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FOREWORD

This digest was prepared by the Human Factors Standardization
SubTAG of the Department of Defense Human Factors Engineering
Technical Advisory Group (DoD HFE TAG).

This booklet is a digest of material appearing in MIL-STD-1472, and is
complemented with material from MIL-HDBK-759 and the Federal
Aviation Administration (FAA) Human Factors Design Guide. The user
Is therefore referred to those documents and its references for required
supplementary information.

This digest provides basic, quantitative human engineering design data
in pictorial, tabular, and graphical formats for use during system,
equipment, or facility design and assessment. Its purpose is to furnish a
convenient “portable” reference of human engineering design criteria
and guidelines. The principles, explanations, limitations, and
application techniques associated with the data have been intentionally
omitted. This abbreviated presentation presupposes that the user is
familiar with the bases and limitations of the given data or will consult
applicable references to ensure appropriate application of the data.

Comments from users of this digest are welcomed and should be
submitted to:

Mr. Alan Poston

Federal Aviation Administration
AND-202, Room 300W

800 Independence Avenue, S.W.
Washington, DC 20591
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EQUIVALENTS

TO CONVERT FROM

TO

MULTIPLY BY

candela per square meter {cda’mz]
kilogram (kg)
kilopascals (KPa)
Tux (Ix)

meter (m)

meter (m)

meter® [mz]

meterZ {mz)

meter? [m3]

meter3 [m3)
millimeter (mm})
millimeter? (m|112]|
newton (N)

newton (N)

newton meter (N-m)
newton meter (N-m)
radian (rad)

radian (rad)

footlambert (fL)
pound (Ib) avoirdupois
pound force/inch? (Ibﬁ’inz)
footcandle (1)

foot (ft)

inch (in. or ")

foot2 (ftzi

inch2 ('an)

foot3 (ft3)

inch3 (in3)

inch (in.or ™)

im’.:h2 (fnzl

pound force (Ibf)

ounce force (ozt)
pound-inch (1bf-in)
ounce-inch (ozf-in)
degree (angle)(deg)

minute (angle){min)

0.291 8§64

2.204 623

0.145 038

0.092 903

3.280 840

39370079

10.763 910

1550.003 120

35314 662

61203.745 303

0.039 370

0.001 550

0.224 809

3.596 942

8.850 748

141.611 929

57.295 788

3437746 873

PREFIXES TEMPERATURE CONVERSION
Nano n 109 Kilo k 103 OC = 5/9 (OF - 32)
Micro p | o6 Mega M 100
Milli m 103 OF = 9/50C + 32
Centi ¢ g2

Inch-pound equivalents, abbreviations, and prefixes




Horizontal Line of Sight

Lines of sight



187 Optimum 187 Optimum

i

387 Maximum 387 Maximum ad® Maximum

AN

187 Optimum

20" Maximum
16° Optimum
Eye Rotation
o Optimum 65% Maximum
60° Maximum 60" Maximum
\ / Nog,
“h""!-'ﬂ_l‘ I"NE‘

=N OF §y64,

—84r

367 Maximum

Head Rotation

18° Optimum 18° Optimum 9 Maximum

15° Optimum

_______.—-—-—-'-
98” Maximum r 98° Maximum
L

18° Optimum

Head and Eye Rotation

Vertical and horizontal visual field




COLOR

SIZE/TYPE RED YELLOW GREEN WHITE
=25 mm (1 in) [Emergency
FLASHING condi-tion
(3 to 5 sec) (impending
personnel or
equip-ment
disaster).
=25 mm (1 in) Extreme caution | Master
STEADY Master summation | (impending summation
(system or danger) (system or
subsystem) subsystem)
<13 mm (1/2 in) Delay: check; Go ahead: | Functional or
STEADY Malfunction: recheck. in tolerance: | physical position:
action stopped; acceptable; |action in progress
failure; stop ready.

action.

Coding of simple indicator lights
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Viewing Distance
Dismension ___ (mm}
710 Q10 1525

A (Major index width} D9 1.1 1.9
B (Minor index width) 0.6 0.8 14
C (Intermediate index 0.8 1.0 1.6

width)
D (Major index height) 3.6 [ 12.0
E {Miror index height} 2.5 3.3 54
F (Infermediate index 4.1 5.2 8.7

hysight)

G (Majer index

spparation between 17.8 229 38.0

midpoints}
H (Minorindex

separation between 1.8 2.3 33

midpoints)

Minimum scale dimensions for low illuminztion (1 3.4 cd/m”)

Scale of markings



—s] pje—Major Index
*

—slcje—Intermediate Index

o —Blc—Minor Index

it

G

ﬂ

Dimensions of dark markers on light background. visual angle

A Width of major scale index .16 mrad (4 min)*
B Width of minor scale index 0.87 mrad (3 min)*
C  Width of intermediate scale index 1.16 mrad (4 min)*
D Length of major scale index 7.86 mrad (27 min)
E  Length of minor scale index 3.49 mrad (12 min)
F Length of intermediate scale index 5.82 mrad (20 min)
G Width of gap between major scale index 25.02 mrad (86 min)
H Width of gap between minor scale index 2.62 mrad (9 min)

*4.36 mrad (15 min) for light markers on dark background

NOTE: For most applications with a dark graduation mark on a light background, the
width of the minor graduation mark can be used for major and intermediate
graduation marks as well. Use of this strategy allows the width of the pointer tip to
be the same as all of the graduation marks. Visual angles are for longest anticipated
viewing distance.

Scale marker dimensions
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FOR MA DI SCCt

(VIR PORNTER IS AN EQUAL DISTANCE =
NORIRAL §.5=15 pm (0,931=0,081 In) =
FROM ALL SCALE MARKS. WEVER
OMERLARPING AMY KMARK OR NUMERAL}

YO PREVANT OR MIMIMIZE VISUAL

PARALLAX
TER DR GROSE

READING OF NUMBERS

Relative position of scale marks, numerals, and pointers on circular dials



PREFERRED ACCEPTABLE
FACTOR OPTIMUM LIMITS LIMITS
viewing distance
Ratio of - . 4 3-6 2-8
screen diagonal
Angle off centerline 0° 20° 30°
Image luminance (no film in operating projector) 35 cd/m?2* 27-48 cd/m?* 17-70 cd/m2*
(10 ft-L) (8-14 fi-L) (5-20 ft-L)
Luminance variation across screen 1 1.5 3.0
(ratio of maximum to minimum luminance)
Luminance variation as a function of viewing location 1 2.0 4.0
(ratio of maximum to minimum luminance)
ambient light 0 0.002-0.01 0.1 max**

Ratio of__ _
brightest part of image

* For still projections higher values may be used

** For presentations not involving gray scale or color (e.g.. line drawings. tables) 0.2 may be used.

Group viewing of optical projection displays




Color Use Examples
flashing red to indicate an emergency
condition that requires
immediate action to avert
impending injury, equipment
damage, or both
red to indicate that (1) the system or “no-go”
a portion of the system is “error”
inoperative, or (2) successful “failure”
task completion is not possible “malfunction”
until appropriate corrective or
override action is taken
yellow to indicate (1) a marginal
condition, (2) an unexpected
delay, (3) that caution is
necessary, or (4) that rechecking
is necessary
green to indicate that (1) equipment is “go ahead”
“in tolerance,” (2) conditions are “in tolerance”
satisfactory, or (3) it is all right “ready”
to proceed “function activated”
white to indicate system conditions (1) indicating which of several
that do not have “right” or functions has been selected, (2)
“wrong” implications indicating a transitory condition
such as an action or test in
progress, provided such
indications have no implications
of success or failure
blue to advise only

10

Color coding of transilluminated displays




FYFE OF 51GNAL

FUNCTION TONES COMPLEX SOUNDS SPEECH
{Periodic) {(Non-Periodic)
QUANTITATIVE POOR POOR GOOD

INDICATION Maximum of 5 to 6 tones Interpolation between Minimum time and error in
absolutely recognizable signals inaccurate. obtaining exact value in
terms compatible with
responsc.
QUALITATIVE POOR-TO-FAIR POOR GOOD
INDICATION Difficult to judge approx- Difficult to judge Information concerning
imate value and direction | approximate deviation displacement, direction,
of deviation from null from desired value. and rate presented in form
setting unless presented compatible with required
in close temporal Iresponsc.
sequence.
STATUS GOOD GOOD POOR
INDICATION Start and stop timing. Especially suitable for Inefficient: more easily
Continuous information irregularly occurring masked; problem of
where rate of change of signals  (e.g., alarm repeatability.
input is low. signals).
TRACKING FAIR POOR GOOD
Required qualitative Meaning intrinsic in signal.
Null position easily indications ditficult to
monitored; problem of provide.
signal-response
compatibility
GENERAL Good for automatic Some sounds available Most effective for rapid (but

communication of limited

information. Meaning

must be learned. Easily

generated.

with common meaning
(e.g.. fire bell). Easily
generated.

not automatic)
communication of complex,
multi-dimensional
information. Meaning
intrinsic in signal and context
when standardized.
Minimum of new learning
required.

Functional evaluation of audio signals

11




COMMUNICATION REQUIREMENT SCORE
PB | MRT | All

Exceptionally high intelligibility: separate syllables understood 90% | 97% | 0.7

Normal acceptable intelligibility; about 98% of sentences correctly heard;
single digits understood 75% | 91% | 0.5

Minimally acceptable intelligibility: limited standardized phrases
understood; about 90% sentences correctly heard (not acceptable for 43% | 75% | 0.3
operational equipment)

I' The Articulation Index (AI) should not be used to measure intelligibility of synthetic speech
because some key acoustic features are not present in non-human *“speech.” Instead.
intelligibility of synthetic speech should be measured using representative panels of talkers
and listeners.

Intelligibility criteria for voice communications signals

12
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CONTROL FUNCTION

CONTROL TYPE

Small actuation force required:

2 Discrete positions

3 Discrete positions

4 to 24 Discrete positions

Continuous setting (linear and less than 360°)

Continuous slewing and fine adjustment

Large actuation force required:

2 Discrete positions

3 to 24 Discrete positions

Continuous setting (linear and less than 360°)

Continuous setting (more than 360°)

Keylock

Push button
Toggle switch
Legend switch
Slide switch

Rotary selector switch
Toggle switch
Push button

Rotary selector switch

Continuous rotary knob
Joystick or lever

Crank
Continuous rotary knob

Foot push button
Hand push button
Detent lever

Detent lever
Rotary selector switch

Handwheel

Joystick or lever
Crank

Two-axis grip handle

Crank

Handwheel

Valve

Two-axis grip handle

Recommended manual controls




ADVANTAGES

TYPE OF CODING

LOCATION

SHAPE

MODE OF
OPERATION

COLOR

Improves visual identification.

Improves nonvisual
identifica-tion (tactual and
kinesthetic).

Helps standardization.

Adds identification under low
levels of illumination and
colored lighting.

May aid in identifying
control position (setlings).

Require little (if any)
training; is not subject to
forgetting.

X

X

X

X

SIZE
X

X

LABELING
X

X

{When trans-
luminated)

X

X

{ When trans-
lluminated)

DISADVANTAGES

May require ¢xtra space.

Affects manipulation of the
control (ease ol use).

Limited in number of available
coding categories.

May be less effective if
operator wears gloves.

Controls must be viewed (Le.,
must be within visual areas and
adequately illuminated).

X

Advantages and disadvantages of various types of control coding

15




Advantages

Disadvantages

A. Knob, discrete position rotary
Used when 4 or more detented
positions are required; resistant to
accidental actuation

B. Knob, continuous position rotary

Good for precise settings; single- or
multi-turn capability

C. Knobs, ganged

Efficient use of space

D. Thumbwheels

Compact; virtually an unlimited range

E. Cranks
Used when multiple rotations are
required; fast; can handle high forces;
with proper gearing can be used for
either gross or fine positioning over a
wide range of adjustments

F. Handwheels
Good for high forces; suitable for two-
handed use

G. Levers

Good for high forces; status is obvious

H. Toggle switches

Used for 2 or 3 discrete positions;
efficient use of space; setting is
obvious to user

Not recommended for 2 position
functions; relatively slow

Potential parallax error; relatively slow;
susceptible to misinterpretation if
multiple turn; sensitive to accidental
activation; difficult {time consuming) to
re-establish setting if switch is moved
inadvertently

Three-knob assembly not
recommended; relatively slow; not
recommended for gloved use;
susceptible to erroneous settings; not
recommended when frequent changes
are required; one knob may move other
knob if inter-knob friction exists (may
require two-handed operation)

Not recommended for fine control;
slow, not recommended for high traffic
functions; can cause intermediate and
inadvertent inputs; susceptible to
inadvertent activation; position or
selection may be difficult to assess in
dim light

Requires space; susceptible to
accidental movement

Requires substantial space; not good
for fine adjustments; may require two-
handed operation

Large space requirements; susceptible
to accidental displacement; not
recommended for fine control

Four of more positions should be
avoided; susceptible to inadvertent
activation; often requires guards or
shields

Advantages and disadvantages of common controls

16




Push button

Efficient use of space; fast activation

J. Foot operated switches

Can be used when hands are occupied

K. Pedals

Use when both hands occupied; high
force capability; may be used where
pedal has created a stereotyped
expectancy

L. Rocker switches

Efficient use of space; will not snag
clothing; status is obvious

M. Push-pull controls

Used for 2 position control; efficient
use of panel space; may be used in
multi-mode fashion (for example, on-off
and volume control) to save space

N. Slide switches

Can be discrete or continuous; good for
large number of discrete positions;
provides easy recognition of relative
switch setting

0. Legend switches

Good in low illumination (if self
illuminated); fast activation; effective
way to label switches; efficient use of
panel space

P. Printed circuit {(DIP) switches

Very space efficient

Q. Key operated switches

Prevents unauthorized operation;
permits flush panel for seldom operated
switches

State of activation is not always
obvious; susceptible to accidental
activation; may require secondary
status indication; bulb failure can lead
to erroneous interpretation of status

Susceptible to accidental activation; not
recommended for critical operations,
frequent use, or fine adjustments

Requires large amount of space for
location and operation; succeptible to
accidental activation due to them being
unseen or felt {without danger of
activation); controls or settings are
easily identified

Susceptible to accidental activation; can
be difficult to read three-position rocker
switches

Difficult to determine positions when
used for multiple position control;
susceptible to inadvertent activation

Continuous slide switches susceptible
to mispositioning; can be difficult to
position continuous slide switch
precisely

Not recommended for more than two
positions; state of activation is not
always obvious

Slow; usually require stylus to set;
small size makes it difficult to read;
may require stabilized hand to set and
to avoid excess force

Slow to operate; must keep track of
seperate key; key slot susceptible to
contamination if not shielded

17

Advantages and disadvantages of common controls (continued)




gl

CONTINUOUS [ ROTARY DISCRETE
TOGGLE PUSH ROTARY SELECTOR | THUMBWHEEL
SWITCHES | BUTTONS* | CONTROLS | SWITCHES CONTROLS

TOGGLE
SWITCHES SEE FIG 14 |13 mm (0.5 in) |19 mm (0.75 in) [ 19 mm (0.75 in) | 13 mm (0.5 in)
FUsSH
BUTTONS! 13mm(0.5in) | SEEFIG12 |13 mm(0.5in) [13mm(0.5in) |13 mm (0.5 in)
CONTINUOUS
ROTARY
CONTROLS 19mm (0.75in) |13mm (0.5in) | SEEFIG8 [25mm(1.0in) |19 mm (0.75 in)
ROTARY
SELECTOR
SWITCHES 19 mm (0.75 in) | 13 mm (0.5 in) |25 mm (1.0 in) SEE FIG 5 19 mm (0.75 in)
DISCRETE
THUMBWHEEL

CONTROLS

13 mm (0.5 in)

13 mm (0.5 in)

19 mm (0.75 in)

19 mm (0.75 in)

SEE FIG 7

Iﬁm' pushbuttons not separated by barriers

NOTE: All values are for one hand operation.

Minimum, edge-to-edge separation distances for controls




DIMENSIONS

RESISTANCE

CLEARANCE

D A VIBRATION S C F
DIAM SURFACE PRECISION OR ACCEL DISPLAY CL AROUND BALL TO
EXPOSURE | REQUIRED | CONDITIONS | TOBALL CL BALL SHELF FRONT
MINIMUM 50 mm 1o0® 025N — 0 50 mm 120 mm
(2.07) 10,9 bz) [2.07) (4,75
PREFERRED 100 mm 120° 03N — — — —
(4.07) (1.1 0z)
MAXIMUM 150 mm 1402 1.5 N 1.7N 320 mm — 250 mm
{6.07) 5.4 0z) 6.0 0z) i 12.6”) (10

NOTE: Initial resistance should range firom 0,25 N{0.9 0z)t0 0.4 N (1.4 oz).

Ball controls

19
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<4t !-_# f,_.,_i.
M
et

N

LOAD

DIMENSION

HANDLE

R, TURNING RADIUS

L. LENGTH

D. DIAMETER

RATE BELOW
100 RPM

RATE ABOVE
100 RPM

LIGHT LOADS
<22 N (5 Ib):
Wrist & finger
mo vernent

MINIMUM

25mm (1.0 1n)

10 mm (0.4 mn.)

38mm(1.5in.)

13 mm (0.51n.)

PREFERRED

F8mm(l.5in.)

13mm(0.5m.)

75 mm (3.0 in.)

B5mmi{2.5n.)

MAXIMUM

75 mm (3.0 1n)

16 mm (0_625)

125mm (5.0 i)

115 mm (4.5 in.)

HEAVY LOADS
222 N (5 Ib):
Arim movement

MINIMUM

T3 mm (3.0 1n.)

25mm(1.01mn)

190 mm (7.5 in.)

125 mm (5.01n.)

PREIERRED

93mm (3.75 in.)

25mm(1.01in.)

MAXIMUM

I8 mm(l.5mn)

S10 mm (20 in.)

230 mm (9.0 m.)

S. Separation between adiacent controls: 75 mm (37). mimimum.

Cranks

20




DIAMETER RESISTANCE DISPLACEMENT
D A
Foot Will Foot Will Normal Heavy Ankle Total
Not Rest Rest On Operation Boot Flexion Leg
On Control Control Operation Only Movement

Minimum 13 mm I8N 45N 13 mm 25 mm 25 mm 25 mm
(0.5 in.) (4 1b) (10 1b) (0.5 in.) (1in.) (1in.) (1 in.)

Maximum 90N 90N 65 mm 65 mm 65 mm 100 mm
(20 1b) (20 1b) (2.5 in.) (2.5 in.) (2.5 in.) (4 in.)

Foot-operated switches

21




$]0.JU0d _umHm‘EQO-HOOH_

by bnes

amey BHERSE

1o Aappoaprsed

G asnese] [opIoas
a8 £Teaauab
Bineys umr 5TE

DL ik g5 Usaazag
Fi suopuEIRdar
Tepad 36p>

&3 sBE3  fean]

F180q

Rnesiy I war 1Y)
HAL T = &pepaAd
Daamyaq swed

g7 100F MR OF
Us§aeiedsr L — 5

w g5

= ETERST YasdsMiadg
Bupddy1s oy
WHLITE OF WIH = &

[ mTolaag
ARl s
4000 B = REWC
TUSUESeIIETa

- R

- GHE - 59
= paETagiid
W S = U
Ul BET = FCH
BARATIOE
sl v

wrriw Tl
ST = |

Ut gigrz. = Wh
- SEMr = XEH
e G5 T G0E
= ugpiesedss
FIOIWUSH - 5

Ll

TggE e

uLE
| o5 = Utk - &

L = UTH = &

up G X 5§ =
Uty - TX &

W = d % &

o5 = wH - Prf

w gs [

W g5 ¥ Go = f

B 5§ E = MR 4 0 = wowr
SFIIAUFI TIDAE S0Xdd

"GP UBBAIEG wq o
afbue PepATOUT 66T pie Hsg
TEAST Bshes pproygs apliuy
J5TIIS TEUTioN -sdowmaus
Tdatla ST ds e usy 3oy

{tEATAs
-3333 30 pINGNE (epad)
1epeck papladsny g

ep=d

TIEY "pebijy-sooTa e

ssucparstpdde
TEaL 107 EIaTasaY

aDeTING
pessy TeLs  CETARIABIDE
SHEgs repad pURSE

“a88] T §
PEATT MBAUSH -Bitfaeds
¥ Fdeys [Epad SAFICUINYTY

HWEUWE [ G CUTUE 1 A = dXedo
KBl N gRR = YITHTD
feduewa e 33TRE

“aderans |
PERI] XEnMoN  CesEad 1o
Yaifa  =fuopreslrdde fepesg

a

|

a

1D

t

9_1‘

NOLEVEY DS

ANITNTONTSIE

SNCISNINI

SENNIAIND-NOISICH

SANNZAIND NOLLYINddv

22



(panunuod) sjosuod parelado-1004

SINIBEINS NOIBSIT

_ adog=aas _
WT i h
Enyssdue
J 27 I oIpta
| Rl rhesy 3
IoyyrE a3 f U0 pOT = U
o JUL BEEDOY UO T RS EG Jere o ey
- 2| pesds "HSTiexade Jousbaous 1
n—ﬁ.
gIE6q K {f = »eu pS31s3ati
YIS WF G i iFewFzTibed Sdioq
WY B9 = UTW patlaFatch
m #07 T4y aeg BET.24- Ry jERT AT ﬂﬂm@ n’q
i | pesE S s plin Hiill &7 = wpwr W pasds fuat umrﬂuu.n.— llll*a
i B susg zEyauwerEr | juanhasy Tedisg  ewspyds &
| sadelEafy — 5 UOFANE = T PUBIE CEEGsTTME qoo |
gz el { BUCIEUINTE DEJISAAE 16§
widr SEESISHT i SSE-EAT |l BESB~H-TIA4 JokF k 4°L XEU
L e *sjeey I00 W §p = upur = Bauazsgeas [ SRleuITideY adigg - [OME
§L = UTH = & w5y = xepy] veasnEvEGe wu TOTY WI} o G = URMC] XPlY Foo] 1o Bud AQUe s
d wy CF = uppcf FUEICATT = | FueyEnT = H| fenswetq - g A[TRUION. -EBUTYEME 007
CSHL G-I
¥ 3398 :SUSWIIRBSE soqoa
S d=ppTir |
1 gatelads watoTny [Cepad
BhiE SEE 44 SUSUWIAGUE FYE-ETOE foyEag
= opg = ¥ FoTeasds SEnsserd acy wam
_ Wy ggg = ' 0CE 30 WESujenfpy RIE-S36C
¥eur full ggc il e s ggT | uTw IARY Enels - Afqumsse
e = trpp - b = GEK = pr|  syeaq pue JopEod FFersiTe
IVHVAIS | ENINIIVTISID __SNOISNIWN SINIEQING NOKLYN 1dav

23



S|9aympueH

BaUBTEAPL ——
i} PeaF-0ET bujpoeyt kow
FETL i s Fa0 24
{uf §°F = 0B} ws B5H-e0C
unk ofT = e0d ¥ Oy pod.
AT J03
Eubz-8) Eu..p
Eﬂﬁ?ﬁ#« WP pUncLF mﬁ__mﬁﬂﬂ
fagzl  juarapdde vagsf ol (T e
E.E. : 1:#“ ik g WWr2g=lL | e gok-oue | GIA ek In0aBE MO
] |
| (4 56
L S oy
f.c2l
o
o
uﬁ_ﬁ.? WiE 13 __-__Mpm w_..ﬂ
x.._rﬁm ’ I ) HOELGY 34 i
wr gl ik i gf WZEEE] e gg AOOWR-H20'% SABANT, ]
|
f (90§20 K oug wonaE EeE
Wiims 4 e | | tia o KBO 308
_m K-ty _ fojyur E_n“mw._ (uf) [hSzri-seovf  Eaozeb [N ENETS TIHETE T
wl Qg Fodues ses]  wwge || wmspe-grf WeOIS-O02 | G4 LMISATGE SPOANINN)
ﬁmﬂuﬁ
. NDELvevES | LH3N3OVTISHD L_.qﬁhul ag it  Baetbon VIR NEENATIA

24



(panunuog) sjpaympueH

s
gl L
(. 2p-07k CHTRES TN HOE SRR .!..-J_
ERULE Ze Z [ELL BT [RERLTRT WA o i
pomagad kew (& s (e |1 TOLIESE VIATT e | O TF G|
ik (B} ponn 2oy PRI EOE =% T e T L HHAWEIE TS LIV Y
Wb Al BLECKT el[HE 7 LD ells B8 Ch
f 5
{pmesipd ) Aumide 2l
LV RTLTs S E =Ly g r !
10 €,58) R TR S b
[ e Wi ] {2k OS] MOET = BhATRIl RN TN F
[FRLEA R RITENRS {pasayad | kA bl HEFFLLS
LT LAty WOy djamjin pyfiE 4 HEAA TR RN R e —d-
VN vap g L Jog( gl [ )| L8 S Al (AR ¥
L £fE= KRN PrFET g LHIIEE g | HUERE=EEF DEITLE SR A
TS ' L G NEL i B TN T
HIEAPVAVAL R PREETV RiSIE SRR VRITIREF NOREEIN Tdd ¥ I KT NETR. WA QRO

WRIELEE D MELSHT

25



B C W A
LENGTH CLEARANCE WIDTH DISPLACEMENT RESISTANCE
MINIMUM 95 mm (3.75") 32mm (1.257) | 16 mm (0.657) + 24° 0.7 N*m (6 lb+in)
MAXIMIUIM 150 mm {6™7) 30 mm(27) 25 mm (17) + 60" 0.14 Nem (12 Ib*in)

High-torque J-handles
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DIMENSIONS RESISTANCLE DISPLACEMENT CLEARANCE
D L A S C F
DIAM LENGTH DISPLAY AROUND STICK CL. TO
CL STICK SHELF FRONT
TO STICK
CL
MWINIM UM 6.5 mm 75 mm 33N 0 L 120 mm
(0.25™) (37) {12 0z.) (4.75™)
MAXIMUM . 16 m,T 150 __r.nm 89N T rad (45 40_0 mT 250 T.m
(0.025™) (6™ (32 0z) 4 (15757 (107

*Maximum stick excursion plus 100 mm (417).

Joysticks, isotonic
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DIMENSIONS RESISTANCE
Diameter (D)’
Alpha-
Bare hand | Arctic mittens” Numeric numeric Dual
Function
Minimum 10 mm 19 mm IN 0.25 N 0.25N
{0.47) (0.737) (3.5 0z) (0.9 0z) (0.9 0z)
Preferred 13 mm 19 mm - 0.5-0.6N -
(0.57) (0.757) (1.8-2.2 07)
Maximum 19 mm - 4N 1.5 N 1.5N
(0.757) (14.0 0z) (5.3 0z) (5.3 0z)
DISPLACEMENT" SEPARATION
Numeric Alpha- Dual (between adjacent key
NUMeric Function tops)
Minimum 0.8 mm 1.3 mm 0.8 mm 6.4 mm
(0.037) (0.05™) (0.03™) (0.25™)
Preferred - - - 0.4 min
(0.25™)
Maximum 4.8 mm 6.3 mm 4.8 mm
{(0.197) 0.25 in (0.19™)
VEHICLE APPLICATIONS
DIMENSIONS RESISTANCE SEPARATION
Bare hand Gloved hand MNumeric Input
Minimum 10 mm 19 mm 28N -
(0.47) {0.75™) (9.9 0z)
Preferred - - - [3 mm
(0.5™)
Maximum 25 mm 25 mm 6.7 N -
(1.0™ (1.0™ (23.7 0z)

"See Figure 12

“Trigger finger type; other parameters are unchanged from those of bare-handed operation.

* For membrane keys, preferred displacement is 0.7 mm (0.03) and resistance should be not less than 2 N (7.2 oz).

Membrane keys should also incorporate positive tactile feedback (e.g., “snap™ action).

Keyboards
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Telephone

K - Key Size = 8 mm

S - Separation = & mm

H - Height= 6 mm

X - Depressed Extension = 2 mm

C/C - Center to Center Spaeing =
17 mm

NOTE: For other dimensions refer to
Table 10 for single finger push buttons.

Typewriter

K -Key Size = 13 mm
C/C - Center to Center Spacing =
1o mm

D -  Disglacement = 5 mm for
electric; 2 mm for typical manual
maching

A= Varks widely; prefeired slope is
between 16-17°

T !

Nominal keyboard characteristics

29




DISPLACEMENT HEIGHT

(A) (H) RESISTANCE
MINIMUM 525 mrad (307 13 mm 115 mN-m
(0.5 i) (1 in. —1b)
MAXIMUM 1570 mrad (90°) 75 mm 680 mN-m
(3 n.) (6 . —Ih)

Key-operated switch
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e \
e
!
1%
L_.n-f-" -
DIMENSIONS
(&) Fingertip Grasp (h) Thumb and Finger Encircled (¢) Palm Grasp
H D H D D L
Height Diameter Height Diameter Diameter Length
Minimum 13 mm (0.5 in.) 10mm {04 in) 13 mmi0.5in.) 25mm(1.0in) | 38 mm(1.3in )| 75 mm (3.0mn.)
Maximum 25mm(1.0m) 100 mm (4.0m.) 25mmil.0in.) I5mm3.0mn) [ 75mm(3.0in.) -
5 TORQUE SEPARATION
} #* Ex S C.' g
{ One Hand Individually Two Hands Simultaneously
Minimum - - 25mm (1.01in.) 50mm(2.0in.)
DOptimum - - 30 mm (2.01in.) 125 mm (5 m.)
Maximum 32 mN-m 42 mN-m - -
(4.5 In. —0z) (6.0 in. —0z)
* =25 mm (1.0 in) diameter knobs
e ]

Knobs
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Recommended Starting

Position (Degrees)
Recommended | Recommended
Total Left-Hand Right-Hand Either Hand Angular Radius for
No. of Operation Operation Displacement 13 mm
Settings (Degrees) Separation
{mm)
3 15 265 320 40 20
4 350 255 300 40 20
5 325 245 285 35 20
6 305 235 205 35 20
7 285 225 255 35 20
3 265 215 240 35 20
9 250 210 230 30 20
10 230 200 215 30 25
11 215 195 205 30 25
12 0,90 180, 270 0 or 180 30 25
or 180 or 360

Knob detent placement

32




N —
I Hy By
Ll —_— DI .
Z By
H P}
e O SANEED 10408 /DISPLAY
[’Bﬂl‘m
DIMENSIONS
TWO KNOB ASSEMBLY THREE KNOB ASSEMBLY
H, s D, 1, H, - ;5 ] 1, D;
MINIMUM 16 mm 13 mm 13 mm 22 mm 19mm | 19mm | 6 mm I3mm | 44 mm | 75 mm
(0.6257) (0.57) (0.57) (0.8757) | (0L757) | (0757 | (0257 | (0.537) | (1.757) (37)
MAXIMUM 100 mm 100 mm
(47) (47)
TORQUE SEPARATION
* % ONE HAND INDIVIDUALLY TWO HANDS SIMULTANEOUSLY
BARE BARE GLOVED BARE GLOVED
MINIMUM 235mmi(1™) 63 mm (2.537) S0 mm (27) S0 mm (3.5™)
OPTIMUM S0 mm (27) 90 mm (3.57) 75 mm (37) 100 mm (4°7)
MAXIMUM 32 mN'm 42 mN-m
(4.5m —oz) | (6in —0z.)

* To and including 25 mm (17) diameter knobs.
#+ Greater than 25 mm (1) diameter knobs.

Knobs, ganged
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SIZE (5, AND S.)

BARRIERS

Bare Hand Gloved Hand Width (Bw)” Depth (Bd)
MINIMUM | 19 mm (0.75™)" | 25 mm (1.0™) 3 mm(0.125%) 5 mm (0.27)
MAXIMUM - 3 mm(1.37) - -
DISPLACEMENT
Membrane/Tactile Legend Switch
Standard Legend Swilch Dome snap-action Conductive
contact mcmbrane contact
MINIMUM 3 mm (0.1257) 7 mim (0.037) 5 mm ((L27)
MAXIMUM 6 mm (0.25™) 1 mm (0.04™) I mm (0.04)
RESISTANCE
Membrane/Tactile Legend Switch
Standard Legend Switch Doime snap-action Conductive
contact mcmbrane contact
MINIMUM 2.8 N (10 oz)° 1.5N (5 07) 20N (7 0z)
MAXIMUM 16.7 N (60 0z) 25N (9 07) 30N 07)

"15 mm (0.657) where switch is not depressed below the panel.

2 1
“Bw also refers to switch separation,

’5 mm (0.27) for positive switches.
#5.6 N (20 0z) for use in moving vehicles.

Legend switch
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>

3
DIAMETER RESISTANCE
D (d-1) (d-2)
Finger Hand Grasp
Grasp One Hand Two Hands One Hand Two Hands
Minimum | 13 mm (0.5 in.) | 38 mm (1.5 in.) 9N (2 Ib) 9N (21b) 9N(21b) AN (2 1b)
Maximum | 38 mm (1.5in.) | 75 mm (3in.) | 133N 301b) | 220N (50 1b) | 90N (20 Ib) | 135N (30 Ib)
DISPLACEMENT SEPARATION
A
Forward Lateral One Hand Two Hands
(d-1) (d-2) Random Simultaneously
Minimum - - 50 mm (2 in.) 75 mm (3 in.)
Preferred 100 mm (4 in.) 125 mm (5 in.)
Maximum 360 mm 970 mm
(14 in.) (38 in.)

Levers
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1A%

Width

DIMENSIONS

Length

Height

BUTTON CHARACTERISTICS

Resistance

Displacement

MINIMUM

40 mm (1.6™)

70 mm (2.87)

25 mm{1.07)

03N(1.80z)

S mm (0.02 %)

MAXIMUM

70 mm (2.87)

120 mm (4.77)

40 mm (1.6™)

1.5 N (5.4 0z7)

6 mm (0.247)

Mouse




DIMENSIONS

DISPLACEMENT

H W A
Height Width Normal Heavy Ankle Total Leg
Operation Boots Flexion Movemert
Minimum 25mmil in) | 75 mm (3 in.) 13 mm (0.5 in.) 25 mm (1 mn.) 25 mm (1 iny 25 mm(1 in.)
Maximum 65 mm (2.5in.) 65mmi{25in) | 65mm(2.5in) | 180 mm (7 in.)
RESISTANCE
Foot Not Resting Foot Resting Ankle Total Leg
on Pedal On Pedal Flexion Only Movement
Minimum 18 N (4 Ib) 45 N (10 Ib) - 45 N (10 Iby
Maximum 90 N (20 1b) 90 N (20 Ib) 45N (10 1b) 800 N (180 Ib)

One Foot Random

SEPARATION

S

One Foot Sequential

Minimum

Preferred

100 mm (4 in.)

150 mm (6 in.)

50mm (2 in.)

100 mm (4 in.)

Pedals
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DIMENSIONS (Diameter, D) RESISTANCE
IFingertip Thumb Palm
Bare Gloved Bare Gloved Bare Gloved Single | Different | Thumb/
hand hand hand hand hand hand Finger fingers! Palm
MIN 10 mm 19 mm 19 mm 25 mm 40 mm 50 mm 28N 14N 28N
(0.47) (0.757) (0.757) (1.07) (1.67) (2.07) 10 0z (5 0z) (10 0z)
MAX 23 mm = 25 mm — 70 mm = 110N 56N 230N
(1.0 (1.07) (2.87) (40 0z) | (2002) | (80 0z)
DISPLACEMENT (A)
Fingertip Thumb or Palm
MIN 2 mm (0.08™) 3 mm ((L127)
MAX 6 mm (0.257) 38 mm (1.57)
SEPARATION (8)
Single Finger Single FFinger Different Fingers Thumb or Palm
Bare Gloved Sequential
MIN 13 mm 25 mm 6 mm 6 mm 25 mm
(0.57) (1.0 (0.25™) (0.25™) {(1.07)
PREF 50 mm = 13 mm 13 mm 150 mm
(2.07) (0.57) (0.5™) (6.0 %)

I Actuated at same time
NOTE: Where gloved hand criteria are not provided. mimima should be suitably adjusted.

Push buttons
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STANDARD pockER
USE AS ALTEBNATE Two-Fo

OGELE SRITCH

THO-POSK
19 FROVIDE

T
LABELING SURFACE, EASE OF
LOR

FOR ON VERSUS QFF

ALTERATE (EONTRAST) cOLOR
PROVIDE

CORSPFCUOUS
POSITIOR, i

E. OF SHITEH

ILLUMIRATED “OR'"

gﬁélﬁﬁﬁi K> SECOHD FEEDBACK

-,
2

YAy T

RARROW WIDTH, ESP. ¥
BESIRAELE FOR TAC 1’!.?."r
QEFINITION WITH GLOVES.

DIMENSIONS RESISTANCE
W, WIDTH L, LENGTH
MINIMUM 6 mm (0.25™) 13 mm (0.5™) 2.8 N (10 0z.)
MAXIMUM 11 N (40 0z.)
SEPARATION
DISPLACEMENT {Center-to-Center)
I, DEPRESSED A, ANGLE S (Bare Hand) S (Gloved
Hand)
[ MINIMUM 3 mm (0.1257) 530 mrad (30°)

19 mm (0.757)

32mm(1.1257)

Rocker switches
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DIMENSIONS RESISTANCE
L W H
Length Width Depth

Minimum
Maximum

25 mm (1 in.)

16 mm (0.625 in.)

115mN-m (1 in.—Ib)

Random

100 mm (4 in.) 25 mm (1 in.) 75 mm {3 in.) 680 mN - m (6 in. —1b)
DISPLACEMENT SEPARATION
A
One-Hand Two-Handed

Operation

Minimum
Maximum
Preferred

262 mrad (15°)
700 mrad (407)

525 mrad (307
1570 mrad (907)

-

25 mm(1 in.)

50 mm (2 in.)

75 mm (3 in.)

125 mm (5in.)

* For facilitating performance
** When special engineering requirements demand large separation or when
tactually (“blind™) positioned controls are required.

Rotary selector switch
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DIMENSIONS RESISTANCE
H W SMALL LARGE
ACTUATOR HEIGHT ACTUATOR SWITCH SWITCH
* ** WIDTH
MINIMUM 6 mm (0.25™) 13 mm 6 mm ((.257) 2ZEN(1002) | 28N (10 0z.)
(0.5
MAXIMUM - 25 mm (1) 45N (16 0z) | 11 N (40 0z.)
SEPARATION, §
SINGLE SINGLE FINGER SIMULTANEOUS
FINGER SEQUENTIAL OPERATION
OPERATION OPERATION BY DIFFERENT FINGERS
MINIMUM 19 mm (0.75") 13 mm (0.5") 16 mm (0.625")
OPTIMUM 50 mm (27") 25 mm (17) 19mm (0.75")

*Jse by bare finger.
*% Use with heavy handwear.

Slide switches
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—{5k- s
7 A7 = =7 KRROHS THDTEATE
@1 R

(w/in/g Fy
- 5 f

s
E W S
RIM WIDTH RESISTANCE
EXPOSURE &
MINIMUM 25 mm * Imm * 25 mm 50 mm TO MINIMIZE EFFECTS
(1) (0.1257) (1 27 OF INADVERTENT
Add 13 mm (1/27) | Add 25 mm (I”") | INPUT I[F OPERATOR
for gloves tor gloves SUBIECT TO MOTION
MAXIMUM 100 mm 23 mm N/A N/A 33N (12 0z)
47 (0.875™)

* Preferred. Some miniature applications may require less.

Thumbwheel, continuous adjustment
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L
D L W H )
DIAMETER | TROUGH WIDTH DEPTH | SEPARATION | RESISTANCE
DISTANCE

MINIMUM 29 mm 11 mm 3 mm 3 mm 10 mm 1.7 N
(1.125 in) {0.43 in) (0.125 in) | (0.125 in) (0.4 in) (6 07)

MAXIMUM 75 mm 19 mm 6 mm 56N
(3 in) (0.75 in) (0.25 in) (20 oz)

Thumbwheel, discrete
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DIMENSIONS

RESISTANCE

L

Arm Length

Use by bare finger

Use with heavy
handwear

D
Control Tip

Small Switch

Large Switch

Minimum 13 mm (0.5 38 mm (1.57) 3 mm (0.125™) 2.8 N (10 oz} 28N (1D oz)
Maximum 30 mm (2.0™) S0mm(2.07) 25mm (1.07) 4.5 N (16 0z) LI N {40 oz)
DISPLACEMENT BETWEEN FOSITIONS
Twao Position Three Fosition
Minimum 30° 17°
Maximum R0© 40°
Preferred --- 25°

SEPARATION, §

Single Finger Operation

Mormal

Lever Lock Switch

Single Finger
Sequential Operation

Simultaneous Operation
by Different Fingers

Minimum
Optimum

19 mm {0.737)

25mm (1.07)

13 mm {0.57)

16 mm (0.625™)

S0 mm (2.07)

SO0mm (2.07)

25 mm (1.07)

19 mm ((1.757)

Toggle switches
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ALPHANUMERIC / NUMERIC KEYBOARDS

A (Actuation Area) S [Separaljon}| Resistance
MINIMUM — 0 250mN (0.9 0z)
PREFERRED 13x13mm (0.5 x0.57) — —
MAXIMUM e 6 mm (0.25") 13N (5.3 07)
OTHER APPLICATIONS
A (Actuation Area) S [Separaliun}l Resistance
MINIMUM 16 x 16 mm (0,65 x 0.657) 3mm(0.13 n) 2500mN (0.9 oz)
MAXIMUM IRx38mm(1.5x1.57) 6 mm (0.257) L3N (5.3 02)

I For touch screens that use a “first contact” actuation strategy, separation between targets should be not less than
5mm {0.2"). For touch screens that use a “last contact” strategy. separation between targets may be less than 5
mm (0.207), but not less than 3 mum (0.127) for applications other than alphanumeric/numeric keyboards.

Touch screens
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ARM STRENGTH (N)

(h (2) (3) 4 (3) (6] (7
DEGEEE OF ELBOW PULL PUSH P DOWN IN QuT
FLEXION ¥ | R* L R L R I R | R |1 R
(deg)
1 80 222 | 231 187 | 222 | 40 62 58 7o | 58 | 89 | 36 62
150 187 | 249 | 133 187 | 67 80 B0 | B9 [ 67 | 89 | 36 67
120 131 [ I87 ) 116 | 160 | J6 | 107 | 93 | 116 | B9 | 98 | 45 | 67
90 142 1165 | 98 | 160 | 76 | 89 | 93 [ 116 | 71 | 80 | 45 | 71
60 116 | 107 L h 151 | 67 89 B0 | 89 [ 76 | 89 | 53 76
HAND, AND THUMB-FINGER STRENGTH (N)
(8) (9) (10)
HAND GRIP
L R THUMB-FINGER THUMB-FINGER
GRIP (PALMER) GRIP (TIPS)
MOMENTARY HOLD 250 260 60 a0
SUSTAINED HOL.D 145 155 35 35

*L = Left: R = Right

Arm, hand, and thumb-finger strength (5™ percentile male)
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ARM STRENGTH (k)
(n (2) (3) (4 (5) (6) (7)
DEGREE OF ELBOW PULL PUSH 1P DOWN IN ouT
FLEXION L |R*| L R |L|R|L|R|L|R|L|R
(deg)
180 50 | 52| 42 [0 |9 [ 14 [13] 17|13 (20] 8 | 14
150 42 | 56 3C 42 (15 [ 18 |18 | 20 | 15 | 22| 8 5
120 34 | 42 | 26 |36 |17 [ 24 |21 26|20 (22| 10| 15
a0 32 | 37| 22 oo 17 20 [ 21 26 | 16 [ 18] 10 | 16
60 26 [ 24 | 22 [ 34 |15 20 |18 20 |17 |20 | 12| 17
HAND, AND THUMB FINGER STREMGTH (Ib)
(8) (9) (10)
HAND GRIP
L R THUMB-FINGER THUMB-FINGER
GRIP (PALMER) GRIP (11PS)
MOMENTARY HOLD 56 59 13 13
SUSTAINED HOLD 33 is 8 8

*L=LEFT:R=RIGHT
Arm, hand, and thumb-finger strength (5™ percentile male) (continued)
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MARKINGS HEIGHT !
3.5 cd/m2 (1 fi—1) ABOVE 3.5 cd/m2
OR BELOW (1 fi—L)
Critical markings with position variable 5—8 mm 3—5mm
(e.g., numerals on counters) (0.20 —0.31 in) {0.12—0.20 in)
Critical markings with position fixed (e.g.. 4—8 mm 2.5—5 mm
numerals on fixed scales, controls and 0.16 - 0,31 in) (0.10 - 0.20 in)
switch markings. or emergency instructions)
Noneritical markings (e.g., identification 2.5—5 mm 2.5—5 mm
labels. routine instructions, or markings {0.10—0.20 in) {0.10—0.20 in)
required only for familiarization)

"Values assume a 710 mm (28 in.) viewing distance. For other distances, multiply the above
values by D/710 mm (D/28 in.).

Character height versus luminance
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Ratio of
foreground to

Condition background
Bright ambient illumination > 7:1
Dark ambient illumination 3:1 to 5:1
To attract attention > 7:1
To sharpen edges > 7:1
Continuous reading 3:1 to 5:1
Camouflage images or smooth edges < 3:1

Luminance contrast ratios for various conditions
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Minimum Maximum

stroke stroke
Pixels in upper case pixel pixel
character height count count
7108 1 1
9to 12 1 2
13 to 14 2 2
15to 20 2 3
21to 23 2 4
Stroke width for pixel-generated characters
Minimum Preferred Maximum
Pixels in upper case width pixel width pixel width pixel
character height count count count
7 4 5 5
8 4 6 7
9 5 6 8
10 5 7 9
11 6 8 10
12 6 9 11
13 6 9 12
14 7 10 13
150r 16 8 11 14

Height-width relationship for pixel-generated characters
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Head breadth. The maximum breadth of the head,
usually above and behind the ears.

Percentiles
Sample 1st 5th _50th 95th 99th

Men cm 13.9 143 15.2 16.11 6.5
(in) (5.1) (5.6) (6.0) (6.3) (6.5)

Women cm 13.3 13.7 14.4 15.3 15.7
(in) (5.2) (5.4) (5.7) (6.0) {6.1)

Interpupillary breadth. The distance between the
centers of the pupils of the eyes (the eyes are looking
straight ahead).

Percentiles

Sample 1st 5th 50th 95th 99th

Men cm 5.7 5.9 6.5 7.1 7.4
(in) (2.2) (2.3) (2.7) (2.8) (2.9)

Women cm 5.5 5.7 6.0 6.9 7.0
{in) (2.8) (2.2) (2.4) (2.7) (2.8)

Face breadth (bizygomatic). The breadth of the face,
measured across the most lateral projections of the
cheek bones {zygomatic arches).

Percentiles
Sample 1st 5th 50th 95th  99th

Men cm 12.8 13.2 140 15.0 15.4
(in) (6.0) (5.2) (6.5) (5.9) (6.1)

Women cm 12.1 12.3 12.8 14.0 15.4
{in} (4.8) (4.8) (5.1) (5.5} (5.7)

Face length (menton-sellion). The vertical distance
from the tip of the chin (menton) to the deepest point
of the nasal root depression between the eyes
{sellion).

Percentiles
Sample 1st Sth 50th 95th  99th

Men cm 108 11.2 12,2 13.3 13.7
(in) (4.3) (4.4) (4.8) (5.2) (5.4)

Women cm 10.1 10.4 11.3 12.4 12.9
(in} (3.4) (4.1} (4.5) (4.9) {5.1)

Static human physical characteristics - head
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5 Biocular breadth. The distance from the outer corners
of the eyes (right and left ectocanthi).

Percentiles
Sample 1st 5th _50th 95th 99th

A Men cm 11.0 11.3 12.2 13.1 13.6
(in) (4.3) (4.5) (4.8) (5.2) (5.4)

B Women cm 10.8 11.1 11.6 12.9 13.3
(in) (4.3) (4.4) (4.3) (5.1) {5.3)

6  Bitragion breadth. The breadth of the head from the
right tragion to the left. (Tragion is the cartilaginous
notch at the front of the ear).

Percentiles
Sample 1st 5th _ 50th 95th 99th

A Men cm 13.1 13,56 145 15,5 15.9
(in} (5.2) (6.3} (5.7) (6.1) (6.3)

B Women cm 125 12.8 13.3 14.3 15.0
{in) (4.3) (5.4) (6.4) (5.7) (5.9)

7 Glabella to back of head. The horizontal distance
from the most anterior point of the forehead between
the brow-ridges (glabella) to the back of the head,
measured with a headboard.

Percentiles
Sample 1st S5th 50th 95th 99th
7 A Men cm 18.3 18.8 20.0 21.1 21.7
- J (in) (7.2) (7.4) (7.9) (8.3) (8.5)
@ l @ B Women cm 17.5 18.0 19.1 20.2 20.7
Q (in) (6.9) (7.1) (7.5) (8.0) (8.1)
4
~ C
8 Menton to back of head. The horizontal distance
from the tip of the chin (menton) to the back of the
head, measured with a headboard.
8 > .
Percentiles
Sample st 5th 50th 95th 99th

A Men cm 15.7 16.5 18.2 20.0 20.7
(in) (6.2} (6.5) (7.2) (7.9 (8.2)

B Women cm 15.2 15.8 17.3 18.9 19.6
(in) (6.0 (6.2) (6.8) (7.4) (7.7)

Static human physical characteristics — head (continued)
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9 Sellion to top of head. The vertical distance from the
nasal root depression between the eyes (sellion), to
the level of the top of the head, measured with a
headboard.

Percentiles

Sample st S5th 50th 95th  99th

A Men cm 9.7 10.1 11.2 12.4 12
(in) (3.8) (4.0} (4.4) (4.9) (5

2

4

B Women cm 9.0 9.5 10.6 11.7 1
(in) (3.5) (9.5) (4.1) (4.6) (

10 Stomion to top of head. The vertical distance from
the midpoint of the lips {(stomion) to the level of the
top of the head, measured with a headboard.

Percentiles
Sample 1st 5th 50th 95th  99th

A Men cm 169 174 186 19.9 20.6
(in) (6.7) (6.6) (7.3) (7.8) (8.1)

B Women cm 15.7 16.3 17.5 18.8 19.4
(in) (6.1) (6.4) (6.9) (7.4) (7.6)

11 Sellion to back of head. The horizontal distance from
the nasal root depression between the eyes (sellion),
to the back of the head, measured with a headboard.

Percentiles
Sample 1st 5th 50th 95th  99th

A Men cm 18.0 185 19.7 20.9 21.4
(in) (7.1) (7.3) (7.8) (8.2) (8.4)

B Women cm 174 17.8 18,9 20.0 20.5
(in) (6.6) (7.1) (7.4) (7.9 (8.4)

12 Pronasale to back of head. The horizontal distance
from the tip of the nose (pronasale) to the back of the
head, measured with a headboard.

Percentiles

Sample Ist OSth S0th 95th 99th

A Men cm 20.0 205 22.0 23.2 23.9
{in) (7.9) (8.1) (8.7) (9.1) (9.4)

B Women cm 19.2 19.7 21.0 22.2 22.8
{in) (7.6) (7.8) (8.3} (8.7) {9.0)

Static human physical characteristics — head (continued)
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13 Head length. The maximum length of the head;
measured from the most anterior point of the
forehead between the brow-ridges (glabella) to the
back of the head {occiput).

Percentiles
13 - Sample st Sth __50th 95th 99th
b A Men cm 180 185 19.7 20.9 21.3
(in} (7.1) (7.3) (7.8) (8.2) (8.4)
|
B Women cm 17.2 17.6 18.7 19.8 20.2
) (in) (6.8) (7.0) (7.4) (7.8) (8.0)
F 14
f
670 a \ s
>/ c 14 Menton to top of head. The vertical distance from
- i the tip of the chin (menton) to the level of the top of
. the head, measured with a headboard.
\ L, Percentiles

A Men cm 21.2 21.8 23.2 24.7 25.5
(in) (8.4) (8.6) (8.6) (9.1) (9.4)

B Women cm 19.8 20.4 21.8 23.2 23.8
(in) (7.8) (8.3} (8.6) (9.1) (9.4)

15 Menton-crinion length. The vertical distance from the
bottom of the chin (menton) to the midpoint of the
hairline (crinion).

Percentiles
Sample 1st 5th 50th _95th 99th

A Men cm 166 17.4 19.1 20.9 21.6
(in) (6.5} (6.9) (7.5) (8.2) (8.5)

B Women cm 15.5 16.1 17.7 19.2 19.9
(in) (6.1) (6.3) (7.0) (7.6) (7.8)

16 Menton-subnasale length. The distance from the
bottom of the chin (menton) to the base of the nasal
septum (subnasale).

Percentiles
Sample 1
A Men cm 6.1 6.5 7.3 8.3 8.7
(in} (2.4) (2.7 (2.9) (3.3) (3.3)
B Women cm 5.7 6.0 6.5 7.8 8.3
(in) (2.2) (2.4) (2.7} (3.1) {3.8)

Static human physical characteristics — head (continued)
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17 Shoulder length. The surface distance along the top
of the shoulder from the junction of the neck and
shoulder to the point of the shoulder (acromion).

Percentiles

A Men cm 124 13.3 15.0 16.9 17.7
(in) (4.9) (5.3) (5.9) (6.7) (7.0)

B Women cm 12.0 12.7 14.5 16.2 17.1
(in) (4.7) (5.0) (5.7) (6.4) (6.7)

18 Mid-shoulder height, sitting. The vertical distance
from the sitting surface of the shoulder halfway
between the neck and the point of the shoulder,
measured with the subject sitting.

Percentiles

Sample 1

A Men cm 56.3 58.3 63.0 67.7 69.4
(in) (22.2) (23.0) (24.9) (26.7) (27.3)

B Women cm 52.3 53.9 584 63.1 64.7
(in) 20.8) (21.2) (23.0) (24.8) (25.5)

19 Trunk (suprasternale) height, sitting. The vertical
distance from the sitting surface to the lowest point
of the notch in the upper edge of the breast bone
(suprasternale), measured with the subject sitting.

Percentiles

A Men cm 53,1 552 59.6 64.2 65.9
(in) (20.9) (21.7) (23.5) (25.3) (25.9)

B Women cm 49.8 51.1 55.3 59.6 61.2
(in) (19.6) (20.1) (21.8) (23.5) (24.1)

20 Waist height, sitting. The vertical distance from the
sitting surface to the level of the waist (natural
indentation), measured with the subject sitting.

Percentiles
Sample 1st 5th 50th 95th  99th

A Men cm 248 26.0 287 315 32.9
(in) {9.8) (10.2) (11.3) (12.4) (13.0)

B Women cm 228 244 28,0 31.56 32.7
(in) (9.0) (9.6) {(11.0) (12.4} (12.9)

Static human physical characteristics - seated
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21 Sitting height. The vertical distance from the sitting
surface to the top of the head, measured with the
subject sitting.

Percentiles
Sample 1st 5th 50th 95th  99th

A Men cm 828 855 914 97.2 99.1
(in) (32.6) (33.7) (36.0) (38.3) (39.0)

B Women cm 77.56 79.5 85.1 91.0 93.3
(in) (30.5) (31.3) (33.5) (35.8) (36.7)

22 Shoulder (acromiale) height, sitting. The vertical
distance from the sitting surface to the point of the
shoulder (acromion), measured with the subject
sitting.

Percentiles
Sample st Sth 50th 95th O0th

A Men cm 129.9 134.2 144.2 154.6 158.4
(in) {(51.1) (52.8) (56.8) (60.1) (62.4)

B Women cm 120.4 123.9 133.3 143.7 147.6
{in) {47.4) (48.8) (52.5) (56.6) (58.1)

Elbow-grip length. The horizontal distance from the
back of the elbow to the center of the clenched fist.

Percentiles
Sample 1st 5th 50th 95th 99th

Men cm 32.3 33.2 35.9 391 40.3
(in) {(12.7) (13.1) (14.1) (15.4) (15.9)

Women cm 28.9 30.0 32.8 35.8 37.2
(in) (11.4) (11.8) (12.9) (14.1) (14.7)

Elbow rest height. The vertical distance from the
sitting surface to the bottom of the tip of the elbow,
measured with the subject sitting and the forearm
held horizontally.

Percentiles
Sample 1st 5th 50th 95th 99th

Men cm 16.8 18.4 23.2 27.4 29.2
(in} (6.6) (7.2) (9.1) (10.8) (11.5)

Women cm 15.8 17.6 22.1 26.4 28.2
(in) (6.2) (6.9) (8.7) (10.4) (11.1)

Static human physical characteristics — seated (continued)
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Eye height, sitting. The vertical distance from the
sitting surface to the outer corner of the eye
{ectocanthus), measured with the subject sitting.

Percentiles
Sample st Sth _50th O6th 99th

Men cm 71.2 735 79.2 84.8 86.9
(in}) (28.0) (28.9) (31.2) (33.4) (34.2)

Women cm 66.4 68.5 73.8 79.4 81.6
{in}) (26.1) (30.0) (29.1) (31.2) (32.1)

Thigh clearance. The vertical distance from the
sitting surface to the highest point of the thigh,
measured with the subject sitting.

Percentiles
Sample 1st 5th 50th 95th 99th

Men cm 14.1 149 16.8 19.0 20.1
(in) (6.6) (5.9) (6.6) (7.5) (7.9}

Women cm 13.4 14.0 1.8 18.0 19.0
(in) (6.3) (b.B) (6.2) (7.1) (7.5)

Elbow-fingertip length. The horizontal distance from
the back of the elbow to the tip of the middle finger,
with the hand extended.

Percentiles

Sample 1

A Men cm 434 448 483 524 54.2

(in) (17.1) (17.6) (19.2) (20.6) (21.3)

B Women cm 39.1 40.6 44.2 48.3 49.8

(in) (15.4) (16.0) (17.4) (19.0) (19.6)

28 Knee height, sitting. The vertical distance from the
footrest surface to the top of the knee, measured

with the subject sitting.
Percentiles

Sample 1st 5th 50th 95th _ 99th

A Men cm 49,7 51.4 55.8 60.6 62.3

(in) (19.6) (20.2) (22.0) (23.9) (24.5)

B Women cm 45.4 47.4 498 56.0 57.8

(in) (17.9} (18.7) (20.2) (22.0) (22.8)

Static human physical characteristics — seated (continued)
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Vertical reach, sitting. The vertical distance from the
sitting surface to the tip of the middle finger,
measured with the subject sitting and the arm, hand,
and fingers extended vertically,

Percentiles

Sample 1

T 30

Men cm 129.3 133.8 143.3 153.2 156.7
(in) (60.1) {62.7) (56.4) (60.3) (61.7)

Women cm 119.7 123.3 132.7 141.8 145.4
(in) (47.1) (48.5) (62.2) (55.8) (57.2)

Abdominal depth, sitting. The depth of the abdomen,
with the subject sitting.

31 Percentiles
l Sample 1st 5th 50th 95th  99th
A Men cm 18.6 19.9 236 29.1 31.4
{in) (7.3) (7.8) (9.3) (11.6) (12.4)
B Women cm 17.3 185 21.9 27.1 29.5
(in) (6.1) (7.3) (8.6) (10.7) (11.6)
31 Popliteal height, sitting. The vertical distance from
the footrest surface to the underside of the lower leg,
measured with the subject sitting.
Percentiles
Sample 1st 5th _50th 95th 99th
A Men cm 37.8 395 433 476 49,5
(in) (14.9) (15.6) (17.1) (18.7) (19.5)
B Women cm 33.7 35.1 38.9 42.9 44.6
(in) (13.3) (13.8) (15.3) (16.9) (17.6)
32 Forearm-forearm breadth, sitting. The horizontal
distance across the body between the outer surfaces
of the forearms, measured with the forearms flexed
and held against the body.
Percentiles
Sample 1st 5th 50th 95th _ 99th
L
A Men cm 45.1 47.79 545 62.1 65.3
{in} (17.8) (18.8) (21.5) (24.5) (25.7)
B Women cm 394 415 46,7 52.8 56.0

(in) (15.5) (16.3) (18.4) (20.8) (22.1)

Static human physical characteristics — seated (continued)
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Shoulder (bideltoid) breadth. The horizontal distance
across the upper arms between the maximum bulges

of the deltoid muscles; the arms are hanging and
relaxed.

Percentiles

Sample 1

rt—— 33—y A

Men cm 43.4 45.0 491 535 55.2
(in) (17.1) (17.7) (19.3) (21.1) (21.7)

Women cm 38.0 39.7 43.1 47.2 49.2
(in) (15.0) (15.6) (17.0) (18.6) (19.4)

Stature. The vertical distance from the floor to the
top of the head.

Percentiles

Sample 1st Sth 50th 95th _ 99th

Men cm 160.3 164.7 175.5 186.7 190.9
(in}) (63.1) (64.8) (69.1) (73.5) (75.2)

Women cm 148.3 152.8 162.7 173.7 178.0
(in) (58.4) (60.2) (64.1) (68.4) (70.1)

Suprasternale height. The vertical distance from the
floor to the lowest point of the notch in the upper
edge of the breast bone (suprasternale).

Percentiles
Sample 1st 5th 50th 95th 99th

36

Men cm 130.2 134.3 143.7 153.7 157.5
(in) 51.3 (52.9) (56.6) (60.5) (62.0)

Women cm 120.7 124.1 132.9 1425 146.4
(in) (47.5) (48.9) (52.3) (566.1) (57.6)

Tragion height, standing. The vertical distance from
the floor to the tragion, the cartilaginous notch at the
front of the ear.

Percentiles
Sample Ist 5th 50th _ 95th 99th

Men cm 147.4 151.9 162.4 173.4 177.5
(in) {68.0) (69.8) (63.9) (68.3) (69.9)

Women cm 136.3 140.7 150.4 161.2 165.4
(in) (53.7) (b5.4) (69.2) (63.5) (65.1)

Static human physical characteristics - standing
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37 Chest {bust) circumference. The circumference of the
torso measured at the level of the nipples.

Percentiles

Sample _ 1st 5th 50th 95th  99th

A Men cm 845 88.6 987 111.3 116.8
(in) (33.3) {34.9) (38.9) (43.8) (50.0)

B Women cm 78.1 81.4 90.1 102.2 107.7
(in) (30.8) (32.1) (35.5) {40.2) (42.4)

38 Crotch height. The vertical distance from the floor to
the midpoint of the crotch.

Percentiles

—Sample _ 1st Sth _ 50th 95th 99th

A Men cm 73.2 764 835 91.6 946
(in) {28.8) (30.1) (32.9) (36.1) (37.2)

B Women cm 67.0 70.0 77.0 84.6 88.1
(in) {26.4) (27.6) (30.3) (33.3) (34.7)

39 Waist circumference (natural indentation). The
horizontal circumference of the torso at the level of
the natural indentation of the waist.

Percentiles
Sample 1st 5th 50th 95th 99th

A Men cm 69.9 73.0 834 97.1 1029
(in) (27.5) (28.7) (32.8) (38.2) (40.5)

B Women cm 60.7 63.7 71.7 843 91.0
(in) (23.9) (25.1) (28.2) (33.2) (35.8)

40 Waist circumference {omphalion). The horizontal
circumference of the torso at the level of the navel
{omphalion).

Percentiles
Sample Ist 5th 50th 95th 99th

A Men cm 70.0 73.3 85.6 101.6 107.7
{in) (27.6) (28.9) (33.7) (40.0) (42.4)

B Women cm 64.4 67.6 78.1 94.6 102.6
(in) (25.4) (26.6) (30.8) (37.2) (40.4)

Static human physical characteristics — standing (continued)
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A

B

42

Cervicale height. The vertical distance from the floor
to the cervicale, the tip of the spine of the seventh
cervical vertebra at the base of the neck.

Percentiles

Men cm 137.4 141.8 151.8 162.4

(in) (54.1) (55.8) (59.8) (63.9)

Women cm 127.3 131.4 140.6 150.8
{in) (50.1) (61.7) (65.4) (59.4)

166.1
(65.4)

154.8
(60.9)

Buttock height. The vertical distance from the floor
to the maximum posterior protrusion of the buttock.

Percentiles

Sample 1st _ Oth SOth 95th 9Q0th

43

Men cm 78.4 8156 885 96.9 1005

(i) (30.9) (32.1) (34.8) (38.1) (39.6)

Women cm 73.9 76.7 83.7 91.6 94.9
(in} (29.1) (30.2) (33.0) (36.0) (37.4)

Functional (thumb-tip) reach. The horizontal distance
from the wall to the tip of the thumb, measured with
the subject's shoulders against the wall, the arm
extended forward, and the index finger touching the
tip of the thumb.

Percentiles

Sample 1st Sth 50th 95th 99th

Men em 72.0 73.9 80.0

(in) (28.4) (29.1) (31.5)

Women cm 65.8 67.7 73.4
(in) (25.9) (26.7) (28.9)

86.7
(34.1)

79.7
(31.4)

89.7
(35.3)

82.4
(32.4)

Functional (thumb-tip) reach, extended. Measured
similarly to functional (thumb-tip) reach, except that
the right shoulder is extended forward as far as
possible, while the left shoulder is kept pressed firmly
against the wall.

Percentiles
Sample 1st 5th 50th 95t 99th
Men cm 77.9 805 87.3 94.2 97.7
{in) (30.7) (31.7) (34.4) (37.1) (38.5)
B Women cm 71.2 735 79.6 86.2 89.0
(in) (28.0) (28.9) (31.3) (33.9) (35.0)

Static human physical characteristics — standing (continued)
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Hand breadth. The breadth of the hand, measured
across the ends of the metacarpal bones (metacarpal-
phalangeal joints).

Percentiles
Sample 1
A Men cm 8.1 8.4 9.0 9.8 10.0
(in} (3.2) (3.3) (3.5) (3.9) (3.9)
B Women cm 7.1 7.3 7.9 8.6 8.9
(in) (2.8) (2.9) (3.1) (3.4) (3.5)
46 Hand length. The distance from the base of the hand
at the wrist crease to the tip of the middle finger.
Percentiles
Sample 1
A Men cm 17.3 17.9 19.3 21.1 21.9
(in) (6.8) (7.1) (7.6} (8.3) (8.6)
B Women cm 159 16.5 18.0 19.7 20.5
(in} (6.3) (6.5) (7.1) (7.8) (8.1)
47 Hand circumference. The circumference of the hand,
measured around the knuckles (metacarpal-phalangeal
joints).
Percentiles
Sample 1st 5th 50th 95th 99th
A Men cm 19.2 199 21.3 23.0 23.7
(in) (7.6) (7.8) (8.4) (9.1) (9.3)
B Women cm 16.7 17.3 18.6 20.0 20.7

(in) (6.6) (6.8) (7.3} (7.9) (8.2

Static human physical characteristics — hands
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48 Hip (trochanteric) height. The vertical distance from
the floor to the level of the maximum posterior
protrusion of the greater trochanter of the femur
(trochanterion).

Percentiles
Sample 1st 5th 50th 95th 99th

A Men cm 82.1 85.3 92.7 100.9 104.0
(in} {32.3) (33.6) (36.5) (39.7) (40.9)

B Women ecm 76.1 78.9 86.0 93.8 97.5
(in} (30.0) (31.1) (33.9) (36.9) (38.4)

49 Knee height, midpatella. The vertical distance from
the footrest surface to the top of the knee, measured
with the subject sitting.

Percentiles
Sample I1st  S5th _50th 95th 99th

A Men cm 44.3 46.1 504 55.2 56.8
(in) (17.4) (18.2) (19.8) (21.7) (22.4)

B Women cm 39.9 41.7 45.8 50.3 52.3
(in) (15.7) (16.4) (18.0) (19.8) (20.6)

Static human physical characteristics — standing position
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Light Medium Heavy
hi lothin hi

Abdomen depth 239cm 3.00cm 6.45cm
{(0.94in) (1.18in) (2.54in)

Buttock-knee 051cm 0.76 cm 1.78 cm
length (0.20in}) (0.30in) (0.70in)
Chest depth 1.04cm 244cm 3.91cm

(0.41in}) (0.96in) (1.54in)
Elbow breadth 1.42cm 2.64cm 5.38cm

(0.56in) (1.04in) (2.12in)
Hip breadth 1.42cm 1.93cm 3.56 cm

(0.56in) (0.76in) (1.40in)
Hip breadth, 142cm 1.93cm 3.56cm
sitting (0.66in}) (0.76in) (1.40in)
Knee breadth 1.22 cm 1.22cm 4.27 cm
{both) (0.48 in) (0.48in) (1.68in)
Knee height, 3.3bcm 3.35cm  3.66 cm
sitting (1.32in} (1.32in) (1.44in)
Shoulder 0.61 cm 2.24 cm 2.95 cm
breadth (0.24 in) (0.88in) (1.16in)
Shoulder-elbow 0.36 cm 1.27 cm 1.57 cm
length {0.14in) (0.50in) (0.62in)

Shoulder height, 0.41cm 1.47cm 2.03cm
sitting (0.16 in) (0.581in) (0.80in)

Additive effects of clothing on anthropometric measures
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Anti-contact Wet-cold Arctic
glove glove glove

Hand position X Y 4 X Y z X Y z

Extended flat cm 26.7 11.9 6.4 272 145 76 422 137 9.1
(in) (10.5) @&.7) (25 (10.7) (5.7) (3.0) (16.6) (5.4) (3.6)

Closed as fist cm 17.8 127 84 185 147 94 363 132 137
(n) (7.0) (5.0) (3.3) (7.3) (5.8) (3.7) (14.3) (5.2) (5.4)

Grasping handle
0.6cm (0.24in) 17.8 12.7 89 185 140 89 356 140 114
diameter (70) (5.0) (35 (73) (55) (35) (1400 (6.5 (@4b5)

25cm (1.0in) 17.8 127 89 185 135 102 356 132 114
diameter (7.0) (5.00 (35) (7.3) (5.3) (4.0) (140) (5.2) (4.5

50cm (2.0in) 19.0 114 107 203 119 102 381 13.7 127
diameter (75) (45) (42) (8.0) (47) (40) (150) (5.4) (5.0)

Grasping knob
0.6cm (0.24in) 20.3 9.7 109 229 117 102 394 122 114
diameter (80) (38 (43) (90 @6) (4.0) (155 (4.8) (4.b5)

25cm (1.0in) 228 89 102 229 114 102 401 122 122
diameter (9.0) (35) (4.0) (9.0) (45) (4.0) (158) (4.8 (4.8)

50cm (2.0in) 241 94 94 234 114 107 405 119 122
diameter (95) (B7) (3.7 (92) (45) (41) (159 (4.7) (4.8)

Additive effects of clothing on anthropometric measures (continued)
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Range of motion (degrees)

Males Females
6th 95th_ 5th 95th_
Neck, rotation right 73.3 99.6 74.9 108.8
Neck Rotation,
Right (A), Left (B) Neck, rotation left 74.3 99.1 72.2 109.0

Range of motion (degrees)

Males Females
5th 95th 5th 95th
loi il i il i
Neck Extension (A) Neck, flexion 34.5 71.0 46.0 84.4
Flexion (B)
Neck, extension 65.4 103.0 64.9 103.0

Range of motion (degrees)

Males Females
5th 95th_ 5th 95th_
Neck, lateral right 34.9 63.5 37.0 63.2
Neck, lateral left 35.5 63.5 29.1 77.2
® Range of motion (degrees)
B Males Females
) 5th _ 95th_ 5th _ 95th_
R Joint movement __ percentile percentile ___percentile percentile
ﬁm: iﬁ:ﬂm g‘{‘:; Shoulder, abduction . 173.2 188.7 172.6 192.9

Range of motion (degrees)

Males Females
5th 95th_ 5th 95th
Shoulder, rotation lat 46.3 96.7 53.8 85.8
™ Shoulder Rotation, Shoulder, rotation med90.5 126.6 95.8 130.9

Lateral (A), Medial (B)

Joint movement ranges
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Range of motion (degrees)
Shwlder_l"lerion (A), "‘i‘\_} Males Females
Extenslon (B) Vo 5th 95th 5th 95th

li I il il il il
Shoulder, flexion 164.4 210.9 162.0 217.0

Shoulder, extension 39.6 83.3 33.7 87.9

Range of motion (degrees)
Males Females

5th 95th 5th 95th
Elbow Flexion (B), Joint movement __ percentile percentile  percentile percentile

Extension (A)

Elbow, flexion 140.5 1569.0 144.9 165.9

Range of motion (degrees)

Males Females
5th 95th 5th 95th_
Forearm Supination (A), Forearm, pronation 78.2 116.1 82.3 118.9
i) Forearm, supination 83.4 125.8 90.4 139.5
@/"’" Range of motion (degrees)
A A L Males Females
V4 ) 5th _ 95th_ Sth _ 95th
s
f—— T‘
: J1 Wrist, radial 16.9 36.7 16.1 36.1
Wrist Ulnar Bend(A),
Radial Bend (B) Wrist, ulnar 18.6 47.9 21.5 43.0

Range of motion (degrees)

' -. Males Females
!,‘; 5th 95th 5th 95th
ol | - g ’ .
L
i Wrist, flexion 61.5 94.8 68.3 98.1
'Il r B
:'. (S Wrist, extension 40.1 78.0 42.3 74.7
e

Wrist Flexion (A),
Extension (B)

Joint movement ranges (continued)
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@) Range of motion {degrees)
Males Females
5th 95th 5th 95th
Hip Flexion
Hip, flexion 116.5 148.0 118.5 145.0
Range of motion {degrees)
Males Females
) 5th 95th 5th 95th.
Hip Adduction (A),
Abduction (B) Hip, abduction 26.8 53.5 27.2 55.9
Range of motion (degrees)
Males Females
5th 95th 5th 95th
Kuee Flexion, Prone Knee, flexion 118.4 145.6 125.2 145.2
Range of motion (degrees)
s Males Females

T 5th 95th_ 5th 95th
i Ankle, planar 36.1 79.6 44.2 91.1
JORASNT Ankle, dorsi 8.1 19.9 6.9 17.4

Ankle Plantar Extension (A),
Dorsi Flexion (B)

Joint movement ranges (continued)
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Arm strength N (Ib) Design criteria levels
1 2 3 4 5 6 7
Degree Pull Push Up Down In Out
elbow L R L R L R L R L R L R
flexion
180° 177.6 1848 1496 1776 32 496 466 60.8 466 71.2 28.8 49.6
(40) (41.6) (33.6) (40) (7.2) (11.2) (10.4) (13.6) (10.4) (16) (6.4) (112
150° 149.6 199.2 106.4 149.6 53.6 64 64 712 536 712 288 536
(33.6) (44.8) (24) (33.6) (120 (144) (144) (16 (120 (@16) (B4 (12
120° 120.8 1496 928 128 608 856 744 928 712 784 36 536
(27.2) (33.6) (20.8) (28.8) (13.6) (19.2) (16.8) (20.8) (16) (17.6) (8) (12
90° 1136 132 784 128 608 712 744 928 56.8 64 36 56.8
25.6) (29.6) (17.6) (28.8) (13.6) (16) (16.8) (20.8) (12.8) (14.4) (8.) (12.8)
60° 928 856 784 1208 536 712 64 712 608 712 424 60.8
(20.8) (19.2) (17.6) (27.2) (12) (16) (144) (16) (13.6) (16) (9.6) (13.6)
Note. L =Left
R = Right

Muscle strength of the arm, hand, and thumb (5" percentile male)
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O,

Hand and thumb-finger strength N (Ib)
8 9 10

Hand grip Thumb-finger Thumb-finger
L R grip (palmer) grip (tips)

Momentary hold 200 208 48 48
(44.8) (47.2) (10.4) (10.4)
Sustained hold 116 124 28 28
(26.4) (28) (6.4) (6.4)
Note. L =Left
R = Right

Muscle strength of the arm, hand, and thumb (5" percentile male)
(continued)

91




A. Standing two-handed pull: 38 cm {15.0) level. Standing with feet
45 cm (17.7 in) apart and knees bent; bending at the waist,
grasping both sides of a 45 cm (17.7 in) handie located directly in
front, 38 cm (15.0 in) above standing surface, and pulling, using
primarily arms, shoulders, and legs

5th percentile 95th percentile
Male

Female
Mean force (N) 737.56 330.9 13564.5 817.6
Mean force (Ibf) (165.80) (74.39) (304.50) (183.80)
Peak force (N) 844.7 396.9 1437.2 888.3
Peak force (Ibf) (189.90) (89.23) (323.10) (199.70)

B. Standing two-handed pull: 50 cm (19.7 in) level. Standing with feet

45 cm (17.7 in) apart and knees straight; bending at the waist,

{ grasping both sides of a 45 ¢cm (17.7 in) handle located directly in
front, 50 cm (19.7 in) above standing surface, and pulling, using
primarily arms and shoulders

‘i 5th percentile  95th percentile
—Strength measurements _ Male Female  Male Female
y Mean force (N) 758.0 326.1 1341.6 840.7
Mean force (Ibf) (170.41) (73.31) (301.60) (189.00)
Peak force (N) 830.9 374.1 1441.7 905.2
Peak force (Ibf) (186.79) (84.10) (324.11) (203.50)

C. Standing two-handed pull: 100 cm (39.4 in) level. Standing erect
with feet 45 cm (17.7 in) apart, grasping both sides of a 45 cm
(17.7 in) handle located directly in front, 100 cm (39.4 in) above the
standing surface, and pulling, using the arms

5th percentile 95th percentile
—Strength measurements _ Male Female Male Female

Mean force (N) 444 .4 185.0 931.0 443.0
Mean force (Ibf) (99.91) (41.59) (209.30) (99.59)
Peak force (N) 504.0 218.0 988.4 493.3
Peak force (Ibf} (113.30) (49.01) (222.20) (110.90)

Static muscle strength data for vertical pull exertions
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Standing two-handed push: 150 cm (59.1 in) level. Standing erect
with feet 45 cm (17.7 in) apart grasping from below, both sides of
a 45 cm (17.7 in) handle located directly in front, 150 c¢m (59.1 in)
above standing surface, pushing upward using arms and shoulders

5th Percentile 95th Percentile

Female
Mean force (N} 408.8 153.5 1016.9 379.9
Mean force (Ibf) (91.9) (34.51) (228.61) (85.41)
Peak force (N} 472.8 187.7 1094.3 430.1
Peak force (Ibf) (106.29) (42.20) (246.02) (96.69)

Standing one-handed pull: 100 cm (39.4 in) level. Standing erect
with feet 15 cm (5.9 in) apart dominant hand grasping underside of
D-ring located directly to the side, 100 cm (39.4 in) above standing

surface, pulling upward while keeping shoulder square and other arm
relaxed at side

5th Percentile 95th Percentile

—Strength measurements  Male Female Male  Female

Mean force (N) 214.8 102.8 627.6 283.8
Mean force (Ibf) (48.29) (23.11) {141.09) (63.8)
Peak force (N) 258.9 131.7 724.2 322.5
Peak force (Ibf) (68.20) (29.61) (162.81) (72.50)

Seated one-handed pull: seat centerline 45 cm (39.4 in) level.
Sitting erect with feet 55 cm (21.7 in) apart, dominant hand
grasping underside of D-ring located directly to the front, 45 ecm
(17.7 in) above the floor, pulling upward while keeping shoulder
square and other arm resting in lap

5th Percentile 95th Percentile

Female
Mean force (N) 222.3 106.3 678.4 391.9
Mean force (lbf) (49.98) ({23.90) (152.51) (88.11)
Peak force (N) 273.1 127.2 7658.4 450.6
Peak force (Ibf) (61.40) (28.60) (170.50) (101.30)

Static muscle strength data for vertical pull exertions (continued)
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G. Seated one-handed pull: side of seat, 45 em (17.7 in) level.
Sitting erect with feet 55 cm (21.7 in) apart, dominant hand
grasping underside of D-ring located a short distance to side, 45
cm (17.7 in) above the floor, pulling upward while keeping
shoulders square and other arm resting in lap

5th percentile 95th percentile

Mean force (N) 408.8 153.56 1016.9 379.9
Mean force (Ibf) (91.90) (34.51) (228.61) (85.41)
Peak force (N) 472.8 187.7 1094.3 430.1
Peak force (Ibf) (106.29) (42.20) (246.02) (96.69)

H. Seated two-handed pull: centerline of seat, 38 cm ({14.96 in)
level. Sitting erect with feet 55 cm (21.7 in) apart, bending
slightly at waist, grasping both sides of 15 c¢cm (5.9 in) handle
located directly to the front, 38 cm (15.0 in) above the fioor,
pulling upward using arms and shoulders, keeping arms off thighs

5th percentile 95th percentile
F

—Strength measurements
Mean force (N} 214.8 102.8 627.6 283.8
Mean force (Ibf) (48.29) (23.11) (141.09) (63.80)
Peak force (N) 258.9 131.7 724.2 322.5
Peak force (Ibf) (58.20) (29.61) (162.81) {(72.50)

l. Seated two-handed pull: centerline of seat, 50 cm (19.7 in) level.
Sitting erect with feet 556 cm (21.7 in) apart, bending slightly at
the waist, grasping both sides of 15 c¢m (5.9 in) handle located
directly to the front, 50 cm (19.7 in) above the floor, pulling
upward using arms and shoulders, keeping arms off thighs

5th percentile 95th percentile
_Strength measurements __Male F

Mean force (N) 222.3 106.3 678.4 391.9
Mean force (Ibf) (49.98) (23.90) {152.51) (88.11)
Peak force (N) 273.1 127.2 758.4 450.6
Peak force (Ibf) (61.40) (28.60) (170.50) ({101.30)

Static muscle strength data for vertical pull exertions (continued)
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Exertable

horizonal force

110 N (24.7 Ibf)
push of pull

200 N (45.0 Ibf}
push or pull

240 N (54.0 Ibf)
push

310 N (70.0 Ibf)
push or pull

490 N (110.2 |bf)
push or pull

730 N (164.1 Ibf)
push

Applied with

Condition

{u: coefficient of friction)

both hands or one
shoulder or the back

both hands or one
shoulder or the back

one hand

both hands or one
shoulder or the back

both hands or one
shoulder or the back

the back

with low traction
0.2 <u 0.3

with medium traction
u=0.6

if braced against a vertical wall
510-1520 mm (20.08-59.84 in) from
and parallel to the push panel

with high traction
w > 09

if braced against a vertical wall
510-1780 mm (20.08-70.08 in) from
and parallel to the panel

or
if anchoring the feet on a perfectly
non-slip ground (like a footrest)

if braced against a vertical wall
580-1090 mm {22.83-42.91 in) from
and parallel to the push panel

or
if the anchoring the feet on a perfectly
non-slip ground (like a footrest)

Horizontal push and pull forces that can be exerted
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A. Weight (clothed) wearing fatigues and combat boots; standing
in center of scale.

5th percentile 95th percentile
Male Female Male Female
Weight (kg) 58.6 48.8 90.2 74.6
(Ib) 129.1 107.6 198.8 164.5

B. Stature (clothed) standing erect; heels together; weight
distributed equally on both feet; measured from standing
surface to top of head.

5th percentile 95th percentile

Male Female Male Female

Stature (cm) 168.5 156.8 189.0 178.7
(in) 66.4 61.8 74.4 70.3

C. Functional reach- standing erect; looking straight ahead; both
shoulders against wall; right arm horizontal measured from wall
to tip of index finger.

5th percentile 95th percentile
Male Female Male Female
Functional (cm) 72.6 64.0 86.4 79.0
reach (in) 28.6 25.2 34.0 31.1

Anthropometric data for common working positions
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Functional reach, extended- standing erect; looking straight
ahead; right shoulder extended as far forward as possible whilg
back of left shoulder firmly against wall; arm horizontal
measured from wall to tip of index finger.

5th percentile  95th percentile
Male Female Male Female

Functional reach(cm) 84.2 735 101.2 92.7
extended (in) 33.228.9 39.8 36.5

Overhead reach height- standing with heels 23 cm (9 in) apart
and toes 15 cm (6 in) from wall; arms extended overhead with
fists touching and against wall; 1st phalanges horizontal
measured from floor to highest point on 1st phalanges.

5th percentile  95th percentile
Male Female Male Female

Overhead reach(cm) 200.4 185.3 230.5 215.1
height (in) 78.9 73.0 90.8 84.7

Overhead reach breadth- standing with heels 23 cm (9 in)
apart and toes 15 cm (6 in) from wall; arms extended overhead
with fists touching and against wall; 1st phalanges horizontal
measured horizontally across arms or shoulders, whichever is
wider.

5th percentile  95th percentile

Male Female Male Female

Overhead reach (cm) 35.2 315 419 37.9
hreadth (in) 139 124 16.5 14.9

Anthropometric data for common working positions (continued)
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G. Bent torso height- standing with feet 30 cm (12in) apart;
bending over and placing palms of the hands on kneecaps;
elbows and knees locked; looking forward; head tilted as far
back as possible; measured from floor to top of head.

5th percentile  95th percentile

Male Female Male Female

Bent torso
height (cm) 125.6 112.7 149.9 138.6
(in) 49.4 44.4 59.0 54.6

H. Bent torso breadth- standing with feet 30 cm (12 in) apart;
bending over and placing the palms of the hands on
kneecaps; elbows and knees locked; looking forward; head
tilted as far back as possible; measured as maximum
horizontal distance across shoulders.

5th percentile  95th percentile

Male Female Male Female

Bent torso
breadth (cm) 40.9 36.8 48.3 43.5
(in) 16.1 14.5 19.0 17.1

I. Overhead reach, sitting- sitting erect; right side against wall;
right arm extended upward with palm flat against wall and
fingers extended; measured from sitting surface to tip of
middle finger.

5th percentile  95th percentile

Male Female Male Female

Ovetrhead+each
sitting  (cm) 127.9 117.4 146.9 1394
(in) 50.3 46.2 57.9 54.9

Anthropometric data for common working positions (continued)
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Function leg length- sitting erect on edge of chair; right leg
extended forward with knee straightened; measured from heel
along axis of leg to posterior waist.

5th percentile  95th percentile
———————Mate—Femate—ate—Femate

Functional leg (cm) 110.6 90.6 127.7 118.6
length (in) 43.5 35.7 50.3 46.7

Kneeling height- kneeling with toes extended and lightly
touching rear wall; torso erect with arms hanging loosely at
sides; measured from floor to top of head.

5th percentile  95th percentile

Male Female Male Female

Kneeling height (cm) 121.9 1145 136.9 130.3
(in) 48.0 45.1 539 51.3

Kneeling leg length- kneeling with toes extended and lightly
touching rear wall; torso erect with arms hanging loosely at
sides; measured from wall to anterior portion of both knees.

5th percentile  95th percentile

Male Female Male Female

Kneeling leg (cm) 63.9 59.2 755 70.5
length (in) 25.2 23.3  29.7 27.8

Anthropometric data for common working positions (continued)
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M. Bent knee height, supine- lying supine; knees raised until the
angle between upper and lower legs approximates 60°; toes
lightly touching wall; measured from floor to highest point on

knees.
5th percentile  95th percentile

Male Female Male Female

Bent knee

height (cm) 44.7 41.3 . .
(in) 17.6 16.3 21.1 195

N. Horizontal length, knees bent- lying supine; knees raised
until the angle between upper and lower legs approximates

60°; toes lightly touching wall; measured from wall to top of
head.
5th percentile  95th percentile

Male Female Male Female

Horizontal length
knees bent (cm) 150.8 140.3 173.0 163.8
(in) 59.4 55.2 68.1 64.5

Anthropometric data for common working positions (continued)
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KEY DIMENSIONS mm  (in.)
A VAXIMUM TOTAL CONSOLE HEIGHT FROM STANDING

SURFACGCE = =
B SUGGESTED VERTICAL DIMENSION CF PANEL, INCL u "

SILLS @ @
C  WRITING SURFACE: SHELF HEIGHT FROM STANDING < 2

SURFACE " "
D  SEATHEIGHT FROM STANDING SURFACE AT & 0

MIDPOINT OF “G”
E*  MINIMUM KNEE CLEARANCE (460) 18
F*  FOOT SUPPORT TO SITTING SURFACE™ (460) 18
G*  SEAT ADJUSTABILITY (150) 6
H*  VINIMUM THIGH CLEARANCE AT MIDPOINT OF “G” (190) 7.5
| WRITING SURFACE DEPTH INCLUDING SHELF (400) 16
J MINIMUM SHELF DEPTH (100) 4
K EYE LINE-TO-CONSOLE FRONT DISTANCE (400) 16

*NOT APPLICABLE TO CONSOLE TYPES 4 AND 5 OF TABLE XIV.

#*SINCE THIS DIMENSION MUST NOT BE EXCEEDED, A HEEL CATCH MUST BE

ADDED TO THE CHAIR IF “D™ EXCEEDS 460 mm (18 in.).

NOTE: A SHELF THICKNESS OF 25 mm (1 in.) IS ASSUMED. FOR OTHER SHELF THICKNESS, SUITABLE
ADJUSTMENTS SHOULD BE MADE.

Standard console dimensions key
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Fixed Adjustment’
(mm) (mm)
Chair
Armrests: A. Length 255
B. Width 50
C. Height 215
D. Separation 460
Seat: E. Width 405
F. Height 460 +50
G. Depth 405
Backrest: H. Space 150 +50
I. Height 380
J. Width 405
Footrests: L. From center 180
M. Width 150
N. Length 255
Workspace Minimum Preferred
0. Kneehole depth 460
P. Kneehold width 510
Q. Kneehole height
(standard office) 635
R. Desk to wall 810
3. Armrest to wall 610
T. Lateral work clearance
(1) Shoulders 585
(2) Elbows 635
(3) Best overall I m
U. Height of work surface 735 760
v, Width of work surface
(1) Elbow rest alone 100 200
(2) Writing surface 305 405
(3) Desk work area 910

'Adjustment range. Adjustability is preferred for these dimensions.

Seated workspace dimensions
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Seated workspace dimensions key
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Work Benches

Standard Type: A.1 Height:
B.1 Width:
Podium Type: A.2 Height:
B.2 Width:

0.91 m above floor
0.99 m
1.04 m above tloor
0.91 m

Work Clearances (mm)

Passing body depth
Standing space

Foot space

Overhead clearance
Maximum overhead reach
Maximum depth of reach
Walking space width
Passing body width

—-TZeammoe

Minimum Preferred Arctic
330 380 380
760 910

100X100

1855 2030 1930

685 635
585 585
305 380 380
510 810 810

Standing workspace dimensions
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Dimensions (mm)

Arctic
Minimum Preferred Clothed
A. Two men passing abreast [.06 m 137 m 1.53 m
B. Two men passing facing 760 910 910
Catwalk Dimensions
C. Height 1.60 m [.86 m 1.91 m
D. Shoulder width 560 610 810
E. Walking width 305 380 380
F. Vertical entry hatch
Square 450 560 810
Round 560 610
G. Horizontal entry hatch
Shoulder width 535 610 810
Height 380 510 610
H. Crawl through pipe
Round or square 633 760 810
Supine workspace
1. Height 510 610 660
I. Length 1.86 m 191 m 1.98 m
Squatting workspace
K. Height 1.22m [.29 m
L. Width 683 910
Optimum display area 683 1.09 m
optimum control area 485 865
Stooping workspace
M. Width 660 1.02'm 112 m
Optimum display area 810 1.22 m
Optimum control area 610 990
Kneeling workspace
N. Width 1.06 m 122 m 127 m
0. Height 1.42 m 1.50 m
P. Optimum work point 685
Optimum display area 510 390
Optimum control area 510 890
Kneeling crawl space
Q. Height 785 910 965
R. Length 1.50'm .76 m
Prone work or crawl space
S. Height 430 510 610
T. Length 2.86 m

108

Mobile workspace dimensions




Mobile workspace dimensions key
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NORMAL CONTROL
. X PLACEMENT LIMITS
PRIME DISPFLAY 3470 IN
PLACEMENT LIMITS
50 -65 1IN
NORMAL DISPLAY
PLACEMENT LIMITS
41-701N
PRIME CONTROL
PLACEMENT LIMITS
34-53IN
UPPER LIMIT
Y FOR HARDWIRED

DISPLAYS

- -
-3

HORIZONTAL ! (T pLACEMENT
LINE OF SIGHT : BOUNDARIES

NORMAL
LINE OF SIGHT 1
1
_____ =l
s
LOWER LIMIT
\FOR[I..-\RD\\"JRED
DISPLAYS
/_ s— _‘\‘
T TARDWIRED ——
e CRT
48" 36" 24 g2 0 12" 24" 36" 48"
. N A " R . L A a
S A r i
- k) ’ 4
N e—357 I e d5°
» \ ;.
Y
st C N gL >
NN K
s
£ | y

Recommended placement areas for controls and displays
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SHOULDE

BACKRES

SEAT
REFERENCE
POINT (SRP)

- | = amig I _l T Wﬁ
| PARMIGH |
NEARMIGH | 7] &m%
= = -l
' GRTIMUM %
= ~ AREA[ T (3%
. jl 1%
2002
NEARLOW |  FARLOW 4 g
— T,
= a
[ I S JT.J._,;_.i_..r 1
& 100 200 300 400 500 600 OO 800

DISTANCE FORWARD OF SRP (MM

Seated optimum manual control space
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Type of structure in relation to angle of ascent
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Minimum Maximum

Angle of rise: === c 20°
Height of handrails: 960 mm I.I m
Width:  Determined by function and usage;
particularly size of rolling stock and loads .
Diameter of handrail: 25 mm T3mm
Clearance around handrail: 50mm — ------

Ramp dimensions
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DIMENSION

MINIMUM

MAXIMUM

RECOMMENDED

A Tread depth (including nosing)
B Riser height
C Depthof nosing (where zpplicable)
D Width (handrail to handrail):
One-way stairs
Two-way stars
E Overhead clearance
I Ileight of handrail (from lcading edge of tread)
G Handrail diameter

H Rail clearance from wall

240mm (9.5 in.)
125 mm (3 in.)

19 mm (0.75 in.)

760 mm (30 in.)

1220 mm (48 in.)

1930 mm (76 1n.)

840 mm (33 in)

32mm(1.125 in)

45 mm (1.75 mn.)

300 mm 12 in)
200 mm (8§ in.)

IBmm(l.51in.)

94l mm (37 n)

Timmi3in.)

280-300 mm (11-12 in.})
1€5-180 mm

(6.5-7 in.)
25mm (|l in.)

910 mm (36 in.)
1300 mm (51 in.)
1980 mm (7% in.)
S40mm (33 in)
38mm(l.5in.)

75 mm (3 in)

Stair dimensions
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DIMENSION

MINIMUM

MAXIMUM

RECOMMENDED

A Tread depth range:
For 50° rise
For 75" rise (open ladders only)
B Riser height
C Width (handrail to handrail)
[} Overhead clearance
I Height of handrail (from leading edge of tread)
F Handrail diameter

G Rail clearance from wall

150 mm (6 .}
73mm (3 1n)
180 mm (7 in.)y
530 mm (21 in.)
1730 mm* (68 in.)
860 mm (34 in.)
32 mm(l.125n)

50 mm (2 1n.)

230 mm (10 in.)
140 mm (5.5 in.)
300 mm(12in.)

610 mm (24 in.)

G40 mm (37 in.)

73 mm (3 in.)

215mm (85mn.)
100 mm (4 in.)
230 mm (9 in.)
560 mm (22 in.)
1930 mm (78 in.)
890 mm (35 in.)
I®mm(1.51n)

T5mm (3 in.)

* Whenever the distance D is less than 1.880 m (74 in.), the overhead obstruction should be painted with vellow and black

stripes.

Stair-ladder dimensions
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DIMENSION

MINIMUM

MAXIMUM

RECOMMENDED

A Rung thickness:
Wood
Protected metal
Corrosive metal
B Rung spacing
C Height, rung to landing
D Width between stringers
E Climbing clearance with
Clearance depth:
F Inback of ladder
G On climbing side (range)

H Height of stringer above landing

J Height from lower elevation to bottom rung

32mm(1.125in.)
19mm (0.75 in.)
25mm (1 in.)

230 mm (9 in.)
150 mm (6in.)
300 mm (12 m.)

610 mm (24 in.)

150 mm {6 in, )

840 mim (33 in.)

010 mm (36 in.) for 75°

38 mm(1.5n.)
38mm(1.51in.)
38 mm (1.3 n.)
380 mm (15 in.)

380 mm(151in)

380 mm (131in,)

3I5mm(1.3751n.)

35 mm{1.3751n.)
35 mm(1.375 in.)
300 mm (12 in.)
380 mm (15in.)
460-530 mm (18-21 in.)

760 mm (30 in.)

200 mm (8 in.)

to 760 mm (30 in.) for 90°

910 mi (36 in.)

Fixed-ladder dimensions
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Min Max Best

A Rung diameter 3cm 4 cm 4 cm
wood (1.13 in) (1.5 in) (1.4 in)
protected metal 2cm 4 cm 4 cm

(0.75in})  {1.5in) (1.4 in)
metal that may 3cm 4 cm 4 cm
rust (1.0in) (1.51in) (1.4 in)

B Rung spacing 30 cm 30 cm 30 cm

(12 in) (12 in) {12 in)

C Maximum ladder
length

single section ladder 9.1 m (30 ft)
two-section metal ladder 14.6 m (48 ft)
over two-section wood ladder 18.3 m (60 ft)

D Minimum width between
side rails

metal ladders 30cm (12 in)
wood ladders
upto 3.0m (10 ft} 29cm (11.51in)
add .64 cm (.25 in)
for each added 61 cm {24 in) of length

Portable rung-ladder dimensions
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Height of cage from base of
ladder: 2,1 m
Flare at bottom of cage:
810 mm
Depth of cage from center of
ladder: 710 mm
Max. distance between cage
ribs @ 460 mm
Width of cage: 680 mm
Rung diameter: See fixed
ladders
Rung spacing: See fixed
ladders
Maximum ladder length:
Single ladders: 9.1 m
Two-section metal ladders:
146 m
Two-section wood ladders:
183 m
Min. width between siderails:
Metal ladders: 300 mm
Wood ladders up to 3 m long:
290 mm

(Add 6 mm for each additional
610 mm in length.)

Rung-ladder and ladder-cage dimensions
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Spread: 290 mm per meter
length of front section
plus 160 mm per length of
back section

Tread depth: Min. 75 mm:
best 75 - 100 mm

Step spacing: min. 230 mm;
best 280 - 300 mm

Min. width between top of
siderails:

Metal ladders: 300 mm
Wood ladders: 290 mm

Width at bottom: Add 90 mm
per meter of length

Length of ladder: Max:mum
of 6 m

Stepladder dimensions
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|
+ ONE PERSON PASSAGE SIDEWARD
MINIMUM 330 mm
..r] &
| ONE PERSON PASSAGE FORWARD
— P MINIMUM 510 mim
PREFERRED 760 mm:

—t e |
| TWO PERSON PASSAGE
H w F—12m-137m

P, 1:67m = 1. 83
ONE DOOR

i :""*».. _ 213m-2.34m

FAGING DOORS
‘ E
=

-

Walkway and passageway dimensions
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EQUIRMENT

Door dimensions

121



LFEQAS
=
Aetivizy:

Hesging :

HOTE: T0 USE MOMORRART, GRAY BTRAIGHT LINERETWEEN
EATRULE TEMPERATLIAE LA AND W ET-ILILE TEMPEAA,

L”
- TURE fB) K APECTIVE TEMPEAATURE ISINDICATED

WHERE Bl BNAGHT LIHE CROEES THE AFPASMAL
ATE VALUE FQR VELQGITY OF AIR |INTHIS EX-
AMPLE, ET I8 206°C F OR D8 O 34.5°C, Waz OF 16.69C
AND AR VELOCITY O 30,5 mpm |

il .

?ﬁi 20 15 ey o

*{use €" black globe teaperatuTs
for 1

EL =T

Al
Sqdantary or ldght
muscy lar
3""“1*'! or canvecifon
type, 1.9, yarm air,
diTect steag o hob
water Tidiators. plenkm o
Sysiems, fot surfaces
or 3anlight,

‘ .* 1... i —_.E #u :Il:-. _& = '!'F
WET - BULE TEMRERETIRE —FF

Effective temperature or corrected effective temperature

122



SjusWIRdWOD Paligeyul J0) 89URJ3[0) [eLIBY) PUR S3UOZ 110JLWO0D JBJUIM PUR JSWWNS

Dy MEVE SR E 60 JTM
[

E 1]
ﬂﬂ.}r ™ o e fn.f... 4 [P TR .. "R TR TR T
- )
= g o [ 1] gt
= : )
”. ¥ e Q-M. -
) T
o e ____E.nur
et f
i
1 #:r w ¥
5 - § A £
e Y\ orft m
& o - L
e b i
mn.:. £3 =¥ £q =
% T 4
m L5 . i X y B qm
o ¥ =
.Q.ﬂq
& = & &F [ . 34O LUGINON UEENIMT
16 & % [ 3 STe-eni] B
E .W.. -rHﬁQHFEE.—HGﬁ Wi s
; EXTCE BplT 00
o sqmm  same  Sews  werl vmen] O
: KSR SIS = i ! - INOE 61109 BONVUINOL GIUNIT -
i "FINOET LHOAWOI — TR
 geln  WOu VIolic B0 W B GaE STHOY 33Ne3 TOL B BT 0%E LT BFE L
i Eﬂrﬁcmﬁﬁnﬁwﬂnﬂ%ﬁnmerzﬁ cHBFRE  SuHy  SWMIE wiE EHEL
1 rThivrn S BT BH DR
1 NeROLINFANED N ORELIS NOSNTH OTVES « FHOZ BOH JUNVUINOL OFIINIY
[ I | J A fi / b EomrEm e B il ik _-.___11.-ruar-.___._.-...._.._.._
=3 -1 o ok Bk L] q

Dy "SUEWEE TdpE L STOH AGD

123



TEMPERATURE
R

F--EQ‘

55

Ko =% WV x 100 -WV + 10.5 (33-T4) I
WIND VELOQITY = -45
meters/sec

z
f5

i

In outdoor cold weather, the wind velocity has a profound, sometimes decisive, effect on the
hazard to men who are exposed.. The windchill concept dramatizes this by providing a means of
quantitative comparison of various combinations of temperature and wind speed. Note for
example that -45° C with an air movement of 0.045 m/s has the same windchill value, and
therefore is predicated to produce same sensation on exposed skin as -8” C with a wind of
only 0.45 m/s or -10° C with a wind of 2.2 m/s. The windchill index does not account for
physiological adaptation or adjustments. It is based on field measurements of the rate of
cooling of a container of water by Paul Siple during World War 11,

Windchill chart
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Windchill Human

Value Reaction
100 warm
200 Pleasant
800 Cold
1000 Very Cold
1200 Bitterly Cold
1400 Exposed Flesh Freezes

Human reaction to windchill

=
=)

Ry

1 L L ] L

e L S T
Q@ -5 -10 15 -20 -25 30 25 .40
AMBIENT TEMPE FATURE (°6)

PERFORMANGE DECREMENT %)

Performance decrement at different ambient temperatures
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Ventilation requirements



[llumination Levels

lux {foot-candles)

1

Work area of type of task Recommended Minimum
Assembly, missile component 1075 (100) 540 (30)
Assembly. general
Coarse 340 (30) 325 (30)
Medium 810{73) 540 (30)
FFine 1075 (100) 810(73)
Precise 3230 (300) 2155 (200)

Bench work
Rough
Medium
Fine
extra fine

540 (50
B10(75)
1615 (150)
3230 (300)

325 (30)
340 (30)
1073 (100)
21355 (200)

Bomb shelters and mobile shelters, when used tor rest and relief 20(2) 10 (1)
Business machine operation { calculator. digital mput. etc.) LO75 (100) 540 (30)
Console surface 540 {530) 325 (30)
Corridors 215 (20) 110 (10)
Circuit diagram 1075 (100) 540 (50)
Dials 540 (30) 325 (30)
Electrical equipment testing 540 (50) 325 (30)
Emergency lighting NA 30 (3)
Gages 340 (30) 325 (30)
Hallways 215(20) 110 {10)
Inspection tasks, general

Rough 540 (30) 325 (30)

Medium 1075 (100) 540 (30)

FFine 2155 (200) 1075 (100)

extra fine

3230 (300)

2155 (200)

Machine operation, automatic 540 (30 325 (30)
Meters 540 (30 325 (30)
Missiles:
repair and servicing 1075 (100) 540 (30)
storage areas 215(20) 110 {10y
general inspection 340 (30) 325 (30)

Specific task illumination requirements
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Work area of tvpe of task

lux (loot-candles)’
Recommended Minimum

Office work, general 755 (70) 540 (50)
Ordinary seeing tasks 540 (50) 325 (30)
Panels:
Front 540 (50) 325 (30)
Rear 325 (30) 110 (10)
Passagewavs 215(20) 110 (10)
Reading:
large print 325 (30) 110 (10)
newsprint 540 (50) 325 (30)
handwritten reports, in pencil 755 (70) 540 (50)
small type 755 (70) 540 (50)
prolonged reading 755 (70) 540 (50)
Recording 755 (70) 540 (50)
Repair work: 540 (50) 325 (30)
General 2155 (200) 1075 (100)
Instrument
Scales 540 (30) 325 (30)
Screw fastening 540 (50) 325 (30)
Service areas, general: 215 (20) 110 (10)
Stairways 215 (20) 110 (10
Storage:
inactive or dead 55(5) 30(3)
eneral warehouse 110 (10) 35(5)
ive, rough or bulk 110 (10) 55(5)
live, medium 325 (30) 215 (20)
live, fine 540 (50) 325 (30)
Switchboards 540 (50) 325 (30)
Tanks. containers 215 (20) 110 (10)
Testing:
Rough 540 (50) 325 (30)
Fine 1075 (100) 540 (50)
extra fine 2155 (200) 1075 (100)
Transcribing and tabulation 1075 (100) 540 (50)

]As measured at ltheltusk nbjcgt_m ?6 cm {3'[_1 n) abn_v-:: the floor. ) ] ]
Note: As a guide in determining illumination requirements the use of a steel scale with 1/64 inch
divisions requires 1950 lux (180 foot-candles) of light for optimum visibility.

Specific task illumination requirements (continued)
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Condition Lighting Brightness Brightness
of use Technique %F markings Adjustment
cd/m= (footlamberts)
Indicator reading, Red flood, indirect, 0.07-0.35 Continuous
dark adaptation or both, with (0.02-0.1) throughout range
necessary operator choice
Indicator reading, Red or low-color- 0.07-0.35 Continuous
dark adaptation temperature white (0.02-1.0) throughout range
not necessary but flood, indirect, or
desirable both. with
operator choice
Indicator reading, White flood 3.5-70 Fixed or continuous
dark adaptation (1-20)
not necessary
Pancl monitoring, Red edge lighting, 0.07-3.5 Continuous
dark adaptation red or white flood, (0.02-1.09 throughout range
necessary or both, with
operator choice
Panel monitoring, White flood 35-70 Fixed or continuous
dark adaptation (10-20)
not necessary
Possible exposure White flood 35-70 Fixed
to bright flashes, (10-20)
restricted daylight
Chart reading, Red or white flood 0.35-3.50 Continuous
dark adaptation with operator (0.1-1.0) throughout range
necessary choice
Chart reading, White flood 17-70 Fixed or continuous
dark adaptation (5-20)
not necessary

I Where detection of ground vehicles or other protected assets by image intensifier night
vision devices must be minimized. blue-green light {incandescent filament through a filter
which passes only wave lengths shorter than 600 nm) should be used in lieu of red light.

Recommendations for display lighting
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Environmental Classification®
Comparison A B C

Between tasks and adjacent 31 31 5:1
darker surroundings

Between tasks and adjacent 1:3 1:3 125
lighter surroundings

Between tasks and more remote 10:1 201 7
darker surfaces

Between tasks and more remote 1:10 1:20
lighter surfaces
Between luminaries and adjacent 2001
surfaces
Between the immediate work area 40:1
and the rest of the environment
* . = s . .
A Interior areas where reflection off entire space can be controlled for optimum visual
conditions.
B Areas where reflection off immediate work area can be controlled, but there is only limited
control over remote surroundings.
C Areas (indoor and outdoor) where it is impractical to control reflection and difficult to alter

environmental conditions.

FEE

Brightness ratio control not practical

Brightness ratios
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MINIMAL TWO-HAND ACCESS OPENING WITHOUT VISUAL ACCESS

Reaching with both hands to depth of 150 to 490mm:

Light clothing:
Arctic clothing:

Reaching full arm's length (to shoulders) with both arms:

Width: 200mm or the depth of reach”
Height: 125mm

Width: 150mm plus 3/4 the depth of reach
Height: 180mm

Inserting box grasped by handles on the front:

Width:
Height:

500mm
125mm =

13mm clearance around box, assuming adequate clearance around

handles

Inserting box with hands on the sides:

Light clothing:
Arctic clothing:

Width: Box plus 115mm

+ Height: 125mm or 13mm around hox*
Width: Box plus 180mm

+ Height: 215mm or 15mm around box*

“Whichever is larger.

+If hands curl around bottom, allow an extra 38mm for light clothing,

for arctic clothing.

75mm

MINIMAL ONE-HAND ACCESS OPENING WITHOUT WISUAL ACCESS

Empty hand. to wrist:
Bare hand, rolled:
Bare hand, flat:
Glove or mitten;
Arctic mitten:

Clenched hand. to wrist:
Bare hand:

Glove or mitten:
Arctic mitten

Hand plus 1" dia object, to wrist:

95mm 50 or dia

55mm ¥ 100mm or 100mm dia
100mm x 150mm or 150mm dia
125mm ¥ 165mm or 165mm dia
95mm ¥ 125mm or 125mm dia
115mm x 150mm or 150mm dia
180mm ¥ 215mm or 215mm dia

Bare hand:
Gloved hand:
Arctic hand;

Hand plus abject over 1" in dia, to wrist:

95mm sq or dia
150mm sq or dia
180mm sq or dia

Bare hand: 45mm clearance around object A -
Clove or mitten: 65mm clearance around ohjecl "‘:mig
Arctic mitten: 90mm clearance around object
Arm to elbow:
Light clothing: 100mm x 115mm
Arctic clothing: 180mm sq or dia
With object: Clearances as above
Arm to shoulder:
Light clothing: 125mm sq or dia
Arctic clothing: 215mm sq or dia
With object: Clearances as above

MINIMAL FINGER ACCESS TO FIRST JOINT

Push button access:

Two finger twist access:

Bare hand: 32mm dia :ﬁ@
Gloved hand: 38mm dia =
Bare hand: object plus 50mm m
Gloved hand: object plus 65mm

Arm and hand access dimensions
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TOP SHD BOTTOHE
CCEH

]
R -|, IPE
AECESS
DIMENSIONS A DEPTH B. WIDTH
CLOTHING LIGHT BULKY LIGHT BULKY
TOP AND BOTTOM ACCESS F30mm(13in) | 410mm(16in.) § 380 mm (23 in.) 690 mm (27 in.)
SIDE ACCESS 660 mm (26 in.) | 740 mm (29 in.) | 760 mm (30 in.) 860 mm (34 in.)

NOTE: DIMENSIONS SHOWN BASED ON MALE DATA.

Whole body access opening
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Height to

Distance between body and grip

h lifted 6 ; ; in:

9m (3 ft)
1.5 m (5 ft)

20.2 kg (44 Ib)
16.8 kg (37 Ib)

13.3 kg (29.3 Ib)
11.2 kg (24.7 Ib)

10.1 kg (22 Ib)
8.4 kg (18.5 Ib)

6.6 kg (14.7 Ib)
5.6 kg (12.3 Ib)

Maximum weight of units to be lifted by one person (male or female)

HANDLING FUNCTION

POPULATION

Male and Female

Male Only

A. Lifl an object from the floor and place it on a surface
not greater than 152 em (5 ft) above the floor.

B. Lift an object from the floor and place it on a surface
not greater than 91 cm (3 ft) above the floor.

C. Carry an object 10 m (33 fi) or less.

16.8 kg (37 Ib)

20.0 kg (44 Ib)

19.0 kg (42 Ib)

25.4 kg (56 Ib)

39.5 kg (87 Ib)

37.2kg (82 1b)

Maximum design weight limits

Operability Portability
Hand-Held One Two
Person Persons

Dimensions Optimum Maximum Maximum Maximum
Weight (kg) 1.4 2.3 11.3 40.8
Height (mm) 50 100 460 485
Length (mm) 200 255 460
Width (mm) 100 125 255

Weight and dimension limits of portable test equipment
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DESCRIPTION

Adjustable pavd fasienes.

As knob is tightened, the pawl moves along its shaft to
ull back against the frame, 90° rotation locks, unlocks

ener,

"Dzus® type fastener with screwdriver slot,

Three-piece 1/4-tum fastener. Spri ects against
vibration. 0% rofation locks, mimggaen

Wing head. “Dzue" ype,
90° rotation locks, unlocks fastener.

Captive fastener with knurled, siotted head.
Retaining washer holds the threaded screw captive.

Drawsheok latch.

Two-piece, spring lafoh, base unt and striker, When

engagement loop is hoaked aver striker, depressing lever

cleses unit against foige of springs. Lever is raised fo
INNOOK

Trigger-action kateh,
One-piece, bolt latch., Depressing trigger releases bolt,

which swings 99° under spring action and opens lateh,
To close, move bolt back inte position.

——

Snapslide lateh.

One-piece snapslide. Latch is opened by pulfing lever
back with finger k> engage release lever. |

Hook latch,

Haok engages kneb an striker plate. Handle [s pulted
up focking in place. To releass, raverse procedure.

Fastener examples
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Number of Basic

Instructions Conductor Color Tracer
1. Find the number of the 1 Black None
conductor to be color 2 White None
coded. 3 Red None
4 Green None
2. The colors at the right 5 Orange None
of the number are the 6 Blue None
appropriate combination 7 White Black
for that conductor. 8 Red Black
For example, if a cable 9 Green Black
consists of 12 10 Orange Black
conductors. the twelfth 11 Blue Black
color combination would 12 Black White
be black with white 13 Red White
tracer. The eighth 14 (Green White
color combination would 15 Blue White
be red with black 16 Black Red
tracer. The fifth 17 White Red
color combination would 18 Orange Red
be orange without 19 Blue Red
tracer, and so on. 20 Red Green
21 Orange Green

NOTE: Ifa cable has coneentrically laid conductors, the first combination or color applies to the
center conductor. If a cable contains various sizes of conductors, the first color applies to the largest,
continuing in order of conductor size.

Electrical cable coding
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Function Color Definition of Function
Intensified Black Pressure in excess of supply pressure induced by a
pressure booster or
intensifier.
Supply Red Pressure of the power-actuating fluid.
pressure
Charging Intermittent Pump-inlet pressure. higher than
pressure Red atmospheric pressure.
Reduced Intermittent Red Auxiliary pressure lower than supply pressure.
pressure

Metered flow

Exhaust

Intake

Drain

Inactive

Yellow

Blue

Green

Green

Blank

Fluid at a controlled flow rate (other than pump
delivery).

Return of the power-actuating fluid to reservoir.

Subatmospheric pressure, usually on the intake
side of the pump.

Return of leakage of control-actuating fluid to
reservoir.

Fluid within the circuit but not serving a functional
purpose during the phase being represented.

Hydraulic and pneumatic coding
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Significant
figures Color Multiplier Color  Tolerance

0 Black 1 Black or +20%
1 Brown 10 nao caolar

2 Red 100 Silver +10%
3 Orange 1,000 Gold + 5%
4 Yellow 10,000

5 Green 100,000

6 Blue 1,000,000

7 Violet --

8 Gray --

9 White --

-- Gold 0.1

-- Silver 0.01

Values for color-coded fixed resistors and small capacitors

Valve handwheels Fed. Std 595 color

Contents and operating levers number and chip
Steam White 17886
Potable water Dark blue 15044
Nitrogen Light gray 16376
High pressure air Dark gray 16081
Low pressure air Tan 10324
Oxygen Light green 14449
Salt water Dark green 14062
Fuel oil Yellow 13538
Lube oil Yellow 13538
Fire protection Red 11105
Foam discharge Striped red/ 11105

green 14062
Gasoline Yellow 13538
Feedwater Light blue 15200
Hydraulic Orange 12246
Freon Dark purple 17100
Hydrogen Chartreuse 23814
Sewage Gold 17043

Color coding of fluid conductors
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Anatomical limits on axially symmetrical ocular metal parts
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. Elbow (dynamic)

Elbow (static)
Shoulder

. Knee width (minimum)

Knee width (optimum)
Boot (provide adequate clearance to operate brake pedal without
inadvertent acceleration operation)

. Pedals (minimum)

Boot (provide adequate clearance to operate accelerator without
interference by brake pedal)

Head (scat reference point (SRP) to roof ling)
Abdominal (seat back to steering wheel)

Front of knee (seat back to manual controls on dash)
Seat depth (seat reference point to front edge of seat pan)
Thigh (under side of steering wheel to seat pan)

Seat pan height

Boot (front of seat pan to heel point of accelerator)
Minimum mitten clearance around steering wheel

Knee—leg—thigh (brake/clutch pedals to lower edge of steering wheel)

91 ¢cm (36 in)
71 cm (28 in)
58cm (23 in)
46 cm (18 in)
61 cm (24 in)
15ecm (6 in)

S5em  (2in)
15cm (6in)

107 em (42 in)
41 ¢cm (16 in)
74 cm (29 in)
41 cm (16 in)
24 em (9.5 in)
38cem (15 in)
36 cm (14 in)

Sem (3in)
66 cm (26 in)

Recommended clearances around equipment operator’s station
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Recommended clearances around equipment operator’s station key
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Dimensions for vehicle operator’s seat
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TEMPERATURE LIMITS

EXPOSURE Metal Glass Plastic or wood

Momentary contact 60°C (140°F) 68°C (154°F) 85°C (185°F)

Prolonged contact or handling 49°C (120°F) 59°C (138°F) 69°C (156°F)

Tempersture {°C)

Temperature exposure limits

l__sscccﬂns MINUTES HOURS—
0.1 05 1 2 4 610 2 60 2 10 20 4060 2 4 7
r : 1 1 1
70 X
2nd Degree Burmy
IRREVERSIBLE TISSUE DAMAGE

PAIN THRESHOLD ——
4
0.1 1 10 100 1000 10,000
DURATION [N LOG SECONDS

Burn criteria for human skin
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Eerr = > E,S)A;, where:

E. = Effective irradiance in the 200 nm to 315 nm

E;, = Measured spectral irradiance in mW/cm? nm

S,. = Relative spectral effectiveness (dimensionless) (see below)
A, = Bandwidth in nanometers (nm)

Wavelength Relative Daily Effective Maximum

(nm) spectral exposure irradiance exposure
effectiveness limit Eerr (MW/cm?) per day*
(S) (mJ/cm?)

200 0.03 100 0.0001 8 hr
210 0.0075 40 0.0002 4 hr
220 0.12 25 0.0004 2 hr
230 0.19 16 0.0008 1hr
240 0.3 10 0.0017 30 min
250 0.43 7 0.0033 15 min
254 0.5 6 0.005 10 min
260 0.65 4.6 0.01 5 min
270 1.0 3.0 0.05 1 min
280 0.88 3.4 0.10 30 sec
290 0.64 4.7 0.30 10 sec
300 0.30 10.0 3.00 1sec
305 0.06 50.0 6.00 0.5 sec
310 0.015 200 30.00 0.1 sec
315 0.003 1000

* These values assume that no other occupational exposure occurs

Exposure limit for ultraviolet radiant energy (200 — 315 mm)
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Maximum hours Sound level dBA (slow response)

per day equivalent A-weighted sound level
8.0 90
6.0 92
4.0 95
3.0 97
2.0 100
1.5 102
1.0 105
0.5 110
0.25 115
Maximum 140 (peak sound
impulse pressure level)
noise

If daily exposure involves two or more periods at differing
levels, the combined effect is used. Cj/T;is the total time
of exposure at a specified level over the time of
permissible exposure for that typical level, . When the
sum, >(Cy/T)) of the fractions, C,/T1 + C,/T, +...+ C//T;

+ ...+ C,/T, is greater than one, the combined exposure
exceeds the permissible noise limit value.

Permissible noise exposure
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CURRENT (milliamperes) EFFECTS

AC (60 Hz) DC

0-1 0-4 Perception

| -4 4-135 Surprise

4-21 15-80 Reflex Action
21-40 80 - 160 Muscular Inhibition
41 - 100 160 - 300 Respiratory Block
Over 100 Ower 300 Usually Fatal

Shock current intensities and their probable effects
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System Interpretation

Key Response
Key Print
Page Turn
Page Scan
XY Entry
Function
Pointing
Sketching

Local Update

Host Update

File Update
Inquiry (Simple)

Inquiry (Complex)

Error Feedback

Response Time Definition

Key depression until positive response, e.g., "click"
Key depression until appearance of character

End of request until first few lines are visible

End of request until text begins to scroll

From selection of field until visual verification
From selection of command until response

From input of point to display point

From input of point to display of line

Change to image using local data base, e.g.. new menu list
from display bufter

Change where data is at host in readily accessible form,
e.2.. a scale change of existing image

Image update requires an access to a host file
From command until display of a commonly used message

Response message requires seldom used calculations in
graphic form

From entry of input until error message appears

Time (Secs)
0.1
0.2
1.0
0.5
0.2

2.0

0.2

0.5

2.0

10.0

10.0

2.0

Maximum acceptable system response times
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