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INTRODUCTION

The tools and procedures for H-point determination given in this standard are based on the new SAE H-Point Machine
(HPM-I1).

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 and/or surface, rather than the vehicle’s interior. The procedures

for positioning the H

noint devices in seats do not reauire the use of the shoe tool orlea seaments.
L hl ~J ~J

For convenience ar
However, they shol
comfort. H-point deV
a. Key Differences
Compared to the H
greater ease of use

improvements whilg
changes are discuss

1. Separate Cq

For the HPM-II, the
improves the ease 0
2. ‘Legless’ Mg

The new tools allow
HPM-II. The new prd

3. Shoe Tool
Several improvemer

¢ replacing the Ped

e defining a new st

d simplicity, many terms associated with H-point devices use human bady
Id not be construed as measures that indicate occupant accommodation, hu
ces do not represent the size or posture of any category of occupant.

from SAE J826

point machine described in SAE J826, the changes madexhave resulted in im
, and additional features and measurement capabilities. ““All efforts were ma
minimizing their impact on the location of reference“points and measuremé
ed below.

mponents

legs (upper and lower), shoe, cushion pan and back pan are all separate
f installation.

nikin

the H-point location to be defined without having to attach the legs. This is a mg
cedure is based on installing the HPM-II without legs. Use of legs is optional.

ts were made te_the shoe tool and how it is positioned in the vehicle, including:

al Reference Point (PRP) with a new Ball of Foot Reference Point (BOFRP), and
hndard procedure for positioning the shoe on the pedal.

parts in their name.
man capabilities, or

proved repeatability,
le to achieve these
bnts. Several of the

pieces. This greatly

jor advantage of the

4, Cushion Angple

The cushion angle can now be measured independently of thigh angle, and at the same time the other measurements are
made. Previously, 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-II to be better seated in contoured seats. It also provides a new
measurement called 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 new back pan assembly is most similar
to the original H-point machine when the HPM-II is in a neutral posture (LSP equals zero).
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b. Time period for coexistence of SAE J826 and SAE J4002

SAE J4002 and SAE J826 shall co-exist for a transition period of at least 10 years, preferably no longer, from the 2009
publication date of SAE J4002. Following this transition period SAE J826 will be withdrawn. During the transition period, it
remains up to the vehicle designers to decide which HPM to use. Regulatory bodies and other parties that need to know
shall be informed regarding which HPM was used.

1. SCOPE

This Standard provides the specifications and procedures for using the H-point machine (HPM?) to audit vehicle seating
positions. The HPM is a physical tool used to establish key reference points and measurements in a vehicle (see Figure 1
and Appendix A). The—H-point-desi i implified 2 versi ich can be used in
conjunction with thel HPM to ndependently during
product design (see JAppendix D).

These H-point deviges provide a method for reliable layout and measurement of occupant)seating gompartments and/or
seats. This document specifies the procedures for installing the H-point machine (HRM) and using the HPM to audit
(verify) key reference points and measurements in a vehicle.

The devices are intended for application at designated seating positions. Théy are not to be construed as tools that
measure or indicate| occupant capabilities or comfort. They are not intended for use in defining or assessing temporary
seating, such as folding jump seats.

FIGURE 1 - SIDE VIEW OF HPM, INCLUDING OPTIONAL COMPONENTS

! All references to H-point machine or HPM in this standard refer to the new SAE H-point machine (HPM-I1), unless otherwise noted.

2 CAD is an acronym for computer-aided design. In a general sense, it has come to encompass any software system/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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2. NORMATIVE REFERENCES

2.1 Applicable Publications

This document contains provisions which reference the following documents. At the time of publication, the indicated
editions of these references were valid. Since all publications are subject to revision or deletion, users of this document
are encouraged to refer to the most recent published editions of these referenced documents. Information obtained using

the following publica
2.1.1

Available from SAE,
USA and Canada) o

SAE J1100 Mot
SAE J182 Mot
3. DEFINITIONS

For the purposes o

H-point device are flequired for the subsequent positioning of other desighydevices, such as head

and reach curves. T
travel path, the Sg
Reference Point).

herein are defined in
3.1 H-point
Point at the pivot c¢
device (HPM or HPL

NOTE 1: The H-poi
positioned
to the veh
vehicle is

These reference points are illustrated in Figuré.A8. Terms used in this docun

tions is needed for application of the procedures described in this document.

SAE Publications

pr Vehicle Dimensions

br Vehicle Fiducial Marks and Three-Dimensional Reference System

this Standard, the following definitions apply. Several-of‘the reference points

'he most important reference points established by/an H-point device are the
RP (Seating Reference Point), the AHP (Acceletator Heel Point), and the B

SAE J1100.

enter of the back pan and cushiof)pan assemblies, located on the lateral cent

).

Nt is also the intersection‘of/ the cushion line and the torso line. When an H-poi
within a vehicle — either in CAD or in an actual physical property — the location g
icle is used as a vehicle reference point. If the seat is moved, the location of th
changed. Therefgre;“adjustable seats will have more than one H-point location,
one H-point location.

re often réferred to as hip points or hip pivot points. They simulate but do not pr¢
the human hip joint.

Path

have only
NOTE 2: H-points &
location of
3.2 H-point Travel

77-606-7323 (inside

established with an
contours, eyellipses,
H-point, the H-point
DFRP (Ball of Foot
nent but not defined

erline of the H-point

Nt device is properly
f the H-point relative
e H-point within the
vhile fixed seats will

bcisely represent the

All possible locations of the H-point provided by the full range of seat adjustments (horizontal, vertical or tilt) for a given
designated seating position.

3.3

SgRP (Seating Reference Point), R-point, Design H-point

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

a.

b. simulates the po

sition of the pivot center of the human torso and thigh;

is the fundamental reference point used to establish occupant accommodation tools and dimensions;
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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 seating position, which accounts
for all modes of adjustment: horizontal, vertical and tilt that are available for the seat, but does not include seat travel
used for purposes other than normal driving and riding

3.4  AHP (Accelerator Heel Point)

Point representing the Heel of Shoe (HOS) location on the depressed floor covering, when the bottom of shoe is in
contact with the undepressed accelerator pedal and the ankle angle is at 87 degrees. The lateral location (Y coordinate)
is aligned with the BOFRP unless shoe interference with side support structure causes an offset of the AHP from the
BOFRP. See 5.1.3.]

3.5 BOFRP (Ball ¢f Foot Reference Point)
Point representing the Ball of Foot (BOF) location on the shoe plane when the HPM shoe is|set to a gpecified Shoe Plane
Angle, the bottom of shoe is in contact with the undepressed accelerator pedal, the bali, of foot is aligned with the lateral
centerline of the undepressed accelerator pedal in rear view and the heel of shoe is atithe depressed [floor covering.

The BOFRP and AHP are at the same Y coordinate unless there is lateral shoe intesference.
3.6 FRP (Floor Rdference Point, Rear Passenger)

Point at the intersegtion of the heel of shoe and the depressed floar.covering, with the bottom of [shoe resting on the
depressed floor covgring. It is determined within 127 mm to either'side of centerline of occupant, yith the shoe and/or
lower leg segment npoved forward to rest against the seat in fronti(¢ontacting the underseat structuref lower portion of the
seat back trim, etc.)
3.7 LSP (Lumbar Bupport Prominence)
Measure of the back pan shape imposed on the HRM by the contour of the lower seatback (see Tablg A4).

3.8 SPA (Shoe Plane Angle)

Angle from horizontal to the bottom of the\HPM shoe when the shoe is in contact with the undepressed accelerator pedal
and the shoe heel is|at the AHP.

NOTE: SPA is provjded by thecvehicle manufacturer or calculated from the manufacturer’'s publishgd seat height H30-1
(see 5.1.3).

4. MEASUREMEN[I PROCEDURE FOR THE THREE-DIMENSIONAL H-POINT MACHINE

A complete descriptiomof the three-dimensional H=-point machine 1S given I Appendix A.Specifications and tolerances
are given in Appendix B. A field checking procedure for the HPM is given in Appendix C.

The HPM 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.3.3). Calibrated planar surfaces on the HPM facilitate field
measurement of machine angles using an inclinometer. A scale readout indicates the LSP (Lumbar Support Prominence)
value. An ankle angle scale is provided to aid HPM installation in long-coupled passenger seating.
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4.1 Summary of Installation Procedure

TABLE 1 - SUMMARY OF INSTALLATION PROCEDURE

Driver Position

2nd and 3rd Row Passenger Positions

Prepare the physical property. If possible, calibrate the CMM equipment to vehicle grid coordinates.

Position seat to design intent location and attitude.

Position the test seat and (if the HPM legs will be installed)

the seat in front of the test seat to design intent location and

attitude.

Install shoe fixture and shoe tool, if measuring leg and shoe
dimensions. Record shoe-based measurements. See 5.1.

Install shoe tool, if measuring leg and shoe dimensions.
Record shoe-based measurements. See 6.1.

Install and load the_cushion pan. and back pan

If measuring head|room, install head room fixture before loading the pans. See 7.1.
Determine H-point, torso angle, cushion angle, and LSP. See 4.8.

Attach thigh and Iqwer leg segments, if measuring leg-based Attach thigh and lower leg segments;,if-meal
dimensions. See §.1. dimensions. See 6.1.

suring leg-based

Determine optiongl measurements. See 5.2 and 7.1. Determine optional measurements. See 6.2

and 7.1.

4.1.1 Measured Vrsus Design Values

When verifying or [auditing a particular designated vehicle seating position, measurements tal
dimensional HPM afe normally compared to the design values indicated by.the vehicle manufactu
value is sufficiently flose to the manufacturer's design value, the vehiele/séat is considered to mee
design intent for that measurement. The vehicle manufacturer or a regulatory agency may provide
term "sufficiently cloge". Two HPM measurements of particular interest’are H-point (SgRP) and torso
4.2

Prepare Vehide and Seat

4.2.1 Vehicle
Dimensions are med
the fiducial marks (s
any HPM installatiop or measurement. Once the'vehicle is leveled, care should be taken to not leg
some other way knogk it off level.

isured relative to the vehicle three=dimensional reference system by setting up t

If the accelerator pedal is needed forthe’measurements, the accelerator pedal shall be held in an u
by some means. Fof example, use.blecks or clamp the accelerator cable to prevent the pedal from
rotates about a pivot, independent;of throttle movement, do not restrict that motion. If the accelerat
adjustment, the pedal shall be-positioned as specified by the manufacturer. If no specification is proy
be adjusted to its mqst forwardposition in the vehicle.

4.2.2 Seat

en with the three-
er. If any measured
t the manufacturer's
bpecifications for the
hngle.

ne vehicle relative to

be SAE J182) as specified hythe manufacturer. The vehicle (or seating buck) shall be leveled prior to

n on it, rock it, or in

ndepressed position
moving. If the pedal
pbr pedal has fore/aft
ided, the pedal shall

The vehicle shall be preconditioned at the manufacturer's discretion, at a temperature of 19 to 26 °C to ensure that the

seat material reaches room temperature. Room relative humidity should be within a range of 50%
humidity is not met, record both relative humidity and room temperature.

+ 5%. If this relative

The following considerations will help ensure that stable, reliable measurements are made across seat types. If the seat
to be checked has never been sat upon, a 70 to 80 kg person or device shall sit on the seat to flex the cushion and back.
Prior to the installation of the HPM, seats should remain unloaded for 30 minutes at the manufacturer's request. This is to

allow the seat and seat materials (e.g., foam) to recover from compression.

Muslin cloth should be placed over the seat prior to installing the HPM. The muslin cloth may be a single piece fitting
across both seat cushion and seat back, or two pieces, one for the cushion and one for the seat back. This ensures a

constant friction surface across seat fabrics. See B.11.
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When using the H-Point Machine (HPM), interactions can occur between adjacent seating positions (i.e. having an HPM
installed at the center occupant position can change the results obtained for the outboard occupant position). Therefore,
only one machine should be installed in a particular row of seats during each test.

4.3 Determine the H-point Travel Path (Optional)

If verification of the H-point travel path is desired, the seat’s travel path must be digitized, and then translated to the H-
point travel path. First, adjust the seat cushion to the middle of the cushion angle adjustment range. Next, place one or
more registration marks 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 by the CMM equipment. Finally, digitize the location of the registration mark(s) with the
seat in each of four positions: lowest most-rearward, highest most-rearward, highest most-forward, lowest most-forward.
By connecting these four points the seat's travel path can he seen mare readily See Figure 2A _steps 1 and 2.

NOTE: For seats without vertical adjustment, only two points need to be taken, most forward pnd most rearward,
provided the seat track follows a linear path. If the seat track travel path is curved, additignal points (between
foremost angl rearmost) need to be taken.
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@ S

\ Design H-Point with

Seat Travel Path — TTTe---e Seat in Lowest
" i Most-rearward Position
TTTo--e
@ Digitized Registration Marks
Registration Mark
Placed on Seat
\ . Design H-Point with
@ Seat in Lowest
Most-rearward’Ppsition

H-Point Travel Path —/

[ _1'/ .:“‘-

T Translate Seqt
1_' Travel X mm

Longitudinally
T— and Z mm Vertically

Digitized Registration Marks
(a) Translate seat travel path to H-pointtravel path

Design SgRP Location

Vertical Shift to
SgRP Location

| I |

H-Point Travel Path
Adjusted to lowest
Most-rearward Design
H-Point Location

Lowest Most-rearward
Design H-Point Location

Horizontal Shift to
SgRP Location

(b) Move seat to SgRP location

FIGURE 2 - LOCATING SGRP FROM THE SEAT TRAVEL PATH

4.4  Adjust Seat tolbesigh-trtent
4.4.1 Move Seat to Design Intent Position

All adjustable features of the seat shall be set to manufacturer’s design intent attitude or position before installing the
HPM.

For seats with an independent vertical adjustment or suspension, the vertical position shall be rigidly fixed in a position
specified by the manufacturer.

The seat registration mark is helpful in positioning the seat at design intent relative to one of the seat's extreme locations
(usually the rearmost, lowest position) determined in 4.3. Normally the design intent position specified by the vehicle
manufacturer is the seating reference point (SgRP). Figures 2A and 2B illustrate a typical way to translate seat travel to
H-point travel, and then to SgRP. After an adjustable seat is positioned at design intent, digitize the seat registration
mark(s).


https://saenorm.com/api/?name=f6821e1f88b132f4987e1bf38d3d3f1b

SAE J4002 Revised JAN2010 Page 11 of 57

4.4.2 Torso Angle and Cushion Angle

Seat torso and cushion angle adjustment procedures for auditing differ depending on whether or not variance in seat build
is of interest.

4.4.2.1 STANDARD AUDIT: Include Seat and Vehicle Build Variability

The seat shall be adjusted to the design intent torso angle and cushion angle before installing the HPM. The vehicle
manufacturer (or seat supplier) shall provide information regarding the location and attitude of the discernable seat
structure (e.g., the seat frame), other hard points (e.g., seat controls, pivot points, head restraint rods, etc), or the amount
of adjustment required to attain the desired seat attitude.

4.4.2.2 OPTIONAL AUDIT: Exclude Seat Build Variability

If the purpose of the|audit is to evaluate the build of the vehicle package without accountingfor.Seat puild variability, then
the HPM needs to bg installed in order to set the seat to the design intent values of torso and cushion|angles.

As the HPM is loaded with weights, torso angle tends to increase and cushion angle”tends to degcrease. If torso and
cushion angles are pdjustable, the initial (unloaded) angles usually differ by about,1"to 2 degrees fjom the desired final
angles after loading| For example, set the seat back initially to an angle of approximately 20 degregs to achieve a final
torso angle of 22 degrees.

Monitor and readjust torso and cushion angles as necessary during installation of HPM weights in prder to achieve the
design intent angles as the final reading (see Table 2). Then, remove the HPM, wait 30 minutgs to allow the seat
materials to recover] and install the HPM a second time for the audit..For this audit the HPM installatipn normally includes
the leg and shoe tod|, as well as the head room fixture.>

TABLE 2 - QPTIONAL AUDIT: ADJUSTING TORSO-AND CUSHION ANGLES DURING HPM LOADING

Driver Position 2nd or 3rd Row Passenger [Positions
Torso Angle Initially set the torso angle to*approximately If the seat recliner is adjustable, |nitially set the
A40 2 degrees more vertical than design intent. torso angle to approximately 2 d¢grees more
Monitor and adjust ifheeded during HPM vertical than design intent. Monitpr and adjust
loading to achieve.design intent. if needed during HPM loading tolachieve
design intent.
Cushion Angld If the seat cdshion is adjustable, initially set the cushion angle to be slightly greatgr than design
A27 intent value.)Monitor and readjust as necessary during HPM installation to achieve the design

intent.cuishion angle as the final reading.

3 The seat can also be audited independent of the vehicle.
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Handle B1 Divot
7 Back Weight (12)
Torso Articulation Ig
Locking Lever \
B2 Divot Articulation Mechanism
Thoracic
Inclinometer Lands Ragment
Upper Weight Rack (Left Side)
Head Rop
LSP Scale Lumbar Segment
Load Application Point Lower Weight Rack (Leff Side)
Pelvic Segment
£SP Indication " .point Pivot Shaft
FIGURE 3 - BACK PAN
4.4.3 Seatin Front of Test Seat

If leg positions, leg fjloom, foot room, and knee clearance are tq be’measured, the seat in front of the

positioned to its SgR
4.5 Install HPM C

451 Installthe C

Place the cushion pan (Figure 4) on the seat with the back of the pan resting lightly against the seat

the cushion pan late

In
(C

P and design intent torso angle.
Ishion and Back Pan Assembly

Ishion Pan

rally in the seat.

clinometer Land
tushijon. Angle)

Thigh Weight
Locating Pins

Point

(&

H1R Divot

test seat should be

back. Visually center

“® Pelvic Weight (6)

Locking Bushings
_» (for attaching Back Par

S

H-Point Rods

Locking Bushings
(for attaching Thigh Segment)

"L H2L Divot
H1L Divot

H-Point Saddle

Thigh Weight (6)

FIGURE 4 - CUSHION PAN
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4.5.2 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.

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 sliding 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 cantour Ensure that the fnp and bottom corners.

at each side of the

lumbar segment ren
the back segments.

NOTE 1: The cushi
as above,
in the slou

NOTE 2: If measuri

45.3 Level the HR
Referring to the bub
the HPM is in firm cq
4.6 Load the HPM
Installing weights on
unlocked. Weights
toppling out of the s
the appropriate loag
force once the pung
seat during the loadi

The HPM shall be
summarized in Tablg

ain outside the thoracic and pelvic segments. Also ensure that the muslin clothns
Figure 5)

bn and back pan can be connected and installed as a single unit if préferred. Fg
centering the cushion pan lightly against the seat back with the back pan rotated
ched position.

ng head room, install the head room fixture now (see 7.1).
M

ble level on the cushion pan, dither and adjust thecHPM so it is level laterally on
ntact with the seat back.

the HPM is referred to as ‘loading'.The HPM shall be loaded with the torso art|
hall be installed from the H-point outward and from the H-point upward to prg
eat. Prior to each round of weights being loaded, an 89 N force shall be applied
application site with the spring-loaded probe. The operator shall immediately
h probe reaches its spring loading. This procedure ensures the HPM remains

ng.

checked for level~during the loading process. The sequence of actions fo
3, shall be follewed.

TABLE 3 - LOADING THE HPM

not caught between

llow the same steps
forward and locked

the seat. Make sure

culation mechanism
bvent the HPM from
twice by ‘punching’
release any applied
fully nested into the

r loading the HPM,

Round Apply 89 N Load 2 Weights THEN Load 2 Weights gheck for:

1 Punch twice 2 Pelvic - innermost positions 2 Thigh Level
(cushion)

2 Punch twice 2 Pelvic - next innermost 2 Thigh Level
(cushion) positions

3 Punch twice 2 beveled Pelvic - outermost 2 Thigh Level
(cushion) positions

4 Punch twice 2 Lower rack - innermost 2 Upper rack - innermost Level
(back) positions positions

5 Punch twice 2 Lower rack - next innermost 2 Upper rack - next innermost Level
(back) position positions

6 Punch twice 2 Lower rack - outermost 2 Upper rack - outermost Level
(back) positions positions

7 Lock Torso Articulation
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46.1 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 (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.

4.6.2 Load the Bagk-Ran

There are two aread for loading weights on the back pan assembly, the lower and upper racks:~However, the same type
of weight is used in both areas.

NOTE: When auditing the vehicle but not the seat build, adjust the seat cushion or seat)back reclinef if necessary during
the loading [fo obtain a final cushion and torso angle that equals design intent (see 4.4.2.p). The adjustments
should be miade after checking the cushion or back pan for level in each rounad shown in Tablg 3.

Punch the HPM twig¢e at the back pan load application point (Figure 5). InstallMtwo weights on the Ipwer racks — one on
either side of centerline. Push the weights toward the centerline as far as possible. Install two weightg on the upper racks,
one on either side of centerline, and push towards the centerline. Check<orlevel.

Repeat these steps [(punch twice, load two weights on the lower rack;’load two weights on the uppei rack, and level) two
more times.

After the back pan if fully loaded and level, lock the torso articulation mechanism.

The completed HPM installation is shown in Figure 5.

Head Room Probe Setting

for Torso Angle and LSP ﬁ

Overlap of Back
Pan Segments

LSP Indication

Back Pan Load
Application Point

Cushion Pan Load
Application Point

FIGURE 5 - H-POINT MACHINE INSTALLED IN A SEAT
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4.7 Soak Time

After installation, the HPM can continue to 'settle' into a seat, depending on the type of seat being used. Therefore, the
installer should wait 5 minutes after completing the HPM installation before recording data.

4.8 Record Measurements—Digitize HPM Points

The HPM allows the H-point location, torso angle, lumbar support prominence and cushion angle to be defined without
attaching the legs.

4.8.1 H-point

The H-point is located at the lateral centerline 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). {f\either H1L or H1R is not
readily accessible by the CMM, use divots H2L and H2R. Both H1L and H1R or H2L and H2R shopld be digitized. The
H-point is midway bg¢tween these two points. Divot points B1, B2 and C1 may be used to éstablish tHe HPM center plane
in CAD to check the|Y coordinate of the H-point.

The digitized H-poimt, which represents the measured SgRP, shall be compared.'to the design $gRP to assess the
accuracy of the seat|build.

4.8.2 Torso Angleland Cushion Angle
fixture land or back fassembly land; cushion angle, using the cushion’pan inclinometer land. As an glternative, the torso

angle can be calculated from divot points H1L, H1R and B1, andhe cushion angle from divot points H1L, H1R and C1.
H2L and H2R can b¢ used in lieu of the H1 divots.

Record the followinI;measurements using an inclinometer and the appropriate land: torso angle, ysing the head room
t

4.8.3 Lumbar Support Prominence
The HPM provides g scale on the back pan assembly for a direct read-out of the lumbar support prominence (Figure 5).
4.8.4 Summary of| Driver Measurements

Table 4 shows the standard and optionakmeasurements for the driver seat position.

TABLE 4 - DRIVER MEASUREMENTS

SAEJ1100 Code? Dimension
8%, W20, H70 SgRP X, Y, and Z coordinates
A40 Torso Angle
A27 Cushion Angle

1 b fa) 4+ D H Vil el =AY
COXT Caroarr SopPpPUTrt T 1o neTict (0T )

Optional Measurements (leg and shoe attached)

L8, W8, H8 Accelerator Heel Point X, Y, and Z coordinates
L1, W1, H1 BOFRP X, Y, and Z coordinates
PW86 BOFRP to AHP lateral offset
A47 Shoe Plane Angle (SPA)

A57 Thigh Angle

A42 Hip Angle

Ad4 Knee Angle

A46 Ankle Angle

H30 Seat Height

H61 Effective Head Room

L33 Maximum Leg Room

L34 Effective Leg Room
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5. OPTIONAL MEASUREMENTS FOR DRIVER SEAT

5.1 Legand Shoe

Installations

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 ball of foot reference point

(BOFRP) and the ac

5.11

celerator heel point (AHP) for the driver.

Mark Accelerator pedal Centerline

Before installing the shoe tool in the driver compartment, place masking tape down the longitudinal center of the

accelerator pedal, a

d-draw a ling alona the acecelerator centerline
2] k -

5.1.2 Installthe S

The shoe fixture is

shoe fixture approximately 100 to 150 mm rearward of the accelerator pedal such that the fork that w

is in line with the ac
fixture until it is level
5.1.3 Installthe S
Place the shoe in t
locking screw to ho
depressed floor covg
flat, free-pivoting pe
point of contact, tha
flat pivoting pedal, th

If the manufacturer d
SPA = 2.52]
Check to make sure

The SPA is measur,
shoe plane angle cal

5.1.3.1 Interferen

noe Fixture
ised to hold the shoe level and in place on the pedal (Figure A4). Position the

celerator centerline. The fixture shall be square to the grid and evel. Adjust the

noe Tool
he fixture, set the Shoe Plane Angle (SPA) at the.manufacturer specified and
d the shoe in place and slide the shoe forward..The shoe shall be positioned
ring, the bottom of shoe contacting the pedal face and the BOF aligned with the
Hal pads, the bottom of the shoe should beAlush with the face of the pedal. W
ere is not a specific PCP. See Figure 8;

oes not specify a SPA, calculate the SPA from Eq. 1.

P(107)(H30° — 3.961(10™)(H30%) + 4.644(10)(H30) + 73.374 degrees from horizd

the shoe tool is square.to-the grid. Adjust the fixture and shoe if necessary.

bd directly by placing the inclinometer on the rearward-facing surface of the sh
n be calculatedifrom the z-coordinates of divot points S3 and S2.

SPA = Shoe Plane Angle = arcsin [(S3; — S2;) / 94]

Ce

forward edge of the
ill hold the shoe tool
screws on the shoe

le, tighten the shoe
Wwith the heel on the
pedal centerline. For
nen there is a single

point is the Pedal Contact Point (PCP). , Where there is continuous contact, e.g. with a suspended,

ntal (Eq. 1)

oe. Alternatively the

(Eq. 2)

Occasionally, some aspect of the vehicle’s structure — such as the tunnel, rocker, center console, etc. — prevents the
positioning of the shoe tool and fixture as described in 5.1.3. If the interference prevents the shoe tool from being properly
positioned at the accelerator centerline, 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 centerline of the accelerator pedal,
even though the shoe BOF will not be at the centerline. The AHP is defined at the location of the heel of shoe 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 will still need to be moved to
clear the interference, but the AHP location is defined as if the shoe were aligned at the pedal centerline. In other words,
the AHP coordinates are defined as if the shoe had remained positioned on the pedal centerline with no interference. This
translation is most easily done in CAD.

5.1.4 Install Leg S
When taking the sh
organizations, set th
459 mm. Manufactu

Install the thigh seg
pins lock into place
lower leg segments,
in place.

PW86
—| |--—
|
BOF . BOFRP

<~ Interference at

Side of Shoe
g;':;‘ipé iﬁ-;ii g Edgeof Tunnel or

‘\ Center Console

Depressed

Floor Covering
AHP

Interference at
Side of Heel

FIGURE 6 - AHP TO BOFRP LATERAL OFFSET

egments

pbe and leg measurements in¢5:2 and 6.2 for the purpose of reporting these di
ers may use non-SgRP leglengths for other purposes.

ment by placing the_forks on the H-point rods. Slide the locking bushings inward

Figures 4 and_7).Install the lower leg at the ankle pivot without moving the sho
raising the thigh*segment if necessary. Use the bushing on the knee pivot rod to

mensions to outside

e leg segments at the SgRP leg lengths, i.e. pin the thigh length to 456 mm and the lower leg to

and rotate until the
p. Join the thigh and
secure the lower leg
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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 head room probe.

FIGURE 7 - PERSPECTIVE VIEW OF HPM,
INCLUDING OPTIONAL COMPONENTS
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5.2 Record Measu

rements

The shoe measurements (5.2.1, 5.2.2, 5.2.3 and 5.2.4) should be recorded immediately after installation of the shoe tool

(see Figure 8).

Shoe Plane

Shoe Plane
PCP

[ Shoe Plane [

BOFRP

SPA SPA

Suspended Curved Pedal

H
5.2.1 Shoe Plane
Record the SPA det
5.2.2 Ball of Foot

The BOF point can

The location of the
The PCP may be dig

5.2.3 Accelerator

The AHP cannot b
below.

Suspended Flat Pivoting Pedal

IGURE 8 - SHOE REFERENCE POINTS RELATED TO ACCELERATOR PEDA
Angle
ermined in 5.1.3.
Reference Point
e digitized directly, or it can be calculated using the followings equations.
BOFy = BOFRPy = S8 — 25 * cos(SPA) — 5 * sin(SPA)
BOF;, = BOFRP,= S3; + 25 * sin(SPA) — 5 * cos(SPA)

edal contact point (PCPR) relative to BOFRP can be measured by a scale on the
itized, if desired.

Heel Point

directly, digitized. It is calculated using the shoe divot points (S1, S2 and S3

AHPy = S3x + 175 * cos(SPA) — 5 * sin(SPA)

Treadle R

edal

(Eq. 3)
(Ea. 4)

shoe tool (Figure 9).

, and the equations

(Eg. 5)

AHP; = S3; — 175 * sin(SPA) — 5 * cos(SPA)

(Eg. 6)

AHPy and BOFy are defined at the shoe centerline, and can also be determined from the divot point locations. The S1,
S2, and S3 divot points are offset 10 mm to either side of the shoe centerline. The direction of the 10 mm correction to an

Sy location will depe

nd on which side of the shoe was digitized (see Figure 9).
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BOFRP to AHP
Lateral Offset Scale

BOFRP to PCP

Plan+View of Shoe
(shown with side
view profile removed)

FIGURE 9 - SHOE\DIVOT POINTS
5.2.4 AHP to BOHRP Lateral Offset

The AHP to BOFRR 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.

5.2.5 Knee Angle jand Ankle Angle
Both can be read directly on the scales provided.
5.2.6  Thigh Angle|and Hip Angle

The thigh angle is measured.using an inclinometer and the inclinometer land provided on upper leg gegment (Figures A3
and A8).

The hip angle can be calculated from the torso and thigh angles as follows:

Hip Angle = 90 degrees — thigh angle + torso angle (Eq. 7)
6. OPTIONAL MEASUREMENTS FOR 2ND OR SUCCEEDING ROW PASSENGER SEATS
6.1 Leg and Shoe Installation
If the user plans to measure shoe and leg dimensions, the shoe tool should be installed before the HPM cushion and
back pans are installed. The shoe tool is used to establish the Floor Reference Point (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 ankle angles. These dimensions are defined in SAE J1100.

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

Place the shoe tool on the floor and slide it forward, beneath the seat in front, until it reaches an obstruction. The shoe
can be placed anywhere within 127 mm of occupant centerline, and should be positioned such that its movement
forward is optimized (see Figure 10a).

If the shoe cannot fit on the floor between the seats, measurement of knee clearance (L48), leg clearance (L58), and leg
room (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 (Figure 10c). Move the shoe laterally
within £127 mm of occupant centerline, keeping the rear of the shoe 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 eg room measuredin 623 (Qpn I:igIlI’PQ 10c and 11)

If the shoe cannot fif and the preceding seat does not have fore/aft adjustment, then measurement of knee clearance, leg
clearance, and leg rpom must be done in CAD. Move the seat horizontally forward in CAD to. determine the amount to be
subtracted from leg foom.

NOTE: The H-point|design (HPD) shoe shown in Appendix 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.

\/ Interference

Ankle
Circumference
|/ | /

C

®
= FRP
1 '
DepJessed Floor Covering—/ Depressed Floor Covering—/
(a) Shoe is firgt positioned as far ferward as (b) Shoe may need to be moved reafward to
possible eliminate ankle interference with Igwer seat
back trim

/ t : ! Interference
\

mrerference\ Maximum Ankle Angle 130°
L — FRP FRP
[ | | |
Depressed Floor Covering -/ Depressed Floor Covering /

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

FIGURE 10 - SHOE AND LEG INSTALLATION FOR REAR PASSENGER SEATS
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6.1.2 Install Leg Segments

Install the thigh segment and lower leg segment as for the driver (see 5.1.4). 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, 6.1.2.1, and 6.1.2.2).

6.1.2.1

Reposition the Shoe Tool (if necessary)

There are two conditions under which the shoe tool will need to be moved rearward:

shoe tool (Figure

10h)

Interference between the preceding seat back or seat trim and the ankle circumference of the lower leg segment or

In either of these ev

6.1.2.1.1 Interferg
Temporarily attach

circumference on th
to just clear the inte

but will be consider¢d when determining knee or leg interferences withishort-coupled seating. Use

define the FRP, floo

If there is interferen
segments now (see
6.1.2.1.2 Long-cq
Prior to moving the

Use this shoe positi
Move the shoe rear

pivot point, with an gnkle angle of 130 degrees.

6.1.2.2 Short-cou

In vehicles with shoift-coupled seating, the knee or the lower leg segment interferes with the seat bad

ahead (Figure 11b).
the lower leg and thi

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

T

nts, the shoe tool shall be repositioned before FRP or floor plane angle|can be d
nce
bnly the lower leg to the shoe to determine if there is intérference in the are

b lower leg (Figure 10b). If there is interference at the ankle circumference, moyv
ference. Interference above the ankle pivot circumferénce is not considered for

plane angle, and all other dimensions.

ce above the ankle circumference, proceed<o 6.1.2.2. Otherwise, attach the
b.1.4).

upled Seating
shoe rearward, record the ankle. pivot point (S1 divot) so that leg room can be

bn to establish the floor reference point, floor plane angle, and all other dimensid
ward until the cushion pan-thigh-lower leg assembly can be attached to the sh

bled Seating

In this case) mark the SgRP location of the preceding seat. Move the preceding
hh to betinstalled. Do not move the shoe.

130 degrees (Figure

bfined.

A of the ankle pivot
e the shoe rearward
positioning the shoe
this shoe position to

thigh and lower leg

correctly calculated.

ns except leg room.
oe tool at the ankle

k of the seat directly
beat forward to allow
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Knee Clearance: Knee Pivot
Center to Seat Back Trim
Minus 51mm

51 mm

: A
Leg Line
Leg Clearance / Interference Zone Y~——Leg Clearance: Minimum
/ Distance between Front of
tegand-SeatBack—Frim
Measured Normal to
Leg Line

FRP

(a) Leg and knee clearances

Negative Knee Clearance: Knee Pijvot
to Seat Back Trim Minus 51 mm

Negative L eg Clearance: Maximum
Distance |from Front of Leg to
Seat Back Trim Measured Normal
to Leg Lime

Leg Line

SgRP-Front

R
Shoe Interference —>| |—<— FRP

(Ncln-Adjustab!e Portion of Seat)
(b) Shoe, leg, and knee interferences

P-Second

Leg Room: H-Point to Anklg Pivot
Plus 254 mm Minus Shoe Interference

FIGURE 11 - KNEE CLEARANCE, LEG CLEARANCE, AND LEG ROOM
FOR SHORT-COUPLED SEATING
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6.2 Record Measurements for Rear Passengers
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 5.2.5 and
5.2.6).

FIGURE 12 - H-RPE@INT MACHINE INSTALLED IN REAR OUTBOARD SEAT
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Table 5 lists the passenger measurements that can be taken.

TABLE 5 - REAR PASSENGER MEASUREMENTS

SAE J1100 Code® Dimension
L31, W20, H70 SgRP X, Y, and Z coordinates
A40 Torso Angle
A27 Cushion Angle
L81 Lumbar Support Prominence (LSP)

Optional Measurements (leg and shoe attached)

6.2.1 Floor Refersg
The shoe divot poin
can be digitized if dg
6.2.2 Floor Plane
The floor plane ang

Alternatively the flog
following equation.

6.2.3 Knee Clears

L98, W98, H98 Floor Reference Point X, Y, and Z coordinates

A48 Floor Plane Angle

A57 Thigh Angle

A42 Hip Angle

Ad4 Knee Angle

A46 Ankle Angle

H30 Seat Height

H61 Effective Head Room

L48 Knee Clearance

L58 Leg Clearance

L51 Effective Leg Room

& A suffix (-2, -3, ...) that denotes the seat row must\be'added to each dimension
code.

nce Point (FRP)

[s can be digitized, and the FRP cal¢ulated by using the AHP equations in 5.2.
sired.

Angle

e is measured directlyzby placing the inclinometer on the rearward-facing surfa

r plane angle can /Mbe-calculated from the coordinates of the divot points S3; g
FPA = Floor Plane Angle = arcsin [(S3,- S2,) / 94]

nce and.Leg Room

Knee clearance is t

he-minimum distance between the knee pivot point (K1 divot) and the precedi

B. Other divot points

e of the shoe 'sole'.
nd S2; by using the

(Eq. 7)

g seat back, minus

51 mm (Figure 11).

The measurement IS taken within 127 mm to enher side of the occupant centerline. This

measurement is best done in CAD from a scan of the preceding seat back in the vicinity of the K1 divot point and lower
leg of the HPM. Knee clearance will be a negative value if the knee interferes with the preceding seat back. See SAE

J1100 for a decision

tree explaining long- and short-couple CAD procedures.

If there is interference below the knee and above the ankle circumference, use the leg clearance dimension (L58) in SAE
J1100 to determine the amount of interference. For short-coupled seating, measurement of knee and leg interferences
shall be done in CAD.

Leg room is the distance in side view along a line from the ankle pivot center (S1 divot point) to the SgRP, plus 254 mm,
measured within 127 mm to either side of the occupant centerline, with the heel of shoe 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 Head Room

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

7.1.1 Install the Head Room Fixture

Slide the forks at the end of the head room fixture into the grooves on the brass locking bushings of the cushion pan. 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 'FII”\JI :\gninct thn cfr\p on thn hack p::n_ Then prr\nnnd with-4-5.3.

5

Sliding Tube with Probe
, -~ g
Inclinometer Land

(Torso Angle) \

Effective Headroom Scale

Angle Adjusting Screw
Fork

FIGURE 13 - HEAD ROOM FIXTURE
7.1.2 Measure Effective Head Room

Effective head room|can be measured using the scale inside the head room fixture. First, turn the adfuster screw until the
torso angle is at 8 glegrees reamward of vertical (use the inclinometer on the head room fixture land). Then pull up the
probe in the head ro%m fixture-until it lightly contacts an overhead surface, normally the headliner. Repd the measurement
from the scale on th¢ head room probe.

8. REMOVE THE HPM

To aid in removing the HPM, seats may be moved, unless a subsequent HPM installation will be made in the succeeding
row.

Remove lower leg segment, if installed.
Remove thigh segment if installed.

Weights are removed from the HPM in the reverse order that they were installed. Unload the HPM following the removal
order of Table 6.
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TABLE 6 - UNLOADING THE HPM

Round Remove 2 Weights from: THEN Remove 2 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 head room fixture, if installed.

Remove cushion an
and re-lock the med
pan. Alternatively th¢

Remove shoe tool a
9. NOTES

9.1 Marginal Indic
A change bar (I) loc
not editorial change

title indicates a com
original publications

PREPA

d back pans: Unlock the torso articulation mechanism, position the back panin
hanism. Slide the brass locking bushings outward and remove the back pan. |
p cushion and back pan can be removed as a single unit.

nd shoe fixture, if installed.

a

ated in the left margin is for the convenience of the user in locating areas wherg
, have been made to the previous issue of thiscdocument. An (R) symbol to the
plete revision of the document, including technical revisions. Change bars and
nor in documents that contain editorial changes only.

a slouched posture,
Remove the cushion

technical revisions,
left of the document
(R) are not used in

RED BY THE SAEFHUMAN ACCOMMODATION AND DESIGN DEVICES COMMITTEE
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APPENDIX A - (NORMATIVE)
DESCRIPTION OF THE THREE-DIMENSIONAL H-POINT MACHINE (HPM)

Al AVAILABILITY
The HPM is available from SAE International, 400 Commonwealth Drive, Warrendale, PA, 15096-0001.
A2 MAJOR COMPONENTS

This section provides descriptions of the parts and some basic dimensions of the HPM. Complete dimensional information
can be found in Appendix B.

For the HPM, the Igg segments (thigh and lower leg), shoe tool, cushion pan and back pan asseanIy are all separate
pieces (see Figure Al).

Head Room Probe

Back Pan
Segments
Lower Leg Thoracic
S
—— Lumbar
L Pelvic
Cushion Pan

| —
=) —-— Shoe Fixture

FIGURE Al - MAJOR NEW HPM COMPONENTS

A.2.1 Back Pan|Assembly

The back pan assembly consists of the back pan with its thoracic, lumbar, and pelvic segments. It contains the following
parts (see Figure 3):

Handle

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
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A.2.2 Cushion Pan
The cushion pan assembly contains (see Figure 4):

Cushion pan

Handle

H-point saddle with pelvic weight locations
H-point rods

Locking bushings for attaching back pan
Locking bushings for attaching thigh segment
Load application point for spring probe
Lateral level
Thigh weight platform and locating pins

A.2.3 Lower Leg Segment
The lower leg segment includes (see Figure A2):

Knee pivot slot
Leg length scale
Leg length locking pin
Leg length locking screws
Knee angle scalg
Lower leg angle ipclinometer land

Knee Angle Scale

Knee Pivot Sidt

Fork
Inclinometer Land
K2 Divot (Thigh Angle)

Thigh Lpngth Scale

Lateral Leg
Position Scale

Leg Length Scale
Locking Screw:.

Locking Screws
LaCking Pin

Inclini ter Land
(Thigh Angle)

Inclinometer Lang
(Lower Leg Angle)

Locking Bushing

K1L Divot

FIGURE A2 - LOWER LEG SEGMENT FIGURE A3 - THIGH SEGMENT

A.2.4 Thigh Segment
The thigh segment consists of (see Figure A3):

Locking bushing (for attaching lower leg)
Knee pivot rod

Thigh length scales

Thigh length locking pins

Thigh length locking screws

Fork (for attaching to H-point rod)
Lateral leg position scale

Thigh angle inclinometer land
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A.24.1 Length of Thigh and Lower Leg Segments

The length of the leg segments can be adjusted. However, for measurements related to the SgRP (or R-point), the SgRP
leg length values shall be used (see Table Al).

TABLE Al - LEG SEGMENT LENGTHS

Leg Segment SgRP Mid-Size Male
Thigh 456 mm 432 mm
(knee pivot to H-point)
Lower Leg 459 mm 417.5 mm

(knee pivot to ankle pivot)

A.2.5 Shoe Tool and Shoe Fixture

The ball of foot (BOF), heel of shoe (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 (corngr) of the 2 scales on
the top surface of th¢ shoe. Other parts of the shoe tool include (see Figure A4):

Locking screw
Ankle angle (typigally 87 degrees for the Driver)
AHP to BOFRP lateral offset scale

BOFRP to PCP (pedal contact point) scale
Shoe plane anglq inclinometer land

The shoe fixture is used to hold the shoe tool in place on the aceelerator (see Figure A4).

e 2 leveling screws
e Bubble level
e Fork for attaching the shoe tool

Leveling Screws

Scale

Locking Screw \

Shoe N Hos Shoe Fixture
\ S2L Divot
Inclinometer Land (SPA and FPA)
BOFRP to PCP Offset Scale

S3L Divot
BOFRP to AHP Lateral Offset Scale

FIGURE A4 — SHOE TOOL AND SHOE FIXTURE
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A.2.6 Spring-loaded Probe
The probe is used to deliver 89 N (20 Ib) of force at the appropriate load application points.
A.2.6.1 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).

A2.7 Inclinomet

An inclinometer is

er (Electronic Level)

rovidad for-detarminina - varione nactura analac vwhan ucina tha LIDM ineobds
Ve o—o—aete gy o uS—p O Stur e gre S e H—uaShg—He— 1 vrr—Heraon

torso angle, thigh

angle, cushion angl
provided on the app
A2.7.1 Inclinom

There are six locatid
and cushion pan.

A.2.8 Weights

e, and shoe plane angle. Specific sites for placing the inclinometer — referre
opriate components.

eter Lands

ns provided for positioning the inclinometer: lower leg, thigh, head oom fixture,

The HPM comes with 3 types of weights: pelvic, thigh, and back. The total humber of weights is 24:

12 back. Two of the

A.2.9 Head Roo

A separate fixture is

Fork (for attachin
An adjusting scre|
A land for measu
A sliding tube wit
Effective head ro

A3 REFERENG

A3.1 Pivot Loca
The HPM can be ar
joined), lumbar-pelv
centers lie within the

pelvic weights have beveled edges. See Appendix'B for a full specification.
Im Fixture
provided for measuring effective head rogom. The fixture consists of (see Figure 1

y to the HPM)

W for setting the angle of the fixture
ing the angle of the fixture

N probe

bm scale

E POINTS AND ANGLES
tions

iculated~about six pivot locations: ankle pivot, knee pivot, H-point (where cushid
c pivet; thoracic-lumbar pivot, and sliding thoracic pivot (see Figure A5). In the

l to as lands — are

shoe tool, back pan,

b pelvic, 6 thigh, and

n and back pan are
HPM, the pivot point

pivot mechanism.
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Sliding Thoracic Pivot

Thoracic-Lumbar Pivot

Knee Pivot Control Link

H-Point

AU
Lumbar-Pelvic Pivo r:

FIGURE A5 - PIVOT POINTS

A.3.2 Support Ppints

There are nine supgort points: 5 are located on the bottom surface of the cushion pan and 4 are on|the outer surface of
the back pan assenibly (see Figure A6). The support points are provided to facilitate seat design. Additional information

can be found in Appgndix B.

Centerline Centerline

D-Point |

A
CP1 «

D2 * ,'\_,,'/ C$P2

C
L,‘\_J

[‘\.
| BP2 +4
\ S )V
Bottom Surface

of Cushion Pan \ Outer Surface
of Back Pan

BP3
+

FIGURE A6 - SUPPORT POINTS
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A.3.3 Divot Points

Fourteen divot points are provided on the HPM for use with CMM* equipment (see Figure A7). On the HPM, divot points
are located in the center of the small gold colored disks on the mechanism. Specific locations of the divot points can be
found in Appendix B. The primary purpose of the divot points is to allow for the calculation of key reference points.

. o

9
< > 1mm B1
Reference Surface +

Divot Cross Section

S
S

For example, the cgordinates of H1L and H1R (oi~H2L and H2R) are required to calculate the H

coordinates of S1, S
Divot points can als
(e.g., torso angle, cu

1L & S1R

K1L & K1R

L & S2R
L & S3R

FIGURE A7 - DIVOT POINTS ON THE HPM

2, and S3 are required to calculate the location of the accelerator heel point (or fl
b be used to calculate with-additional precision anything that can be measured d
shion angle, knee angle, lumbar support prominence, etc.). See Table A2.

TABLE A2 - DIVOT POINT OVERVIEW

-point location. The
oor reference point).
rectly from the HPM

Divgt Type Summary of Use
Back Pan Djvot Points The B1 point can be used with the H1 or H2 points to define the torso arjgle. This
(B1, B2) an can then be compared to B2 for a measure of lumbar support. The C1 ppint can be
Cushion Parp DivotPeints used with the H1 or H2 points to define the cushion angle. Additionally, B1 and B2
(C1, H1R, HLLL) can be used together with C1 to define the centerline of the HPM.
H-Point DivotReints Fhe-HlerH2poits-are-tsed-to-define-theH-peintlecation—Fhetmeasured H-point is

(H1R & H1L

p
or H2L & H2R) located at the intersection of centerline of the HPM, the torso line and the cushion

line. The Hlor H2 locations are averaged to define the X, y, z coordinate
H-point. (Alternatively, B1, B2, and C1 can be used to define the H-point
coordinate.)

s of the
y

Shoe Divot Points
(S1R, S1L, S2R, S2L,

Shoe divot points are used to define the AHP (accelerator heel point). They can also
be used to define the BOFRP (Ball of Foot Reference Point), the shoe plane angle,

S3R & S3L) and the floor plane angle.
Knee Divot Points Knee divot points can be used to locate the knee pivot point center. By using this in
(K1L, K1R, & K2) combination with the S1 and H1 or H2 points, knee angle can be determined.

4

A CMM (Coordinate Measuring Machine) is a computer assisted three-dimensional system for the measurement and digitizing 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,Z coordinates of the
points. This information can then be read into the appropriate CAD environment.
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A.3.4 Key Reference Points and Lines

For the HPM, the key reference points and reference lines need to be calculated using divot points. Table A3 summarizes
the HPM locations.

TABLE A3 - KEY REFERENCE POINTS AND LINES

Reference Point

or Line

Summary of Location

H-Point

The intersection of the cushion line and torso line corresponds to the pivot center of the cushion pan
and back pan. This point is within the mechanism, and must be calculated using the divot points H1L

and H1R or H2L and H2R. For additional accuracy, the divot points B1, B2, and C1 ca

n be used to

detine the lateral centerline or the HFPM.

D-Point

Located on the bottom of the cushion pan, at the lateral centerline, 25.5 mm (15 dégre

es) rearward of

the H-point (when cushion angle equals 0). This point is identified by a divot pgintion tihe surface of the

cushion pan (Figure A6). However, when the HPM is installed, this point cannet be reg
be calculated relative to the H-point.

ched and so must

Heel of Shoe

The heel point is found at the bottom of the back of the shoe, at the lateral ecenterline.
the accelerator heel point (AHP) for the driver, and the floor reference-point (FRP) for
heel point cannot be reached when the HPM is installed. The location must be calculal
and S3 divot points.

t is used to define
pbassengers. The
ed using S1, S2,

Ball of Foot (BOF

The ball of foot (BOF) is located on the bottom of the shoey at'the lateral centerline, 20
heel point. It is used to define the Ball of Foot Reference Roint (BOFRP) for the driver,
tool is located at the zero marking (corner) of the 2 scales’on the top surface of the sh
precise location can be calculated using S1, S2, and\S3 divot points.

3 mm from the
BOF on the shoe
pe. A more

Torso line A line from the H-point through the sliding thoracicpivot (B1 divot point).
Cushion Line A line from the H-point through the C1 divot.paint.

Thigh Line A line from the H-point through the knee pivot K1.

Leg Line A line from the knee pivot K1 through. the ‘ankle pivot S1.

Bottom of Shoe

A line in side view from the heel of shee through the BOF. The angle of this line from H
the shoe plane angle (driver) or floor plane angle (passengers).

orizontal defines

Bare Foot Flesh
Line

A line originating from a point-286.9 mm from the heel of shoe, on the bottom of shoe
degree angle. This line is-provided on the HPD, but not on the HPM.

ne, ata 6.5
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A.3.5 Posture Angles and LSP
The HPM can be used to determine posture angles. Several angles are summarized in Table A4. The methods for taking
the measurements refer to reference lines, divots, and lands. Torso and cushion angles, as well as lumbar support
prominence, can be measured without installing the legs. Other angles in Table A4 require installation of the legs and
shoe tool (see Figures A7 and A8).

TABLE A4 - POSTURE ANGLES AND LSP

SAE
J1100
Code

Posture angle

Location and measurement

A40

Torso

Angle

The angle of the torso line from vertical defines the torso angle. The,to
measured by H1 (or H2) and B1 divots, or by placing the inclinometerg
angle land on the back pan assembly, or by the torso angle land\on the
fixture with the fixture mounted flush to the back pan assembhly.,

so angle can be
n the torso
head room

A27

Cushi

bn Angle

The angle of the cushion line from horizontal defines the cushion angle
angle can be measured using H1 (or H2) and C1 divots, or by placing t
on the cushion angle land on the cushion pan assembly.

. The cushion
he inclinometer

A57

Thigh

Angle

The angle of the thigh line from horizontal defines the thigh angle. Thig

h 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 ar
are independent.

d thigh angles

A42

Hip A

gle

The angle between the torso and thighJines defines the hip angle. Afte
torso angles are measured, the hip.angle can be calculated:
Hip angle = 90 degrees + torso anglé — thigh angle.

the thigh and

Ad4

Knee

\ngle

The angle formed by the intersection of the thigh line and the leg line d
angle. A direct read-out scale.is provided on the leg segment. The ang
calculated using divot poifts S1, K1, and H1 or H2.

Efines the knee
e can also be

A46

Ankle

Angle

The angle between the\lower leg and the bare foot flesh line forms the
direct read-out scale is provided on the shoe assembly.

pnkle angle. A

AA7,
A48

Shoe
Floor

Plane Angle or
Plane Angle.

The angle fromhorizontal to the bottom of the shoe forms the Shoe Pz
Floor Plane-Angle. The angle can be determined by using divot points
by placing aninclinometer on the shoe plane and on the shoe.

ine Angle or
53 and S2, or

L81

Lumb4
Promi

r Support
hence (LSP)

LSP is defined as:
LSP=57mm - X
where

X is the distance between the lumbar-pelvic pivot to the torso line, mea
the torso line.

In the neutral posture LSP equals zero so that the back pan has a flat |
similar to the original H-point machine; the distance between the lumba

sured normal to

pwer back
r-pelvic pivot

and the torso line is 57 mm. As LSP increases, the lumbar segment of

the back pan

assembly is pushed forward, the pelvic and thoracic segments are tipped, and the

lumbar-pelvic pivot moves closer to the torso line (see Figure A9).

For measurement, a direct read-out scale is provided on the back pan assembly.
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APPENDIX B - (INFORMATIVE)
HPM SPECIFICATION AND TOLERANCES

B.1 TOLERANCES
The following comments apply to all tolerances given in the tables of this Appendix.
HPM tolerances reflect an acceptable dimensional variation that would not affect the overall performance measurements

of the H-point machine. If conditions of use, wear, or damage result in measurements that exceed the specified tolerance
values, the HPM should be recalibrated.

The build tolerances-ef-the-HRPM-as prr\rhlr\nd h\]l the-HPM-manufacturerare-wel-below-the-tolerances Speciﬁed in these
tables.

B.2 REFERENQE POSTURE FOR SPECIFICATIONS

Unless otherwise specified, all dimensions in this section are given in true vertical on true horizoptal, with the device
postured using the settings in Table B1 (see Figure B1).
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TABLE B1 - POSTURE OF HPM FOR SPECIFICATIONS

Dimension Value

| 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)
Lower Leg Length 459 mm (SgRP)

* 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
degrees, not 90 degrees.

B.3 SHOE TOOL DIMENSIONS
See Table B2.

TABLE B2 - SHOE TOOL DIMENSIONS

Dimension Value
Overall length of shoe 306 mm
| BOF to HOS distance 203 mm
Ankle pivot 107 mm-above HOS
81 mm forward of HOS
Bare foot flesh line 6.5 degrees above the bottom of shoe.

Originates in shoe plane 286.9 mm
forward of HOS.

Relative to BOF 9.9 mm above
Relative to HOS 32.7 mm above

B.4 LENGTHS
See Table B3 and Flgure B1.

TABLE B3 - LENGTHS (IN mm)

HPM
Description Value Tolerance

Overall (rearmost to foremost) 816.0 +4.0
overadll, Nnot counting srnoe 04Z.U 40U
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 +20
Heel of Shoe to Origin of Bare Foot Flesh Line 286.9 N/A
H-Point to Knee Pivot 456.0 +20
H-Point to Knee Pivot, w/ mid-size male leg lengths 432.0 +2.0
H-Point to back of cushion pan 133.0 +20

H-Point to back of back pan 135.0 +2.0
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B.5 WIDTHS
See Table B4.

TABLE B4 - WIDTHS (IN mm)

B.6 HEIGHTS

See Table B5 and Flgure B1.

HPM
Description Value Tolerance
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
CushiorPRarat-CR2-stppertpoits 4053-0 +4-5
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 +40
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 +20
TABLE B5 - HEIGHTS*(IN mm)
HPM
Description Value Tolerance
Qverall 1062.9 +4.0
Seated Height (bottom of cushion pan te-top of device) 594.9 +4.0
Cushion Pan, Max. 132.3 +4.0
PEelvic Segment, Max. 94.9 +4.0
Lbmbar 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 Bottofm-of Cushion Pan 98.0 +20
Heel of Shoeto\Ankle Pivot 107.0 +20
Heel of Shee to Bare Foot Flesh Line 32.7 N/A
Bpll of Foot to Bare Foot Flesh Line 9.9 N/A
KhéePivot Point to Ankle Pivot Point 459.0 +2.0
Knee Pivot Point to Ankle Pivot Point, mid-size male 417.5 +2.0
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 +20
Sole of Shoe 3.2 +1.0

B.7 RADII

The radius of the knee is 51 mm. The radius of the ankle on the shoe tool is 19.1 mm. The radius of the ankle curve at the

lower end of the lower leg is 44.5 mm.
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B.8 WEIGHT, HPM ONLY
See Table B6.

TABLE B6 - WEIGHTS (IN kg)

Tolerance
Description Value per Unit per Unit Quantity
HPM w/o Weights 19.31 +0.35 1
Cushion Pan 8.41 +0.15 1
Back Pan 5.94 +0.10 1
Upper Leg 2.11 +0.03 1
Lower Leg 0.88 +0.02 1
Shoe 0.54 +0.02 1
HPM w/ Weights (fully loaded) 72.69 +1.20 1
Pelvic Weight, plain 3.2 +0.05 4
Pelvic Weight, beveled 3.13 +0.05 2
Thigh Weight 2.14 + 0:03 6
Back Weight 1.79 +0.03 12

B.9 SUPPORT ROINTS

Support points are Ipcated on the outer surface of the cushion pan, (CP) and back pan (BP) contour
Figure AG6.

TABLE B7 - SUPPORT-RPOINT LOCATIONS (IN MM)

5. See Table B7 and

Distance from H-Point

Point Quantity X Y z°
D-Point 1 25.5 0.0 -95.2
CP1 1 0.0 0.0 -98.0
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 All Support +4.0 +40 +4.0

[olerance  Points

Pgsitive X values are rearward, negative values are forward of H-Point.

Positive Z values are above, negative values are below H-Point.
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B.10 DIVOT POINT LOCATIONS
See Table BS.
TABLE B8 - DIVOT POINT LOCATIONS
HPM
Divot Location HPM Description Tolerances
Bl 550 mm above the H-Point on the torso  Located in the screw hole on the top +20
line of the back pan T-handle
B2 330 mm above the H-Point Located along the back pan +2.0
35 mm forward of the torso line (and centerline, in front of the sliding
H-Point) thorax pivot
HiL 200 mm to the left (H1L) or the right Located at the ends of the H-point 1.
H1R (H1R) of the measured H-Point rod where the back pan and cushion
pan are joined
H2L 25 mm inboard of the H1 divots; aligned Located near the end of the H-point +1.
H2R with H1 divots in X and Z rod in a cutout accessible from above
C1 275 mm forward of the H-Point on the Located along the cushionpan + 2.
cushion line centerline, in a hole op top of the
push block
K1L 239 mm to the left (K1L) or right (K1R) Used to define the’K-Point location. +2.(
K1R of centerline, on the knee pivot axis The K1L and K1R provide the x, z
K2 50 mm forward of the knee pivot center coord!nates, While K2 provides the y +1.
. coordinate
(K-Point)
S1L (x) 81 mm forward of heel of shoe, Located on either side of the ankle +20x
S1R (y) =10 mm to either side of the shoe pivot (S1L is 10 mm to the left; S1IR +0.%y
centerline, isv10 mm to the right) +0%z
(z) 107 mm above bottom of shoe
S2L (x) 81 mm forward of the heel of shoe, Located on top of the sole of the shoe + 2.0 x
S2R (y) 10 mm to either side of the shoe below the ankle pivot (S2L is 10 mm +03y
centerline, to the left; S2R is 10 mm to the right) +0.%z
(z) 5 mm above bottom of shoe
S3L (x) 175 mm forward of the heel of shoe, Located on top of the sole of the + X
S3R (y) =10 mm to either.side ‘of the shoe shoe, near the ball of foot (S3L is +0%y
centerline, 10 mm to the left; S3R is 10 mm to +0.%z
(z) 5 mm above ottom of shoe the right)
B.11 MUSLIN CLPTH

The muslin shall be

cloth should be largg

B.12

CHECK TH

plain cotton, knitted or non-woven fabric having 18.9 threads per cm? and weighing 0.228 kg/m2. The
enogh to prevent the HPM from contacting the seat.

T 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 alignment, or if any misuse occurs.
Some examples of misuse include:

e The HPM is dropped.

e The HPM is improperly loaded or assembled — or is improperly unloaded or unassembled — during use.

e The HPM is improperly moved or shipped. The HPM should be stored unassembled, with each piece protected and
secured to prevent damage. It is recommended that the weights be stored separately.

A procedure for checking key elements of the HPM is given in Appendix C. The HPM should be repaired and rechecked
whenever the tolerance specifications given in Appendix C cannot be met.
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APPENDIX C - (INFORMATIVE)
HPM FIELD CHECKING PROCEDURE

C.1 PURPOSE

This procedure can be used for checking the accuracy of the H-Point Machine (HPM) to determine if repairs are needed.
C.2 EQUIPMENT REQUIRED FOR CHECKING

c.21 User Provided Equipment

The user shall provige-the-following-equiprment:

o Flat, level surfacq (or surface plate) approximately 750 mm wide and 1000 mm long

e Two 90-degree angle blocks at least 200 mm wide, one approximately 150 mm high @nd a sg¢cond approximately
100 mm high

e 2 small C-clamps}, one with 100 mm throat and one with 25 mm throat

e CMM equipment for taking the measurements

¢ HPM inclinomete

c.2.2 Checking Fixtures

Checking fixtures afe available from SAE. Checking fixtures are desctibed in the following sub-clauses and shown in
Figure C1. Tolerances for surfaces on the fixtures and shims that affect\the checking measurements gre £0.05 mm.

Back Pan Shim

LSP Shims
(+25, 0, and -15)

Thigh Rod Fixture

&
z 4

=

Fixtures
N (\ Z 4
@ @ Back Segment
I , A @ Checking Shims
n e (O mm, .2mm an mm
Shims m-f-Point
Bushings Knee Pivot Slot Fixture

FIGURE C1 - CHECKING FIXTURES AND SHIMS
c221 Cushion Pan Shims
Two (25 x 25 x 25) mm gage blocks used for leveling cushion pan.
C.222 LSP shims
Gage blocks of a specified length (73.0 mm, 99.7 mm, and 46.8 mm) that fit between the two inclinometer lands on the

back pan articulation rod. The three shims are used to position the back pan articulation mechanism at LSP scale
readings of 0, +25, and -15.
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c.2.2.3 Back Pan Shim

Rectangular shim 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.224 Back Segment Checking Shims

Two 0.5 mm thick shims, six 1 mm thick shims, and one 4 mm thick shim 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.
C.225

Two bushings that fi
measuring H-point Id
C.2.2.6 Thigh R
Fixture for providing
a height of 30 mm 3
12 mm.
C.2.2.7 Knee Pi
Fixtures that suppor
the fixtures is 12.7 n
c.2.28 Knee Pi

Fixture that provideg
knee pivot slot on th

Cc.23

c.23.1 CMM

Points used to detg
Angular measuremg
equipment is used tq
be separated by the

H-point Bt |ehinge

f on each side of the back pan H-point pivot shaft (12 mm diameter holes) to)pro
cation and slots for inserting the head room probe H-point forks.

bd Fixture

H-point divots and supporting the H-point center (H1L and H1R)-on the forks of
lbove the level surface. The diameter of the H-point rods extending from each
ot Rod Fixtures

the knee pivot rod divots, K1L and K1R, 30 mm-above the level surface. The d
m.

ot Slot Fixture

divot points for the knee pivot center (K1) on the leg segment knee pivot fork.
b fixture is 12.7 mm.

Measurement Equipment

rmine distanceéxmeasurements shown in Table C1 and clause C.5 should be
bnts on the’inclinometer lands are taken with both the inclinometer and a

check angle measurements on the inclinometer lands, the digitized points taken
length @f-the inclinometer (or greater) as shown in Figure C3.

The xyz axis orienta

lions to be used for recording CMM data are shown in Figures C4, C6, C7, C8 al

vide a divot point for

he thigh segment at
side of the fixture is

ameter of the slot in

The diameter of the

taken with a CMM.
CMM. When CMM
on the lands should

hd C9. This provides

a direction conventiom for poth timear and—angutar measurements. EStabiisand mamtai this axis o

level surface used to position the HPM components. A positive

rientation on the flat

angle is clockwise as viewed from the left side of the

components. This angle convention is consistent with positive cushion angle and torso angle definitions.

Cc.2.3.2 Electron

ic Level (HPM inclinometer)

Prior to checking the HPM place the inclinometer parallel to the X axis on the flat level surface used for testing and set the
inclinometer reading to zero using the alt zero button. It is desirable to re-zero the inclinometer prior to each measurement
taken. Use the information provided by the inclinometer manufacturer to check accuracy of the inclinometer. The
inclinometer should be regularly checked and certified per manufacturer specifications.
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C3 HPM MEASUREMENT LOCATIONS

Most measurements specified in the checking procedures are taken to the HPM divot points and inclinometer lands
shown in Figures C2 and C3. Divot points K2, S2, S3 and inclinometer lands on the bottom of the shoe are not used in the

calibration procedure.
90
< > 1mm
Reference Surface *

Divot Cross Section

K1L & K1R

S1L & S1R
Sa2L j S2R
S3L

H1L, H1R
H2L, H2R

FIGURE C2 - HPM REFERENCE POINTS (DIVOT POINTS)

FIGURE C3 - HPM REFERENCE SURFACES (INCLINOMETER LANDS)
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