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Accommodation Tool Reference Point

1. Scope—Reference lines have been developed to which driver workspace accomodation toolf can be located
in vehicle sgace. The lines describe horizontal reference point locations as a function of vehicle H-point height
(H30). One€ reference line has been established for use in vehicles with H-point heights (H80) and steering
wheel diamgters (W9) less than 405 and 450 mm, respectively. (Class A Vehicles),This point can be used to
reference appropriate workspace tools to accommodate a driver population with_.a male-to-fenmale ratio of one-
to-one. Separate reference lines have been established for use in vehicles’with H-point heights (H30)
between 40p and 530 mm and steering wheel diameters (W9) between 450 and 560 mm with treadle type
pedals. (Class B Vehicles) See Figure 1. Three lines are available for use.in Class B vehicl¢s depending on
the percentages of males and females in the population the designetiwishes to accommddate. Separate
points can ble used to reference appropriate workspace tools to accemmodate driver populatigns with male-to-
female ratigs of 50:50, 75:25, and 90:10 to 95:5. Different procedures for locating Class| A and Class B
accommoddtion tool reference lines in vehicle space have been established based on umique packaging
consideratigns of the two categories of vehicles.
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3.1

3.2

3.3

3.3.1

3.3.2

3.3.3

3.3.4

Definitions—In addition to the definitions listed as follows, reference is made to the following definitions given

in SAE J1100:
a. H-point
b. H-point height (H30)
c. Steering wheel diameter (W9)
d. Accelerator heel point (AHP)
e. Seating reference point (SgRP)

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

vans.

Class B Velicles—Vehicles with H-point heights (H30) between 405 and 530 mm»and

diameters (
heavy trucks

The followin

CLAsS A EHICLES' ACCOMMODATION TOOL REFERENCE LINE—Two-dimensional

defines 4
accommo

to accomnpodate a driver population with a male-to-female ratio‘of 1:1. The reference line ¢4

from the fq

where:

X is the
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PEDAL PLA
the bottoni

PEDAL PLA
manikin g
percentile
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V9) between 450 and 560 mm with treadle accelerator pedals. This class of v
, some medium duty trucks, and some buses.

§ definitions pertain to locating procedures for vehicles defined as-belonging to CI
side view

horizontal reference point as a function of H-peint height to which d
Jation tools can be located in vehicle space. The linelis)appropriate to reference

llowing equation:

X = 793.7 + 0.9033872X0.002255182°

horizontal reference location in,mm aft of the accommodation ball of foot refere
the H-point above the accommodation heel reference (H30) in mm.

NE—A plane viewed as a line in side view which is tangent to the accelerator peds
of the two-dimensional'manikin's shoe.

NE ANGLE—The angle between the pedal plane and the horizontal floor which
bometry - the 95th percentile leg links and an 87 degree foot angle with the H-g
selected seat position curve at a specified H-point height (H30). The pedal plane
0 from, the- equation:

0 = 78.96-0.15z — 0.01732°

steering wheel
ehicles includes

nss A.

curve which
iver workspace
workspace tools
n be determined

(Ea. 1)

hce and z is the

| and represents

is a function of
oint on the 95th
angle, 6, can be

(Ea. 2)

where:

z is the height of the H-point above the accelerator heel point (H30) in centimeters. The equation was
derived by placing the manikin's H-point on the 95th percentile selected seat position curve, moving the
manikin along the curve and measuring the angle its shoe (pedal plane) made with the horizontal floor
while keeping the heel on the floor and the ball of foot on the pedal.

BALL OF FOOT—A point on a straight line 203 mm from the accelerator heel point tangent to the bottom of the
manikin's shoe at the ball of foot.
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3.3.5

95TH PERCENTILE SELECTED SEAT PosITION CURVE—A two-dimensional side view curve which expresses
driver selected seat position aft of the ball of foot reference for 95th percentile accommodation as a function

of vehicle H-point height. The curve can be determined from the following equation:

where:

Xgs = 913.7 +0.6723162 - 0.00195532°

(Ea. 3)

x is the location in mm of the 95th percentile H-point aft of the ball of foot and z is the height of the H-point
above the accelerator heel point (H30) in mm.

3.3.6
covering b
angle, 0, g
floor. TH
accommao
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accommo
angle, 0, g
the depres
Class A ac

3.3.7

3.4 The followin

ACCOMMOPA

elow the accelerator pedal. int is defined when the pedal plane is set up la
s a function of H-point height and placed tangent to a point on the pedal surface
is point defines the horizontal reference plane in side view for positionir
fation tool reference line.

DATION BALL OF FOOT REFERENCE POINT—A point on the pedal* plane 203
s a function of H-point height and placed tangent to a point-on the pedal surface
sed floor covering. This point defines the vertical refereénce plane in side view fq
commodation tool reference line.

) definitions pertain to locating procedures for vehicles defined as belonging to CI

depressed floor
the appropriate
with heel on the
g the Class A

mm from the

jation heel reference point. The point is defined when the pedalhplane is set up at the appropriate

with the heel on
r positioning the

nss B.

3.4.1 CLASS B JEHICLES' ACCOMMODATION TooL REFERENCE'LINE—Two-dimensional side view line which defines
a horizontgl reference point as a function of H-pointtheight to which driver workspace accommaodation tools
can be lgcated in vehicle space. Three different lines are provided to reference woilkspace tools to
accommodglate truck driver populations with male-to-female ratios of 50:50, 75:25, and 90:10 to 95:5. The
reference |ines can be determined from the following equations.

For'50:50 male-to-female ratio: (Eq. 4)
X = 798.74 — 0.4462
For 75:25 male-to-female ratio: (Eq. 5)
X = 822.44 - 0.460z
For 90:10 to 95:5 male-to-female ratio: (Eq. 6)
X = 855.31 - 0.509z
where:
X is the hortzontatreferencetocatiomimmmraftoftheaccommodatiomheetreferenceand-z is the height of
the H-point above the accommodation heel reference (H30) in mm.

3.4.2 PEDAL PLANE—A plane viewed as a line in side view that is parallel to the treadle pedal surface and
represents the bottom of the two dimensional manikin's shoe.

3.4.3 PEDAL PLANE ANGLE—The angle between the pedal plane and the horizontal floor that represents the

attitude of the two-dimensional manikin's shoe (manikin ankle angle can exceed 87 degrees) with heel on the
floor in contact with the base of the treadle accelerator pedal.
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3.4.4

ACCOMMODATION HEEL REFERENCE POINT—A point on the pedal plane that intersects the depressed floor
covering below the accelerator pedal. This point is defined when the pedal plane parallels the surface of the
undepressed treadle pedal. This point defines both the horizontal and vertical reference planes in side view
for positioning the Class B accommodation tool reference line.

Background—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.

Data to defin r—fourteen different
workspace studies (see Reference SAE Paper 840508) Workspaces mcluded a range of-vehiicles from sports
cars with 14p to 180 mm H-point heights through vans and multipurpose vehicles with_ 300-to[405 mm H-point

heights. Ste
stratified by
were collect

reference fof

The median
plotted as a
line which gi
of 50% malg
Class A.

Data to defime the reference line to be used in Class Bwehicles were collected from a heavy

study (see H

configuratiops with H-point heights of 405, 468, and’ 530 mm and steering wheel diameters

ering wheel diameters were between 330 and 442 mm. Driver selected-seat po
stature and sex to represent the general driving population (assuming a 50:50 ma

each package.

H-point location, a statistically stable reference point, was. determined for ea
function of package H-point height (H30). A second degree polynomial was fit t
ves a horizontal reference location as a function of H-peint height for a driver popu
s and 50% females is the accommodation tool referénce line for vehicles defined

eferences M.S. Sanders 1983 and B.E.x«Shaw 1984). The workspace simulateq

Sition of subjects
e-to-female mix)

bd in these workspaces. Data were converted to H-point locations, refative to a manikin ball of foot

ch package and
D the data. This
lation composed
as belonging to

truck workspace
three truck cab
pf 457, 508, and

560 mm. All configurations had a treadle accelerator pedal and suspended clutch. Driver selected seat
position of male and female heavy truck drivers were collected in the workspace. Data wgre converted to
H-point locations relative to a manikin heelpoint reference for each package.

Pedal confi

uration determined the‘reference points chosen for both classes of vehicles.

vehicles have suspended accelerator pedals. With a suspended pedal, the manikin's ball of
less likely t¢ change due to,the’amount of seat travel provided in a workspace. The he
however changes with the amount of available travel. Most Class B vehicles have treadle p
configuration pedal, the manikin's heel point has a physical stop to rest against making it lesg
as a function of pedaldepression angle. Application of this practice (Class B) supposes a re
accelerator pedal anglée.

A statistical teChnique was used to generate four populations from the orlglnal truck workspc

Most Class A
foot reference is
el point location
edals. With this
likely to change
hsonable, typical

ce data with the

following rati

locations were

determined for the three H-point height conflguratlons by populatlon mix and plotted as a function of H-point
height (H30). Straight lines were fitted 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-to-female ratios. The linear expressions for
populations with 90:10 and 95:5 male-to-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 location as a function of H-point height for populations with male-to-
female ratios of 50:50, 75:25, and 90:10 to 95:5 are the accommodation tool reference lines for vehicles
defined as belonging to Class B.
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5.1

5.2

6.1

6.1.1

Description

Equations—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 line is appropriate to reference workspace tools to accommodate a driver population with a 1:1
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. All 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

foranoa _aaia 0

Procedures for

vehicles, th
establishing

Application
and ball of f
be located.

a. The
accq
b. The
foot

Use of the txble eliminates the necessity of computing the pedal plane angle, 6, since L and

used to defi

Locating Procedures—Different procedures are used to locate accommodation tool re

ese—planes—are—defined—from—the—accommodation—heel+reference—point—onhy-
these planes differ for Class A and Class B vehicles.

Table—A table (Table 1) is given that provides information for definingthe accd
pot reference points for Class A vehicles only to which the accommodation tool rg
The table provides the following:

horizontal distance between the accommodation ball -of\ foot reference

mmodation heel reference point (referred to as L in Table 1),

reference point (referred to as H in Table 1).

e the pedal plane and its angle, 6.

mmodation heel
ference line can

point and the

vertical distance between the accommodation heel referénce point and the acconpmodation ball of

H values can be

erence lines in

Class A and Class B vehicles. Procedures are based on a given H-point height and given dccelerator pedal
hardware.
Use the follpwing procedure to define accommodation heel and ball of foot reference poipts to locate the

accommodattion tool reference line in Class A workspaces.

Construct
the hypote
horizontal
hypotenus
between t

Determine
angle to a

A right triangle using the.L and H values from Table 1 for the given or measured |
nuse represents the pedal plane. The corner of the triangle point where the hypot
leg represents the) accommodation heel reference point. The corner of the tri
e meets the wvertical leg represents the accommodation ball of foot reference p
e hypotenuse and horizontal leg of the triangle represents the pedal plane angle

the shape of the accelerator pedal in side view and any associated pivots that
Haptto the driver's foot.

-point height, z.
enuse meets the
bngle where the
oint. The angle
0.

allow the pedal

Set the hypotenuse of the triangle (pedal plane) tangent to the pedal. Rock the pedal if geometry allows
movement. The pedal plane may extend beyond the fall of foot for pedal contact. The horizontal leg of the
triangle must be aligned with the depressed heel.

Locate the accommodation tool reference line to the accommodation heel and ball of foot reference points.
Since these points do not lie in the same horizontal and vertical planes, horizontal and vertical side view lines
should be constructed through the reference points. The intersection of these lines, defines the side view
station to which the accommodation tool reference line is located.
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6.1.5

6.1.5.1

6.1.5.2

6.2

6.2.1

6.2.1.

6.2.2

6.2.3

For certain treadle pedal configurations in Class A vehicles, the following situations may occur:

If the angle the treadle pedal surface makes with the floor is less than the pedal plane angle, 6, 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 6.1.4.

If the angle the treadle pedal surface makes with the floor is greater than the pedal plane angle, 6, the

accommodatlon baII of foot reference pomt WI|| contact the pedal surface, but the accommodation heel

refereng
pedal cq
heel ref¢
accomim

Use the follg
tool referend

For treadle

angle the
vehicle, th
1 Determi
(pedal p
the dete]
foot. Pr

Define the
floor cove
lineistob

Determine
accommo

e following procedure should be used to define the actommodation heel referenc

intact, even though the pedal pIane may go through the pedal surface, and the
rence does not contact the pedal surface. Locate the accommodation toobyefe

wing procedure to define the accommodation heel reference pointito locate the
e line in Class B vehicles.

pedal, define the pedal plane and pedal plane angle, from the treadle pedal

pedal makes with the floor, and proceed to 6.2.2. If a,suspended pedal is us

ne the pedal plane angle, as defined by the equation (Equation 2) given in 3.3.3.
lane) tangent to the undepressed acceleratorpedal in the side view which inters
rmined angle. Rock the pedal as necessaryif geometry allows movement to add
bceed t0 6.2.2.

accommodation heel reference point-as the point where the pedal plane intersec
ings. This point also represents‘the vertical station to which the accommodatia
e located.

population mix for design. Locate the appropriate accommodation tool refer
lation heel referencespoint.

oot reference at

accommodation

rence line to the
odation heel and ball of foot reference using the same procedure outlinedin 6.1.4.

accommodation

surface and the
ed in a Class B
b point.

Construct a line
ects the floor at
pt to the driver's

s the depressed
n tool reference

ence line to the
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TABLE 1—5.2 APPLICATION TABLE

Chair 95% H-Point Aft Ball of Foot Ball of Foot
Height of Ball of Foot Length to Height Above
2 (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 52.7 196.0
U JOU.Z DO. [ 190.0
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
165 971.4 685 192.8
170 9715 64.7 192.4
175 971.5 66.0 192.0
180 971.4 67.3 191.5
185 971.2 68.6 1911
190 970.9 69.9 190.6
195 970.5 71.2 190.1
200 970.0 72.6 189.6
205 969.4 74.0 189.0
210 968.7 75.5 188.5
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 I62.4 845 846
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
265 954.6 92.7 180.6
270 952.7 94.4 179.7
275 950.7 96.1 178.8
280 948.7 97.8 177.9
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TABLE 1—5.2 APPLICATION TABLE (CONTINUED)

Chair 95% H-Point Aft Ball of Foot Ball of Foot
Height of Ball of Foot Length to Height Above

(2) (X) Heel Point (L) Heel Point (H)
mm mm mm mm
285 946.5 99.6 176.9
290 944.2 101.3 175.9
295 941.9 103.1 174.9
300 939.4 104.9 173.8
305 936.9 106.7 172.7
310 954.2 108.5 1/1.06
315 931.5 110.4 170.4
320 928.6 112.2 169.2
325 925.7 114.1 167.9
330 922.6 115.9 166.6
335 919.5 117.8 165.3
340 916.3 119.7 163.9
345 912.9 121.6 162.5
350 909.5 123.5 161.1
355 906.0 125.5 159.6
360 902.3 1274 158.1
365 898.6 129.3 156.5
370 894.8 131.2 154.9
375 890.9 133.2 153.2
380 886.8 135.1 151.5
385 8827 137.0 149.8
390 878.5 139.0 148.0
395 874.2 140.9 146.1
400 869.8 142.8 144.2
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