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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 Mac

hine (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 dev
reference pq
vehicle’s int
require the U

For conveni
their name.
human capa
occupant.

a. Key Diff
Compared t
repeatability

made to achieve these improvements while minimizihg their impact on the location of refe

and measur

1. Sep

For the HPM
greatly impr
2. ‘Leg

The new tog
advantage g
is optional.

3. Sho

ces are also used for the design and validation of seats. However, in thesei
ints and dimensions are defined relative to the seat structure and/or surface,ra
brior. The procedures for positioning the H-point devices in seats are abridged
se of the shoe tool or leg segments.

ence and simplicity, many terms associated with H-point devices-use human b
However, they should not be construed as measures that indicate occupant accq
bilities, or comfort. H-point devices do not represent the size or posture of any
brences from SAE J826

b the H-point machine described in SAE J826; the changes made have resulted
greater ease of use, and additional featureés*and measurement capabilities. All

bments. Several of the changes are discussed below.
arate Components

-Il, the legs (upper and lower), shoe, cushion pan and back pan are all separate
bves the ease of installation.

less’ Manikin
Is allow the~H=point location to be defined without having to attach the legs. Th

f the HPM=II: The new procedure is based on installing the HPM-II without legs.

b (Tool

n]stances, the
her than the

and do not

ody parts in
mmodation,
category of

in improved
efforts were
rence points

pieces. This

s is a major
Use of legs

Several improvements were made to the shoe tool and how it is positioned in the vehicle, including:

defining

changing the location of the ball of foot to 200 mm from heel of shoe,

establishing a new pedal reference point (PRP), and

a more complete procedure for positioning the shoe.
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4. Cushion Angle

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

5. Lumbar Support

The articulag

also provide
an indicatio
contour of th
in a neutral

b. Time pe

SAE J4002
from the firs
During the
Regulatory &

1.

Scope

S a new measurement called lumbar support prominence (LSP). This measurem
n of the amount the seatback is contoured to provide support for the lumba
e new back pan assembly is most similar to the original H-point machine.when t
posture (LSP equals zero).

Fiod for coexistence of SAE J826 and SAE J4002

and SAE J826 shall co-exist for a transition period of at least 10 years, preferab
publication date of SAE J4002. Following this transition period SAE J826 will b
transition period, it remains up to the vehicle designers to decide which H
odies and other parties that need to know shall be.informed regarding which HPI

This Standayd provides the specifications and procedures for using the H-point machine (HF

vehicle sea
measureme
CAD? versiq
measureme
D).

These H-pg
compartmer
(HPM) to au

The devices
tools that m
or assessing

ing positions. The HPM is a physical tool used to establish key reference]
nts in a vehicle (see Figure 1 and Appendix A). The H-point design tool (HPD) is
n of the HPM, which can be “used in conjunction with the HPM to take

nts specified in this document;,or used independently during product design (s

red seats. It
ent provides

spine. The
ne HPM-II is

y no longer,
b withdrawn.
PM to use.
l was used.

PM') to audit
points and
a simplified

the optional

be Appendix

int devices provide faimethod for reliable layout and measurement of occupant seating

ts and/or seats.~This document specifies the procedures for using the H-pg
dit (verify) key reference points and measurements in a vehicle.

are intended for application at designated seating positions. They are not to be ¢
pbasure-onindicate occupant capabilities or comfort. They are not intended for us
temporary seating, such as folding jump seats.

int machine

onstrued as
e in defining

1.1 Ratio

Tate

With this revision, the 2004 version of SAE J4002 has been subdivided into three separate standards in
order to specify in more detail the uses of the HPM Il and HPD in auditing vehicles (J4002:2005),
benchmarking vehicles (J4003), and in designing vehicle interior packages (J4004).

noted.

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

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. Norm
This docum
the indicate
deletion, usg
referenced (¢
the procedu

FIGURE 1—SIDE VIEW OF HPM

lative References

bnt contains provisions which reference the following dociments. At the time of
 editions of these references were valid. Since all publications are subject tq
brs of this document are encouraged to refer to the_most recent published editi
ocuments. Information obtained using the following publications is needed for g
es described in this document.

SAE J1100 (2005)—Motor Vehicle Dimensions
SAE J182—Motor Vehicle Fiducial Marks
3. Definftions

publication,
revision or
bns of these
pplication of

For the purposes of this Standard, the-following definitions apply. Several of the refefence points

established
such as hea
an H-point ¢
(accelerator

3.1  H-poi

Point at the

with an H-point device are-required for the subsequent positioning of other deg
d contours, eyellipsestand reach curves. The most important reference points es
evice are the H-paint; the H-point travel path, the SgRP (seating reference poi
heel point), and the PRP (pedal reference point).

nt

pivotcenter of the back pan and cushion pan assemblies, located on the lateral

ign devices,
tablished by
nt), the AHP

centerline of

the H-point Tevice (HPM or HPD).

NOTE 1—The H-point is also the intersection of the cushion line and the torso (back) 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 will have more than one H-point location, while fixed seats will have only one

H-

point location.

NOTE 2—H-points are often referred to as hip points or hip pivot points. However, they do not accurately

re

present the location of the human hip joint.
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3.2 H-point Travel Path

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 whieh:

is the fu
simulatg
has coo

oo

which a
but does

3.4 AHP(

Point locate
contacting t
pedal plane.

3.5 PRP (

Point on the
shoe at AHH

3.6 FRP(
Point locate
and/or lowe
flat on the d
4. Meas

A complete
and tolerand

s the position of the pivot center of the human torso and thigh;
dinates established with respect to the designed vehicle structure;

ccounts for all modes of adjustment: horizontal, vertical and tilt that’are available
not include seat travel used for purposes other than normal driving and riding

Accelerator Heel Point)
i at the intersection of the heel of shoe and the depressed floor covering, with th
ne lateral centerline of the undepressed accelerator pedal, and the bottom of
Pedal Reference Point)

accelerator pedal lateral centerling where the ball of foot contacts the pedal, wit
and bottom of shoe on the pedal‘plane.

Floor Reference Point, Rear Passenger)

i at the intersection of-the heel of shoe and the depressed floor covering, with th
bpressed floor eovering.

Lirement Procedure for the Three-dimensional H-point Machine

description of the three-dimensional H-point machine is given in Appendix A. S
es.are given in Appendix B. A field checking procedure for the HPM is given in A

ndamental reference point used to establish occupant accommodation toolsand ¢imensions;

establislhes the rearmost normal design driving or riding H-point of each désignated sealing position,

for the seat,

e ball of foot
shoe on the

h the heel of

b HPM shoe

leg segment resting/against the seat immediately in front, and the bottom of fogt positioned

pecifications
ppendix C.
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4.1

Summary of Installation Procedure

TABLE 1—SUMMARY OF INSTALLATION PROCEDURE

Driver Position 2nd and 3rd Row Passenger Positi

ons

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 locat
attitude.

ion and

Install shoe fixt
dimensions. R¢g

nsions. Record

Install and load
If measuring he
Determine H-p

the cushion pan, and back pan.
lad room, install head room fixture before loading the pans. See 7.1.
int, torso (back) angle, cushion angle, and LSP. See 4.8.

Attach thigh an
dimensions. S¢

i lower leg segments, if measuring leg-based Attach thigh and lower leg segments if measurin
e 5.1. dimensions. See 6.1.

g leg-based

Determine opti

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

7.1.

4141

When verify
three-dimen
manufacturg
vehicle/seat
manufacturg
HPM measy

MEASURED VERSUS DESIGN VALUES

ng or auditing a particular designated vehicle seatihg position, measurements tgken with the

sional HPM are normally compared to the <design values indicated by

r. If any measured value is sufficiently close to the manufacturer's desigr
is considered to meet the manufacturer's design intent for that measurement.
r or a regulatory agency may provide spécifications for the term "sufficiently
rements of particular interest are H-point (SgRP) and torso (back) angle.

4.2 Prepare Vehicle and Seat

421 VEH
Dimensions
vehicle relat
vehicle) sha
care should

If the accel

CLE

the vehicle
value, the
The vehicle
close". Two

are measured relativeto the vehicle three-dimensional reference system by setting up the

ve to the fiducial marks (see SAE J182) as specified by the manufacturer. The p
Il be levelled priar/to any HPM installation or measurement. Once the property
be taken to netlean on it, rock it, or in some other way knock it off level.

brator pedal is needed for the measurements, the accelerator pedal shall be

undepresse
the pedal fr

| position by some means. For example, use blocks or clamp the accelerator cab)

operty (e.g.,
is levelled,

held in an
e to prevent
fix or block

Tm moving. If the pedal freely rotates about a pivot, independent of pedal travel

the pedal at i
spring, block the pedal at the given angle to maintain its position. 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 sh

all be adjusted to its most forward position in the vehicle.

angle with a
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422 SEA

T

The vehicle shall be preconditioned at the manufacturer's discretion, at a temperature of 20 °C = 10 °C to
ensure that the seat material reaches room temperature. 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.

The following considerations will help ensure that stable, reliable measurements are made across seat
types. Prior to the installation of the HPM, seats should remain unloaded for 30 minutes at the

manufacture

] ¥
o

ecover from

compression.

At the reque
The muslin
for the cush
See B.11.

When using
having an H
occupant pd
each test.

4.3 Deter

If verificatio
translated tq
adjustment
mark(s) can
equipment.
lowest most
these four p

NOTE—For
rear
add

o roaouaoat Thic o o o ‘A—ta. st —and-—casgt - maatariala (o o foanma)—t
o Toyquo ot rinS— 1o U a W oo oAt alnd— oTat miatcTars—(Cry-, rvaitt— to— 1

st of the manufacturer muslin cloth should be placed over the seat prior tovinstalli
tloth may be a single piece fitting across both seat cushion and seat back, or two
on and one for the seat back. This ensures a constant friction surface across

the H-Point Machine (HPM), interactions can occur between adjacent seating p
PM installed at the center occupant position can change the results obtained for
sition). Therefore, only one machine should be installed in a particular row of

mine the H-point Travel Path (Optional)

n of the H-point travel path is desired,sthe seat’s travel path must be digitize
the H-point travel path. First, adjust'‘dthe seat cushion to the middle of the cy
ange. Next, place one or more registration marks on the side of the seat. Thq
be located anywhere along the“side of the seat that can be easily accessed
Finally, digitize the location ofcthe registration mark(s) with the seat in each of fo
rearward, highest most-rearward, highest most-forward, lowest most-forward. B
bints, the seat’s travel path can be seen more readily. See Figure 2A, steps 1 ang

ward, provided.the' seat track follows a linear path. If the seat track travel pat
tional points~(between foremost and rearmost) need to be taken.

hg the HPM.
pieces, one
Seat fabrics.

ositions (i.e.
he outboard
eats during

d, and then
shion angle
registration
py the CMM
ur positions:
connecting
2.

seats without vertical adjustment, only two points need to be taken, most forwdrd and most

h is curved,
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@
@ Design H-Point With
- _____ Seat In Lowest
Seat Travel Patls ~ "7°®  Most-rearward Position

® N

Digitized Registration Marks
Registration Mark
Placed On Seat
s il Design H-Point With
Seat In Lowest

) Most-rearward Position

H-Point Travel Path g Translate Seat
Travel X mm
Longitudinally
And Z mm
Vertically

(a) Translate seat travel path to H-point travel path

Design SgRP-Location

t Vertical Shift To
SgRP Location

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

H-Point Location Harizontal Shift To Lowest Most-rearward

SgRP Location Design H-Point Location
(b)-Move seat to SgRP location
FIGURE 2-LOCATING SGRP FROM THE SEAT TRAVEL PATH

4.4 Adjust Seat to Design’Intent
4.41 MOVE SEAT TO-DESIGN INTENT POSITION

All adjustable features of the seat shall be set to manufacturer’'s design intent attitude or popition 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.

-10 -
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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 cushion registration mark(s).

442 ToORSO (BACK) ANGLE AND CUSHION ANGLE

The locationrefthe-H-pointis-influenced-by-anumber-of-factors—neluding-how-the-seat-eushjon and seat

back are adjusted. Therefore, for accurate results, the seat shall be adjusted to the designl intent torso

(back) angld and cushion angle before installing the HPM.

Seat torso (pack) and cushion angle adjustment procedures for auditing differ depending on whether or

not variancelin seat build is of interest.

4.4.2.1 If the purpose of the audit is to evaluate both the seat build and.thie vehicle build, then the seat

stfucture shall be adjusted to the design attitude.’ If the seat-and seat assembly do not match
their design intent values, this will affect the measured torso (back) and cushion|angles, and
cquld result in a displacement of the H-point. The vehicle manufacturer (or seat $upplier) will
naed to provide information regarding the location andattitude of the discernable spat structure
(elg., the seat frame), other hard points (e.g., seatycontrols, pivot points, head rgstraint rods,
etk), or the amount of adjustment required to attain'the desired seat attitude.

4.4.2.2 If the purpose of the audit is to evaluate vehicle build independent of seat constructjon, then the

sdat shall be positioned to the design intent torso (back) angle and cushion angle|using either
thp method in 4.4.2.2.1 or 4.4.2.2.2. (Since both torso (back) and cushion angles njeasure how
the seat impacts the HPM, the HPM-needs to be installed in order to set the seat tp the design
infent values of these angles),

44221 Method 1: Install the HPM twice. The first installation allows the seat to be posifioned at the
fdesign intent valuestef*torso (back) and cushion angle. Then, remove the HPM, wait 30
minutes to allow,the’/seat materials to recover, and install the HPM a second [time for the
audit.

44222 Method 2 Moenitor and adjust cushion angle and torso (back) angle during the ingtallation and
oading=efithe HPM according to Table 2 and Table 3.

As the HPM|is’loaded, torso (back) angle will increase. Therefore, as a guide, the initial (unlpaded) torso

(back) anglereading—shoutdbeapproximatety 2—degreestessthanmthedesiredfimattorso—(back) angle

reading after loading. For example, an initial setting of approximately 20 degrees should result in a final
reading of 22 degrees.

Check the initial torso (back) angle using an inclinometer placed on the torso angle land of the back pan
inclinometer land (Figure 3). Adjust the seat recliner as necessary to achieve a reading of approximately
2 degrees less than design intent torso (back) angle.

® Note that the seat can also be verified independent of the vehicle.
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TABLE 2—ADJUSTING TORSO (BACK) AND CUSHION ANGLES DURING HPM LOADING

Driver Position

2nd or 3rd Row Passenger Positions

Torso (Back) Angle

A40

Initially set the torso (back) angle to approximately
2 degrees more vertical than design intent. Monitor
and adjust if needed during HPM loading to
achieve design intent.

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

Cushion Angle
A27

If the seat cushion is adjustable, initially set the cushion angle to be slightly greater than design intent
value. Monitor and readjust as necessary during HPM installation to achieve the design intent cushion

angle as the final reading.

443 SEA

If leg positio|

the test seat

4.5 Instal
451

Place the cy
Visually cen

Handle

Torso Articulation
Locking Lever

B2 Divot

Inclinometer Lands
(Torso Angle)

Head Room
Fixture Tumbler

[ IN FRONT OF TEST SEAT

HPM Cushion'and Back Pan Assembly

INSTIALL THE CUSHION PAN

7\ —Back Weight (12)

Articulation Mechanism
Thoracic Segment

Upper Weight Rack (Left Side)
Lumbar Segment

Lower Weight Rack (Left Side)

Pelvic Segment

H-Point Pivot Shaft

FIGURE 3—BACK PAN

hs, leg room, foot roam;.and knee clearance are planned to be measured, the sgat in front of
should be positionédto its SgRP or R-point and design intent torso (back) angle

shionpan (Figure 4) on the seat with the back of the pan resting lightly against the seat back.

erthe cushion pan laterally in the seat
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@

H1R Divot

Inclinometer Land ™~ Pelvic Weight (6)

(Cushion Angle)

Locking Bushings
(For Attaching Back Pan)

H-Point Rods

Locking Bushings
(For Attaching Thigh Segment)

452 INST
To protect th
before insta

Place the H
pan (see Fig
by sliding th

Unlock the t
the cushion
against the
the top and

segments. A
NOTE 1—T
th

P4g

NOTE 2—If

ALL THE BACK PAN

b brass locking bushings inwards over'the H-point shaft.
brso articulation. Put one hand. firmly on the cushion pan T-handle to maintain th

pan. Put the other hand on-the’back pan T- handle and gently rotate the back pan assembly
eat back to allow the back/pan assembly to conform to the seat back contour.

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

Thigh Weight Hitatng

Locating Pins H-Point Saddle

FIGURE 4—CUSHION PAN

e shells of the cushion and back pans, the back pan‘should be locked in a sloug
ing it. Articulate the back pan into a slouched pesition (LSP < 0) and lock.

point pivot shaft, located at the base of the*back pan, on the H-point saddle of
ures 3 and 4). The upper portions of theiback pan should not contact the seat

bottom corners at each side of the lumbar segment remain outside the thoraci
Iso ensure that the muslin cloth is not caught between the back segments.

ne cushion andiback pan can be connected and installed as a single unit if prefe
b same steps-as above, centering the cushion pan lightly against the seat back v

n rotated\forward and locked in the slouched position.

hed position

the cushion
ack. Secure
e position of
Ensure that

c and pelvic

rred. Follow
ith the back

4.5.3

LEVEL THE HPM

Referring to the bubble level on the cushion pan, dither and adjust the HPM to level laterally on the seat.
Make sure the HPM is in firm contact with the seat back.
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4.6 Loadthe HPM

Installing weights on the HPM is referred to as ‘loading'. The HPM shall be loaded with the torso
articulation mechanism unlocked. Weights shall be installed from the H-point outward and from the H-
point upward to prevent the HPM from toppling out of the seat. Prior to each round of weights being
loaded, an 89 N force shall be applied twice by ‘punching’ the appropriate load application site with the
spring-loaded probe. After each 'punch' the operator shall immediately release any applied force once the
punch probe reaches its spring loading. This procedure ensures the HPM remains fully nested into the
seat during theeading-

The HPM shall be checked for level during the loading process. The sequence of actions-fof loading the
HPM, summarized in Table 3, shall be followed.

TABLE 3—LOADING THE HPM

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

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

5 Punch twice 2 Pglle - next innermost 2 Thigh [ ovel
(cushion) positions

3 Punch twice 2 bg\(elled Pelvic - outermost 2 Thigh [ ovel
(cushion) positions
Punch twice 2 Lower rack - innermost 2.Upper rack - innermost

4 " o L evel
(back) positions positions
Punch twice 2 Lower rack - next innermost 2 Upper rack - next innermost

5 - o L evel
(back) position positions
Punch twice 2 Lower rack - outermost 2 Upper rack - outermost

6 - - L evel
(back) positions positions

7 Lock Torso Articulation

4.6.1 LoAp THE CUSHION PAN

There are two types of weights foriloading the cushion pan; pelvic weights, which are positipned 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 site. 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 gide). Check
for level.

Repeat thede steps (punch twice, load two pelvic weights, load two thigh weights, and IevTI) two more
times to conmyplete the loading of the cushion pan

4.6.2 LoADTHE BACK PAN

There are two areas 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 recliner if
necessary during the loading to obtain a final cushion and torso (back) angle that equals design
intent (see 4.4.2.2). The adjustments should be made after checking the cushion or back pan for
level in each round shown in Table 3.
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Punch the HPM twice at the back pan load application site. Install two weights on the lower racks — one
on either side of centerline. Push the weights toward the centerline as far as possible. Install two weights
on the upper racks, one on either side of centerline, and push towards the centerline. Check for level.

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

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

4.7 Soak

After installg

Time

tion, the HPM can continue to 'settle' into a seat, depending on the type-of seat

Therefore, the installer should wait 5 minutes after completing the HPM installation'before rec

4.8 Recol

The HPM al
to be define
481 H-p
The H-point
Rather, divoj
4). Both H1
H1L) is diffig
determine th

d Measurements—Digitize HPM Points

being used.
prding data.

ows the H-point location, torso (back) angle, lumbar suppert prominence and clishion angle

i without having to attach the legs.
DINT

is located at the centerline of the HPM. Therefore, this point cannot be dired
t points H1L and H1R are provided for digitizing at either end of the H-point rods
| and H1R should be digitized. The H-point is midway between these two point
ult to digitize, divots B1, B2 and C1 may be used to establish the HPM centerpla
e H-point.

The digitized H-point, which represents the,measured SgRP or R-point, shall be compared t

SgRP or R-f
482 TOR

Record the

fixture land

inclinometer
be calculate
C1.

oint to assess the accuracy of the seat build.

50 (BACK) ANGLE ANDYCUSHION ANGLE

tly digitized.
(see Figure
5. If H1R (or
ne in CAD to

b the design

ollowing measurements using an inclinometer and the appropriate land: use th¢ head room

pr back assembly land for the measurement of the torso (back) angle. Use the
land for the ' measurement of the cushion angle. As an alternative, the torso (bac
0 from divot points H1L, H1R and B1, and the cushion angle from divot points H

cushion pan
k) angle can
L, H1R and

4.8.3 Lum

Q D
AR OUFFURT TTRUNVIINENUE

The HPM provides a scale on the back pan assembly for a direct read-out of the lumbar support

prominence

(Figure A9).
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5.

5.1

Optional Measurements for Driver Seat

Leg and 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. The shoe tool is used to establish the pedal
reference point (PRP) and the accelerator heel point (AHP) for the driver.

5.1.1 MAR

WAool CoATAR O AL (AT e
W NCOLCCCNATOT T COAE OEIN TENENNE

Before insta
of the accelq

5.1.2 INST

The shoe fixture is used to hold the shoe level and in place on the pedal (Figure A4). Positior

edge of the
fork that will
pedal and l¢
5.1.3 INST
Place the sh

on the floor
the shoe wil

Check to ma
the shoe loc
5131 In|
Occasionally
prevents thg
shoe tool frg
laterally unti
still defined

The AHP is
interference

rator pedal, and draw a line along the accelerator centerline.

ALL THE SHOE FIXTURE

shoe fixture approximately 100 to 150 mm rearward of theraccelerator pedal §
hold the shoe tool is in line with the accelerator centerline. The fixture shall be 3
vel. Adjust the screws on the shoe fixture until it is level.

ALL THE SHOE TOOL

and the ball of foot (BOF) contacts the pedal face at centerline. For flat pedals, t
be flush with the face of the pedal.

ke sure the shoe tool is square to-the pedal. Adjust the fixture and shoe if necesg
king screw to hold the shoe in(place.

ferference

, some aspect of-the vehicle’s structure — such as the tunnel, rocker, center co
positioning of the-shoe tool and fixture as described in 5.1.3. If the interference
m being propetly positioned at the accelerator centerline, the shoe and fixture sh
the interference is cleared. The amount of the lateral offset should be recorded
at the eenterline of the accelerator pedal, even though the BOF will not be at th
defined at the location of the heel of shoe after the shoe tool is moved

ling the shoe tool in the driver compartment, place masking tape down the longityidinal center

the forward
uch that the
quare to the

oe in the fixture, and slide the shoe forward. The shoe shall be positioned so that the heel is

he bottom of

ary. Tighten

hsole, etc. —
brevents the
il be shifted
The PRP is
e centerline.
to clear the

(see Figure 5).

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.
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5.1.4 INsST]

When taking
organization
lower leg to

Install the th
rotate until t
the thigh an
pivot rod to

5.2 Recot

The shoe m
of the shoe 1

Position After Clearing

Interference
Establishes AHP \

Brake Pedal /

Position To

/ Establish PRP

/“/ Accelerator Pedal

PRP On C/L Of Pedal

oy 3 Tunnel
Floor Covering N

AHP /

PW14

FIGURE 5—AHP TO PRP LATERAL OFFSET

ALL LEG SEGMENTS

the measurements in 5.2 and 6.2 for the purpose, of reporting these dimensior
s, set the leg segments at the SgRP leg lengths;.i.e. pin the thigh length to 456
159 mm. Manufacturers may use non-SgRP l€g lengths for other purposes.
igh segment by placing the forks on the-H-point rods. Slide the locking bushings
he pins lock into place. Install the lower leg at the ankle pivot without moving th
d lower leg segments, raising thecthigh segment if necessary. Use the bushing
becure the lower leg in place.

d Measurements

basurements (5.2.1,-5:2.2, 5.2.3, and 5.2.4) should be recorded immediately aftg

Pedal Plane

s to outside
mm and the

inward and
e shoe. Join
on the knee

r installation

ool (see Figure 6):
BOF (On Shoe)/

Depressed Floor
Covering

Pedal Plane Angle

anp 7 TR

(On Floor)

Heel Of Shoe
(On Shoe)

FIGURE 6—SHOE REFERENCE POINTS
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5.2.1

PEDAL PLANE ANGLE

The PPA is measured directly by placing the inclinometer on the rearward-facing surface of the shoe
'sole'. Alternatively the Pedal Plane Angle can be calculated from the z-coordinates of divot points S3 and

S2.

5.2.2 PED

PPA = Pedal Plane Angle = arcsin [(S3, - S2,) / 94]

T o Tt ol et Y el A Py ] [ VoINS
C T CEING L O

(Ea. 1)

The PRP la
point can bej

5.2.3 AcC

The point cg
directly digit
below.

AHP, and H
locations. T
direction of
(see Figure

Vs at the intersection of the accelerator centerline and the BOF (or BOF lateral
digitized directly, or it can be calculated using the followings equations.

PRP, = S3, — 25cos(PPA) — 5sin(PPA)
PRP, = 83, + 25sin(PPA) — 5cos(PPA)

FLERATOR HEEL POINT

zed. It will be calculated using the shoe divot.points (S1, S2 and S3), and th

AHP, = S3, + 175cos(PRA) — 5sin(PPA)
AHP, = S3, — 175sin(PPA) — 5cos(PPA)
ne S1, S2, and S3 divot points are offset 10 mm to either side of the shoe ce

he 10 mm correction to'an S, location will depend on which side of the shoe
7).

scale). This

(Eq. 2)

(Eq. 3)

ntacted by the heel of shoe on the depressed floor cevering is the AHP. The AHP cannot be

e equations

(Eq. 4)

(Eq. 5)

RP, are defined at the shog_centerline, and can also be determined from the divot point

hterline. The
vas digitized
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PRP

AHP (HOSOn"Shoe)
FIGURE 7—SHOE DIVOT-POINTS
5.2.4 AHR 1O PRP LATERAL OFFSET

The AHP to| PRP lateral offset can be read off the /AHP to PRP lateral offset scale (see Figure 5). This
offset is usefl to correct the y-coordinate of thecRRP and AHP, if necessary.

5.2.5 KNEE ANGLE AND ANKLE ANGLE
Both can be|read directly on the scales provided.
5.2.6  THIGH ANGLE AND HIP(ANGLE

The thigh apgle is medsured using an inclinometer and the inclinometer land provided dn upper leg
segment (Figure A3).

The hip angle can.be calculated from the torso (back) and thigh angles as follows:

Hip Angle = 90 degrees — thigh angle + torso (back) angle (Eq. 6)
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6.

6.1

Optional Measurements for 2nd or Succeeding Row Passenger Seats

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) for

passengers.

The shoe i
installations
6.1.1  INST
Place the ¢

obstruction.
positioned s

If the shoe
clearance,
desired, mo
the seats (F
the shoe ag
preceding s
room measy

A

[«

If the shoe ¢

are the same. The shoe fixture is not needed for passenger seat positions.
ALL THE SHOE TOOL

hoe tool on the floor and slide it forward, beneath the seat inffront, until it
The shoe can be placed anywhere within £127 mm of occupant-centerline, an
Lich that its movement forward is optimized (see Figure 8a).

cannot be fitted on the floor between the seats, measurement of knee clg
nd leg room is best done in CAD. If a physical installation of the HPM shoe
e the preceding seat forward along its seat adjustment path until the shoe just
gure 8c). Move the shoe laterally within £127 mmyof occupant centerline, keepin
ainst the trim under the test seat, to find the location that requires the leas
bat movement. Record the seat movement.\This movement shall be subtracted
red in 6.2.3 (see Figures 8c and 9).

annot be fitted and the preceding seat does not have fore/aft adjustment, then n

of knee cledrance, leg clearance, and leg room must be done in CAD. Move the seat horizon

in CAD to dd

NOTE—Th¢g
bac

termine the amount to be subtracted from leg room.

, trim under the test.seat, and the floor were digitized.

g and thigh

reaches an
d should be

arance, leg
and legs is
fits between
g the rear of
t amount of
from the leg

easurement
tally forward

HPD shoe, along with the lower leg and thigh, can be installed in CAD, if the preéceding seat
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Interference

Ankle
7 (_\' a Circumference
—" 7 [ e — et
\— Depressed Floor Covering /
FRP
(a) Shoe is first positioned as far forward as (b) Shoe may need ta'be moved rgarward to
possible eliminate ankle interference with Ipwer seat

back trim

Interference

Interferenice

Maximum Ankle Angle 130°

RN
/
I [ T
¥Depressed Floor Covering /
FRP

(c) Short-cqupled seating: the seat interferes with  (d) Long-coupled seating: the sh
the knee, I:lg, or shoe, requiring the seat be moved rearward so the lower leg
moved forward to allow’installation of the shoe with an ankle angle no more
leg/shoe degrees

FIGURE 8—SHOE AND LEG INSTALLATION FOR REAR PASSENGER SEATS

t

FRP

must be
eaches the
than 130

6.1.2 INSTALL LEG SEGMENTS

In some vehicles, the thigh—lower leg—ankle segments cannot be attached without first repositioning the

shoe tool or

moving the preceding seat forward (see Figure 8, 6.1.2.1, and 6.1.2.2).
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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:

e Interference between the preceding seat back or seat trim and the ankle circumference of the lower leg
segment or shoe tool (Figure 8b).

¢ In vehicles with long-coupled seating, the lower leg segment may not reach the shoe tool, or, if it does

reach, the

In either of
defined.

6.1.2.1.1
Temporarily
ankle pivot g

move the sh

with short-c
dimensions.

If there is inferference above the ankle circumference, proceed to 6.1.2.2. Otherwise, attach {

lower leg se
6.1.2.1.2

Prior to mo
correctly cal
other dimer
assembly cg

6.1.22 S

In vehicles |
the seat dirg

preceding s¢at forward to allow the lower leg and thigh to be installed. Do not move the shoe.

Ll | <l 490 ol LI Qal)
dAITAIT dlTyIT TALTTUS TOU UTYUITTO (T'TYyuic OuUj.

these events, the shoe tool shall be repositioned before FRP or floor plane anhgle can be

nterference

attach only the lower leg to the shoe to determine if there is.interference in the
ircumference on the lower leg (Figure 8b). If there is interference at the ankle cir

A

pupled seating. Use this shoe position to definesthe FRP, floor plane angle, &
pments now (see 5.1.4).

Long-coupled Seating

ving the shoe rearward, recaord the ankle pivot point (S1 divot) so that leg r
Culated. Use this shoe position to establish the floor reference point, floor plane g
sions except leg room..Move the shoe rearward until the cushion pan-thig
n be attached to the.shoe tool at the ankle pivot point, with an ankle angle of 130

nort-coupled Seating

vith short<Coupled seating, the knee or the lower leg segment interferes with the
ctly ahead (Figure 9b). In this case mark the SgRP location of the preceding se

area of the
cumference,

oe rearward to just clear the interference. Interference above the ankle pivot circimference is
not considered for positioning the shoe but will be considered when determining knee or leg i

hterferences
nd all other

he thigh and

bom can be
ngle, and all
h-lower leg
degrees.

seat back of
at. Move the
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Knee Clearance-Knee Pivot Center To
Seat Back Trim Minus 51mm

Leg Clearance/lnterference Zone Leg Clearance - Minimum
Distance Between Front Of
Leg And Seat Back Trim
Measured Normal From
-LL L- Leg Line

Leg Line

: | / @/—FRP

(a) Leg and knee clearances

Negative Knee Clearance - Knee Pivot
To Seat Back Trim Minus 51 mm
Negative Leg Clearance - Maximum
Distance From Front Of Leg To
Seat Back Trim Measured Normal
From Leg Line
\ \_
Seat Movement Needed Leg Lme
To Clear Front Of Shoe —»_ .

H-Point Travel Path -/

SgRP Front SgRP-Second

Leg Room- H-Point To Ankle
Pivot Plus 254 mm Minus
H-Point Translation Needed
To Eliminate Shoe Interference

| .

Shoe Interference —/

(b) Shoe, leg, and knee interferences

FRP

FIGURE 9—KNEE CLEARANCE, LEG CLEARANCE, AND LEG ROOM FOR
SHORT-COUPLED SEATING

6.2 Record Measurements for Rear Passengers

For knee angle,\thigh angle, hip angle, and ankle angle proceed in the same way as for th¢ driver seat
(see 5.2.5 apd-5.2.6).

6.2.1  FLOOR REFERENCE POINT (FRP)

The floor reference point is defined as the intersection of the heel of shoe and the depressed floor
covering. The shoe divot points can be digitized, and the FRP calculated by using the AHP equations in
5.2.3. Other divot points can be digitized if desired.
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6.2.2

FLOOR PLANE ANGLE

The floor plane angle is measured directly by placing the inclinometer on the rearward-facing surface of
the shoe 'sole'. Alternatively the floor plane angle can be calculated from the coordinates of the divot
points S3, and S2,by using PPA equation in 5.2.1.

6.2.3

Knee clearap

back, minus|
This measu

KNEE CLEARANCE AND LEG Roowm

o it " A v 6 eceding seat
51 mm. The measurement is taken within 127 mm to either side of the occupant centerline.
ement is best done in CAD from a scan of the preceding seat back in thervicinjty of the K1

divot point gnd lower leg of the HPM. Knee clearance will be a negative value if the~knee interferes with

the precedin

If there is i
dimension
measureme

Leg room is
mm, measu
(AHP for dr
coupled veh

7.  Addit
7.1

If the user p
HPM cushio

7.1.1  INST

Effeclive Head Room

g seat back.

hterference below the knee and above the ankle circumference, use the lejg clearance
| 58) in SAE J1100 to determine the amount of interference: For short-cougled seating,
nt of knee and leg interferences shall be done in CAD.

P, plus 254
at the FRP
for a short-

the distance along a line from the ankle pivot centef\(S1 divot point) to the Sg
ed within 127 mm to either side of the occupant ceniterline, with the heel of shog¢
ver). The knee clearance and leg room measurements are shown in Figure 9
cle.

Jonal Optional Measurements

lans to measure head room, the head room fixture should be installed immediafely after the

h and back pans are installed.

ALL THE HEAD ROOM FIXTURE

Slide the fo

cushion pan. With the adjuster screw fully out, snap the end of the screw into the rotating tu

hings of the
mbler on the

s at the end of the head room fixture into the grooves on the brass locking bus

back pan (see Figures4 and 10). Ensure the fixture is fully against the stop on the back pan. If the user

plans to tak¢ head<«room measurements, the head room fixture should be installed after the
back pans but before the HPM is loaded.

cushion and
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71.2 ME

e

_ o Sliding Tube With Probe
Inclinometer Land

(Torso Angle) \

Angle Adjusting Screw o

__— Fork

FIGURE 10—HEAD ROOM FIXTURE

SURE EFFECTIVE HEAD ROOM

Effective hgad room can be measured using the scale inside the head room fixture. Fi
adjuster screw until the torso (back) angle is at 8 degrees rearward of vertical (use the inc

the head ro
headliner. R
8. Remd

To aid in rer
the succeed

Remove low
Remove thig

Weights arg
following thg

m fixture land). Then pull up the probe in the head room fixture so that it lightly
pad the measurement from the scale -ofrthe head room probe.

ve the HPM

noving the HPM, seats may be moved, unless a subsequent HPM installation wil
ng row.

er leg segment, if installed.

h segment if installed.

rem@val order of Table 4.

TABLE 4—UNLOADING THE HPM

rst, turn the
inometer on
contacts the

be made in

removed-from the HPM in the reverse order that they were installed. Unlogad the HPM

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

Remove cushion and back pans: Unlock the torso articulation mechanism, position the back pan in a
slouched posture, and re-lock the mechanism. Slide the brass locking bushings outward and remove the
back pan. Remove the cushion pan. Alternatively the cushion and back pan can be removed as a single
unit.

Remove shoe tool and shoe fixture, if installed.

9. NotesJ
9.1 Margipal Indicia
The change]|bar (I) located in the left margin is for the convenience of the usér in‘locating fireas where

technical reyisions have been made to the previous issue of the report. An~(R) symbol to the left of the
document title indicates a complete revision of the report.

PREPARED BY THE SAE HUMAN ACCOMMODATION AND DESIGN DEVICES COMMITTEE
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APPENDIX A
(NORMATIVE)

DESCRIPTION OF THE THREE-DIMENSIONAL H-POINT MACHINE (HPM)

A.1 Availability

The HPM is

available from SAE, 400 Commonwealth Drive, Warrendale, PA, 15096-0001.

This sectio
information

A.2 Major ¢

For the new
pieces (see

A.2.1 Bac

The back p
contains the

e Handle
e Torso artig

provides Oescriptions of the parts and Some basic diMmensions. COmplete
tan be found in Appendix B.

Components

HPM, the legs (upper and lower), shoe, cushion pan and back pan.assembly are|
Figure A1).

Thoracic
—~Ségment

Thigh

Lower Leg Segment

Segment q | Back Pan
Lumbar Assembl
\ ' *~ Segment ¥
\ Pelvic
Segment
Cushion Pan
\ H-Point

Shoe

FIGURE A1=—MAJOR NEW HPM COMPONENTS
k Pan Assembly
an assembly, ‘consists of the back pan with its thoracic, lumbar, and pelvic

following/parts (see Figure 3):

ulation locking lever

dimensional

all separate

begments. It

¢ H-point pivotshaft(sitsom H-pomt saddie)

Load application point (receptacle for spring loaded probe)
Torso (back) 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):

Handle

Cushion pan

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

Locking blishings for attaching back pan
Locking bulishings for attaching thigh segment
Load application point for spring probe
Lateral leviel

Thigh weight platform and locating pins

A.2.3 Lower Leg Segment

The lower lg

Knee pivo
Leg length
Leg length
Leg length
Knee ang|
Lower leg

Knee Pivof

Locking S

Inclinometer L

g segment includes (see Figure A2):

slot
scale
locking pin
locking screws
P scale
angle inclinometer land

Knee Angle Scale

% K2 Divot
O

Leg Length Scale

Locking Pin
and / 9

(Lower Leg A

Fork
Inclinometer Land

(Thigh Angle)

.
/ P

Lateral Leg
Position Scale

Locking P
7

Inclinome
(Thigh An

h Length Scale

ocking Screws

er Land
yle)

FIGURE A2—LOWER LEG SEGMENT

Locking Bushing
K1L Divot

FIGURE A3—THIGH SEGMENT
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A.2.4 Thigh Segment

The thigh segment consists of (see Figure A3):

e Locking bushing (for attaching lower leg)
¢ Knee pivot rod

¢ Thigh length scales

e Thigh length locking pins

¢ Thigh lendth locking screws

e Fork (for
o Lateral leg
e Thigh ang

A2.41

The length ¢
point), the S

taching to H-point rod)
position scale
e inclinometer land

| ENGTH OF THIGH AND LOWER LEG SEGMENTS

f the leg segments can be adjusted. However, for measurements related to the
ORP leg length values must be used (see Table A1).

TABLE A1—LEG SEGMENT.LENGTHS

Leg Segment SgRP Mid-Size Male
Thigh
(knee pivot to H-point) #56 mm 432 mm
H o 459 mm 417.5 mm

(knee pivot to ankle pivot)

A.2.5 Shode Tool and Shoe Fixture

The ball of f
reference p
Figure A4):

e Locking sq
e Ankle ang
e AHP to PH
e Pedal plar

pot (BOF), heel of shoe (HOS), and bottom of shoe are found on the shoe tool,
pints or surfaces fer\using the H-point machine. Other parts of the shoe tool

rew
e scale

P lateral offset scale

e angle inclinometer land

SgRP (or R-

and are key
nclude (see

The shoe fix

e 2 levelling

ture is used to hold the shoe tool in place on the accelerator (see Figure A4).

SCcrews

e Bubble level

e Fork for at

taching the shoe tool
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Leveling Screws

S1L Divot

Ankle (Foot)

Angle Scale Bubble Level

A.2.6 Spring Loaded Probe

The probe is
A2.6.1

There are

the back pan (see Figures 3 and 4).

A.2.7 Incl

An inclinom
(back) angle
— referred to

A271

S2L Divot
Inclinometer Land (PPA & FPA)
S3L Divot

AHP To PRP Lateral Offset Scale
BOF

FIGURE A4—SHOE AND SHOE FIXTURE

used to deliver 89 N (20 Ib) of force at the appreptiate load application points.
| OAD APPLICATION SITES

o sites for applying force using the spring loaded probe; one on the cushion par

nometer (Electronic Level)

bter is provided for determining various posture angles when using the HPM, in
, thigh angle, cushion‘angle, and pedal plane angle. Specific sites for placing the
as lands — are pfrovided on the appropriate components.

NCLINOMETER-LANDS

There are si
tool, back p{n, and’cushion pan.

locations provided for positioning the inclinometer; lower leg, thigh, head room

and one on

luding torso
inclinometer

fixture, shoe

A.2.8 Weights

The HPM comes with 3 types of weights: pelvic, thigh, and back. The total number of weights is 24: 6
pelvic, 6 thigh, and 12 back. Two of the pelvic weights have bevelled edges. See Appendix B for a full

specification
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A.2.9 Head Room Fixture

A separate fixture is provided for measuring effective head room. The fixture consists of (see Figure 10):

o Fork (for attaching to the HPM)

¢ An adjusting screw for setting the angle of the fixture
¢ A land for measuring the angle of the fixture

¢ A sliding tube with probe

o Effective tjead room scale

A.3 Referepce Points and Angles
A.3.1 Pivgt Locations
The HPM cgn be articulated about six pivot locations: ankle pivot, knee pivot, H-point (where [cushion and

back pan afe joined), lumbar-pelvic pivot, thoracic-lumbar pivot, and(sliding thoracic pivot|(see Figure
A5). In the HPM, the pivot point centers lie within the pivot mechanism.

Sliding-Thoracic Pivot
/

Knee Pivot
Thoracic-Lumbar Pivot

Lumbar-Pelvic Pivot

Ankle Pivot H-Point

FIGURE A5—PIVOT POINTS

A.3.2 Support Points

There are nine support points; 5 are located on the outer surface of the cushion pan and 4 are on the
back pan assembly (see Figure A6). The support points are provided to facilitate seat design. Additional
information can be found in Appendix B.
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Centerline Centerline

D-Point ,’

\ /
CP1 f
CP2+ C,;PZ

cP3«
© /cP3~

Bottom Surface
Of Cushion Pan
Back Surface Of.

Back Pan Assembly

FIGURE A6—SUPPORT POINTS

A.3.3 Divot Points

Fourteen diyot 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 @old colored disks on the mechanism. Specific

locations of [the divot points can be found in Appendix.B. The primary purpose of the divo{ points is to
allow for the|calculation of key reference points.

90% v

S 2 1mm B1
Reference Surface +

Divot Cross Section

K1L\& K1R

S1L & ST1R
S2L &SZR

H1L & HIR

S3& a% / Toe——— .

FIGURE A7—DIVOT POINTS ON THE HPM

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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For example, the coordinates of H1L and H1R are required to calculate the H-point location. The
coordinates of S1, S2, and S3 are required to calculate the location of the accelerator heel point (or floor
reference point). Divot points can also be used to calculate with additional precision anything that can be
measured directly from the HPM (e.g., torso (back) angle, cushion angle, knee angle, lumbar support

prominence,

etc.). See Table A2.

TABLE A2—DIVOT POINT OVERVIEW

Divot Type Summary of Use
Back Pan Divét Points The B1 point can be used with the H1 points to define the torso (back) angl€. Thig can then be
(B1, B2) and compared to B2 for a measure of lumbar support. The C1 point can be used)with the H1 points
Cushion Pan Divot Points to define the cushion angle. Additionally, B1 and B2 can be used together-with C{ to define the
(C1, H1R, H1L) centerline of the HPM.
The H1 points are used to define the H-point location. The meagured H-point is located at the
H-Point Divot Points intersection of centerline of the HPM, the torso (back) line and.the’cushion line. The H1
(H1IR & H1L) locations are averaged to define the x, y, z coordinates of the H-point. (Alternativgly, B1, B2,
and C1 can be used to define the H-point y coordinate.).
Shoe Divot PE ints Shoe divot points are used to define the AHP (accelerator heel point). They can gso be used
(S1R, S1L, S2R, S2L, ) . i
S3R & S3L) to define the PRP (pedal reference point), the pedadl plane angle, and the floor plgne angle.
Knee Divot Pqints 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 points, kiee angle can be determined.
A.3.4 Key|Reference Points and Lines
For the HPM, the key reference points and referencge-lines need to be calculated using divot points. Table
A3 summariges the HPM locations.

TABLE A3—KEY.REFERENCE POINTS AND LINES

Reference Point
or Line

Summary of Location

H-Point

The intersection ofrthecushion line and torso (back) line corresponds to the pivot center
pan and back pan.yThis point is within the mechanism, and must be calculated using the
H1L and H1RXFEor additional accuracy, the divot points B1, B2, and C1 can be used to
centerlinef.the HPM.

of the cushion
divot points
efine the lateral

D-Point

Located on the bottom of the cushion pan, at the lateral centerline, 25.5 mm (15 degree:
the H=point (when cushion angle equals 0). This point is identified by a divot point on the
cushion pan. However, when the HPM is installed, this point cannot be reached and so

calculated relative to the H-point.

5) rearward of
surface of the
must be

Tl . 1 H

Heel of Shoe

CP 3 &l + 4l bait £ 4l b ] £ 3l k. + il lat | 3 L 1+
e TCCT PO TISToOTT IO at e OO TtOTT O e oaC Ko trnC—SnotTat teraterar CeTTteTnT eIt

s used to define

the accelerator heel point (AHP) for the driver, and the floor reference point (FRP) for passengers. The
heel point cannot be reached when the HPM is installed. The location must be calculated using S1, S2,

and S3 divot points.

Ball of Foot (BOF)

The ball of foot (BOF) is located on the bottom of the shoe, at the lateral centerline, 200

mm from the

heel point. It is used to define the pedal reference point (PRP) for the driver. A notch is provided along
the lateral offset opening on the shoe. A more precise location can be calculated using S1, S2, and S3

divot points.

Torso (back) line

A line from the H-point through the sliding thoracic pivot (B1 divot point).

Cushion Line

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

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.
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Bottom of Shoe

A line from the heel of shoe through the BOF. The angle of this line from horizontal defines the pedal
plane angle (driver) or floor plane angle (passengers).

Bare Foot Flesh
Line

A line originating from a point 286.9 mm from the heel of shoe, on the bottom of shoe line, at a 6.5
degree angle. This line is provided on the HPD, but not on the HPM.

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 fortaking—themeasurements—refer—toreference—times,—divots;,and—tands—Forso (back) and
cushion angles, as well as lumbar support prominence, can be measured without installing the legs.
Other angle$ in Table A4 require installation of the legs and shoe tool (see Figures A7.and "Ag).
TABLE A4—POSTURE ANGLES AND LSP
SAE
J1100
Code Ppsture angle Location and measurement
The angle of the torso (back) line from vertical défines the torso (back) angle. The torso (back)
angle can be measured by H1 and B1 divots,<r'by placing the inclinometer on forso angle land on
A40 Torso (Back) Angle the back pan assembly, or by the torso andle’land on the head room fixture with the fixture
mounted flush to the back pan assemblys
The angle of the cushion line from hotizontal defines the cushion angle. The cughion angle can be
A27 Cushioh Angle measured using H1 and C1 divots, ©r, by placing the inclinometer on the cushior} angle land on the
cushion pan assembly.
The angle of the thigh line from horizontal defines the thigh angle. Thigh angle dan be measured
A57 Thigh Angle by using knee pivot K1 and’the H-point (H1 divot), or by placing the inclinometef on the thigh
angle land on the thigh-assembly. Cushion and thigh angles are independent.
The angle between tfie torso (back) and thigh lines defines the hip angle. After the thigh and torso
A42 Hip Angle (back) angles areqmeasured, the hip angle can be calculated:
Hip angle = 90 degrees + torso (back) angle — thigh angle.
The angle formed by the intersection of the thigh line and the leg line defines the¢ knee angle. A
A44 Knee Angle direct read-oUt scale is provided on the leg segment. The angle can also be calgulated using divot
points'S1,’K1, and H1.
Thevangle between the lower leg and the bare foot flesh line forms the ankle angle. A direct read-
A46 Ankle Angle : :
out-scale is provided on the shoe assembly.
The angle from horizontal to the bottom of the shoe forms the Pedal Plane Anglg or Floor Plane
A47, Pedal plane Angle or Angle. The angle can be determined by using divot points S3 and S2, or b Iajn an
A48 Floor Flane Angle. Angle. 9 y using P ’ yp S
inclinometer on the pedal plane and on the shoe.
LSP is defined as:
LSP =57mm - X
where
X is the distance between the lumbar-pelvic pivot to the torso (back) line, measured normal to the
L81 Lumbar Support torso (back) line.
Prominence (LSP)

In a neutral posture — when LSP equals zero — the distance between the lumbar-pelvic pivot and
the torso (back) 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 (back) line (see Figure A9).

For measurement a direct read-out scale is provided on the back pan assembly.
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Back Angle A40 |/ e
b 3

x
| $

~. 7%
. 'gi’_L/be
]

|
|
, |
Thigh Angle A57 Hip Angle

B4
FI4

PRP

Pedlal Plane Angle A47

FIG

re Foot _/

sh Line

(Ball Of Foot)

AP i H-Point TravelPath (SIRP)

AHP (Heel Of Shoe)

URE A8—REFERENCE POINTS, REFERENCE LINES, AND POSTURE ANGLE

| SP Scale

LSP Indication

AY)
&
L81 (LSP) =57-X tb'”/

When X =57,L81(LSP) =0

Lumbar -Pelvic
H-Point Pivot Lumbar -Pelvic Pivot Point

Pivot Point

A42’r/.’ NI

S

FIGURE A9—LUMBAR SUPPORT PROMINENCE (LSP)
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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 tolerarjces reffectan acceptable dimensionarl variation that would not affect the overall performance
measurements of the H-point machine. If conditions of use, wear, or damage result in measufements that
exceed the gpecified tolerance values, the HPM should be recalibrated.

The build tolerances of the HPM as produced by the HPM manufacturer are welllbelow the tolerances
specified in fhese tables.

B.2 Reference Posture for Specifications

Unless othefwise specified, all dimensions in this section are givenin true vertical or true hotizontal, with
the device ppstured using the settings in Table B1 (see Figure B1):

816
< 642

Y

135.0—> —

i 594.9

|

< 456 (SgRP) —>
x ~ 432 (Mid-Size Male) |

[ Sl

| X
459.0 25.0 1330~ W T
(SgRP) «————498.2——>1 98.0
617 417.5 A
(Mid-Size Male]

l | 159.0 1062.9
} ™ l — &y >

B |
» -
\ . 4 z

N Ball of Foot T

200— 32.7
<—286.9—>
«<—306.0 —>

\C-\
X
)
3

FIGURE B1—HPM LENGTHS AND HEIGHTS, SIDE VIEW
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TABLE B1—POSTURE OF DEVICE FOR SPECIFICATIONS

Torso (back) 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)
Tower Leg Lengin 759 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 200 mm
Ankle pivot 107 mm.above HOS
P 81 mm-forward of HOS
Bare foot flesh line 6;6.degrees above the bottom of shoe.
Originates 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 Figure B1.

TABLE B3—LENGTHS (IN MM)

HPM
Description Value Tolerance

Oveérall (rearmost to foremost) 816.0 +4.0
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 200.0 +2.0
Heel of Shoe to Ankle Pivot 81.0 +2.0
Heel of Shoe to Origin of Bare Foot Flesh Line 286.9 N/A
H-Point to Knee Pivot 456.0 +2.0
H-Point to Knee Pivot, w/ mid-size male leg lengths 432.0 +2.0
H-Point to back of cushion pan 133.0 +2.0
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)

HPM
Description Value Tolerance
——Cushion Pam, Max_ (358 i forward of H=Poimt) 71058 T40
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 B 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
B.6 Heights
See Table B5 and Figure B1.
TABLE B5—HEIGHTS (IN MM)
HPM
Description Value Tolerance
Operall 1062.9 +4.0
Seated Height (bottom of cushion pan tefop of device) 594.9 +4.0
Clishion Pan, Max. 132.3 +4.0
Pglvic Segment, Max. 94.9 +4.0
Lémbar Segment, Max. 150.3 +4.0
Tﬁoracic Segment, Max. 255.6 +4.0
L{imbar-Pelvic Pivot to Bottem of Cushion Pan 180.8 +4.0
Tlhoracic-Lumbar Pivot to"Bottom of Cushion Pan 363.5 +4.0
H}Point to Bottom.0f-Cushion Pan 98.0 +2.0
Heel of Shoe to.Ankle Pivot 107.0 +2.0
Hgel of Shoe.te-Bare Foot Flesh Line 32.7 N/A
Ball of Fgot'to Bare Foot Flesh Line 9.9 N/A
Kpee Rivot Point to Ankle Pivot Point 459.0 +2.0
Knpee Rivot Point to Ankle Pivot Point, mid-size male 4175 +2.0
Kheg PIvot POINT 10 CToS5-OVer of Lower Leg P1eces 300.0 F 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
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The radius of the knee is 51 mm. The radius of the ankle on the shoe tool is 19.1 mm. The
ankle curve at the lower end of the lower leg is 44.5 mm.

B.8 Weight, HPM Only

See Table B6.

radius of the

TABLE B6—WEIGHTS (IN KG)
Tolerance
Description Value per Unit per Unit Quantity
HPM w/o Weights 19.31 + 0.35
Cushion Pan 8.41 +0.15 1
Back Pan 5.94 +0.10 1
Head room 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 w/ 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 2.4 +0.03 6
Back Weight 1.79 +0.03 12

B.9 Support Points

Support points are located on the outer surface of the cushion pan (CP) and back pan (BP) ¢
Table B7 and Figure A6.

TABLE\B7—SUPPORT POINT LOCATIONS (IN MM)

bntours. See

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
CR3 2 -250.0 +/-110.0 -69.2

BP2 1 135.1 0.0 175.0
BP3 2 122.7 +/- 90.0 350.0
HPM AIIISupport +40 +4.0 +4.0
Tolerance Points

* Positive 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 B8.
TABLE B8—DIVOT POINT LOCATIONS
HPM
Divot Location HPM Description Tolerances
SGC LLLLAAI ClbUVG thc : : PU;IIt Tt ‘l:-IU tUIOU LU\JGtUd ;II thU LUICVW h\J:U ViR ‘l:-lU tU'J Uf ‘l:-lU
B1 (back) line back pan T-handle. %
330 mm above the H-Point Located along the back pan centerline, in
B2 35 mm forward of the torso (back) line (and g . p . ’ +2.
H-Point). front of the sliding thorax pivot.
H1L 200 mm to the left (H1L) or the right (H1R) of  Located at the ends of the rod where the +1
H1R the measured H-Point. back pan and cushion pan are joined- -
c1 275 mm forward of the H-Point on the Located along the cushion pan.eenterline, +2
cushion line. in a hole on top of the pushblock. )
| 2 mn g;etr'f;‘k(rge%i‘\ﬂ'gzits('(1 R) of Used to define the K-Roint Iécation. The  +2.
: — K1L and K1R provide the x, z coordinates,
K2 EI;(c)n:]tT forward of the knee pivot center (K- while K2 providés the y coordinate. +1
S1L EX; 3/1 Tg};ﬁﬁgﬁgig:gi?ﬁ:’shoe Located on'either side of the ankle pivot. +2.0x
S1R c):enterline (S1L is ¥Q'mm to the left; STIRis 10 mmto +0.5y
(z) 107 mm above bottom of shoe. the Jight) +092
x) 81 mm forward of the heel of shoe,
S2L Ey; +/- 10 mm to either side of the shoe Located on top of the sole of the shoe +2.0x
SoR centerline below the ankle pivot. (S2L is 10 mm to +05y
(2) 5mm ’above bottom of shoe the left; S2R is 10 mm to the right.) +05z
x) 175 mm forward of the heel of shoey
s3L Ey; +/- 10 mm to either side of the Shoe Located on top of the sole of the shoe, +2.0x
S3R centerline near the ball of foot. (S3L is 10 mm to the +05y
’ left; S3R is 10 mm to the right.) +05z
(z) 5 mm above bottom of shoe:
B.11 Muslin Cloth
The muslin shall be plain.cotton, knitted or non-woven fabric having 18.9 threads per cm? gnd weighing
0.228 kg/m?| The cloth sheuld be large enough to prevent the HPM from contacting the seat.
The muslin ¢loth is available from SAE.
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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 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, wifl} each piece
protected pnd secured to prevent damage. It is recommended that the weights be stored\sgparately.

A procedurg for checking key elements of the HPM is given in Appendix C. The HRM)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 Equipn
C.21
The user sh
- Flat, level §
- Two 90-de

approximate
- 2 small C-(

- CMM equipment for taking the measurements

- HPM inclin

C.2.2 Checking Fixtures

Checking fix
and shown
measureme

User Provided Equipment

hent Required for Checking

bl provide the following equipment:

urface (or surface plate) approximately 750 mm wide and 1000°'mm long
gree angle blocks at least 200 mm wide, one approximately 150 mm high ar
ly 100 mm high

lamps, one with 100 mm throat and one with 25 mmrthroat

pmeter

tures are available from SAE. Checking fixtures are described in the following
in Figure C1. Tolerances for surfaces on the fixtures and shims that affect t
hts are £0.05 mm.

Back Pan Shim

LSP Shims
(+25, 0, And*-15)

@
ﬁ

Fixtures

Thigh Rod Fixture

d a second

sub-clauses
he checking

v%
/thk Segment

Checking Shims
6@1mm, 2@0.5mm and 1@4mm

P O
@
\— Knee Pivot Slot Fixture

Cushion Pan
Shims H-Point

Bushings

FIGURE C1—CHECKING FIXTURES AND SHIMS

42 -



https://saenorm.com/api/?name=91d21b7b34d53aec3d502909c3943603

SAE J4002 Revised AUG2005

C.2.21

CUSHION PAN SHIMS

two 25x25x25 mm gage blocks used for levelling cushion pan.

c222

LSP sHims

gage blocks of a specified length (73.04, 99.67, and 46.84 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
c.2.2.3

rectangular
approximate

c.224

two 0.5 mm
clearance td
25 mm wide

c.225

two bushing
divot point fq

C.226

fixture for pfoviding H-point divots and_supporting the H-point center (H1L and H1R) on the
nt at a height of 30 mm above the level surface. The diameter of the H-point rogls extending

thigh segme
from each si

c227

fixtures that
diameter of

L LOSF SCale readings or v, +2£95, and -19o.
BACK PAN SHIM

shim used to support the back pan 4 mm above the flat level surface.
ly 250 mm wide and 400 mm long.

BACK SEGMENT CHECKING SHIMS
thick shims, six 1 mm thick shims, and one 4 mm thick{shim used to check pe
the level surface and back pan gap between lumbarand thoracic segments. TH
and approximately 65 mm long.

H-POINT BUSHINGS

5 that fit on each side of the back pan H-point pivot shaft (12 mm diameter holes)
r measuring H-point location and slots-for inserting the head room probe H-point

THIGH ROD FIXTURE

de of the fixture is 12 mm.
KNEE PIvOT ROB.FIXTURES

support (the' knee pivot rod divots, K1L and K1R, 30 mm above the level {
he slotiin‘the fixtures is 12.7 mm.

The shim is

vic segment
e shims are

to provide a

forks.

forks of the

urface. The

c.228

KNEE PIVOT SLOT FIXTURE

fixture that provides divot points for the knee pivot center (K1) on the leg segment knee pivot fork. The
diameter of the knee pivot slot on the fixture is 12.7 mm.
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C.2.3 Measurement Equipment

C.2.3.1

CMM

Points used to determine distance measurements shown in Table C1 and clause C.5 should be taken
with a CMM. Angular measurements on the inclinometer lands are taken with both the inclinometer and a
CMM. When CMM equipment is used to check angle measurements on the inclinometer lands, the
digitized points taken on the lands should be separated by the length of the inclinometer (or greater) as

shown in Figure C3-
The xyz axi$ orientations to be used for recording CMM data are shown in Figures G4,)C6,/C7, C8 and
C9. This prpvides a direction convention for both linear and angular measurements. Egtablish and

maintain thi
angle is clo
with positive

c.23.2

Prior to che
testing and

inclinometer
manufacturg
certified per

b axis orientation on the flat level surface used to position the HPM component
tkwise as viewed from the left side of the components. This angleleenvention
cushion angle and torso (back) angle definitions.

L ECTRONIC LEVEL (HPM INCLINOMETER)

cking the HPM place the inclinometer parallel to the-X.axis on the flat level surf
set the inclinometer reading to zero using the alt\zero button. It is desirable td

prior to each measurement taken. Use the\information provided by the
r to check accuracy of the inclinometer. TheZinclinometer should be regularly ¢
manufacturer specifications.

C.3 HPM Measurement Locations

Most measlirements specified in the checking procedures are taken to the HPM divot

inclinometer
bottom of th

lands shown in Figures C2.and C3. Divot points K2, S2, S3 and inclinometer
b shoe are not used in thelcalibration procedure.

5. A positive
s consistent

hce used for
re-zero the
inclinometer
hecked and

points and
ands on the
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900 *
1mm B1
Reference Surface

j 1 (/
Divot Cross Section B2 //'
.'/é///;7

K1L & K1R D /

gy )

)' '/ _ Thoracic
/ / Segment |

S{IL & S1R

S|
S3L

— Pelvic
Segment

\
L & S2R e )

Cushion Pan

FIGURE C2—HPM REFERENCE POINTS (DIVOT POINTS)

/g Lumbar
/ l ~ Segment

FIGURE C3—HPM REFERENCE SURFACES (INCLINOMETER LANDS)

ck

- 45 -



https://saenorm.com/api/?name=91d21b7b34d53aec3d502909c3943603

SAE J4002 Revised AUG2005

C.4 Summary of Measurements and Tolerances

Measurements and tolerances used to check the HPM are summarized in Table C1. If the tolerance
specifications cannot be achieved for any measurement, the HPM should be repaired and rechecked.

TABLE C1—HPM CHECKING DIMENSIONS AND TOLERANCES

Section | Description | Measurement | Tolerance
Cushion Pan
C.5.1.141 Gushion angle on inclinometer land using inclinometer 0 degrees %1 degree
C.5.1.1.1 Gushion angle on inclinometer land using CMM 0 degrees +1 Pegree
C.5.1.1.2 Gushion angle (using C1, H1L, and H1R divot points) 0 degrees +1 degree
C51.1.3 Differences in cushion angle measurements (inclinometer/divots) 0 degrees 1 dpgree
C.5.1.1.3 Qifferences in cushion angle measurements (CMM/divots) 0 degrees 1 degree
C5.1.2 Hubble level reading Betweenymarks
C.5.1.2 H1L and H1R heights from level surface 98 mm +2 mm
C.5.1.2 Difference between H1L and H1R heights 0 mm 2 nmm
C.5.1.3 (1 divot point to H-point 275'mm +2 mm
C.5.1.3 (1 divot point above the level surface 98 mm +2 mm
C.5.14 H-point to back of cushion pan 133 mm +2 mm
C.5.1.5 Gushion pan alignment (difference between C1 to H1L and C1 to H1R) 0mm 2 mm
Back Pan
C.5.2.1 LISP at —15 (on LSP scale) -15 +1 binit
C.5.2.2 LISP at +25 (on LSP scale) +25 +1 bnit
C.5.2.3 LISP at zero (on LSP scale) 0 +1 pinit
C.5.3.1 LHumbar or thoracic segment offset from level surface, 0 mm 1nm
C.5.3.1 Jegment that is offset (lumbar or thoracic)
C.5.3.2 Helvic segment offset from level surface 4 mm +2 mm
C.5.3.3.1 Tlorso (back) angle on inclinometer land using/inclinometer 0 degrees +1 Pegree
C.5.3.3.1 'Iiorso (back) angle on inclinometer land\ising CMM 0 degrees +1 fegree
C.5.3.32 Torso (back) angle (using B1 and H-point bushing divot points) 0 degrees +1 fegree
C.5.3.3.3 Differences in torso (back) angle (inclihometer/divots) 0 degrees 1 degree
C.5.3.33 Differences in torso (back) anglé (CMM/divots) 0 degrees 1 dpgree
C.5.34 H-point bushing divot on baekpan (each side) from level surface 139 mm +2 mm
C.5.34 Difference in H-point bushing divot height at each side 0mm 2 nm
C.5.3.5 B1 divot point height above the level surface 139 mm +2 mm
C.5.35 H1 divot point to H-point 550 mm +2 mm
C.5.3.6 H2 divot point t6_H-point 330 mm +2 mm
Head room Probe
C.5.4.1 Tlorso (batk)“angle on head room probe using inclinometer 0 degrees +1 degree
C.5.4.1 'I|orso (back) angle on head room probe using CMM 0 degrees +1 fegree
C.5.4.11 ifference in torso (back) angle measures using head room probe 0 degrees 1 dpgree
(Inc idometer/CMM)
C.541.2 All differences in torso (back) angle measurements (including C.5.3.3.1, 0 degrees 1 degree
C.5.3.3.2, and C.5.3.3.3) — six difference measures
C.54.2 Distance from tip of head room probe to H-point line (1000 mm reading 898 mm +1 mm
on head room scale)
C.5.4.3 Distance in top view from tip of head room probe, perpendicular to aline | 0 mm 4 mm
extended from the mid H-point through the B1 divot
Thigh
C.5.51 Thigh angle on thigh angle land (inclinometer and CMM)- left side 0 degrees +1 degree
C.5.5.1 Thigh angle on thigh angle land (inclinometer and CMM)- right side 0 degrees +1 degree
C.55.2 Thigh segment flatness (maximum angle difference between sides) 0 degrees 1 degree
C.5.5.3 K1L on the thigh segment to divot on the thigh rod fixture, measured 456 mm +2 mm
parallel to X axis (thigh length left side)
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