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J1516 0CT85

RATIONALE:

Previously, manufacturers used a seating reference point (SgRP) to locate driver
workspace accommodation tools. Definition of the location of this reference
point was left to a manufacturer's discretion. Consequently, the SgRP could vary
among competitors' vehicles for similar seating arrangements leading to different
indications of accommodation provided by commonly used tools. A more consistent
reference point across vehicles based on how drivers used the seat travel was
required to eliminate those differences.

lected
f

Data to defipne the reference line to be used in Class A vehicles were Co
from fourteen different workspace studies. Workspaces included a range
vehicles from sports cars with 145-180mm H-point heights through vans an
multipurpose vehicles with 300-405mm H-point heights. Steering wheel dipmeters

were between 330 and 442mm. Driver selected seat position of Gubjects stratified
by stature ajnd sex to represent the general driving population (assuming
male/female mix) were collected in these workspaces. Data were converte
H-point locations relative to a manikin ball of foot reference for each package.

The median H-point location, a statistically stable- reference point, was
determined flor each package and plotted as a function of package H-point| height
(H30). A second degree polynomial was fit to theydata. This line which| gives a
horizontal rleference location as a function of>H-point height for a driver
population gomposed of 50% males and 50% females is the Accommodation Topl
Reference Lilne for vehicles defined as belonging to Class A.

Data to defilne the reference line to be used in Class B vehicles were collected
from a heavy] truck workspace study.,K The workspace simulated three truck| cab
configuratigns with H-point heights, of 405, 468 and 530mm and steering wheel
diameters ofl 457, 508 and 560mm( ,"A11 configurations had a treadle accelgerator
pedall and syspended clutch. Driver selected seat position of male and female
heavy truck [drivers were collected in the workspace. Data were converted to
H-point Tocdtions relative-to a manikin heel point reference for each package.

Pedal configuration determined the reference points chosen for both classes of
vehicles. Most Class A vehicles have suspended accelerator pedals. With a
suspended pddal, the manikin's ball of foot reference is less 1ikely to [change
due to the amount of seat travel provided in a workspace. The heel point
location however changes with the amount of available travel. Most Clags B
vehicles have treadle pedals. g P
point has a physical stop to rest against making it less 11ke1y to change as a
function of pedal depression angle.
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A statistical technique was used to generate four populations from the original
truck workspace data with the following ratios of males and females; 50/50,
75/25, 90/10 and 95/5. Median H-point locations were determined for the three
H-point height configurations by population mix and plotted as a function of
H-point height (H30). Straight 1ines were fit to each of the four mixes of

data. (Second degree expressions were not used due to paucity of data).

Separate equations define horizontal reference points as a function of H-point
height for truck driver populations with 50/50 and 75/25 male/female ratios. The
linear expressions for populations with 90/10 and 95/5 male/female ratios were
very similar. Therefore, one equation, appropriate for both mixes, was developed
to define a horizontal reference point as a function of H-point height. These
three lines which give horizontal H-point Tocation as a function of H-point
height for populations with male/female ratios of 50/50, 75/25, and 90/10 to 95/5
are the Accommodation Tool Reference |ines for vehicles defined as belonging to
Class B. |

REFERENCE | SECTION:

SAE J941 (CT85, Motor Vehicle Driver's Eye Range

SAE J1052|0CT85, Motor Vehicle Driver and Passenger Head“Position
SAE J1100{ Motor Vehicle Dimensions

SAE J1517|0CT85, Driver Selected Seat Position

SAE J1521|0CT85, Truck Driver Shin-Knee Position for Clutch and Accelgration
SAE J1522|0CT85, Truck Driver Stomach Position

SAE Paper|No. 840508, Driver Selected Seat Position Model

SAE U.S. Truck Driver Anthropometric and Truck Workspace Data Survey
SAE Femaleé U.S. Truck Driver Anthropometric and Truck wOfkspace Data Survey
APPLICATIQN: |

Reference|lines have been developed to which driver workspace accomoddtion tools
can be logated inmyehicle space. The lines describe horizontal referénce point
locations|as a<function of vehicle H-point height (H30). One referende line has
been estalhlished for use in vehicles with H-point heights (H 30) and gteering
wheel diameters (W9) less than 405mm and 450mm, respectively. (Class|A
Vehicles) 0ols to
accommodate a driver population with a male to female ratio of one to one.
Separate reference lines have been established for use in vehicles with H-point
heights (H30) between 405 and 530mm and steering wheel diameters (W9) between 450
and 560mm with treadle type pedals. (Class B Vehicles) Three lines are
available for use in Class B vehicles depending on the percentages of males and
females in the population the designer wishes to accommodate. Separate points
can be used to reference appropriate workspace tools to accommodate driver
populations with male/female ratios of 50/50, 75/25 and 90/10 to 95/5. Different
procedures for locating Class A and Class B Accommodation Tool Reference Lines in
vehicle space have been established based on unique packaging considerations of
the two categories of vehicles.
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ACCOMMODATION TOOL REFERENCE POINT

1. SCOPE: |Reference lines have been developed to which driver wovkspade
accomoddtion tools can be located in vehicle space. The lines’ describe
horizontal reference point locations as a function of vehicle H-poingt height
(H30). |One reference 1ine has been established for use in-vehicles |with
H-point|heights (H 30) and steering wheel diameters (W9} less than 405mm and
450mm, yrespectively. (Class A Vehicles) This pointican be used to([reference
appropriate workspace tools to accommodate a driver‘“population with|a male to
female ratio of one to one. Separate referencechines have been estdblished
for use|in vehicles with H-point heights (H30)\bé&tween 405 and 530mm and
steering wheel diameters (W9) between 450 and. 560mm with treadle type
pedals.| (Class B Vehicles) See Fig. 1. Three lines are available|for use
in Clasg B vehicles depending on the percéntages of males and femalds in the
populatjon the designer wishes to accommodate. Separate points can|be used
to reference appropriate workspace tools to accommodate driver populations
with male/female ratios of 50/50, 75/25 and 90/10 to 95/5. Different
procedures for locating Ciass A and Class B Accommodation Tool Reference
Lines ip vehicle space have been established based on unique packaging
considerations of the two categories of vehicles.

2. REFERENCE DOCUMENTS:

SAE J941 0CT85, Motor Nehicle Driver's Eye Range

SAE J10%2 0CT85, Motor Vehicle Driver and Passenger Head Position
SAE J1100, Motor &Vehicle Dimensions

SAE J1517 OCT85;  Driver Selected Seat Position

SAE J1521 0CT85, Truck Driver Shin-Knee Position for Clutch and Accdleration
SAE J1522-0CT85, Truck Driver Stomach Position

SAE Technical Board Rules provide that: "This reportis published by SAE to advance the state oftechnical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copynght ] 9 8 5 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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3.

BACKGROUND: Previously, manufacturers used a seating reference point (SgRP)
to Tocate driver workspace accommodation tools. Definition of the location
of this reference point was left to a manufacturer's discretion.
Consequently, the SgRP could vary among competitors' vehicles for similar
seating arrangements leading to different indications of accommodation
provided by commonly used tools. A more consistent reference point across
vehicles based on how drivers used the seat travel was required to eliminate
those differences.

Data to define the reference line to be used in Class A vehicles were
collected from fourteen different workspace studies(1). Workspacps included
a range of vehicles from sports cars with 145-180mm H-point heighits through
vans fand multipurpose vehicles with 300-405mm H-point heights.’ Steering
wheel| diameters were between 330 and 442mm., Driver selected seat| position of
subjects stratified by stature and sex to represent the genera] driving
popullation (assuming a 50/50 male/female mix) were collected in these
workspaces. Data were converted to H-point locations-relative to| a manikin
ball pf foot reference for each package.

The median H-point location, a statistically stable reference poipt, was
determined for each package and plotted as_a/function of package H-point
height (H30). A second degree polynomial was fit to the data. is line
whichl gives a horizontal reference location as a function of H-pojint height
for g driver population composed of 50%-males and 50% females is [the
Accommodation Tool Reference Line for ‘vehicles defined as belongipg to
Clasg A.

Data [to define the reference %ine to be used in Class B vehicles were
collacted from a heavy truck'workspace study(2,3). The workspacel simulated
three truck cab configurations with H-point heights of 405, 468 and 530mm and
steerjing wheel diameters of 457, 508 and 560mm. Al1 configurations had a
treadle accelerator pedal and suspended clutch. Driver selected [seat
posifion of male and female heavy truck drivers were collected in the
workgpace. Data were converted to H-point locations relative to fa manikin
heel [point reference for each package.

Pedal| configuration determined the reference points chosen for bgth classes
of vehicl€s., Most Class A vehicles have suspended accelerator pedals. With
a sugpended pedal, the man1k1n 3 ba11 of foot reference is less liikely to
Chan aue 0 E—damMou 0 0 rovTaed o pace, The hee.l
point location however changes w1th the amount of ava11ab1e travel. Most
Class B vehicles have treadle pedals. With this configuration pedal, the
manikin's heel point has a physical stop to rest against making it less
1ikely to change as a function of pedal depression angle. Application of
this practice (Class B) supposes a reasonable, typical accelerator pedal
angle.

A statistical technique was used to generate four populations from the
original truck workspace data with the following ratios of males and females;
50/50, 75/25, 90/10 and 95/5. Median H-point locations were determined for
the three H-point height configurations by population mix and plotted as a
function of H-point height (H30). Straight lines were fit to each of the
four mixes of data. (Second degree expressions were not used due to paucity
of data). Separate equations define horizontal reference points as a
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4.1

4.2

4.3

to the following definitions given in SAE J1100:

(Continued)

function of H-point height for truck driver populations with 50/50 and 75/25
male/female ratios. The linear expressions for populations with 90/10 and
95/5 male/female ratios were very similar. Therefore, one equation,
appropriate for both mixes, was developed to define a horizontal reference
point as a function of H-point height. These three 1ines which give
horizontal H-point location as a function of H-point height for populations
with male/female ratios of 50/50, 75/25 and 90/10 to 95/5 are the

ACCOmm0 ation B Reference 9 oFr o < - ined—a belorain
B.

g to Class

DEFINITIONS: 1In addition to the definitions listed below, reféerence is made

H-point
H-point|height (H30)

Steering wheel diameter (W9)
Accelerator heel point (AHP)
Seating|reference point (SgRP)

Class A Vehicles: Vehicles with H-point heights (H30) less than 405mm and
steering wheel diameters (W9) less than 450mm. This class of vehigles
includes passenger cars, multipurpose passenger vehicles and vans.

Class B Vehicles: Vehicles with H=point heights (H30) between 405(and 530mm
and ste¢ering wheel diameters (W9) between 450 and 560mm with treadle
accelerator pedals. This class of vehicles includes heavy trucks, [some
medium|duty trucks and some.buses.

The following definitions .pertain to locating procedures for vehicles
defineq as belonging to:'Class A.

4.3.1 Clas$ A Vehicles! Accommbdation Tool Reference Line: Two dimensional side

view|curve which defines a horizontal reference point as a function of
H-point height to which driver workspace accommodation tools can |be
located in<vehicle space. The line is appropriate to reference Workspace
tool§ to-aCcommodate a driver population with a male to female rgtio of
one to-one. The reference line can be determined from the following
equation: ,

x = 793.7 + 0.903387z - 0.0022551822

where x is the horizontal reference location in mm aft of the
Accommodation Ball of Foot Reference and z is the height of the H-point
above the Accommodation Heel Reference (H30) in millimeters.

4.3.2 Pedal Plane: A plane viewed as a 1ine in side view which is tangent to

the accelerator pedal and represents the bottom of the two dimensional
manikin's shoe.
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4.3.3 Pe

dal Plane Angle:

The angle between the pedal—plane and the horizontal

floor which 1s a function of manikin geometry - the 95th Percentile leg
links and an 87° foot angle with the H-point on the 95th Percentile

Selected Seat Position Curve at a specified H-point height (H30).

pedal plane angle, 6, can be determined from the equation:

= 78.96 - 0.15z - 0.0173z22

The

where z is the height of the H-point above the accelerator heel point

(H

H-
ma

ma
ba

4.3.4

Bal

30) in centimeters. The equation was derived by placing the

ikin along the curve and measuring the angle its shoe (pédal
e with the horizontal floor while keeping the heel on the fi
1 of foot on the pedal.

;oint on the 95th Percentile Selected Seat Position Curve, g

]

1 of Foot: A point on a straight Tine 203mm from. the Accelg

Po1

4.3.5

95¢

nt tangent to the bottom of the manikin's shoerat the ball ¢

h Percentile Selected Seat Position Curve: “A two dimensiond

cu
fo
H-

whé
of
ac(

4.3.6

Acd

ftve which expresses driver selected seatposition aft of the
9t reference for 95th percentile accommodation as a function
point height. The curve can be determined from the following
xg5 = 913.7 + 0.6723162 - 0.001955322

re x is the location in millimeters of the 95th percentile }

the ball of foot and z is the height of the H-point above th
elerator heel point (H30)Uin millimeters.

ommodation Heel Reference Point: A point on the pedal plane

in
po
0
pe
re

Tod

4,3.7 Ac

1
1

lersects the depressed floor covering below the accelerator |
nt is defined when the pedal plane is set up at the appropri
as a function (of H-point height and placed tangent to a poirn
al surface with heel on the floor. This point defines the Hh
erence plane in side view for positioning the Class A Accomn
1 Reference Line.

q
$

gommodation Ball of Foot Reference Point: A point on the peg

20
when—thepedalplane—is—setupat—the appropriateangle; o5

of H-point height and placed tangent to a point on the pedal surface with
This point defines the vertical

th

mm.from the accommodation heel reference point. The point i

e heel on the depressed floor covering.

manikin's

ving the
plane)

oor and the

rator Heel
f foot.

1 side view

ball of

of vehicle
equation:

-point aft

e

that
edal. This
ate angle,
t on the
orizontal
odation

al plane
s defined
a function

reference plane in side view for positioning the Class A Accommodation

To

ol Reference Line,

4.4 The following definitions pertain to locating procedures for vehicles

defi

ned as belonging to Class B.
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4.4.1

Class B Vehicles' Accommodation Tool Reference Line: Two dimensional side
view 11ne which defines a horizontal reference point as a function of
H-point height to which driver workspace accommodation tools can be
Tocated in vehicle space. Three different lines are provided to reference
workspace tools to accommodate truck driver populations with male/female
ratios of 50/50, 75/25 and 90/10 to 95/5. The reference 1ines can be
determined from the following equations.

For 50/50 male/female ratio:
x = 798.74 - 0.446z

For|75/25 male/female ratio:
x = 822.44 - 0,460z

For|90/10 to 95/5 male/female ratio:
x = 855,31 - 0.509z

where x is the horizontal reference location in mm_aft of the
Accxmmodation Heel Reference and z is the height)of the H-point|above the
Accommodation Heel- Reference (H30) in millimeters.

4.4.2 Pedal Plane: A plane viewed as a line in.side view that is pargllel to

the|treadle pedal surface and representsothe bottom of the two dimensional
manjkin's shoe.

4.4,3 Pedal Plane Angle: The angle between the pedal plane and the h¢rizontal

flogr that represents the attitude of the two dimensional manikin's shoe
(maiikin ankle angle can exceed 87°) with heel on the floor in ¢ontact
with the base of the treadle accelerator pedal.

4,4:4 Accommodation Heel Reference Point: A point on the pedal plane|that

5. DESCRIPTION:

int¢rsects the depressed floor covering below the accelerator pg¢dal. This
point is defined when the pedal plane parallels the surface of the
unde¢pressed treadle pedal. This point defines both the horizontal and
vertical referénce planes in side view for positioning the Clas$ B
Accommodation-Tool Reference Line.

5.1

Equatjons: Equations are given that define horizontal reference points in
vehicle space as a function of H-point height. One second degree equation

defines the Accommodation Tool Reference Line for Class A vehicles. The
1ine is appropraite to reference workspace tools to accommodate a driver
population with a one to one male to female ratio. Three first degree
equations define the Accommodation Tool Reference Lines for Class B
vehicles. One line is appropriate to reference workspace tools to
accommodate truck driver populations with 50% males and 50% females; the
second line, populations with 75% males and 25% females; the third line,
populations with 90% to 95% males and 10% to 5% females. Al1l Accommodation
Tool Reference Lines are located in vehicle space relative to vertical and
horizontal side view planes. In Class A vehicles, these planes are defined
from the Accommodation Ball of Foot and the Accommodation Heel Reference
Points. In Class B vehicles, these planes are defined from the
Accommodation Heel Reference Point only. Procedures for establishing these
planes differ for Class A and Class B vehicles.
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5.2 Application Table:

6. L

A table is given that provides information for defining

the Accommodation Heel and Ball of Foot Reference Points for Class A
vehicles only to which the Accommodation Tool Reference Line can be

located.

The table provides the following:

- The horizontal distance between the Accommodation Ball of Foot Reference
Point and the Accommodation Heel Reference Point (referred to as L in

A

pplication Table).

- The vertical distance between the Accommodat1on Heel Reference Point and

A

Use o
angle
angle

OCATI

tl

pplication Table).

f the table eliminates the necessity of computing the pedal
L 9, since L and H values can be used to define the pedal pl

b 0 .

NG PROCEDURES: Different procedures are used -to"locate Acco

T
0

6.1.1

ool R
nag

Use t
Refer
works

Con
Tab
rep
hyp
Ref
the
Poi
tri

Det
ass

Set
Roc
bey

bference Lines in Class A and Class B vehicles.® Procedures
iven H-point height and given accelerator ¢edal hardware.

ne following procedure to define Accommodation Heel and Ball
once Points to locate the Accommodation Tool Reference Line
haces.

he Accommodation Ball of Foot Reference Point (referred to as H in

lane
ne and its

modation
re based

of Foot
n Class A

Struct a right triangle using the L and H values from the Ap
e for the given or measured-H-point height, z
resents the pedal plane.
ptenuse meets the horizontal leg represents the Accommodatio
erence Point. The corner of the triangle where the hypotenu

nt. The angle between the hypotenuse and horizontal leg of
angle representstthe pedal plane angle, ¢

ermine the_shape of the accelerator pedal in side view and a
pciated pivots that allow the pedal angle to adapt to the dr

the hypotenuse of the triangle (pedal plane) tangent to the
kK thé- pedal if geometry allows movement. the pedal plane maj
pnd 'the fall of foot for pedal contact. The horizontal leg

vertical leg represents the Accommodation Ball of Foot Refer

Tication

The hypotenuse
The corner of the triangle point where the

Heel
te meets
ence
the

hY

pedal.
y extend
pf the

triangle must be aligned with the depressed heel.

Locate the Accommodation Tool Reference Line to the Accommodation Heel and

Bal

1 of Foot Reference Points.

Since these points do not lie in the same

horizontal and vertical planes, horizontal and vertical side view lines

sho

uld be constructed through the reference points.

The intersection of

these lines defines the side view station to which the Accommodation Tool

Ref

erence Line is located.

For certain treadle pedal configurations in Class A vehicles, the

fol

Towing situations may occur:

ver's foot.
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6.1.5.1

If the angle the treadle pedal surface makes with the floor is less than

the pedal plane angle, ¢, the Accommodation Heel Reference Point will
contact the pedal surface, but the Accommodation Ball of Foot Reference

Point will not.

(See Figure 2).

In this case, set the Accommodation

Heel Reference Point in contact with the pedal, then pivot the pedal
plane around this point until the Accommodation Ball of Foot Vertical

Reference Point contacts the pedal surface.

Locate the Accommodation

Tool Reference Line to these points using the same procedure outlined in

5‘
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t
P
R
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R
T
u

6.2 Use t
to 1o

6.2.1
6.2.1.1

6.2.3
Too

7‘

1.4.

the angle the treadle pedal surface makes with the Tioor 1

greater

an the pedal plane angle, 6, the Accommodation Ball of Foot’[Reference
int will contact the pedal surface, but the Accommodation Hgel

ference Point will not. (See Figure 3).

In this case); define the

commodation Ball of Foot Reference at pedal contact, even though the
dal plane may go through the pedal surface, and the Accommodation Heel

ference does not contact the pedal surface. Locate the Acc
ol Reference Line to the Accommodation Heel and Ball of Foot
ing the same procedure outlined in 5.1.4.

e following procedure to define the AccCommodation Heel Refey
ate the Accommodation Tool Reference:bine in Class B vehiclg

mmodation
Reference

ence Point
S.

Determine population mix for design.

treadle pedal, define the pedal .p¥ane and pedal plane angie
dle pedal surface and the angle the pedal makes with the fl
eed to 6.2.2. If a suspended pedal is used in a Class B ve
owing procedure should be used to define the Accommodation
rence Point.

termine the pedal plane angle, as defined by the equation g

ragraph 4.3.3. Construct a 1ine (pedal plane) tangent to t
1depressed accelerator pedal in the side view which intersec
oor at the determined angle). Rock the pedal as necessary

Tows movement to adapt to the driver's foot. Proceed to 6.

ine the Accommodation Heel Reference Point as the point wher
he intersects the depressed floor coverings. This point als
resents the vertical station to which the Accommodation Tool
P isto be located.

from the
or, and
1ic1e, the
eel

ven in

he

ts the

f geometry
p.2.

2 the pedal
D
Reference

Locate the appropriate Ac
1 Reference Line to the Accommodation Heel Reference Point.
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4,2 APPLICATION TABLE

CHAIR 95% H-POINT AFT BALL OF FOOT BALL OF.FOOT

HEIGHT OF BALL OF FQOT LENGTH TO HEIGHT ABOVE
(Z) (X) HEEL POINT (L) HEEL POINT (H)
MM MM MM _ MM
100 961.4 50.0 196.7
105 962.7 50.9 196.5
110 964.0 51.8 196.3
115 965.2 5277 196.0
120 966.2 53.7 195.8
125 967.2 54.7 195.5
130 968.1 55.7 195.2
135 968.8 56.7 194.9
140 969.5 57.8 194.6
145 970.1 58.9 194.3
150 970.6 60.0 193.9
155 970.9 61.1 193.6
160 971.2 62.3 193.2
165 9.4 63.5 192.8
170 971.5 64.7 192.4
175 97M.5 66.0 192.0
180 971.4 67.3 191.5
185 971.2 68.6 191.1
190 970.9 69.9 190.6
195 970.5 .2 190.1
200 970.0 72.6 189.6
205 969.4 74.0 189.0
210 968.7 15.5 188.5
215 967.9 76.9 187.9
220 967.0 78.4 187.3
225 966.0 79.9 186.6
230 964.9 81.4 186.0
235 963.7 83.0 185.3

. 240 962.4 84.5 184.6
245 961.1 86.1 183.8
250 959.6 87.7 183.1
255 958.0 89.4 182.3
260 956.3 91.0 181.5
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