to make sure the shoetool is square to the grid. Adjust the fixture and shoe if necesspry.

The PPA can be measured directly by placing the inclinometer on the rearward-facing syrface of the
shoe| Alternatively theé\SPA, agp, can be calculated from the z-coordinates of divot points $3 and S2 as
follos.

i 28537252
¢ p =arcsifi (TJ (2)

wherte

Zg3 is the z-coordinate of the S3 divot point, in millimetres;

Zg, is the z-coordinate of the S2 divot point, in millimetres.

5.1.4.2 Interference

Occasionally, some aspect of the vehicle's structure, e.g. the tunnel, rocker or centre console, prevents
the positioning of the shoe tool and fixture as specified in 5.1.4. If the interference prevents the shoe
tool from being properly positioned at the accelerator centreline, the shoe and fixture shall be shifted
laterally until the interference is cleared. The amount of the lateral offset, PW86, should be recorded.
The BOFRP is defined at the centreline of the accelerator pedal, even though the shoe BOF is not at the
centreline. The AHP is defined at the location of the heel of shoe (HOS) after the shoe tool is moved to
clear the interference (see Figure 6).
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In some cases the shoe tool may fit properly, but the shoe fixture cannot. The tool and fixture still
need to be moved to clear the interference, but the AHP location is defined as if the shoe was aligned
at the pedal centreline. In other words, the AHP coordinates are defined as if the shoe had remained
positioned on the pedal centreline with no interference. This translation is most easily done in CAD.

3 1 |-

~
[0
<

PW86 (lateral offset dimension code from SAE J1100)
BOF
undeprefpsed floor covering
depressqd floor covering

AHP

BOFRP
interferejnce at side of shoe

edge of thnnel or center consol€

O© 0 N O U1 A W N -

interference at side of héel

Figure 6 — AHP to BOFRP lateral offset

5.1.5 Installdeg segments

When taking the shoe and leg measurements in 5.2 and 6.2 for the purpose of reporting these
dimensions to outside organizations, set the leg segments at the SgRP leg lengths, i.e. pin the thigh
length to 456 mm and the lower leg to 459 mm. Manufacturers may use non-SgRP leg lengths for other
purposes.

Install the thigh segment by placing the forks on the H-point rods. Slide the locking bushings inward
and rotate until the pins lock into place (see Figures 4 and 7). Install the lower leg at the ankle pivot
without moving the shoe. Join the thigh and lower leg segments, raising the thigh segment if necessary.
Use the bushing on the knee pivot rod to secure the lower leg in place.

The completed HPM installation, including optional components, is shown in Figure 7 for the driver
seating position. Optional components include the HPM legs, shoe tool and shoe fixture, and the
headroom probe.

14 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=42ef88ff75aa8275d55b10dca545f269

IS0 20176:2020(E)

5.2

5.2.1 General

of the shoe tool $f Figure 8).

Q
S
?\

2D

-

O
Figure 7 — Perspec \view of HPM, including optional components

Record measureme&@g

O.

N\
The shoe measus (5.2.2,5.2.3,5.2.4 and 5.2.5) should be recorded immediately after

installation

© IS0 2020 - All rights reserved
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a)
CU
Key
1 shoepla
2 BOFRP

PCP

Suspended b) Suspended flat, c) Treadle pedal
irved pedal pivoting pedal
e 4 SPA

5 AHP

Figure 8 — Shoe reference points related to accelerator pedal

5.2.2 Shog plane angle

Record the §

5.2.3 Ball

The BOF poi
XBOF = X4
ZBOF = 24

where

XgoF 1S
ZgoF 1S

Xg3 s

PA determined in 5.1.4.

of foot reference point
nt can be digitized directly, or it can-be calculated using Formulae (3) and (4).

3= 25 cos(agp) - 5 sin(agp)

3 + 25 sin(agp) — 5 cos(agp)

the x-coordinate of the BOF or BOFRP;
the z-coordinate of the BOF or BOFRP;

[he-z-coordinate of the S3 divot point, in millimetres;

Zgz is the z-coordinate of the S3 divot point, in millimetres;

asp

is the SPA.

(3)

(4)

The location of the PCP relative to the BOFRP can be measured by a scale on the shoe tool (see Figure 9).
The PCP may be digitized, if desired.

5.2.4 Accelerator heel point

The AHP cannot be directly digitized. It can be calculated using the shoe divot points (S2 and S3), and
Formulae (5) and (6).

Xpnp = Xs3 + 175 cos(agp) = 5 sin(agp)

16

(5)
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Zppp = Zs3 ~ 175 sin(agp) - 5 cos(agp) (6)

where

Xppp is the x-coordinate of the AHP;
Zpyp is the z-coordinate of the AHP;
Xg3 isthe x-coordinate of the S3 divot point, in millimetres;

o> isthe z-coordinate of the S3 divot point, in millimetres;

qsp isthe SPA.

The y-coordinates, y,yp and ypop are defined at the shoe centreline, and can alsgzbe’deterfmined from
the shoe divot point locations. The S2 and S3 divot points are offset 10 mm tg’ either sidg of the shoe
centfeline. The direction of the 10 mm correction to a shoe divot y-coordinaté depends on which side of

the shoe was digitized (see Figure 9).

Dimensions in millimetres

Key

1 BOFRP 4 AHP
PCP 5 BOFRP to AHP lateral offset scale
SPA 6  BOFRP to PCP offset scale

Figure 9 — Shoe divot points
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5.2.5 Accelerator heel point to ball of foot reference point lateral offset

The AHP to BOFRP lateral offset, PW86, can be read off the AHP to BOFRP lateral offset scale
(see Figure 6). This offset is used to correct the y-coordinate of the BOFRP, if necessary.

5.2.6 Knee angle and ankle angle

Both knee angle and ankle angle can be read directly on the scales provided.

5.2.7 Thigh angle and hip angle

The thigh angle is measured using an inclinometer and the inclinometer land provided on the uppér leg
segment (sef Figures A.3 and A.8).

The hip angle, Apips in degrees, can be calculated using Formula (7):
hip = 90 = Appigh + Xrorso (7)
where
Aypigh 19 the thigh angle;

Qiorso 19 the torso angle.

6 Optional measurements for the 2nd or succeeding row passenger seats

6.1 Legand shoe installation

6.1.1 General

If the user pllans to measure shoe and leg dimensions, the shoe tool should be installed before the(HPM
cushion and| back pans. The shoe tool is used to establish the FRP and floor plane angle for passengers.
The leg segments are used to measure minimum knee clearance, effective legroom, as well as hip, thigh,
knee and anlkle angles. These dimensions are defined in SAE J1100.

The shoe installation differs frdm the procedure described for driver's seats, but the leg and thigh
installation$ are the same. The Shoe fixture is not needed for passenger seat positions.

6.1.2 Install the shoetool

Place the shoe toolhon the floor and slide it forward, beneath the seat in front, until it reachg¢s an
obstruction| The'shoe can be placed anywhere within +127 mm of occupant centreline and shoulld be
positioned queh that its movement forward is optimized [see Figure 10 a)].

If the shoe cannot fit on the floor between the test seat and the preceding seat, measurement of knee
clearance (L48), leg clearance (L58) and legroom (L51) is best done in CAD. If a physical installation of
the HPM shoe and legs is desired, move the preceding seat forward along its seat adjustment path until
the shoe just fits between the seats when the shoe is on the floor and against the trim under the test
seat [Figure 10 c)]. Move the shoe laterally within +127 mm of the occupant centreline, keeping the shoe
on the floor and against the trim under the test seat, to find the location that requires the least amount
of preceding seat movement. Record the seat movement. This movement shall be subtracted from the
legroom measured in 6.2.4 [see Figures 10 c) and 11].
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If the shoe cannot fit and the preceding seat does not have fore/aft adjustment, then measurement of
knee clearance, leg clearance and legroom shall be done in CAD. Move the seat horizontally forward in
CAD to determine the amount to be subtracted from legroom.

NOTE The H-point design (HPD) shoe shown in Annex D, along with the lower leg and thigh, can be installed
in CAD if the preceding seat back, trim under the test seat, and the floor were digitized.

[ IF

—IC 179

a) Position shoe as far b) Shoe may need to be moved rearward to

forward as possible eliminaté ankle interference with lower seat
back trim

c) Short-coupled-seating: the seat interferes d) Long-coupled seating: the shoe s moved
with the knee,leg/ or shoe, requiring the seat  rearward so the lower leg reaches|the shoe
be moved forward to allow installation of the with an ankle angle no more than 130°

leg/shoe
Key

depressed floor covering

interference at ankle
ankle circumference
FRP

interference at knee, lower leg, or shoe

N U1 A W N

maximum ankle angle is 130°

Figure 10 — Shoe and leg installation for rear passenger seats
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Install leg segments

6.1.3.1 General

Install the thigh segment and lower leg segment as for the driver (see 5.1.5). In some vehicles, the thigh
and lower leg/ankle segments cannot be attached without first repositioning the shoe tool or moving
the preceding seat forward (see Figure 10, 6.1.3.2, and 6.1.3.3).

6.1.3.2 Reposition the shoe tool (if necessary)

6.1.3.2.1

There are ty

a)

interfer
leg segrl

b) thelow
[Figure

In either of
defined.

6.1.3.2.2

Temporarily
of the anklq
circumferer]
pivot circun
knee or leg
plane angle

If there is i1
and lower ld

6.1.3.2.3

Prior to mo|
correctly ca
attached to
establish th

6.1.3.3 SH

Comditiomatchecks

Vo conditions under which the shoe tool needs to be moved rearward:

ence between the preceding seat back or seat trim and the ankle circumferenee of the 1
hent or shoe tool [Figure 10 b)];

b1 leg segment does not reach the shoe tool, or, if it does reach, the ankle angle exceeds
10 d)]. This condition is called long-coupled seating.

these events, the shoe tool shall be repositioned before FRP @r floor plane angle c4

nterference

attach only the lower leg to the shoe to deteriftine if there is interference in the
pivot circumference on the lower leg [Figure 10 b)]. If there is interference at the :
ce, move the shoe rearward to just clear the interference. Interference above the 3
hference is not considered for positioning, the shoe, but is considered when determ
interferences with short-coupled seatifig. Use this shoe position to define the FRP,
hnd all other dimensions.

terference above the ankle circumference, proceed to 6.1.3.3. Otherwise, attach the
g segments now (see 5.1.5).

.ong-coupled seating

ving the shoe rearward, record the ankle pivot point (S1 divot) so that legroom c4
Iculated. Move _the‘shoe rearward until the cushion pan-thigh-lower leg assembly cz
the shoe tool-at the ankle pivot point, with an ankle angle of 130°. Use this shoe positi
b FRP, floorplane angle and all other dimensions except legroom.

ort-coupled seating

In vehicles ¥

pwer

130°

n be

area
inkle
inkle
ning
floor

thigh

n be
n be
bn to

vith short-coupled seating, the knee or the lower leg segment interferes with the seat

back

of the seat directly ahead [Figure 11 b)]. In this case, mark the SgRP location of the preceding seat. Move
the preceding seat forward to allow the lower leg and thigh to be installed. Do not move the shoe.

20
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Dimensions in millimetres

— s

a) Leg and knee clearances

10

11

9 | |- 5
b) Shoe, leg, and knee interferences

Key
Knee cleatance (L48): knee pivot center to seat back trim minus 51 mm
leg clearance/interference zone

legline

leg clearance (L58]): minimum distance between front of leg and seat back trim measured normal to leg line
FRP

negative knee clearance

negative leg clearance: maximum distance from front of leg to seat back trim measured normal to leg line
SgRP-front

shoe interference (non-adjustable portion of seat)

SgRP-second

legroom (L51): H-point to ankle pivot plus 254 mm minus shoe interference

O© 0 N O U1 o W N =

=
_ o

Figure 11 — Knee clearance, leg clearance, and legroom for short-coupled seating
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6.2 Record measurements for rear passengers

6.2.1 Summary of measurements
The completed HPM installation is shown in Figure 12 for the rear outboard seating position.

For knee angle, thigh angle, hip angle, and ankle angle proceed in the same way as for the driver seat
(see 5.2.6 and 5.2.7).

Figure 12 — H-gdint machine installed in rear outboard seat

Table 5 lists|the passenger n@Surements that can be taken.

0??‘ Table 5 — Rear passenger measurements

\%KE J1100 code? Dimension

é L31,W20,H70 SgRP x-, y-, and z-coordinates

A40 Torse-angle

A27 Cushion angle

Optional measurements (leg and shoe attached)

L98, W98, H98 FRP x-, y-, and z- coordinates

A48 Floor plane angle

A57 Thigh angle

A42 Hip angle

A44 Knee angle

A46 Ankle angle

a A suffix (-2, -3, ...) that denotes the seat row shall be added to each
dimension code.

22 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=42ef88ff75aa8275d55b10dca545f269

IS0 20176:2020(E)

6.2.2

The
divot

6.2.3
The

facinjg surface of the shoe. Alternatively, the floor plane anglef.ih degrees, can be calculat

Z-CO(

whet

6.2.4

Kned
seat
occu
the V|
inter

couple CAD procedures.

If th
dimd

Table 5 (continued)
SAE J1100 code? Dimension
L81 LSP
H30 Seat height
H61 Effective headroom
L48 Knee clearance
L58 Leg clearance
L51 Effective legroom
a A _cuffis ('7’ '2' } that darnatac tha caqt o chall ba ~ddad +0 aqch
dimension code.

Floor reference point

shoe divot points can be digitized, and the FRP calculated by using Formulae (5) an
points can be digitized if desired.

Floor plane angle
floor plane angle, app, can be measured directly by placing the inclinometer on th

rdinates of the shoe divot points S3 and S2 by using Formula (8).

Zea—Z
¥ =arcsin 58 752
FP 94

e

g3 Is the z-coordinate of the S3 divot point, in millimetres;

sy Is the z-coordinate of the S2 divot point, in millimetres.

Knee clearance and legroom

clearance is the minimuwm distance between the knee pivot point (K1 divot) and th
back, minus 51 mm(see Figure 11). The measurement is taken within 127 mm to eithg
pant centreline. This'measurement is best done in CAD from a scan of the preceding

feres with the-preceding seat back. See SAE J1100 for a decision tree explaining long

bre iSyinterference below the knee and above the ankle circumference, use the lg
nsion (L58) in SAE J1100 to determine the amount of interference. For short-coup

d (6). Other

b rearward-
ed from the

(8)

e preceding
r side of the
seat back in

icinity of the KI'divot point and lower leg of the HPM. Knee clearance is a negative valule if the knee

- and short-

g clearance
led seating,

measd

urément of knee and ]ng interferences shallbe done in CAD

Legroom is the distance along a line from the ankle pivot centre (S1 divot point) to the SgRP, plus
254 mm, measured within 127 mm to either side of the occupant centreline, with the HOS at the FRP.
The knee clearance and leg room measurements are shown in Figure 11 for a short-coupled vehicle.
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7 Additional optional measurements
7.1 Effective headroom

7.1.1 When to install headroom fixture

If the user plans to measure headroom (H61), the headroom fixture should be installed immediately
after the HPM cushion and back pans are installed, before weights are added (see Table 1).

7.1.2 Install the headroom fixture

Slide the forfks at the end of the headroom fixture into the grooves on the brass locking bushings-gf the
cushion par|. With the adjuster screw fully out, snap the end of the screw into the rotating-tumbler on
the back pan (see Figures 4 and 13). Ensure the fixture is fully against the stop on the back’pan,|then
proceed with 4.6.3.

¥
/_ 3
1 '
4
2 5
Key
1 inclinometer land for torso anglé
2 angle adjusting screw
3 sliding tyibe with headroom-probe
4  effectivefheadroom scale
5 attaching fork

Figure 13 — Headroom fixture

7.1.3 Measure effective headroom

Effective headroom can be measured using the scale inside the headroom fixture. First, turn the
adjuster screw until the torso angle is at 8° rearward of vertical (use the inclinometer on the headroom
fixture land). Then pull up the probe in the headroom fixture so that it lightly contacts the headliner.
Read the measurement from the scale on the headroom probe.

8 Remove the HPM

To aid in removing the HPM, seats may be moved, unless a subsequent HPM installation is to be made in
the succeeding row.
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Remove lower leg segment, if installed.

Remove thigh segment, if installed.
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Weights are removed from the HPM in the reverse order that they were installed. Unload the HPM
following the removal order of Table 6.

Table 6 — Unloading the HPM

Round | Remove two weights from | Then remove two weights from
1 Outermost upper rack Outermost lower rack
2 Next outermost upper rack Next outermost lower rack
3 Innermost upper rack Innermost lower rack
4 Thigh Outermost PELVIC
5 Thigh Next outermost PELVIC
6 Thigh Innermost PELVIC

Remove headroom fixture, if installed.

Remgve cushion and back pans: Unlock the torso articulation mechanism, position the b
sloughed posture, and re-lock the mechanism. Slide the brass locking bushings outward
the Back pan. Remove the cushion pan. Alternatively, the cushion and back pan can be r{

single unit.

Rem¢ve shoe tool and shoe fixture, if installed.

hck pan in a
and remove
bmoved as a
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Annex A
(normative)

Description of the three-dimensional H-point machine (HPM)

A.1 Major components

A.1.1 General

This annex |provides descriptions of the parts and some basic dimensions of the HPM). Complete
dimensional information can be found in Annex B.

For the HPM, the leg segments (thigh and lower leg), shoe tool, cushion pan, and back pan assemblly are
all separate|pieces (see Figure A.1).

5) The HPM is available from the Society of Automotive Engineers, Warrendale, PA, USA. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
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dhoe
lpwer leg
dhoe fixture
dushion pan
thigh

eadroom probe
:L-point
thoracic segment
lumbar segment
elvic segment
Back pan segments

Figure A.1 — Major new HPM components

.2 Back pamassembly

back-paft assembly consists of the back pan with its thoracic, lumbar and pelvic

contains thefollowing parts (see Figure 3):

a)
b)
c)
d)
e)
f)
g)

l|1andle;

segments. It

torso articulation locking lever;

H-point pivot shaft (sits on H-point saddle);

load application point (receptacle for spring-loaded probe);
torso angle inclinometer land;

upper weight rack;

lower weight rack.

© IS0 2020 - All rights reserved
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A.1.3 Cushion pan

The cushion pan assembly contains (see Figure 4):
a) cushion pan;

b) handle;

c) H-point saddle with pelvic weight locations;

d) H-pointrods;

e) locking pushings for attaching back parm;

f) locking[bushings for attaching thigh segment;
g) load application point for spring probe;

h) lateral level;

i) thigh weight platform and locating pins.

A.1.4 Lower leg segment

The lower lgg segment includes (see Figure A.2):
a) knee piyot slot;

b) leglength scale;

c) leglength locking pin;

d) leglength locking screws;

e) knee anfgle scale;

f) lower lgg angle inclinometer land.
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Key

i
|
1

K
K
1

O N O Ul D W

A.l.

A.1.5
The {

(2 divot

eg length scale
pcking pin

nkle pivot slot
[nee angle scale
[nee pivot slot
pcking screws

inclinometer land for lower leg anglé

Figure A.2 — Lower leg segment

5 Thigh segmernt

.1 Elements

high segment consists of (see Figure A.3):

cking bushing (for attaching lower leg);

b) Kkneepivotrod,;

c) thigh length scales;

d) thigh length locking pins;

e) thigh length locking screws;

f) fork (for attaching to H-point rod);

g) 1

ateral leg position scale;

h) thigh angle inclinometer land.
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Key
lateral lejg position scale

knee pivpt rod

inclinometer land for thigh angle
locking Qushing

locking gin

K1L divat
inclinomfeter land for thigh angle
locking crews

O© 00 N O U1 B W N -

thigh lenjgth scale
10 fork

Figure A.3 —Thigh segment

A.1.5.2 Length of thigh and lower leg segments

The length pf the leg segments can beyadjusted. However, for measurements related to the SgRP (or
R-point), th¢ SgRP leg length values(shall be used (see Table A.1).

Table A.1 — Leg segment lengths

Leg segment SgRP Mid-size male

Thigh
(knee pivot to H-point)

456 mm 432 mm

Lower le
& 459 mm 417,5 mm

(knaao niuat +o anlela nivat)
V-O+toaire Py

oy

A.1.6 Shoe tool and shoe fixture

The BOF, HOS and bottom of shoe are found on the shoe tool, and are key reference points or surfaces
for using the H-point machine. BOF on the shoe tool is located at the zero marking (corner) of the two
scales on the top surface of the shoe. Other parts of the shoe tool include (see Figure A.4):

a) locking screw;

b) ankle angle scale;

c) AHP to BOFRP lateral offset scale;
d) BOFRP to PCP scale;
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e) SPA inclinometer land.

The shoe fixture is used to hold the shoe tool in place on the accelerator (see Figure A.4):
1) 2 levelling screws;

2) bubble level;

3) fork for attaching the shoe tool.

Key

1 dghoe 9~ BOFRP to PCP offset scale
2 OFRP to AHP lateral offset scale 10 S2L divot

3 iTlclinometer land for SPA and FPA 11 HOS

4  gnkle angle scale 12 fork

5 BOF 13 shoe fixture

6 KI1L divot 14 levelling screws

7  lpcking screw 15 bubble level

8 $3Ldivot

Figure A.4 — Shoe tool and shoe fixture

A.1.7 Spring-loaded probe

A.1.7.1 , Eorce

The bhrabaicucad o dalivar QO N (2N 1Thf) of forcn
o585 a+66ar © Zo1516 A=

Fa
CITVv T ™ TOT TTOT CCT™

P
T
“c

TICOTIOT P oTTes.

A.1.7.2 Load application sites

There are two sites for applying force using the spring-loaded probe; one on the cushion pan and one on
the back pan (see Figures 3 and 4).

A.1.8 Inclinometer (electronic level)

A.1.8.1 General

An inclinometer is provided for determining various posture angles when using the HPM, including
torso angle, thigh angle, cushion angle, and SPA. Specific sites for placing the inclinometer—referred to
as lands—are provided on the appropriate components.
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A.1.8.2 Inclinometer lands

There are six locations provided for positioning the inclinometer: lower leg, thigh, headroom fixture,

shoe tool, back pan, and cushion pan.

A.1.9 Weights

The HPM comes with three types of weights: pelvic, thigh and back. The total number of weights is 24:
six pelvic, six thigh and 12 back. Two of the pelvic weights have bevelled edges. See Annex B for a full

specification.

A.1.10 Heddroom fixture

A separate f]xture is provided for measuring effective headroom. The fixture consists of (see-Eigtrg¢ 13):

a) afork (for attaching to the HPM);

b) an adjusting screw for setting the angle of the fixture;

c) aland for measuring the angle of the fixture;
d) asliding tube with probe;

e) an effeqtive headroom scale.

A.2 Reference points and angles

A2.1 PivaTt locations

The HPM c

n be articulated about six pivot locationsankle pivot; knee pivot; H-point (where cughion

and back pdn are joined); lumbar-pelvic pivot; theracic-lumbar pivot; and sliding thoracic pivot (see

Figure A.5).|In the HPM, the pivot point centres Hig'within the pivot mechanism.

Key

1 BOF

2 HOS

3 ankle pivot

4  knee pivot

5 sliding thoracic pivot

O 0 N O

thoracic-lumbar pivot

control link
H-point
lumbar pivot

Figure A.5 — Pivot points
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A.2.2 Support points

There are nine support points: five are located on the bottom surface of the cushion pan and four on the
outer surface of the back-pan assembly (see Figure A.6). The support points are provided to facilitate
seat design. Additional information can be found in Annex B.

3

Key

1  bottom surface of cushion pan
2 D-point

3 dentreline

4 uter surface of back pan

Figure A6 — Support points

A.2.3 Divot points

On the HPM, 14 divot points arefprovided for use with CMM®) equipment (see Figure A.7). Pn the HPM,
divot points are located in the/centre of the small gold coloured disks on the mechanism. Specific
locatfions of the divot points;can be found in Annex B. The primary purpose of the divot|points is to
allow for the calculatiomefkey reference points.

6) A computer-assisted three-dimensional system for the measurement and digitization of physical properties.
Typically, data from a CMM can be captured as individual points or streams of data. The 3D information provided
includes the x-, y-, and z-coordinates of the points. This information can then be read into the appropriate CAD
environment.
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Dimensions in millimetres
90° 25

T
H2L

H1L

S3L & S3R
S2L & S2R

K2 K1L & K1R

H1L & H1R

Key

1 reference surface

a) Divot cross section

H2L & H2R

b) Detail of H-point
divot

Figure-A.7 — Divot points on the HPM

For examplg, the coordinates of H1L. and H1R (or H2L and H2R) are required to calculate the H-point
location. The coordinates of S1-52, and S3 are required to calculate the location of the AHP (or FRP).
Divot point§ can also be used to calculate with additional precision anything that can be meagqured

directly from the HPM (€.g-torso angle, cushion angle, knee angle, LSP). See Table A.2.

Table A.2 — Divot point overview

Divo{ type

Summary of use

Back pan divotpoimts
(B1, B2) and cushion
pan divot points (C1,
H1R, H1L)

The Bt poimtcan beused withrtiie Hi or H2 pointsto define the torso angte: This can
then be compared to B2 for a measure of lumbar support. The C1 point can be used
with the H1 or H2 points to define the cushion angle. Additionally, B1 and B2 can be
used together with C1 to define the centreline of the HPM.

H-point divot points
(H1R, H1L)

The H1 or H2 points are used to define the H-point location. The measured H-point

is located at the intersection of centreline of the HPM, the torso line and the cushion
line. The H1 or H2 locations are averaged to define the x-, y-, and z-coordinates of the
H-point. (Alternatively, B1, B2, and C1 can be used to define the H-point y-coordinate.)

Shoe divot points (S1R,
S1L, S2R, S2L, S3R, S3L)

Shoe divot points are used to define the AHP. They can also be used to define the
BOFRP, the SPA and the floor plane angle.

Knee divot points (K1L,
K1R, K2)

Knee divot points can be used to locate the knee pivot point centre. By using this in
combination with the S1 and H1 or H2 points, knee angle can be determined.

34
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A.2.4 Key reference points and lines

For the HPM, the key reference points and reference lines need to be calculated using divot points.
Table A.3 summarizes the HPM locations.

Table A.3 — Key reference points and lines

Reference
point or line

Summary of location

int

The intersection of the cushion line and torso line corresponds to the pivot centre of the cush-
ion pan and back pan. This point is within the mechanism and shall be calculated using the

H-pg

divot points H1L and H1R or H2L. and H2R. For additional accuracy, the divot points
C1 can be used to define the lateral centreline of the HPM.

B1, B2, and

D-pgint

It is located on the bottom of the cushion pan, at the lateral centreline, 25,5@mm (15
of the H-point (when cushion angle equals 0). This point is identified by a(divot poir
surface of the cushion pan (Figure A.6). However, when the HPM is installed, this p
be reached and so shall be calculated relative to the H-point.

°) rearward
ton the
bint cannot

Heel of shoe

The heel point is found at the bottom of the back of the shoe, at the lateral centrelin
to define the AHP for the driver and the FRP for passengers. Theeel point cannot |
when the HPM is installed. The location shall be calculatedesing S1, S2 and S3 divo

e. Itis used
be reached
t points.

Ball|of foot

point. It is used to define the BOFRP for the driver. BOE'on the shoe tool is located

calculated using S1, S2, and S3 divot points.

The BOF is located on the bottom of the shoe, at the lateral-centreline, 203 mm frox;}

marking (corner) of the 2 scales on the top surface{f the shoe. A more precise locatiion can be

the heel
the zero

Tordo line

Aline from the H-point through the sliding thordcic pivot (B1 divot point).

Cushion line

A line from the H-point through the C1 divat point.

Thigh line Aline from the H-point through the knée pivot K1.

Leg line Aline from the knee pivot K1 through the ankle pivot S1.

Bottom of Aline in side view from the heélof shoe through the BOF. The angle of this line fronp horizontal
shog defines the SPA (driver) or floor plane angle (passengers).

Bar;fl foot Aline originating from appint 286,9 mm from the heel of shoe, on the bottom of shoe line, at a
flesh line 6,5° angle. This line is provided on the HPD, but not on the HPM.

A.2.5 Posture angles and LSP

The
metH

insta

Table A.4 — Posture angles and LSP

HPM can be used to'détermine posture angles. Several angles are summarized in Table A.4. The
ods for taking the measurements refer to reference lines, divots, and lands. Torso
angles, as well as LSPcan be measured without installing the legs. Other angles in Table
llation of thé legs and shoe tool (see Figures A.7 and A.8).

hnd cushion
| A.4 require

SA:: ! :100 Posture angle Location and measurement
ogae
The angle of the torso line from vertical defines the torso angle. The torso
angle can be measured by H1 (or H2) and B1 divots, or by placing the inclinom-
A40 Torso angle eter on the torso angle land on the back-pan assembly, or by the torso angle

assembly.

land on the headroom fixture with the fixture mounted flush to the back pan

The angle of the cushion line from horizontal defines the cushion a

ngle. The

A27 Cushion angle [cushion angle can be measured using H1 (or H2) and C1 divots or by placing
the inclinometer on the cushion angle land on the cushion pan assembly.
The angle of the thigh line from horizontal defines the thigh angle. Thigh angle
A57 Thigh angle can be measured by using knee pivot K1 and the H-point (H1 or H2 divot) or by

placing the inclinometer on the thigh angle land on the thigh assembly. Cushion
and thigh angles are independent.

© IS0 2020 - All rights reserved
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Table A.4 (continued)
SA(E:: 33100 Posture angle Location and measurement
The angle between the torso and thigh lines defines the hip angle. After the
A42 Hip angle thigh and torso angles are measured, the hip angle can be calculated from
Formula (7).
The angle formed by the intersection of the thigh line and the leg line defines
A44 Knee angle the knee angle. A direct read-out scale is provided on the leg segment. The
angle can also be calculated using divot points S1, K1, and Hlor H2.
A46 Anlde-angle The angle between the lower leg and the bare foot flesh line forms the ankle
i o angle. A direct read-out scale is provided on the shoe assembly.
Shoe plane The angle from horizontal to the bottom of the shoe forms the SPA orfloer
A47,A48 angle or floor [plane angle. The angle can be determined by using divot points S3 and'S2, ¢r by
plane angle placing an inclinometer on the shoe plane and on the shoe.
LSP is defined as 57 mm - x, where x is the distance between the Tumbar-p¢lvic
pivot to the torso line, measured normal to the torso line.
In the neutral posture, LSP equals zero so that the backpan has a flat lower
Lumbar back similar to the original H-point machine; the distance between the lunj-
L81 support bar-pelvic pivot and the torso line is 57 mm. As LSPuincreases, the lumbar
prominence segment of the back-pan assembly is pushed fofward, the pelvic and thoradic
segments are tipped, and the lumbar-pelvicivot moves closer to the torsofline
(see Figure A.9).
For measurement, a direct read-out scale'is provided on the back pan assebly.
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BOHRP A

SPA A47

AHP

Key
bare foot flesh line
thigh line
dushion line

-point travel path
:I:-point
D-point

N O U1 W N

torso line

Figure A.8 — Reference points, reference lines, and posture angles
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distance

H-point pivot

LSP indi
LSP scald

torso ling

lumbar-pelvic pivot

from torso line to lumbar-pelvic pivot

ation (L81) equal to 57 mm - x

Figure A.9 — Lumbar supportprominence
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Annex B
(informative)

HPM specification and tolerances

Tolerances

The following comments apply to all tolerances given in the tables of this annex.

HPM
mea

that exceed the specified tolerance values, the HPM should be recalibrated.

The build tolerances of the HPM as produced by the HPM manufacturer(ane well below th|

spec

B.2

Unlegs otherwise specified, all dimensions in this section ate given in true vertical or trug

with

tolerances reflect acceptable dimensional variations that do not affect the-overall {
urements of the H-point machine. If conditions of use, wear or damage résult in mg

fied in these tables.
Reference posture for specifications

the device postured using the settings in Table B.1 (See Figure B.1).

6:2020(E)

erformance
asurements

e tolerances

b horizontal,
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Dimensions in millimetres
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HOS
H-point
torso line

Figure B.1 — HPM lengths and heights, side view
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Table B.1 — Posture of HPM for specifications

B.3

See T

B.4
See]

Torso angle 0 degrees
LSP 0 mm
Cushion angle 0 degrees
Thigh angle 0 degrees
Knee angle 90 degrees
Ankle angle?@ 96,5 degrees
Thigh length 456 mm (SgRP)
Fowertegtength 459 i (SgRH

a2 The bottom of the shoe is flat on the xy-plane. However, since ankle
angle is measured from the bare foot flesh line, and not the bottom of shoe,
the ankle angle will be 96,5°, not 90°.

Shoe tool dimensions

[able B.2.
Table B.2 — Shoe tool dimensions
Dimension Value
Overall length of shoe 306 mm
BOF to HOS distance 203 mm
Ankle pivot 107 mim above HOS
p 81 mm forward of HOS
65° above the bottom of shoe.
Bare foot flesh line Originates in shoe plane 286,9 mm
forward of HOS
Relative to BOF 9,9 mm above
Relative to HOS 32,7 mm above
Lengths
able B.3 and FiguxeB.1.

Table B.3 — Lengths

Dimensions in millimetres

© ISO

Description Value HPM
tolerance

ral 1L £ 4 £, ) o1 N0 A0
uvelrall kl CalIlriust tu 11Ul ClllUDLJ U1U,U - 1,U
Overall, not counting shoe 642,0 +4.0
Cushion pan 498,2 +4,0
Shoe 306,0 +2,0
Heel of shoe to ball of foot 203,0 +2,0
Heel of shoe to ankle pivot 81,0 +2,0
Heel of shoe to origin of bare foot flesh line 286,9 —
H-point to knee pivot 456,0 +2,0
H-point to knee pivot, with mid-size male leg 432,0 £20
lengths

H-point to back of cushion pan 133,0 2,0

2020 - All rights reserved
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B.5 Widths
See Table B.4.

B.6 Heig

See Table B.

42

Table B.3 (continued)

Description Value HPM
tolerance
H-point to back of back pan 135,0 +2,0

Table BA—Widths

Dimensions in millimetres

Description Value tollgll?;;llce
Cushion pan, max. (358 mm forward of H-Point) 405,8 +4.0
Cushion pan, at H-point 383,3 +4,0
Cushion pan, at D-point 371,0 +4.0
Cushion pan, at CP2 support points 401,0 +4,0
Cushion pan, at CP3 support points 405,1 +4,0
Back pan, max. (442 mm above H-point) 384,6 +4,0
Pelvic segment, at BP1 support point 373,7 +4,0
Lumbar segment, at BP2 support point 326,0 +4,0
Thoracic segment, at BP3 support point 360,3 +4,0
Shoe, max. (at ball of foot) 110,0 +2,0

hts

b and Figure B.1.

Table B.5 — Heights

Dimensions in millimetres

Description Value tollgll')all\;llce

Overall 10629 +4,0
iziggg)height (bottom of cushion pan to top of 594.9 +4.0
Cushion pan, Max. 132,3 +4,0
Pelvic segment, max. 94,9 +4,0
Lumbar segment, max. 150,3 +4,0
Thoracic segment, max. 255,6 +4,0
Lumbar-pelvic pivot to bottom of cushion pan 180,8 *4,0
Thoracic-lumbar pivot to bottom of cushion pan 363,5 +4,0
H-point to bottom of cushion pan 98,0 +2,0
Heel of shoe to ankle pivot 107,0 +2,0
Heel of shoe to bare foot flesh line 32,7 —

Ball of foot to bare foot flesh line 99 —

Knee pivot point to ankle pivot point 459,0 ,

Knee pivot point to ankle pivot point, mid-size male| 417,5 *2,
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Table B.5 (continued)

Description Value HPM
tolerance
Knee pivot point to “cross-over” of lower leg pieces | 300,0 +1,0
Ankle pivot point to “cross-over” of lower leg pieces| 159,0 +1,0
Top of knee to bottom of shoe 617,0 +2,0
Sole of shoe 3,2 +1,0
B.7 Radii
The tadius of the knee is 51 mm. The radius of the ankle on the shoe tool is 19,1 mm.The 1

adius of the

pntours. See

ankle curve at the lower end of the lower leg is 44,5 mm.
B.8 | Weight, HPM only
See Table B.6.
Table B.6 — Weights
Values in kilograms force
- Value per Tolerance per .
Description unit unit Quantity
HPM without weights 19,31 +0,35 1
Cushion pan 8)41 +0,15 1
Back pan 5,94 +0,10 1
Headroom fixture 1,43 +0,03 1
Upper leg 2,11 +0,03 1
Lower leg 0,88 +0,02 1
Shoe 0,54 +0,02 1
HPM with weights'(fully loaded) 72,69 +1,20 1
Pelvic weight, plain 3,2 +0,05 4
Pelvic weight; bevelled 3,13 +0,05 2
Thigh Weight 2,14 +0,03 6
Back weight 1,79 +0,03 12
B.9 | Support points
Suppo¥tpoints are located on the outer surface of the cushion pan (CP) and back pan (BP) c
Table B.7 and Figure A.6.
Table B.7 — Support point locations
Dimensions in millimetres
. . Distance from H-point
Point Quantity
xa y zb
D-Point 25,5 0,0 -95,2
CP1 0,0 0,0 -98,0

© ISO

H-point.

a  Positive x values are rearward, negative values are forward of

b Positive z values are above, negative values are below H-point.
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Table B.7 (continued)
. . Distance from H-point
Point Quantity
xa y zP

CP2 2 -125,0 +80,0 -78,2
CP3 2 -250,0 #110,0 -69,2
BP1 1 135,1 0,0 35,0
BP2 1 135,1 0,0 175,0
BP3 2 122,7 +90,0 350,0
HPM-Tolerance—AH-suppertpoints+—=4;0 +4-0 +4-0
a  Positive x values are rearward, negative values are forward of
H-point.
b Positive z values are above, negative values are below H-point.

B.10 Divot point locations

See Table B.B.

Table B.8 — Divot point locations

Divot Location HPM\description HP]I
toleramces
B1 55D mm above the H-Point on the torso line Located in th@screw hole on the top of the iZ,(L
back pan T-handle
33D mm above the H-point
B2 ] Located along the back-pan centreline, in +2
35[mm forward of the torso line (and frontof the sliding thorax pivot =4
H-point)
H1L |[20P mm to the left (H1L) or the right (H1R);{Located at the ends of the rod where the +1
H1R |of the measured H-point back pan and cushion pan are joined -
H2L [25|mm inboard of the H1 divots; aligned Located near the end of the H-point rod in +1
H2R |with H1 divots in x and z a cut out accessible from above -
c1 276 mm forward of the H-point-on the Located along the cushion pan centreline, +2
cughion line in a hole on top of the push block -
K1L |23P mm to the left (KI1E) or right (K1R) of i i ) +2
K1R |ceftreline, on the knlee pivot axis Used to define the K-point location. The xs,
- K1L and K1R provide the x, z coordinates,
k2  |°0[mm forwardgftie knee pivot while K2 provides the y-coordinate +1
centre (K-point) ’
(x)] 81 mmorward of heel of shoe +2 olx
. . Located on either side of the ankle pivot -
S1L -1 (y] 1@mm to either side of the shoe (S1Lis 10 mm to the left; SIR is 10mmto  +0,5|y
S1R [cemtteline .
1 the right) +65l,
(z) 107 mm above bottom of shoe =0
(x) 81 mm forward of the heel of shoe 20x
. . Located on top of the sole of the shoe below -
S2L 1) 10.mm to either side of the shoe the ankle pivot (S2L is 10 mm to the left; +0,5y
S2R  [centreline . .
S2R is 10 mm to the right) +0.5 7
(z) 5 mm above bottom of shoe -
(x) 175 mm forward of the heel of shoe
3L [()) 10 mm to either side of the shoe Located on top of the sole of the shoe, near £2,0x
Y : the ball of foot (S3L is 10 mm to the left; +0,5y
S3R [centreline . .
S3Ris 10 mm to the right) +0.5 7
(z) 5 mm above bottom of shoe -
44 © IS0 2020 - All rights reserved
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B.11 Muslin cloth

The muslin shall be plain cotton, knitted or non-woven fabric having 18,9 threads/cm? and with a
surface density of 0,228 kg/m2. The cloth should be large enough to prevent the HPM from contacting
the seat.

B.12 Check that HPM is within tolerance specifications

The HPM should be periodically checked to verify it is dimensionally accurate and functioning properly.
It should be checked immediately if it appears to be functioning incorrectly, if it appears out of

1' 4+ +£ H el 1 £ H H | |
a lg IIICIIL, UL IT au_y IIIIOUST ULLUTL 5. OUIILIT CAallll)lCD Ul TIT1I5UST ITICIUUT.,

a) the HPM is dropped;

b) the HPM is improperly loaded or assembled—or is improperly unloadedyor unassembled—
during use;

c) the HPM is improperly moved or shipped: the HPM should be stored unassembled, with each piece
protected and secured to prevent damage, and it is recommended-that the weights be stored
geparately.

A prgcedure for checking key elements of the HPM is given in Annex C. The HPM should be fepaired and
rechecked whenever the tolerance specifications given in Annex.C cannot be met.
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Annex C
(informative)

HPM field checking procedures

C.1 Purpose

This procedlure can be used for checking the accuracy of the H-point machine (HPM) to determ

repairs are |

C.2 Equi

C.2.1 Use

The user sh

heeded.

pment required for checking

r-provided equipment

uld provide the following equipment.

C.2.1.1 Flat, level surface (or surface plate) approximately 750 mm'wide and 1 000 mm long.

C2.1.2 Ty
approximats

C2.1.3 TV

yo 90° angle blocks at least 200 mm wide, one approximately 150 mm high and a s¢
tly 100 mm high.

vo small C-clamps, one with 100 mm throat‘and one with 25 mm throat.

C.2.1.4 CMM equipment for taking the measurements.

C.2.1.5 HPM inclinometer.

C.2.2 Che

C2.2.1 Ay

Checking fi
on the fixtu

cking fixtures

ailability and tolerances

tures”) are described in C.2.2.2 to C.2.2.9 and shown in Figure C.1. Tolerances for sur
res and shinfs‘that affect the checking measurements are £0,05 mm.

ne if

cond

faces

7) The checking fixtures are available from the Society of Automotive Engineers, Warrendale, PA, USA. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO
of the product named.
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Bback pan shim

ILSP shims

Knee pivot rod fixtures

dushion pan shims

H-point bushings

knee pivot slot fixture

back segment checking shims (six of 1 mm, two 0f 0,5 mm, one of 4 mm)

thigh rod fixture

O© 0 N O U1 » W N =

flat level surface

Figure C.1 — Checking fixtures and shims

C.2.2.2 Cushion pan shims

Two 25 mm x 25 mm\x/25 mm gauge blocks are used for levelling the cushion pan.

C.2.2.3 LSP:shims

Gauge blo¢ks of specified length (73,0 mm, 99,7 mm, and 46,8 mm) that fit between the two inclinometer
land$ on the back-pan articulation rod are used. The three shims are used to position the back-pan
artic i i i

C.2.2.4 Back pan shim

This rectangular shim is used to support the back pan 4 mm above the flat level surface. The shim is
approximately 250 mm wide and 400 mm long.

C.2.2.5 Back pan checking shims

Two 0,5 mm thick shims, six 1 mm thick shims, and one 4 mm thick shim are used to check pelvic
segment clearance to the level surface and back pan gap between lumbar and thoracic segments. The
shims are 25 mm wide and approximately 65 mm long.
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C.2.2.6 H-point bushings

Two bushings that fit on each side of the back-pan H-point pivot shaft (12 mm diameter holes) provide
a divot point for measuring H-point location and slots for inserting the headroom probe H-point forks.

C.2.2.7 Thigh rod fixture

This fixture provides H-point divots and supports the H-point centre (H1L and H1R, see Figure C.2) on
the forks of the thigh segment at a height of 30 mm above the level surface. The diameter of the H-point
rods extending from each side of the fixture is 12 mm.

C.2.2.8 Kij

These fixtu]
surface. Thd

C.2.29 Ky

This fixture
diameter of

C.2.3 Mes

jee pivot rod fixtures

es support the knee pivot rod divots (K1L and K1R, see Figure C.2) 30 mm above-the
diameter of the slot in the fixtures is 12,7 mm.

jee pivot slot fixture

provides divot points for the knee pivot centre (K1) on the leg segment knee pivot fork.

the knee pivot slot on the fixture is 12,7 mm.

jsurement equipment

C.2.3.1 CMM

Points used
should be t:
the inclinon
inclinomete
inclinomete

The x-, y-, af
C.8 and C.9.
and mainta
positive ang
consistent \

C.2.3.2 El

Prior to chd

to determine the distance measurements that ar¥e-shown in Table C.1 and described i
iken with a CMM. Angular measurements on.the inclinometer lands are taken with

level

The

n C.5
both

neter and a CMM. When CMM equipment 5 used to check angle measurements of the

I lands, the digitized points taken on thé-lands should be separated by the length d
I (or greater) as shown in Figure C.3.

1d z-axis orientations to be used forrecording CMM data are shown in Figures C.4, C.4

f the

This provides a direction convention for both linear and angular measurements. Establish

n this axis orientation on the flat level surface used to position the HPM componern

ts. A

le is clockwise as viewed from the left side of the components. This angle conventipn is

Fith positive cushion angle and torso angle definitions.

ectronic level (HPMWinclinometer)

cking the HPMplace the inclinometer parallel to the x-axis on the flat level surface

for testing 4
the inclino

nd set the inclinometer reading to zero using the alt zero button. It is desirable to re
eter prior'to each measurement taken. Use the information provided by the inclinon

used
LZero
heter

manufacturgr to check accuracy of the inclinometer. The inclinometer should be regularly checked and
certified per manufacturer specifications.

C.3 HPM

measurement locations

Most measurements specified in the checking procedures are taken to the HPM divot points and
inclinometer lands shown in Figures C.2 and C.3. Divot points K2, S2, S3 and inclinometer lands on the
bottom of the shoe are not used in the calibration procedure.
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Dimensions in millimetres

90° 2

/ H1L
1

1

K1L & K1R

S3L & S3R
S2L & S2R

H1L & H1R
H2L & HZR

b) Detail of
H-point divot

a) Divot cross section

eference surface

Figure C:2 — HPM reference points (divot points)
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Key
1 electronic inclinometer

Figure C.3 — HPM reference surfaces\(inclinometer lands)

C.4 Suminary of measurements and tolerances

Measurements and tolerances used to check:the HPM are summarized in Table C.1. If the tolefance
specificatiops cannot be achieved for any méasurement, the HPM should be repaired and rechecked.

Table C.1 — HPM checking dimensions and tolerances

Section Description Measurement Toleramce
Cushion pan

C.5.2.2.1 |fushion angle ominelinometer land using inclinometer 0° +1°
C.5.2.2.1 [fushion angléoninclinometer land using CMM 0° +1°
C.5.2.2.2 |fushion angle (using C1, H1L, and H1R divot points) 0° +1°
C.5.2.2.3 |pifferenees in cushion angle measurements (inclinometer/divots) 0° 1°
C.5.2.2.3 |Differences in cushion angle measurements (CMM/divots) 0° 1°
C.5.2.3 Bubbtetevetreading Betweermrmmarks

C.5.2.3 H1L and H1R heights from level surface 98 mm +2 mm
C.5.2.3 Difference between H1L and H1R heights 0 mm 2 mm
C.5.2.3 Difference between H1L and H2L, and H1IR and H2R in x and z 0 mm 1 mm
C.5.2.3 Difference between H2L y-coordinate and H2R y-coordinate 0 mm 1 mm
C.5.2.4 C1 divot point to H-point 275 mm +2 mm
C.5.2.4 C1 divot point above the level surface 98 mm +2 mm
C.5.2.5 H-point to back of cushion pan 133 mm +2 mm
C.5.2.6 ﬁlisR};ion pan alignment (difference between C1 to H1L and C1 to 0 mm 2 mm
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Section Description Measurement Tolerance
Back pan

C5.3.2 LSP at -15 (on LSP scale) -15 +1 unit

€533 LSP at +25 (on LSP scale) +25 *1 unit

C.5.34 LSP at zero (on LSP scale) 0 +1 unit

C.54.2 Lumbar or thoracic segment offset from level surface 0 mm 1 mm

C.54.2 Segment that is offset (lumbar or thoracic)

C.5.43 Relriesegment-offsetfromtevelsurface 4 +2 mm

C.5.4.4.1 |Torso angle on inclinometer land using inclinometer 0° *1°

C.5.44.1 |Torso angle on inclinometer land using CMM 0° *1°

C.5.4.4.2 |Torso angle (using B1 and H-point bushing divot points) 0f +1°

C.5.4.4.3 |Differences in torso angle (inclinometer versus divots) 0° 1°

C.5.4.4.3 |Differences in torso angle (CMM versus divots) 0° 1°

C.545 H-point bushing divot on back pan (each side) from level surface 139 mm *2 mm

C.54.5 Difference in H-point bushing divot height at each side 0 mm 2 mm

C54.6 B1 divot point height above the level surface 139 mm +2 mm

€546 B1 divot point to H-point 550 mm +2 mm

C.54.7 B2 divot point to H-point 330 mm +2 mm

Headroom probe

C5.3.2 Torso angle on headroom probe using inclinemeter 0° *1°

C.5.9.2 Torso angle on headroom probe using CMM 0° +1°

C.5.9.2.2 [Difference in torso angle measures using headroom probe (incli- 0° 10
nometer versus CMM)

C.5.3.2.3 [All differences in torso anglg mf.:asurements (including C.5.3.3.1, 0° 10
C.5.3.3.2,and C.5.3.3.3) — six\difference measures

€593 I]?;zaa;ggeoir(})lr:agfozfrr}:eSan{é))om probe to H-point line (1 000 mm 898 mm +1 mm

C.5.34 Dista_nce in top view,from tip _of head.room probe, perpenfiicular 0 mm 4 mm
to a line extended from the mid H-point through the B1 divot

Thigh

C.5..2 Thig}} angle’on thigh angle land (inclinometer and CMM) — 0° 410
left side

C.5..2 T.high gngle on thigh angle land (inclinometer and CMM) — 0° 410
right side

C.5.4.3 Thigh segment flatness (maximum angle difference between 0° 10
sides)

Rl A e BT

G4 [KIRonthe i semet o v on the Wgh od xure mess | ygmm | s2mm

C.5.6.4 Difference between thigh lengths (each side) 0 mm 2 mm

Lower leg

C.5.7.2 Back of leg when ankle angle is 96,5° (on shoe) 90° +1°

C.5.7.3 K1 to S1 (knee pivot to ankle pivot) 459 mm +2 mm

C5.74 K1 to bottom of shoe (knee pivot to level surface) 566 mm +2 mm

C.5.75 Check knee angle scale 90° *1°
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C.5 Checking procedures

C.5.1 Surface

HPM components and fixtures shall be placed on a flat level surface (surface plate) when using the
measurement procedures described in this clause.

C.5.2 Cushion pan

C.5.2.1 Setup

Place the cjshion pan on the level surface with the 25 mm gauge blocks at the front edge of the¢ pan

centred un
a thigh weig
to the y-axis

er each thigh (see Figure C.4). Load a pelvic weight at the inboard location on each,sid¢ and
ht at each side on the cushion pan. Use H1L and H1R x-coordinates to align the.cushion pan
. Place the angle block against the centre of the rear exterior surface of the eushion pap.
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