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This document was prepared t o  provide the International Brother- 

hood of Teamsters w i t h  technical information relevant to a Notice for 

Proposed Rul emaki ng ( N P R M )  by the U .  S .  Department of Transportation. 

A draf t  copy was prepared and submitted directly by the authors t o  

the sponsor so that they m i g h t  have the benefit of the information 

before the expiration of the deadline for the NPRM. The Teamsters 

submitted this  draf t  without change into the NPRM docket, and t o  a 

Committee of the U,S. Senate to support their  position on some legis- 

lation. Subsequently, the draf t  was reviewed by the Highway Safety 

Research Inst i tute ,  and changes have been made, primarily i n  writing 

s tyle ,  from the original draf t  prepared by the authors. The reader 

should be aware that th i s  report i s  sl ightly different in several 

places than the draft  copies, which have also been placed in circula- 

tion. 
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I .  INTRODUCTION 

These comments have been prepared f o r  The I n t e r n a t i o n a l  B ro ther -  

hood o f  Teamsters ( IBT)  who a re  concerned w i t h  t he  safety  and h e a l t h  

o f  i t s  members who d r i v e  r egu la ted  commercial veh i c l es .  Th is  i s  i n  

response t o  t h e  ANPR o f  February 14, 1978, r ega rd i ng  a  s a f e t y  regu la -  

t i o n  which would s p e c i f y  t h e  minimum s i z e  f o r  t he  cab p o r t i o n  o f  

r egu la ted  commercial veh ic les . '  The i n f o rma t i on  h e r e i n  p r i m a r i l y  

addressed and prov ides g u i d e l i n e  design c r i t e r i a  f o r  f o u r  o f  t he  prob- 

lem areas c i t e d  i n  t h e  ANPR. These problems areas are:  

1. " D e t e r i o r a t i o n  o f  d r i v e r  comfor t  and sa fe ty , "  

2 .  "Unsafe and uncomfortable s leep ing  accommodations f o r  d r i v e r  
r e 1  ay teams, " 

3. " D i f f i c u l t y  i n  e n t e r i n g  and e x i t i n g  t h e  cab," and 

4. Veh ic le  c o n t r o l  l a b i  1  i t y  versus s h o r t  wheel bases and f i f t h  
wheel o f f se t s .  

see Attachment 1. 



11. DETERIORATION OF DRIVER COMFORT AND SAFETY 

The des ign dimensions o f  t he  cab i n t e r i o r  workspace can have 

an impact on d r i v e r  comfor t  and sa fe ty .  I f  t h e  d r i v e r  has t o  

assume cramped o r  awkward postures due t o  inadequate space, he 

may tend t o  f a t i g u e  more q u i c k l y .  I f  t h e r e  i s  i n s u f f i c i e n t  room t o  

operate  s t e e r i n g  wheel , f o o t  pedal s , and o t h e r  c o n t r o l  s , t h e  d r i v e r  

may n o t  per form a t  h i s  best .  Th i s  a f f e c t s  h i s  s a f e t y  and t h e  safety  

o f  o t he rs  on t h e  road. 

Another des ign c o n s i d e r a t i  on i s  t h e  cab '  s i n t e r i o r  environment 

t o  which t h e  d r i v e r  i s  c o n s t a n t l y  exposed. Such t h i n g s  as t h e  i n t e r i o r  

no ise  l e v e l ,  amount o f  v i b ra t i on ,  and i n t e r i o r  a i r  temperature may 

a l l  a f f e c t  t h e  d r i v e r ' s  performance and t h e  r a t e  a t  which he f a t i g u e s .  

Regula t ions f o r  t h e  cab 's  i n t e r i o r  should r e q u i r e  designs which 

ensure a minimum safety,  hea l th ,  and comfor t  l e v e l  and which reduce 

t h e  s e v e r i t y  of t h e  d e t e r i o r a t i o n  i n  t h e  d r i v e r ' s  performance capa- 

b i l i t y  over  t ime. A r educ t i on  i n  t h e  d r i v e r ' s  a l l o t e d  space i n  t h e  

cab i s  c e r t a i n l y  a t r end  i n  t h e  wrong d i r e c t i o n  t o  achieve these 

ob jec t i ves .  

Three areas f o r  p o t e n t i a l  r e g u l a t i o n s  a f f e c t i n g  opera to r  work 

space designs a re  o f  p a r t i c u l a r  concern. These are:  

1. Minimum dimensions based on normal ope ra t i ona l  requirements,  

2 .  Minimum dimensions based on space r e q u i r e d  t o  p r o t e c t  
occupants i n  case o f  c o l l i s i o n ,  and 

3. Design standards i n v o l v i n g  environmental  f ac to r s .  



NORMAL OPERATIONAL REQUIREMENTS 

I f  the  d r i v e r  i s  t o  s a f e l y  operate h i s  v e h i c l e  he must f i r s t  be 

ab le  t o  fit i n t o  the  cab w i t hou t  be ing forced i n t o  awkward postures.  

He must then be ab le  t o  reach and operate a l l  c o n t r o l s  w i t h o u t  undue 

hindrance. For example, the  d r i v e r ' s  abdomen should n o t  r ub  aga ins t  

the  s t e e r i n g  wheel no r  should h i s  knee be obs t ruc ted  by t he  s t e e r i n g  

wheel o r  column when he i s  opera t ing  the  foot -pedals .  

Reasonable space f o r  the  m a j o r i t y  o f  t r ucke rs  cou ld  be ensured 

i f  t h e i r  cabs were designed t o  f i t  up through the  95th p e r c e n t i l e  

d r i v e r .  I n  essence t h i s  means t h a t  the cab needs t o  be designed 

around the  opera to r .  While we a r e  p r i m a r i l y  t a l k i n g  about minimum 

dimensions, i t  i s  impor tan t  t o  no te  t h a t  male and female maximum 

dimensions a l s o  must be considered when des ign ing f o r  t he  sma l le r  

d r i v e r s .  Thus, such t h i ngs  as c o n t r o l  reaches, seat  depths, and seat  

he igh ts  must be smal l  enough t o  comfortably accommodate lower  percen- 

t i  1 e ma1 e and female d r i v e r s  . 
Cab dimension recomnendations based on anthropometr ic measure- 

ments have been prov ided by McFarland -- e t  a l .  (1955). These a re  sum- 

marized i n  Table 1 and appear i n  f u l l  i n  Attachment 2. F igure  1 

(from McFarland) con ta ins  a drawing of a t r u c k  cab w i t h  t he  cor res -  

ponding dimension recommendations labe led  by number. The sample 5th,  

50th, and 95 th  p e r c e n t i l e  d r i v e r  dimensions f o r  McFarland's s tudy a re  

presented i n  Attachment 3. 

Sanders (1977) found t h a t  t r u c k  and bus d r i v e r s  tend t o  be 

l a r g e r  now than they  were i n  1950 when McFarland c o l l e c t e d  h i s  data.  

The 5th,  50th, and 95 th  p e r c e n t i l e s  f o r  Sander's sample appear i n  

Attachment 4. Therein, the  t ruck-bus d r i v e r  sample used f o r  



CAB D I M E N S I O N  RECOMMENDATIONS BASED ON 

ANTHROPOMETRIC MEASUREMENTS (MCFARLAND, 1  955) 

TABLE 1  

Dis tance from Seat t o  Roof 

Dis tance f rom Top o f  Foot Pedals t o  
Lower Edge o f  S teer ing  Wheel 

Dis tance (Hor i zon ta l  ) from Lower 
Edge o f  S teer ing  Wheel t o  Seat Back 

Distance ( V e r t i c a l  ) from Lower 
Edge o f  S tee r i ng  Wheel t o  F l o o r  

Dis tance Between Dashboard ( o r  o the r  
i tems i n  t h i s  forward area)  & Seat 
Back 

Distance f rom Steer ing  Wheel R i m  t o  
D i r e c t i o n a l  S ignal  

Breadth o f  Cab Seat 

Seat Depth 

Height  of Seat Back 

Breadth o f  Seat Back 

Height  o f  Seat F ron t  Above F l o o r  

Range o f  V e r t i c a l  A d j u s t a b i l i t y  

Range o f  Fore and A f t  Seat 
Ad jus tab i  1 i t y  

minimum 

minimum 

m i  n  imum 

minimun 

m i  nimum 

minimum 

minimum 

maximum 

minimum 

maximum 

minimum 

minimum 

36&" i n  h ighes t  p o s i t i o n  
404" i n  lowest  p o s i t i o n  

26" 

15" ( a t  p o i n t  of range of 
f o r e  & a f t  a d j u s t a b i l i t y )  
i n  a  hor izor i ta l  1  i n e  

24%" 

29" w i t h  seat-back i n  
rear-most p o s i t i o n  



A 'a, 
o n  
3 a 
L - l  
L 



comparison i s  taken from McFarland's study. The increase i n  d r i v e r  

s i z e  suggests t h a t  recommended dimensions a l s o  need t o  be increased. 

Therefore,  McFarl and ' s recommendations accommodate l e s s  o f  t he  d r i v e r  

popu la t i on  now than when they  were f i r s t  proposed. Suggested parame- 

t e r s  f o r  mock-up o f  a road v e h i c l e  d r i v e r  p o s i t i o n  appearing i n  

F igure  2 (VanCott and Kincade, 1972) g i v e  an i n d i c a t i o n  o f  more recen t  

ideas o f  recommended dimensions based on Un i ted  States data.  Hemmi ngs 

(1974) prov ides dimensions based on var ious European l e g a l  r equ i re -  

ments and ergonomic cons idera t ions .  These are shown i n  F igure  3. 

When c u r r e n t  cab dimensions a re  compared t o  the  var ious  recom- 

mended dimensions o f  McFarland -- e t  a l .  o r  Hemmings, as shown i n  Table 

2, i t  i s  obvious t h a t  some dimensions o f  some cabs would n o t  p rov ide  

adequate room f o r  d r i v e r  comfort and safety.  A number o f  these, 

p e r t a i n i n g  t o  anthropometr ic cons idera t ions ,  appear as Attachment 6 

and inc lude :  

SAE J941c: Motor Veh ic le  D r i ve rs  Eye Range 

SAE 51052: Motor Vehic le  D r i v e r  and Passenger Head P o s i t i o n  

SAE J833a: USA Male and Female Phys ica l  Dimensions f o r  Construc- 
t i o n  I n d u s t r i a l  Equipment Design 

SAE J898a: Cont ro l  Locat ions f o r  Cons t ruc t ion  and I n d u s t r i a l  
Equipment Design 

SAE 5154: Operator Enclosures (Cabs) - Human Fac to r  Design 
Considerat ions 

SAE 5209: Inst rument  Face Design and Loca t ion  f o r  Cons t ruc t ion  
and I n d u s t r i a l  Equipment 

SURVIVAL SPACE 

Another s e t  o f  dimensions t h a t  are impor tan t  t o  d r i v e r  s a f e t y  

are dimensions c r i t i c a l  t o  the  s u r v i v a l  space. These measurements 
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TABLE 2 

Comparison o f  Recommended and A c t u a l  T ruck  Cab Dimensions 
(Prepared by M i l l e r  and Anderson f o r  t h i s  r e p o r t )  

1 1 2 "  4 o g i  1 1 5 % ~ ~  McFar landls Recommendations 17.8"  

Hemming's Recommendations 1 4 . 6 "  27.7"  

FORD TRUCKS 

*"CU S e r i e s  '73 ,  '76,  ' 7 8  4 5.21" 24.6" 38.9" 
*"LU S e r i e s  (m in . ) '73 , '76 , '78  0.16" 25.4" 41.5" 
*"L"  S e r i e s  (max.) 4 3 . 9 2 "  25.4" 41.5" 
*"Nu S e r i e s  '73 , '76  13.54" 24.7"  40.8" 
*CL & CLT 9000 ' 7 8  16.63" 24.88" 38.92" 

I n t e r t i a t i o n a l  Trucks 

* F l e e t s t a r  A 1977 
**Cargostar  19508 1978 
**COF 4000 D 1969 

GMC TRUCKS 

**I978 6500 D i e s e l  (Bench Seat)  15" 24.4" 136.6" 1 15.6" 
**I978 6000 D i e s e l  (Bucket  Seat  18.5" 24.3" '36.1"  1 15" 

1 M o d i f i e d  t o  r e p r e s e n t  d i s t a n c e  p e r p e n d i c u l a r  t o  s e a t  back w i t h  s e a t  i n  rear -mos t  p o s i t i o n  
g i v e n  15" h o r i z o n t a l  d i s t a n c e ,  6" f o r e - a n d - a f t  t r a v e r s e  and 8' ang le  f o r  seat-back.  

2 Based on a 21" d iameter  s t e e r i n g  wheel. 

3 Based on 22" s t e e r i n g  wheel and a bucke t  seat .  ( 22 "  wheel i s  an o p t i o n a l  i t e m )  

4 Based on 20" s t e e r i n g  wheel and a bench sea t .  

* Drawings appear i n  At tachment 5. 

** M a n u f a c t u r e r ' s  d imensions n o t  a v a i l a b l e  f o r  t h e s e  thus  approximate d i r e c t  measure- 
ments taken  by au thors .  

9 



de f i ne  t he  minimum s i z e  envelope t h a t  should s t i l l  e x i s t  a f t e r  impact. 

The shape o f  t he  i n t e r i o r  volume a f t e r  deformat ion due t o  c o l l i s i o n  i s  

h i g h l y  dependent on t he  t r u c k  design and t he  d i r e c t i o n  and s i z e  o f  

the  fo rces .  While f u r t h e r  t e s t i n g  i s  needed i n  t h i s  area, a p r o f i l e  

view o f  a recommended s u r v i v a l  space f o r  t r ucks  suggested by Franch in i  

(1  969) i s  shown i n  F igure  4, 

ENVIRONMENTAL FACTORS 

The dimensions o f  t he  work space a re  n o t  t he  o n l y  concerns w i t h  

regard  t o  t h e  s a f e t y  and h e a l t h  o f  t he  d r i v e r .  H is  a l e r t ness  i s  a l s o  

o f  utmost importance. We need t o  cons ider  t h e  ex ten t  t o  which 

f a t i g u e  can be reduced by c o n t r o l  of  no ise ,  v i b r a t i o n ,  and ambient 

i n t e r i o r  environment. M i  1 l e r  (1 976) has noted t he  hazardous e f f e c t s  

of each of these s t resses i n  con junc t i on  w i t h  t h e  d r i v i n g  task .  I t  

would seem use fu l  t o  cons ider  design standards t h a t  deal  w i t h  these 

and o t h e r  r e l a t e d  s a f e t y  hazards. Reproduced i n  Attachment 7 a re  the  

f o l  1 owing SAE recommended p rac t i ces  : 

SAE J336a: Sound Level  f o r  Truck Cab I n t e r i o r  

SAE 51013: Measurement o f  Whole Body V i b r a t i o n  o f  the  Seated 
Operator o f  A g r i c u l t u r a l  Equipment 

SAE J169: Design Guide l ines f o r  A i r  Cond i t i on ing  Systems f o r  
Cons t ruc t ion  and I n d u s t r i a l  Equipment Cabs 

SAE 51 129: Operator Cab Environment f o r  Heated, Vent i  1 ated, and 
Air Condit ioned Cons t ruc t ion  and I n d u s t r i a l  
Equipment 





I I I. UNSAFE AND UNCOMFORTABLE SLEEPING ACCOMMODATIONS 

FOR DRIVER RELAY TEAMS 

For t h e  long-haul  d r i v e r  i n  p a r t i c u l a r ,  m i n i m i z a t i o n  o f  f a t i g u e  

can a l s o  be approached i n  terms o f  p r o v i s i o n  f o r  adequate b e r t h i n g  

accommodations. For maximum recovery  f rom f a t i g u e  t h e  s leeper  b e r t h  

must be l a r g e  enough t o  a f f o r d  comfor tab le  s l eep ing  postures - and room 

f o r  egress, ing ress ,  and changing p o s i t i o n s .  Johnson found as e a r l y  

as 1930 t h a t  b o d i l y  movement i s  necessary t o  ensure adequate b lood  

f l ow ,  t o  p reven t  overhea t ing  o f  s k i n  areas i n  con tac t  w i t h  t h e  bed 

sur face,  and p reven t  1 oca l  i zed muscle se t .  
. - - 

/ 

Adequate b e r t h  space i s  an impor tan t  determinant  i n  t h e  r e l a y  

d r i v e r ' s  recovery  f rom f a t i g u e .  An inc rease  i n  t h e  minimum s leeper  

b e r t h  w i d t h  beyond t h e  p resen t  24" s tandard appears necessary, s i nce  

Sanders (1977) found t h a t  92% o f  h i s  sample exceeded t h i s  w i d t h  when 

adop t ing  a  p r o s t r a t e  s leep ing  posture.  Furthermore, 44% o f  t h e  sample 

exceeded t h e  c u r r e n t  75" l e n g t h  w h i l e  i n  t h i s  p o s i t i o n .  These and 

o t h e r  percentages appear i n  Table  3. The s leep  envelope f o r  95th,  90 th  , 

and 8 0 t h  p e r c e n t i l e s  i n  each o f  these s leep ing  p o s i t i o n s  i s  presented 

i n  Table  4, A w i d t h  of a t  l e a s t  34" would be necessary t o  suppor t  t h e  

p r o s t r a t e  s l eep ing  pos tu re  o f  t h e  95 th  p e r c e n t i l e  i n d i v i d u a l  i n  Sander 's 

sample, and t h i s  i nc l udes  no a d d i t i o n a l  space f o r  changing p o s i t i o n s  

t o  assume t h i s  space. A l e n g t h  o f  a t  l e a s t  80" would be needed t o  g i v e  

uncramped, u n r e s t r i c t e d  space f o r  t h e  95th p e r c e n t i l e  i n d i v i d u a l  i n  t h i s  

study. 



PERCENTAGE OF SAMPLE THAT EXCEED THE D I Y E N S I O N S  OF A BERTH CONFORMING 
TO FEDERAL REGULATIONS 

P e c l c r a l  R e g u l a t i o n s  ( i n c h e s )  

Prefer red  P o s t u r e  

P r o s t r a t e  P o s t u r  c 

1 9 ;  e x c e e d  5 G 2  c x c e e d  

4 4 %  e x c c c c l  92: e x c c e d  

T a b l e  3. ( a f t e r  S a n d e r s ,  1 9 7 7 )  

SLEEP ENVELOPE FOR 95TH,  9 0 T H ,  AND 8OTH PERCENTILES FOR EACH 
SLEEPING POSTURE (INCHES) 

L c n g t h  Nit? L I I  iici& - 
P r e f c r r c c l  Posk t ! r c  ( M = 2 3 9 )  

9 5 t h  p a r c c n t i l e  7 7 . 4  3 3 . 0  1 6 . 0  

9 0 t h  7 6 . 3  3 0 . 6  1 5 . 2  

8 0 t h  7 5 . 0  2 8 . 5  14.4 

P r o s k r a c e  P o s t u r e  ( S = 2 3 8 )  -- 
9 5 t h  

90  t n  

8 0 t h  

[ N o t  2 7 . 2  1 7 . 0  

ME a -- 2 6 . 5  1 6 . 4  

s u r e d ]  2 5 . 0  1 5 . 7  

T a b l e  4. ( f r o m  S a n d e r s ,  1 9 7 7 )  
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IV. DIFFICULTY IN ENTERING AND EXITING THE CAB 

Due to attempts t o  increase the cargo space yet stay within 

length regulations , the bumper-to-back-of-cab ( B B C )  dimension has 

progressively shrunk. One resul t  has been the advent of cab-over- 

engine (COE) configurations . Such tractors have smaller BBC dimen- 

sions than cab-behind-engine ( C B E )  t ractors ,  and can be more d i f f icu l t  

t o  enter and exi t .  This i s  because the steps are oftne not directly 

in l ine with the door opening, and the doors are normally higher off 

the ground. Considering that s l ips  and f a l l s  accounted for 14 per- 

cent of a l l  driver personal injuries in a recent DOT study (BMCS,  

1977), attention should be given to  the study design, and installation 

of safe ingress/egress systems. Our comments on the step, hand-hold, 

and ladder aspects of these systems are contained in A Biomechanical 

Eva1 uation of Notice of Proposed Rule-Making, "Step, Handhold, and 

Deck Requirements on Commercial Motor Vehicles" (Snyder, 1978). 

I t  i s  also important t o  consider dimensions of the door opening 

when studying entry and exi t  from the cab. The primary guidelines 

on th i s  issue are given in SAE Recommended Practice 5925 "Minimum 

Access Dimensions for Construction and Industrial Machinery" and SAE 

Recommended Practice 5185 "Access Systems for  Construction and 

Industrial Equipment. " (Both of these recommended practices appear 

in Attachment 8 ) .  The minimum door opening width recommended in 

5185 i s  18", w i t h  a preferred dimension of 27" .  The preferred door 

opening height i s  52" from the floor.  These dimensions also need t o  

be considered when regulating the minimum size of the cab. 



V .  VEHICLE CONTROLLABILITY VERSUS SHORT WHEELBASES AND FIFTH WHEEL 
OFFSETS 

The RNPR c i t e d  a  number o f  d r i v e r - r e l a t e d  human f a c t o r s  having an 

i n t e r r e l a t i o n s h i p  w i t h  veh i c le  geometry. On any length  wheel base the  

r e s u l t  of moving forward the  f i f t h  wheel p o s i t i o n  i s  t h a t  ( a )  h igher  

s tee r ing  torques are  required, (b )  the  veh ic le  may become 

excessively  understeer ing i n  i t s  t u r n i n g  behavior, and ( c )  r i d e  qual i t y  

w i  11 be degraded. A 1  ong-wheel base con f i gu ra t i on  by i t s e l f  genera1 l y  

offers super io r  r i d e  qual i t i e s  over short-wheel base t r a c t o r s ,  and 

long-wheelbase t r a c t o r s  are o f t e n  p re fe r red  because o f  t h e i r  reduced 

demand on j a c k k n i f e  c o n t r o l  

With respect  t o  the e f f e c t  o f  s t a t e  laws, f o r  example, a  market 

e x i s t s  i n  the  West f o r  long-wheel base t r a c t o r s  as a  consequence o f  

l i b e r a l  o v e r a l l  length  laws through the Western s ta tes .  The same 

t r a c t o r  would be v i r t u a l l y  i nope ra t i ve  i n  the East because o f  the 

r i d i c u l o u s l y  f a r  forward p o s i t i o n  o f  the f i f t h  wheel which would be 

needed t o  f i t  w i t h i n  the shor te r  Eastern length  allowances. Even i f  

such a  West Coast t r a c t o r  were f i t t e d  w i t h  a  sho r t  cab, the u n i t  would 

n o t  be usefu l  i n  t he  East because, w i t h  i t s  f i f t h  wheel f a r  forward, 

the  f r o n t  ax le  would become overloaded a t  r a t h e r  small l e v e l s  o f  

t r a i l e r  payload. We must conclude t h a t  cons t ra in t s  on o v e r a l l  length,  

espec ia l l y  the t i g h t e r  cons t ra in t s  found i n  the Eastern s ta tes ,  c u l t i -  

vate n o t  on ly  sho r te r  cabs but  by necessi ty  shor te r  wheelbases as 

we1 1. 



V I .  SUMMARY 

1. Design standards f o r  t he  opera t ing  space i n  cabs should be 

considered. McFarland e t .  a1 . ' s (1955) recommended cab 

dimensions (see Table 1)  cou ld  be a s t a r t i n g  p o i n t  f o r  such 

an endeavor. 

2. Maximum dimensions a re  a l so  impor tant  f o r  the accommodation o f  

the  lower -percen t i l e  male and female d r i v e r s .  

3. The s u r v i v a l  space should be taken i n t o  account when des ign ing 

cabs, Th is  would mean ensur ing adequate space f o r  the  occupants 

o f  the  veh i c l e  a f t e r  deformat ion due t o  impact. 

4. Because o f  t h e i r  p o t e n t i a l  e f f e c t  on f a t i gue ,  sa fe ty ,  health, and 

comfort ,  design standards f o r  environmental f a c t o r s  such as 

i n t e r i o r  noise,  v i b r a t i o n ,  temperature, humidity, and v e n t i  1 a t i o n  

should be considered. 

5. Even w i t h  l i m i t e d  research in fo rmat ion  i t  appears f a i r  t o  conclude 

t h a t  t he  minimum sleeper b e r t h  w id th  and l eng th  requirements 

should be increased. 

6. Safe e n t r y  and e x i t  o f  the  cab a re  dependent on minimum dimensions 

f o r  door openings i n  combination w i t h  s tep and hand-hold designs. 

These dimensions should thus be candidates f o r  f u t u r e  standards. 

7. Cons t ra in ts  on o v e r a l l  t r a c t o r - t r a i l e r  l eng th  have apparent ly  l e d  

t o  sho r t e r  cabs, sho r t e r  wheel bases, and more forward f i f t h  

wheel placement . 
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Attachment 1 

6274 PROPOSED RULES 
' & b ~ '  

(d) Frequency loading resulting from 
the use of secondary signalling will 
not be considered in whole or in part 
as a justification for authorizing addi- 

d tional frequencies in the licensees 
mobile system. 

te) A mobile service frequency may 
not be used exclusively for secondary 
signalling. 

( f )  The output power shall not 
exceed 30 watts (at the remote site). 

(g) All A2, A9, F1, or F9 emission, 
may be authorized. 

(h )  The transmitter shall be de- 
signed to , deactivate automatically 
after 3 minutes of continuous carrier 
radiation. 

( i )  Opefational fixed stations autha- 
rized under this paragraph are exempt 
from the requirements of 
§§91.54te)(2), 91.107te), 91.152, 91.154. 

( j )  On frequencies above 25 MHz, 
base, mobile relay or mobile stations 
mav transmit secondary tone or im- 
puke signals to receivers, as provided 
in this section. 

(52) Persons providing a central sta- 
tion commercial protection service 
may use the frequency, on a secondary 
basis, to transmit information about 
alarms received by the central station 
to police or to fire stations or vehicles, 
if the frequency is also authorized to 
the licensee and it is used in a base 
and mobile system offered by that li- 
censee. 

[FR Doc. 78-3938 Flled 2:13-78: 8:45 am1 

DEPARTMENT OF TRANSPORTATION 

Federal Highway Administration 

149 CFR Par( 3931 . 

DATES: Comments must be received 
on or before July 14,1978. 
ADDRESSES: BMCS Docket No. MC 
79, Bureau of Motor Carrier Safety, 
Federal Highway Administration, 
Room 3402. 400 Seventh Street SW.. 
Washington, D.C. 20590. All comments 
and suggestions received will be avail- 
able for examination at the above ad- 
dress between 7:45 a.m. and 4:15 p.m. 
e.s.t., Monday through Friday. 
FOR FURTHER LNFORMATION 
CONTACT: 

Mr. D.W. Morrison, Chief, Vehicle 
Requirements Branch, Bureau of 
Motor Carrier Safety, 202-426-1700; 
or kfm K. S. Markman, Attorney, 
Office of the Chief Counsel, 202- 
426-0786, Federal Highway Adminis- 
tration. 400 Seventh Street SW.. 
Washington, D.C. 20590. Office 
hours are from 7:45 a.m. to 415 p.m. 
e.s.t.. Monday-Friday. 

SVPPLEMENTAt INFORMATION: 
The Bureau of Motor Carrier Safety 
(BMCS), an element of the Federal 
Highway Administration ( M A ) ,  is 
considering the problems associated 
with and which would give rise to the 
necessity for the specification of a 
minimun size for the cab portion of 
regulated commercial vehicles. Such 
specifications would consider the 
means of achieving safety-related ob- 
jectives through the regulation of 
truck and tractor cab size of commer- 
cial motor vehicles manufactured after 
a certain date and operated in inter- 
state foreign commerce. 

There are several reasons for initiat- 
ing proposed rulemaking at  this time. 
First, the need to reassess the safety 
impact of present restrictions imposed 
by certain States on overall commer- 
cial vehicle length as they influence 
the driver's operating environment. 

~BMCS Docket NO. Mc-79; Notice No. 77- Second, the National Highway Safety 
I ni  Advisory Committee's report, Vehicle 
a", 

Length Restrictions, March 1977, 
. MINIMUM CAB SPACE DIMENSIONS noted safety benefits in revised vehicle 

Advance Notice of Proposed Rulemaking 

AGENCY: Federal Highway AdmMs- 
tration, DOT. 
ACTION: Advance notice of proposed 
rulemaking. * 

SUMMARY: This advance notice is 
being issued to solicit comments on 
proposed additions to the Federal 
Motor Carrier Safety . Regulations. 
Consideration is being given to adopt- 
ing a safety regulation which would 
specify minimum size for the cab por- 
tion of the regulated commercial vehi- 
cles manufactured after a certain date 
and operated in in!erstate or foreign 
commerce. There is a need to reassess 
the safety impact of present restric- 
tions imposed by certain States on 
overall commercial vehicle length as 
they influence the driver's operating 
environment. 

length restrictions to allow more cab 
operating space. Third, the issue of 
truck lengths has become a matter of 
increasing concern to labor interest 
groups as it impacts upon working con- 
ditions of the drivers. Fourth, the De- 
partment of Transportation's Steering 
Axle Study, July 5, 1977, prepared in 
accordance wlth section 210 of the 
Federal-Aid Highway Act of 1978, dis- 
cussed the effort required to steer a 
commercial motor vehicle in relation 
to steering axle weiehts. placement of 
the fifth wheel, snn the length of the 
cargo carrying body. 

The Bureau is cansidering mlnimurn 
cab size requirements which m a y  have 
a direct effect on cargo carrying capac- 
ity or commercial vehicle lengths 
within the framework of an cverall 
length limitation imposed by States, 
At present, the maximum length 
specified by any State for a tractor se- 
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mitrailer combination is 75 feet, and 
most of the States have limits ranging 
from 55 to 65 feet. 

The International Brotherhood of 
Teamsters (IBT) and the Professional 
Drivers Council (PROD) have stated 
that equipment manufacturers, in re- 
sponse to customer requests, have 
shortened the wheel base and cab dl- 
mensions of power units in order to in- 
crease, as much as possible, the cargo 
carrying portion of the vehicle. The 
following problems have been cited: 

Excessive weight on the steering - 
axle. 

Improper fifth wheel placement 
Deterioration of driver comfort and 

safety. 
Reduced accessibility to the engine . 

for inspection and maintenance. 
Increased difficulty in entering and 

exiting the cab, thereby increasing the 
likelihood of slips and falls. 

Unavailable space to alter the shape 
of the cab for purgoses of reducing 
wind resistance and improving fuel 
economy 

Unsafe and uncomfortable sleeping 
accommodations for driver relay 
teams. 

Short wheel bases and high fifth 
wheel offsets that adversely affect op- ' ' 
erating safety. 

Overloading of front tires. 
The Bureau believes that a severly 

degraded ride may have an indirect 
impact on safety by increasing driver 
fatigue level or reducing the driver's , 
concentration. Currently, the effect of 
ride quality is one phase of a study 
being conducted for the Department 
of Transportation. Results of this con- 
tract and others will be considered in 
the formulation of any regulations af- 
fecting vehicle or vehicle component 
lengths. 

In order to obtain data, information 
and views to assist the Bureau for as- 
sessing the need for regulations in this 
area, we are requesting comments on 
these minimum cab size parameters: 

1. Whether any type or weight class . 
of vehicle be exempted and why. 

2. Experience with shortened cab 
and its effect on driver performance. 

3. Experience with shortened cab 
and vehicle controlability and maneu- 
verability. 

4. Cab over engines (COE) and their 
effect on steering axle weights. 

5. Fifth wheel placement resulting 
from COE configurations and its 
effect on vehicle controlability. 

6. Effect of COE placement on acces- 
sibility of engine for purposes of in- 
spwt ion and maintenance. 

7. Cornpatability of differing sizes of 
tractor and trailer and the possible 
effect on safety. 

8. In addition. comments are sgecifi. 
cally requested. on the. feasibility of 
proposing model advisory standards in 
lieu of regulations with respect to 
minimum cab space dimensions, as rec- 

Y 14, 1978 



PROPOSED RULES 

ommended by the National Highway John P. Rogers. Chief, Office of Mi- 
Safety Advisory Committee Report of gratory Bird Management. U.S. Fish 
March 1977. and Wildlife Service, Department of 

Those desiring to comment on this the Interior, Washington, D.C. 
advance notice of proposed rulemak- 20240,202-343-8827. 
ing are asked to submit in writing 3 sUPPLEmARY INFORMATION: copies of their views, data, and arm- The Fish and Wildlife pro- communications received poses to establish hunting seasons, bag will be considered before any propos- and possession limits, and shooting als for rulemaking actions are under- for migratory game birds under taken. All comments submitted will be sections 20.101 through 20.107 of sub- 
available both before and after the part Of 50 20. 
closing date for examination by inter- "MigratOn game birds" are 
ested persons in the docket room of birds designated by 
the Bureau of Motor Carrier Safety, ventions between the United States 
room 3402, 400 Seventh Street SW., and several foreign nations for the 
Washington. D.C. 20590. If it is deter- Protection of these birds. During the 
mined to be in the public interest to 1978-79 hunting Season, regulations 
proceed further after summarizing the are proposed for certain designated 
comments and considering the avail- members of the avian families Amti- 
able data and comments received in re- dae (wild ducks, geese, brant, and 
sponse to this advance notice, a notice swans); Columbidae (wild doves and pi- 
of proposed rulemaking will be issued. geons); Gruidae (cranes); Rallidae 

trails, coots, and gallinules); and Scolo- 
(49 U.S.C. 304, 49 U.S.C. 1655, 49 CFR 1.48 pacidae ( w o o ~ c o c ~  and sdpe), and 49 CFFt 301.60.) 

Issued on February 3,1978. NOTICE OF INTENTION TO ESTABLISH 

ROBERT A. -YE, 
OPEN SEASONS 

Director, This notice announces the intention 
Bureau of Motor C a m e r S d e t y .  of the Director, U.S. Fish and wildlife 

[m DOC. 78-4054 med 2-13-78; 8:45 Service, to establish open hunting sea- ' J sons, daily bag and possession limits, - and shooting hours for all designated 
[4310-551 groups or species of migratory game 

birds for which hunting seasons are 
DEPARTMENT Of THE INTERIOR being considered for 1978-79 trl the 

Fish and Wildlife Sonia contiguous United States, Alaska, Hawaii, Puerto Rico, and the Virgin Is- 
[SO QR Part 201 lands. 

MIGRATORY BIRD HUNTING FACTORS A~pecrnvo REGULATIONS 
Proposed 1978-79 Migratory 6ame Bird , PROCESS 

Hunting Regulations (preliminary) This is the first notice in a series of 
AGENCY: msh and Wildlife Service, ~ r o ~ o s e d  md final rullemaking docu- 
Interior. ments for migratory bird hunting reg. 

ulations. and sets forth proposed 
ACTION: Proposed rulemaking. season frameworks and shooting hours 
SUMMARY: The Service proposed to for the various noups of lnigratory 
establish open hunting seasons, daily game birds, as well as proposed daily 
bag and possession limits, and shoot- bag and possession limits for certain 
ing hours for all designated groups or Doups or species for which these regu- 
species of migratory game birds for lations ordinarily do not vary signlbi- 
which hunting seasons are being con- cantly from Year to Year. The propos- 
sidered for 1978-79 in the contiguous als set forth here for certain species, 
United States, Alaska, Hawaii, Pverto as well as the schedule by which more 
Rico, and the Virgin Islands. The Ser- detailed pwposals for these and other 
vice annually prescribes migratory species will be developed, are depen. 
bird hunting regulations. The effect of dent upon a number of factors. Among 
these hunting regulations is to provide these are various annual population 
hunting oppOrtUnitY, a form of out- and habitat surveys, the times when 
door recreation. to the public and to these surveys are conducted and re- 
aid Federal and State govex-nments in sults are available for analysis, times 
the management of migratory game of migration and other biological con- 
birds. siderations, and times during which 
DATE: Comments must be received on hunting may be allow* The regula- 
or before May 16,1978. tory process for migratory game birds 

is strongly influenced by the times 
ADDRESS: Send comments to: when the best and latest information 
tor (FWS/MBMo)* Fish and is available for the development of 

Department Of the regulations. For these reasons, the Interior, Washington, D.C. 20240. overall regulations process for hunting 
FOR FURTHER INFORMATION seasons and bag limits is divided into 
CONTACT: the following segments: (1) regulations 

for migratory game birds in the 
United States, Puerto Rico, and the 
Virgin Islands for which seasons prior 
to Sepotember 30 are proposed (early 
seasons); and (2) regulations for mi- 
eratory game birds in the United 
States for which seasons opening on 
September 30 or later are proposed 
(late seasons). Regulations develop- 
ment for each of the two categories 
will follow similar but independent 
lines. Proposals relating to the harvest 
of migratory game birds that may be 
initiated after publication of this pro- 
posed rulemaking will be made avail- 
able for public review in a supplemen- 
tal proposed mlemaking to be pub. 
lished in the FED- REGISTER. Also, 
additional supplemental proposals will 
be published for public comment in 
the FEPnw, REGISTER as population, 
habitat, and harvest information be. 
comes available. 

Because of the late dates when cer- 
tain of these data become zvailable, it 

.is anticipated that comment periods 
on proposals dealing with specific 
hunting seasons, limits and certain 
other regulations pertaining to mi- 
tory shore and upland game birds and 
waterfowl will necessarily be abbrevi- 
ated. Special circumstances which 
limit the amount of time which the 
Service can allow for public comment 
are involved in the establishment of 
these regulations. Specifically, two 
considerations compress the time in 
which the rulemaking process must 
operate: the need, on the one hand to 
establish final rules at  a time early 
enough in the summer to allow affect- 
ed State agencies to appropriately 
adjust their licensing and regulatory 
mechanisms, and, on the other hand, 
the lack before late July of specific, re- 
liable data on this year's status of 
most waterfowl. 

PWBLICATION OF REGDLATORY 
Doc-s 

The process relating to the estab- 
lishment of lnigratory bird hunting 
regulations in the united States in- 
volves a series of regulatory announce- 
ments pubkhed in the F E P a  REOIS- 
TER in accordance with the Adminis- 
tratlve Procedure Act. The publication 
of these documents is divided into 
three phases, as follows: 

1. Proposed rulemakings-proposals 
to amend subpart K (and, when neces- 
sary, other subparts) of 50 CFR Part 
20, including supplementary proposed 
migratory game bird hunting regula- 
tions, and/or regulations frameworks 
which prescribe season lengths, bag 
and possession limits, shooting hours, 
and outside dates within which States 
may make season selections. 

2. mal rulemakings-frameworks. 
Final migratory game bird regulations 
frameworks which prescribe season 
lengths, bag and possession limits, 
shooting hours, and outside dates 
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Attachment 2 ( f rom McFarland, 1955) 

Inr ,n f ; r  3s p o ~ : ; i  !J 1 T: :11: ~ 7 ~ 1 ,  , i  1:::i.n~; oriz skou'l!i b!? ~~~~~~~~~~crl z s  .c- 
tj.~,;!,; of t h e i r  I-C;] c>jzl:1, h11;.;1:~n 'tic,,i;: c!i::i:n:;i on, i . c . skioulti 'a? do tcn;i-r:iinitc! oil ill,? . . t.~~;-~.s of t.hcs!:! ??-~t,:llroy,c;:;.> L r 1  c ci3t3 nr:co:;s?l-!; t.o i n s ~ i r c  prc;;'t?:* accc~~.;~:o.:l;.,tion f o r  
t h e  Inr,.;cst nmbcr  of tii*'iv?l-s. C;,rin;; t o  :.heir s t2Lic  n a t i ~ r c ,  t h e  i ~ ~ i ~ c n  bccljr 
r~: ;s:;rcrr.:?~lts consi ti::l.~;:i i n  this s!;cLio:i   it sp?c i f l ic  rcco;,i:~,c:::tiatior\.s f  c r  t h c  
va r ious  db ,cns ions  of t!lv C n i ~ ~  Z'i!;. 2 s l ; o ~ ~  the  r c l c v m t  cab di!r,cnsions as 2-: z -  
C U S S C ~  b::lcx. 

b )  Purpose: Clcarar-cc f o r  driver's head 

c )  3izcur;sic?n: I n z u f f i c i e n t  hi.nc.1 c i q a r m c c  may f o x .  thi: 
d r ivc  to crouch over t h e  v::i?el o r  Rap cause b i n  t o  s t r l k c  
his hezd on ti-.$ cab roof during sudden S m p s  or  j o l t s ,  If 
2 i n .  o f  c i e a r ~ ~ c e  are zllo:i.ed above t h e  e r e c t  s i t t i n ?  
h e l c h t  of i l l 2  t a l l e s t  6rou.p of d r i v e r s  ( 95 th  pc rccn t i l n  = 
38.2 i n ,  ) scch col;dii;ions nf~y 'o l a r g e l y  avoiticd. The niri- 
m m  v e r t i c a l  d i s t m c ?  f f ro~ .  t he  t o p  of t h e  s e a t  cushion t o  
the  cab rocf shculr! t h ~ s  be 40-l/b i n .  Lkpression of tk,; 
s e a t  cushion by t h e  &rivcr:s  ;;eight ?sill ~ i v ?  an added 
c lcarancc  v;!fich sho i ld  mar? than  C N : C ~ .  O U ~  z?y increased  
he ight  c::in~ t o  hcadcear o r  c l o l i h i ~ g  th i ckness  w - i c r  thc  
bu t tocks ,  (?;Bth v e r t i c a l  seat ad: a s t n b i l i t y  i t  should be 
rcrr.nrilSercd t h a t  t a l l c : -  ( l r i v ~ r s  will have t h e i r  s e a t s  i n  
t h  lo:.;cr p o s i t l c  <,. ) 

d )  l?c~o:.-~.nt~aticn: !, riiri~,:-~? oî  !~0-l/h i n .  h e t : ~ ? n  t h e  tc;! of 
t h e  sr::;.L ci,.rhio!? Ll~c ; > o t ' i ~ 3  6f $11.;: ca'n I ' C O ~  ( i f  s ~ a t  is 
adjuz:  )12 x r t i : a l l y  a i : i , : - i~ .w.  of b3-1/!~ i n .  froi-n th2 lor+- 
e s t  71. ,t:i(.):l and a LLIU!..~ILX of 36-l/k i n .  fro:n the  !:: ghest 
; , o s i t i  (>:I) . 

b )  Purposc: To give t!:e ilrlv(2r sufficient l c g  rocx t o  apply 
t h e  ; ~ c ~ l a l s  r h r i  thotit ! : ~ ~ , j l '  nz or  t r 2 j y i n ~  the 1cr.c~ c!ldcr t:,e 
::tee r i n g  v1:ecl 



t 110t,t,c~:1 r t r  :,};<> ~ ~ . ~ : ? ; ~ ~  ::;; ~ . - > a \ ~  .. , ... , 11 ;L~;-:. sir lc~? illj:; 
. 7 ' ,  : r  ;t :i.s 50 r 3 . i  t l c ~ ,  . L, s.! ..;s r,.l:+ :,,':rl 1. t o  n6d 

. , . ' -  a t  l(:~::i, ,711 ,?c!c!iti 1 , : ,. i /  , '  i l l ,  Lo z . c ~ p : . . ~ ; ~ ~ l , ~ ~ t ~ . ?  :,. . . 
rnzj~r<.t;y of (lrj.y,:e~s i.3 ?,!IP I : ~ ? C Y  r~:.ki:~s i!~:? i,li :u.7;-,::; 
h f (.b in. in ti+i.s 1iir;:ension. 

b) Pur7osc: TB a m i d  Contz-ct of s t e e r i : : ~  r.?;e:l idth ;>do:-,;r? . . thus r c d u c i r , ~  possiSiii t ; .  of s e ~ i o u s  c5dc:~ ine l  inucqr  i n  
suddcn sto?s or  c o l l i s i o n ,  =.i f e c i l i t a t l n s  ec:rar,cc a::2 
e s i t .  

c )  3 i scuss ioc :  This  c 2 a s i ~ r e ~ . ? n t  i s  o: L - p o r t a ~ c s  f a r  t k i 0 ~ 3  

h e a v i e r  d r i v e r s  :~l-,o f ? c q  r;tLy f i n i  tk.5 s t c e r i l ~ g  ::heel i?.- 
denting t h e i r  aSdo::-.xs as a r e a l :  ol̂  t o o  s x i l  a qzc ;  
'cst:.:ce2 t112 bo t t cx  05 tke r.i?eel ;?d ti13 b~'.;', S i z c e  2 2  

95th p e r c ~ ~ t i l . :  of cc.:szrcial  d r ive rs  i n  abdcxen d;.~th I s  
12 ,I i n , ,  2 1 ~ s  ;-n ~$5l$io?:..l aicr.;;l,?cc for loose c.? bczi:: 

7 c l o t k r i n ~  z~.d forsrar? S~.LT,- - )  t k r e  shccld be a t  lea:< ,> i n .  
of c l c n r , z r ~ z  ( s t e s r i r . , ~  :,::i.zal t o  se;.t b a c k )  t o  avoicl c?r,',act. 
It should be renax5?red t h a t  it iz cot  0.c: t h e  ta l . l . - i t  $5th 
perccn: . i le  of d ~ i v e r ,  : 5o  :.;ill 3e of thz 95th g2~c .c .  ' -12 i n  

7 abdoz;?:i de?th, bat nm; ~ ~ i o ~ t . 1 -  c z ~ s  as :.:.,'.Lo PO:. -..5.9 rea- 
si.2 t l ,  ; c l c a r a ~ c e  shcu l t  k ?  talcen r.~. f. . thc  r ez r r . c t t  

. ,  , . . - .  . ,  . . posi t i , .  n of s e a t  a23.;a;,7.27115:: 1:; r?+',!;~-, ,'1-~;; tll.3 .,A- -7 . -  - ~ i - . . i .  - 4  -+ 

r\ i .  7 0 d )  IIecoxr,~n:Eation: A ;?i~i:?c,: c: 17 2 : ~ '  iz 2 .coT::o:-~~.~. 1i.x 
bctvenn t!:e rca&-nost c65e of thz sto?:.ing ; k c e l  aid ti:. 
s e a t  Sac:,: ( a t  the  r;i.d;oizt cf t k 3  rc.r,.79 L of ?or? 2112 ~ 5 t  
adjus tn 'a i l i ty )  , . 

1 ;  Dir.ension: Disi?-rici! ( , ~ e : - t : c z l )  f r cx  Lr:rcr Z : I y  oZ Stee:.i:l. I,:::c.:.l t83 Fl':??. - 

b) P~rpose : To help  Insurc  l a t e r a l  frcedc:: o f  ~-.osre~-r.t  I'or lo: ,~zr  I c e .  

c )  Discussior~ : T h i s  c<ir,.lr,si cn I s of I;;:::i?:.trrr.c-:, i:drL7,; t c  ; . ' ; c c ~ s s  t ~ ,  
and e s i t  f r c z ,  the cab 234 fo: frec:.lcz of 10:ier 1c.z ::o-:c:n?r.t 

T r.~]:pn spat?,!  !;i.>i:;.',i tj!2 ; L * . c c ~ .  ,I : r ~ ~ ' t i ~ ? . l  ~lc.l.r:,:c:~ 5: 2L ~ , ' 2  2 3 .  
vn' 11 pc~'n',it 1atcr; i l  :rn~?c r?.cvcnnn.t m , i c r  ti:? ;dncel f c r  c::':' ,,,; c: a l l  
t i r ivcrs .  

I 
I 

4 . .  d )  Rc!cc:;x!c:ndr!t i.o:l: , r .  I .  ,:: , . of 2:; & I  1 .?:! in. I;'ct::spn t:.,? 
bottb;:l (,,' klli! :;t;2p:*jrl.- . . !  7 '  t u  > !. f.iL001.. 



b )  R~rpo,;:: : T o  cst;;b! is11 s u f f i c i e n t  cle,irmcz 5::t:.:ccn thc  
dri-,rcr1 3 I.::IZC ;~*l r i  f: ,-:lard obs';:-;ctlons 

c )  Discussion: I n  so:;? yrcbAclcs i t  was noted t h n t  t h e  dash- 
board i t s e l f  was w c :  "ortab1;r c lose  t o  the k x e .  TI9.s 
c lcaraqcs  2i_l::?nsior. id dircctcc! pr imar i ly  ;t e l i r i n a t i n ;  
u~mecessay; o b s t l ~ i c t i o n s  t o  the  knee eiti1i.r during o,-jzra- 
t i o n  an:: chzngin,? of s ca t  pos i t i on ,  or r::?iile slicling i n  
m d  out of tl?,. ~2.5. Siccc tile 95th ~ c r c c ~ t i l e  of buttoclc- 
knec l e ~ g t : ?  :i co::;~:crcial tirivers i s  2 5.8 ir., ( 2 1 ~ s  a 3 i n .  
al1,o~rance for. c l o t h i n s  a ~ d  a possiSlc  s h i f t i r , ?  for ;~ard  of 

A' the  but tocks vihile s ea t$d ) ,  ~ n e r e  shculc! be a t  l c z s t  2 9  i n .  
bet;:.een th2 sca t  ' ~ a c k  md t he  2oin t  of r z a r s o s t  p ro j ec t ion  
of any cont ro ls ,  Icnobs, l e v e r s  i n  t h e  for;.~ar:i v e r t i c a l  l e v e l  
occc;~icd by the Itnee. T'his i s  th?  ninir;luT dlncnsion f ron  
the  ~ o i n t  of realmor;t a d j u s t a b i l i t y  f o r  t a i l e r  xe2 rri th 
l a r g e r  buttock-knee lengths .  Sine? t h e  me2 vho ad ju s t  the ' r 
s e a t s  far t l :er  fcr:;!ard :.iil!. do so on the  b a s i s  o f  s h c r t z *  l e g  
length  thc  above provis ion  :i-ill a l s o  be adequate i o r  tkem. 

d )  Reco:!c::er.dation: A .nir:irnu-ri cleal-mce of 29 i n .  be t~rccn  any 
f o n w d  i t e n s  i n  t he  knee arcs of t hc  d r i i n r  and the  sea t  
back i n  i t s  rear-nczt  adjust:cent. 

a )  P e ~ t i n e n i ;  Cody 2i:i:~nsion : H;i~d lel:$l. 

. . 
b )  h r p o s z :  To cnz'ulc: t!;,? cii-ii-sr. t o  occrate  *rsco.; .:on21 0:- 

s i . r i l x  t ,pcs  o_? con t ro l s  without rclxoving t h e  I:?nds f r o x  
the  s t e e r i n g  !:keL 

) dipn dLuss ion:  On the b a s i s  of thc  range of co;%u:.c:-cia1 d r i v z r s ,  
hand l e n ~ t h ,  it hzs been ascert,,.i.ned t h a t  i f  a  con t ro l  of t h i s  
nature,  r c q ~ l i r i n g  on1.y arl up o;t 4o:m movcmc~t, i s  loca ted  rL..# t 
more than  2 1/2 i n ,  Tror~; the  rim of the  st(: ring wheel it can 
be activatoti  by a l l  d r i v e r s  x i t l ~ o u t  renovine t h e  han ' fro:n the  

. n vhcel. :i:ljle t h i s  i s  a convcniencc rathc.:, thzn a nc.cc::sity, 
i t  should bc pointcd o u t  t h a t  ni;:ny such si.cna1.c; are j u s t  out 
of rzach ,7.n;3 coulci very e a s i l y  be placcd i n  t h i s  more c o m f r t -  
able  p o s i t ~ o n .  

. . 
t i )  !l~:cc!a;;-~-ri,~.tion: l 'he c i : . r ~ c t i ~ n : ~ l  ( o r  ~ l . l i l i l . ~ r  typc)  s i r n a l  t o  be 

1ocatc:ti 1:ot norc ti1:j.n 2 1/2 i n .  from thc  ri~n of the  s, ~ z r i n g  
;~;ilccl. 



pc?rcc:n.til.ct of' cn:r,.r;c?rc.ial drisrcrs p l u s  n s t d t n b l c  clot!rin; 
alloijnncc, o r  16.3 i n .  p lus  2.5 i n .  c q u . ~ i s  1 C . O  i ~ .  "i'llis 
i s  c Si:' "i::'~l;: i~~:pol-t:uit. i.;!ioi-e L!;c! s c a t  i s  cc;Ki-~?Cd ;\<ti1 
s i d e s  as i.n tile bucli<:t type. Arl!litional roox shouli! bn 
giverl ?~:?i!:?cvcr yo~:niblc  t o  i n s c  , corrLo~% t h r ~ u ~ h  abi1i t .y  
t o  changc pos i t i ons .  

d )  Rccn?enda-;ion: ::inimn s e a t  'arcadt:?, 19  i n .  

8. Dinens'on: Sca t  E>p th  
, 

a) Pert inent  Bc2y 3 i~ icns ion :  Edttock t o  back of c a l f  d i s t a z c c  

b) Furposc: To acc~r:~~cci: . t ,c bo th  long an2 s h o r t  l eg@ Itzn rdth 
r e spec t  t o  s c a t  de$h 

c )  Dic:.ussion: If s e a t  depth i s  t o o  l a rge ,  s h o r t  legged d r i m r s  
r.sill f i n d  the f r o n t  edge of t h e  s e a t  c u t t i n g  i n t o  t h e  back of 
t h e  calf  ard r r i l i  bz ~ l c h l c  t o  bznd t h e  l e g  a t  t he  lcnee s a t i s -  
f a c t o r i l . ~  unless they  s h i f t  t h e i r  buttoclcs fori.;ar:! on the  sea t .  
On t h c  o ther  hcincl, t a l l e r  i i r ivcrs  :.rill have no t h i g h  su7port i f  
t h e  s e a t  i s  t o o  sho r t .  Buttzcli-back of czlf d i s t ance  rras no t  
taken f c r  t1;c CC):LTL?I-C~~~ d r i x r  s e r i e s ,  bu t  cox?arison :r;i;h a 

r f  group of ,:ales rr,?;srLu-etl by i-ooton I n  .'L Survc.;.r of ~ e ; t i n ( . ~  i n 6 i -  
. - J  

c a t e s  t h a t  t h i s  c?iq,nnsion ; r i l l  c l o s e l y  ap:ro:<ir;:-te 17.5; i n .  f o r  
~ - 

5 th  perce l l t i l e  d r i v c r s .  Aithoul;h rncn rarcl;: d r ive  v i t h  t h e  
but tocks  t i g h t l y  i n  contac t  ~ 6 t h  t h e  back of the seat  but  rzther* 
shift the . ,  forr:::,.:*d v a r j i , ~ g  F ~ T ; I G U ~ ~ S  a 17 i n .  s en t  denth i s  t h e  
maxinun t h a t  csn assurle co:rifort f o r  5th p e r c e n t i l e  d r i v e r s  a t  
a l '  tii::es. This  s c z t  d c l ~ t h  :?ill a l s o  g i - ~ e  &dcc,uatc t:ag!i supljort 
f o r  t a l l ,  r r i r i ~ r s  . 

a) Pe r t inen t  aoriy M;-cnsi on ( n )  : Trunk he ight  and h e i ~ ! i t  of 
maximuin concavi ty of back. 

b )  Purpose: 'o scpport  pa r t  of body ue ight  and t o  givc a s a b l e  
back supp fol* applyin< pressure  t o  f o o t  cc . . l ro l s .  

c )  Met ; is : ; . i~l~:  Thc rni.nin;un hc ipht  of t he  s c a t  b,~clc could be s t  
a t  1 2  i n . ,  ~ r h i c h  i s  suf f j -c icn t  t o  give support t o  tllc I 1 m a l l  
of  t i ~ c  b:ici:" zrcn, or  rc~ior, o.f ~ n n z i . n l ~ n  lu~;',j:ir curv,-, ' iur~. 
I~OI!(?VCF, Ijii r.i)c::i.:S o f  c o . , ~ f  01% , n(iili:iorl*:l hci .~h.i-  ~ c u s t  bc 
n l l n ~ j c ( ? .  i,Ir,,u.i I , , : * I  cc?:it hr!i ~ h t ,  on thc  o t h e r  han.1, shoul.(l :lot 
i n t  ,-fcl.r: :ri.tll l h c  (ir..i vol- 's  1 ,  n(lgcnr nnl! : ;ho~lc i  rlot n f l o r d  Iliz 
:i hts::ii rn:;t, for t l ~ c  l:ittt:r ::,:;r i.r:.tc:rf~:~-r; ~ i t h  nle:.:,ncss ns 
v~cll n..; i'l-1.1ctlo;:: of si~~~c?i:ic.:nt. A r ! 1 m ~ : c i ~ 1 1 ~ 7  ~ c t  n.t 22 i n .  1.511 
suf ' i i c ( :  f o v  Llii:; !lurposc. In pncrnl thr: c c n t r n l  r3r:;;o of 
1.g i n .  - 30 . i l l .  ptwvic!ed :in r::ost C O : : , I I I : : I ~ C ~ ~ ~  V C ~ G C ~ C : ;  SCi,:n; 

cjui LC :;:I ti:;l':?c :,ory f'or t i l l ;  t i i i a~ns ion .  



(1) ! ~ ~ ; C ~ I I ~ I - ; ~ ; ~ I ~  l:~t, i on:; : ?L[j i - 20 , i  R, for 11,: j (;hL a f  S!!:iL E:LC~;. . 

b) R~r ; io r? :  To pro~.ric:i~ adequate: 1atcr ; l  snnc:! f o r  b;ic!< XI< 

should2r support 

c )  Discussion: A IX~L~~:~R?LT. Lrea(it11 fo;' t h i s  di; i :~~t io! i  :.,ill be 
ncccssriq:; cnl;. :.!il::~c 211 i n d i v i d , ; ? l  s ~ l t  i s  scp?lic!d f o r  t!!:! 
d r i v e r .  I;] zuch inr;tar,ces tllc s e a t  back must be a t  l e a s t  
\ride e n o u ~ h  t o  suy;jort t he  r.x~i:i?xn brcadth acrcss the  
sho~Jlc!crbs of tile 9:'i!1 pc rccn t i l c  of d~isr~:1-s.  ;.lit11 a s u i t z b l e  
clothing allox:.ncc t h i s  f i g u r e  may be s e t  a t  2 1  i n .  k 
g r e a t e r  i.ridth vdll of course a f fo rd  add i t i ond .  roox f o r  

c )  Reco~~fizr,,~atiori: A mininun brzacith of 2 1  i n .  f o r  the  s s a t  
baclc. 

11. Dir:snsion: 5'2iyht o f  St?:.! Trori'! A ~ O V C !  Floor 

b )  P ~ r p o s e :  To arroi:] excesslv? height,, r e s u l t i n g  i n  pressure 
from t h e  f r o n t  edgc of t h e  seat  on t h e  undar p a r t  of t h e  
l e g  u id  th igh ,  

c )  Discl~:;sion: The problen of o:cessive s a t  he ight  i s  of 
pririlzry c o x e r :  50 sho r t e r  d r i v e r s  ;d;o I:.?.;? f i n d  zn ur,cc:l- 
fori;;iblz p:3es:j;i:-:-: c ~ e r t o i !  on thc  u:der p u t  of  t hc  thi,r;!ls 
by t l ~ c  s e a t  cus13ion i f  thit fce t cmnot; r e s t  ,>.,2. ~ ~ t a b l ; ;  en 
t h c  f l c o r  o r  po!:nls. The essnr,l;ial body ~nasc:~ci::ent i n  such 
cases  i s  the l o r ; e r  l e g  heii.;l;L froa :.he f l o o r  t o  the ur,d$r 
p a r t  of t he  tlri c?: i ~ c t l y  in back of the l;r.cc. A!.t!~ou;.h 
t h i s  dirnen:;.;.on ::as 1:ot $&en on t he  cor:,;r,?rciril d?'ivi:r s?r:'Le S, 

conip. :viscns rii t1.i o ther  crot:p51 ind ica to  i t  t o  1:. about 15-3/4 
i n .  incl,t~cii ns ;i.io>s, !i> )::ever, r.ilicn the 1 ~ ~ s  ar-: cxten;ied f o r -  
r.:ard I;YI* 11cir;lrt i.: ' rcduccd, thus req:~ir ing a love r  seai; level. 
I n  gc: L-a1 2 naximu!ii I ? c i ~ l ! t  of 1s-1/2 i n .  :illould suff ice  f o r  
5 th  pai..ccntile tiriwrs, T a l l e r  cirivers dll, f o r  the  siost p a r t  
p r e f e r  lor.;ci8 adjustnients ( f o r  rcnsons of v i s i b i l i t y  2nd head 
clearar,ce) . 

d )  kco:;;:~:nd-lt.ions: i~ mnxlm~o:: hoi!;llt of 15-1/2 i l l .  fr.o:n t ! ~  top  
of' l;hc fl-o;lt o r  t he  L ; C , T L ~  ti) 121:2 i'loor. 



c )  1j.i s(*,?;si ~ i - , :  l j  j:l*i;,q.;;;  TI- :,,:;>;:a:lt j.1: ;!I,; gf L!:.! 
1 "  - . . 

c:tl~ ;~yo:i fL:; L!:,-:?, , ~ ~ ~ - v - ~ : ~ ~  0.: ~,r?.r:j.::? ! . c ,~ : ; , -  ~. i . ; ;~ :  ?!:c.J':~~ '.'- 
, . . . 

nb;. i p  ;>l.;(:c thr:is:?y.?s i r ,  .i pcsi?,< :':I cf (7; ;.I:'.::: ! i Z i -  

I;ili';;; b;; rr..~:!!; of . F . v ' ~  ,,. A i . r ~ , ~  -3 '  S C ? "  4 L; - ..;... :: ,,.,. ?i, L.. .L .  .L. If 2:': is 
, . 

possil,ln, t!lc s b o r t c r  ,-.--r -. L, .,,. .---- 1,. - A  " ' , ' :  . . . ,  ~.?L?X~;?:~:CS ' 

cral;in;; ti;,:ir ::ec;:.;; c r  ;~si?.y ~ ~ 2 ; :  : \ i L ~ ~ q : ; : ~  ir, i.:*,:l.:y t o  s g c  
3 . . 

over thc t o ?  of t l :~ :?,-.a:. .?.112r clr:ve?s,, cr. ik,:? ot!;:::. . 7 hmd,  I.!,::: l : ~  f grce-i i 9 x:~.:! I*cr::s~~.i c z  c ~ c a s i  or, t c s ~ r ;  
. , t r a f f i c  s igna l s  o? CT;.:-,~T o S j $ ~ t s  ~r,:!?? the to; ~f;? cf the . , :.rinds!;iziL: or bcr,. ' . i( :.,T t o  z:clz st,-ll.:.'.?.? t,'izir hcz? cx t h e  

roof.  Since t h e  r2.;n of ncr,; l  sit' , : ?ye !Ieif!~t ir, c c r -  
I ,  z ,?cia1 dri.,;cl-s i s  4 ;a,, (5th c.rc!x,. . . In - 2 7 . 7  ir,. , 

!' $S.t!l = 31 .,, i n ,  ), - - . , . l~-  of vcrtlczil  sect ~ S ~ L S -  .:,i:it:- 
i n  or,? incll  ir,cyc,-.,:n:s or  l s s s  :.~;";1 laffor< a t  ,53,.: 5: 

P 9 a l l  d r i w r z  a s a t i s f z c t  o:-y e;. le;.,?l f o r  ~ , 5 s l b i l l t . y .  ,y 
& ,  . l o c z t i o n  of t h s  n:~,\;ir.1;-~ 2r.l I-~F:::L-L 2c ln t s  or, ~ : x s  r 2 y e  

, . 
R U S ~  be detcr:,ined ex;srinieritall;- _ C ~ C ; ~ C Z  IIi-l-:), 

d)  Pzcoimendatlcn: .i r-.i:L~::: ?aL:$ cf -rs;.tica!. s.2: ;d;.:st- 
a b i l i t y  of k i n .  i n  i ~ c r e z s c t s  of 3 i2, o r  l ess .  

13, Dimension: F , n l l ~ z  cf Fore ,".. ::Î $ S2a-l. . : t i - . rL  L, ..-; d G ~ - :  -k2 ' :::: ' 

a) P'2rtinent E d y  Xlnensinr. : L ~ z  Lxgt!; ( 5 ~ i .  uc;c::-kr.2 s lar.$-, 
ar~d knee h e i g h t )  

b )  Purpose: Oy.?rati;;n of f c s t  c c n t r o l s  

. . c )  Escusc ion :  As ~ e r t i c . ~  s22t acljust::.>rt i s  p r i ~ a r l ~ : :  2 ic- la ted 
, . by reqa5 . 2meIlts of an o?;~;:';:, e.;e 1e:~t.l  f c:. -,<si'&i<;., f o r 2  

and a f t  :d:usty,cnt ' ? d s t c l ~ . z e $  on tl?? bzs:: of -1113 2:- 
ccss ib l  -l t y  .A c m f c r t  i n  t k z  op ra t i . cn  cI" f o c t  c?n t r c l z ,  For  
t h i :  rz,.:!son ,.,a 1 * ~ ? ~ 3  of ;$~,~~t.a'p~>~'l,- s:; , ;y l2  ; . : .  t:>;i - - 
of the rant. i r ,  s e i i 22  1c.c l e r ; r> ,  (':.:t$c$: t c  k . 2 ~ )  o r  sli?:-,tl:.- " .  - 

3 ~ n d c r  / 13.1 /ilt!;3~<>. y : : ~ ~ ~ , ~ ~ : ~ :  ir, t ! :~ z:--Le c: --;$ k:.'<z 
p1*0521;?ly nske i t  ::r,nscesszy: J . , + L v u  L b!-2s a :.I:: - 2-,c.L-.i c: L" , , : : ? T ~ A  -.. i - 

I .  a b i l i t y ,  i t  sc.y;s l e l ~ ~ ~ ~ : ;  t h z t  q!tl:i,~ less A'--,- "A ..-.. +- u -... .- CZT 2 ~ 2 -  - 
~ f l d c  oyjti;r,:x freedc:: sr.5 co~,: ,fcrt  of : r ;?rat icr.  f o y  '2: t:: 3 . d  
la:',<"ri-,y:.s, In the czurz;. of :!,< ~ y a l l ~ . ~ t ; c , n  of t - . . a ? ,  ,,-A ,-? - > ; I J - ~ L  "'" r'? 

t ruck  i i l o ? ~ : ~  it :!;.s zs;;l.: t::o w t l c l e s  ilz(i r c  2 ~ j ~ ~ : 2 ' : ~ ~ i < ; ;  
. . i n  t h i s  r c s p c t  : i l i l c  tl:n others  r ~ y ~ e :  f;-i.z 2 ;:~r~:::2:: .zf 2 i z D  

t o  ; nx inu i l  of 5 in .9 The la,w; ~ ; l u e ~  5: -,!*is r?.y 2-2 cl,e;rly 
4 unsatisfac?.o:,j., m a  th2.-a i s  sc;;..? dc.;5", :>at tj.2 -1:.:1;:.~-. of 2 i ~ .  

t r i l l  bc .cc:lple t o l y  ndeq1:atn f o r  t ,kcs j  ?rivers :?t th.2 e:itrc:-.zs of . . even the 90:; of  ~ o p u l a t l z ! ?  cc~:jicul-,2,1 !:r;~, ';I:"cc;tic:! c: . , ma:rir:,ur:l and :nini::;urr, r o j  :: t s on :!lis r";::~~:r.:~t 3,; ;c:~:';-;~~;; b;C- 

pcr imental ly  ( s cz  scc t ion  111.) 

. . ,,!..,, ' . - r : . ' : . : i . ?  -4- f d )  !!?cc:i;~~ni!.~ki o n :  ,', rs?;? cf f c :  :,.r,ci pLi ,-.,,, LG,.  ~ in, 
. . 

i r ,  ~r,crc::,::nts I ," 1 i n .  o? 1-2 , 



Attachment 3 ( f rom McFarl and, 1955) 

Bod;,. yi!fi:,, --o!;s of t!;:? St!.1, 5lZtll 2 ;  : $st,h 
7 P c r c ~ r , t ~ ~ ~ ~  of Cc:::::.rcir\l Truck 2::: sYu.; Lbivcrs 

(in ir .ches) 





Attachment 4 (from Sanders, 1 9 7 7 )  

I 

Tiil3LE 2-11. S I T T I N G  IIEICIIT 

Subject s a t  c r c c t ,  1.ooki.ng s t r a i y l ~ t  
allcad, knccs  t o g e t h e r ,  back ,  buttock 
and head aga i .ns t  s e a t  baclc. Measure 
madc v e r t i c a l l y  from t o p  o f  s c a t  
surface t o  t o p  of head. ,Measuring 
bar was hrougli t  down i n t o  f i r m  
contact w i t h  t h c  t o p  of t h e  head i n .  
the mid l ine  

P r e s c n t  S tudy  - i n c l ~ e s  Comparison Samples - i i lchcs  

2  7  7 10 267 4061 
Sample S i z e  - --- 

36.5 34.5  36.5 35.9 
Kcan 

Standard 1.44 1.72 1 . 3 9  1 . 2 9  
Dcvia t i o n  

Stdndard .09 .54 . 0 8  . 0 2  
Error - 

33.8  32.1 34.0  33.9 33.8 33.2 
5th J ' c r c c n t i l e  

34.2  3 6 . 6  36 .5  
50th P e r c c n t i l  e 

37.0 
95th Pc rccn t i l c  -- 

.50 - .36 
Rcwncss 

__.- - 
1 .10  

Kurtosis 
-- 





Subject s a t  e r e c t  w i t 1 1  bu t t ock ,  
shouldcrr; and 11cad ayainst s e a t  
back. Mcasurc~ncnt was inadc 
vertically from t h e  s j  L t i n g  
surEace to tile uppermost;. p o i n t  
on the l a t e r a l  edge of  the 
shoulder. 

/ Truck-Bus I Air Force 
~ r i v c r s '  I P~7rso: in~l  



Description: 

Subject  s a t  e r e c t ,  s h o u l d e r s  r c l a x c d ,  
both el.hows a t  r i g h t  a r i g l c s ,  f i n y c r s  
s t r a i g h t .  Mtasurement was made 
v c r t i c a l l y  from t h e  s i t t i n g  sur face  
to t h e  l o w e s t  bony p o r t i o n  o f  t h e  
elbow, u s i n g  l i g h t  c o n t a c t  o n l y .  

Present  S t u d y  - inctles 

-- 

n a r d  
Dcviat i on  

Standard 1 .07 1 .08 

5th  P e r c e n t i l e  1 -- 1 10.37 10.42 
50th Percentile I-& 
Skc~~ncss - 1  2 - 3 1  
Xurtosis 

I T r u c k - B u s  1 Air F o r c e  C i v i l ;  an 
~ r i v c r s '  I Personnel I ;:en3 i 



I Descript ion:  

Subject s a t  e r e c t ,  knccs  and l ~ c c l s  
together,  r i g h t  arm cxtcnclcd 
forward. The mcasurcincn t was made 
from the  top of t hc  s i t t i n g  s u r f a c e  
to  the junc t ion  of tlle abdomen and 
thigh. (Photograpl~ic  measurement) . 

P r c s c n t  S t u d y  - inches  

[ T o t a l I P c m a l e s  I i.:ales 1 

Sample S i z e  
7 

I 
1 5 . 7 1  

Standard 
Deviation 

Standard / 0 4  1 , .23 1 . O C  1 
Error 

-7 95th F c r c c n t i l e  --- 
1.84 2.69 

Skewness 

Kurtosis I 

Truck-i3ys 1 A i r  Force C i v i l  i ail 
Dr ive r s  ?c r sonnc l  



Subject s a t  crcct, l ~ e c l s  and knccs 
toqcthcr.  T h c  rncasurcncnt w;~:; made 
from the  top of Lhc foo t  board t o  
t11c top of thc k n e e  j u s t  in back 
of the patella ( k n e e  c a p ) ,  wi t ' l l  the 
horizontal bar i n  l i g h t  contact 
with t h e  leg.  (Direc t  mcasuremcnt) . 

P r c s c n t  S t u d y  - inc!lcs C o i n p r j  son Sciriijjies - i ~ c 1 ~ 0 . c ;  

tican 

Stanzard 

5 th  Pe rcen t i l e  

50th P c r c e i ~ t i l e  

95th Pcrcen t i 1 e 

Kurtosis 



Subjec t  s a t  c r c c t  w i t h  iic;ld i n  
h o r i z o n t a l  p lane  looking d i r e c t l y  
forward wi th  hcad a y a i n s t  s c a t  
back. f4easurcmcnt made of  the 
h o r i z o n t a l  d i s t a n c e  from t h e  w a l l  
t o  t h e  middlc of t h e  e y e b a l l .  

P r e s e n t  Study - i n c h e s  Conl2arison .C;imples - iriL-: L s 

T o t a l  Fcriiales ):ales Truck-Eils Air Force  
D r i v e r s  Pcrcorlnci  2 

-- , cn ------ 

Sample S i z e  -- 
7 .'15* 

i 
Mean 

S t a n d a r d  
Devia t ion 

SLandard .02  . 1 4  .02 .Ol * 
Error  .- 

6.9 6 .3  6.9 
5th Pcrccnt i l  c 

7 . 1  7 . 3  

8.3"  7.6 8.0 
95th  P c r c e u t i l c  - ---.-.- ------ -- 

- . 2 8  . .45 
Skcwncss 

1.74 
Kur tos i s  

I 

*:.Ica:;urcs wcl-c mads from hack of 
hcad t o  na sa l  root: ( l ) o i ~ i l  of- 
g r c a k c s t  j ndcn ta t ion  wYlc:rc> tile 
nose meets t h c  f o ~ : e I ~ ~ i l d )  r a t h e r  
than  the  middlc of thc  e j1o .  



Subject  s a t  e r e c t ,  back, bu t t ock ,  
s l~o~l ldc r  ancl i~cad acjaii~:~ t seat back, 
arms ex tcndcd para1 lei t o  f l o o r ,  
hands open.  :.lcasurcmcn: maclc from 1 seat  back t o  t i p  of rniddlc f i n g c r .  

1 (Piiotoqrapliic measurcmcnt) . 

Sample S i z e  

Standard 
Dcviat ion 

Standard 
Error 

?5th Percentile - 

Skewness 

Kurtosis 

Civi 1;  a n  
!,:en 3 

-- _.. .I 



I 
TADLC 2 - 1 2 .  YORL'AIIEI - i I A N D  I&NGfl'II I - / ~ e s c r i p t i o n :  

I 
i 

' Subject s a t  erect, kr~cas  toge the r ,  
elbow a g a i n s t  s e a t  back a t  right 
angle. Measurement wa.; madc from 
seat back t o  t i p  of middle f i n g e r .  
(Photographic mcasure) . 

Prcscnt S t u d y  - i n c l ~ c s  I F m i l c i  'GI Total 
Sample Only - only J 

267 1 10 257 
Sample Size 

19.0 16.5 19.1 
Mean 

Standard 1.06 .33 . 9 8  
Dcviat ion 

Standard .06 . 2 9  
Error - 

1 7 . 2  

5 t h  Perccn t j 1 e 
19.1 16.7 

50th Percentile .- 
a 20.7 18.4 

95th Pcrccntile ---- 
- . 2 4  .30 

Skewness 
-1.28 

Kurtosis 



Dcscri1)t ion: 

1 Subject s a t  e r e c t ,  kncos dnd  hcc l s  
1 together, buttock a g a i n s t s e a t  back.  

The mcasurcinctit was made from the 
. most posllcrior pro t rus ion  of 1-hc 

s a c r a l  a r ea  t o  t h c  foremost edge 
of the p a t e l l a .  

- ~ - -  ~ --- 

Prcscn t  Stucijr - inchcs . Cornnarj.:;ot~ Sal:iplcs - i n c h e s  

T o t a l  
S;imple 

. O n l y  : : rJ 11 --- O n l y  

Sample Size 

Ncan 

Standard 
Dcviat ion 

Standard 
Error 

5th Perccnt i  l e  

50th P c r c c n t i l c  

95th Percent i l c  

277 1 0  

- ------ 

- 

-- I ---?I T--~;TI -- Skewness 

24 .4  

1 . 3 4  

. 0 8  

2 2 . 1  

24 .4  

26.6 

- .  7 5  
Kurtosis 

--- 

2 2 . 5  23.  J 

.- . -- 
1.11 1 . 2 9  1 . 0 6  

. 3 5  

2 1 . 3  

21 .9  

2 4 . 5  

. 0 8  

2 2 . 3  

2 4 . 5  

26.7 

-- 
2 2 . 1  

23 .8  

----- 
25 .8  

. 0 2  

2 1 . 9  2 1 . 3  ' 

- 
2 3 . 6  

--- ---- -- 
2 5 . 4  2 5 . 2  



Desc~'ipt ion:  

Subject s a t  e r e c t ,  hut tock a g a i n s t  
seat back,  knees  and f-icels t o q c t h c r ,  
knees a t  30 degree ang le ,  and pan t s  
bound t o  l e g .  :/lc:asuucnicnt made 
from s c a t  hack t o  poplitcal fossae .  
(Photographic rneasurcmenl;) . 

Salnplc S i z e  I 
1 19.9 1 

Standard 
Deviation -- 

Standard 
Error 

Skcwncss 

Kurtosis 



Subject  s a t  c r c c t ,  knees  t o g e t h c ~ : ,  
buttock and l ~ c c ~ d  a g a i n s t  s c a t  t a c k ,  
arms a t  s i d e ,  elbows a t  r i g h t  
angles.  I4c~i;urc was made across  
the g r e a t e s t  l a t e r a l  p r o t r u s i o n s  on 
each s i d e  o f  t h e  shculc izrs ,  u s i n g  
l i g h t  p r e s s u r e  t o  compress t h e  
c lo th ing ,  b u t  not t h e  body. 

Samale S i z e  

F r c s  

1 T o t a l  

Standard 
Deviation 

Error 1 
1 1 6 . 3  

5th P c r c c n t i l c  I 

50th P e r c e n t i l e  

15 th  Percenti l e  

Kurtosis  I .2.2 

! n t  S tudy  - i n c h e s  

Only [ O n l y  

15.74 1 8 . 3  1 



kscrj p t i o n :  TADT,~; 2 - 1 6  . SI:':A'Y D J Z E A D ~ ~ . ' ! ~  , ~=TLP{G 

Subjcct s a t  e r e c t ,  lcnces and !lccls 
logctl~cr. r4casurcrnent: was nudc  
uith a n  a n t h r o p o m c t c r  a c r o s s  t h e  
prcatcst l a t e r a l  p r o t r u s i o n  on e a c h  
ride of t h e  b u t t o c k s ,  u s i n g  l i g h t :  
prcssure t o  compress  t h e  c l o  t l l i n y ,  
but no t  t h e  body.  

r 1 

I 
\I 

P r e s e n t  S t u d y  - i n c i ~ c s  ' Compar ison  1v S a ~ a p l c s  - i ncilcs 
r 

T o t a l  
Sample 

277 
Sijmple S i z e  . 

Fia lcs  
On ly  ' 

267 

1 3 . 8 5  

1 . 3 3  

. 08  

1 1 . 7  

13.G 

1 6 . 1  

. G O  

1 . 1 6  

Females  
Only  

1 0  

----. 

I i 3 e 7 8  
!can 

Standard 1 . 4 7  
Deviation 

Standard - 0 9  
Error 

1L. 4 
5th P c r c c n t i l c  

1 3 . 6  

1 6 . 3  
95th P c r c c n t i l e  

.49  

1 .17  
Kurtosis 

Truck-Bus Air F o r c e  !-ZJZJ c i 2 i a 1 1  1 
4058 

--- 
1 3 . 3 7  1 4 . 0  

. 0 7  

1 2 . 1 9  

2 . 4 5  

-- 
.77 

9 . 3  

11 .2  

1 4 . 0  

1 . 5 7  

1 . 7 6  

1 3 . 2  

. 0 1  

, 1 2 . 7  

i -, 

1 2 . 2  

1 4 . 0  

- 
1 5 . 3  

--.--- 

, 

1 4 . 5  1 3 . 9  

1 6 . 3  

---. 

I- 

.-. 
1 5 . 4  



Attachment 5 





TILT CAB 
All  "W" Series 

I - ---/-----I 1 \ am.- 
Y.. - -  - -  - -  

- 
TO DETERMIME MSTANCE FROM TOP 
OF FRAME TO GROUND SEE 8 8 2 W  

FOR TIRE I U T A  SEE 88041 OR 
8 8 0 4 1 4  

from 1976 Ford Truck Bu i lders  Layout Book 

same dimensions i n  1973 onone 



.r 1 
I [be: la- 





PASSENGER CAR COMPONENTS AND SYSTEMS 

Attachment 6 ( f rom 1978 SAE T ransac t ions )  
6 MOTOR VEHICLE DRIVER'S 
ME RANGE-SAE J94 1 e SAE Recommended Practice 
- 

Repon of Body Enq~necrlng Comm~ttec a p p r o v d  Sovember 1965 and mlxd bv Human Facton Engtncer~ng and Automot~vc Safctv C o m r n ~ t t m  Februarv 1975. 
Ulonal change ,March 1977 

I. Scope-This SAE Recommended Practice establishes two-dimensional 
Evellipses rrprescnrarivr t ~ f  90th, 95th, and 99th percentile inrrrments of 
driver rvr I t x a t i ~ , ~ ~ ~  I I ~ I  .I., in passenvr can. trucks, buses. and nn~ltil~iirpose 
parrrnyrr v ~ h ~ r l r < .  ,\ i l~~i lorm mc~t~o( l  f iw tlcsc.r~hin~ and ruta..llrlnq ctlr 
driver's direct and inti~rrct firlds of virw t i \ ~ r l <  1i1r I.:r.,rl:~psr I* c\rabIirllrd 111 

the recommended practice, Describ~ng and .Lle;ul~nng the Ilr~ver'r Flrld or 

View-SAE J 1050a. 
2. Background-The Eyellipse contours were developed by the statistical 

analysis of photogrammetric data of driver eye locations1 and represent a 
population mix, primarily of United States licensed driven, with a male- 
t~female ratio of one-to-one. The  Eyellipse templates are the perimeters of 
envelopes formed by an infinite number of planes dividing the eye positions so 
that (P) % of the eyes are on one side of the plane and (100 - P) 90 are on the 
other. It should be noted that the 95th Eyellipse does not include 95% of the 
driver eye locations. For example, if a plane seen as a straight line in the side 
view is drawn tangent to the upper edge of the 95th percentile Eyellipse, then 
95% of the driver eye locations, both inside and outside of the ellipse, will be 
below the line and 5% of the driver eye locations will be above the line (Fig. 
I).  Conversely, if a plane seen as a straight line in the side view is drawn 
tangent to the lower edge of the 95th percentile Eyellipse, then 95% of the 

+driver eye locations, both inside and outside of the ellipse, will be above the 
line and 5% of the driver eye locations will be below the line. These planes or 
right planes are drawn from the object in the driver's field of view tangent to 
he Eyellipse contour. 

This recommended practice is based on an original study, involving drivers 
with a straight-ahead viewing task without head turning. A subsequent studyZ 
ha provided a method of accounting for driver viewing targets that are 
located at extreme lateral angles from the foward line of sight which accom- 
modates head movement up  to 60 deg after an eye movement of up to 30 deg. 
An Eyellipse locator line has been developed in a third study,3 to position the 
Eyellipse in the driver work space for back angles ranging 5-40 deg in 1 deg 
increments. 

'J. F. Meldrum, "Automobile Driver Eye Position." SAE Transactions, Vol. 74 (1966), 
Paper 650464. 
=W. A. Dcvlin and R. W. Roe, "Thc Eyellipse and Consideration in the Driver's 

Forward Field of View." Paper 680105 presented at  SAE Automotive Ensincering 
C o n p s ,  Detroit, 1968. 
3R. W. Roe and D. C. Hammond, "Driver Head and Eye Position." Paper 720200 

p ~ n t e d  at SAE Automotlve Engineering Congras, Detroit, January 1972. 

There are six plan and side view Eyellipse templates included in this 
o recommended practice. representing six sperifir ilor~rlnl driving .tntl riding 

.(.,I! crnrk travrl lenqtl~c iI.231 r,trrcine l i . < t r r r  .I r~~~n~rr r r r r r~  1 1 ;  4 0 i n  i l i~l  m m )  to 
I - ; I , I X ~ I I I ~ I I I I  6.5 in I \#).-I rltnll. I:) e l  -t I 1 i I I ~ I I I  I I I I <  11  I I I , , I I I <  

' I  !ie l ~ v r l l i ~ ~ ~ t ~  trrn11l:ltt. , . ~ ~ s I I ~ K I ~ *  , \ I I ( I  k\rIlii)w , I I K I  /I~*:IcI contuur locator 
1i:-.r .lcijl~\r,tl)~r \(..I! lt ,ir~l~i.tlr \liicpr tan  he constructed from data in the 
Aiqxndix. .I'llr IC\c.li~l)sr contour drawing illustrated in Fig. 2, the Eyellipse 
template illustrated in Fig. 3, the Eyellipse and head contour locator linc 
drawing illustrated in Fig. 4. and the Eyellipse and head contour locator lint 
template illustrated in Fig. 5 can be obtained from SAE, 400 Commonwealtt 
Drive, Warrendale, PA 15096. 

3. Dejinitions 
3.1 Driver's Eye Range-A statistical representation of the driver's eyc 

location in a passenqer car, multipurpose passenger vehicle, truck, or bus 
3.2 Eyellipse (Fig. 2)-The contraction of the words "eye" and "ellipse' 

and is so named because of the elliptical shape of the driver's eye range. Tht 
term "eyellipse" should only be applied to the driver's eve range described ii 

this recommended practice. ~yell ipse is synonymous with driver's eye range 
The  Eyellipse template is a two-dimensional drafting tool consisting of a plar 
view and side view of the driver's left and right eye ranges. 

3.3 H-Point-The H-point is the pivot center of the tono and thigh 01 

+ t h e  two- or three-dimensional devices used in defining and measuring vehicl 
seating accommodation. (See SAE J1100a.) 

3.4 Design H-Point-The design H-point is located on a drawing by th 
H-point on the two-dimensional drafting template placed in any designate 
seating position. If the designated seating position can be adjusted, the pat11 I 
the desiqn H-point through the full seat adjustment establishes the desig 

O H-point<ravel-line and can be dimensionally described by coordinates relati5 
to the three-dimensional reference system. (See SAE J1100a.) 

3.5 Seating Reference Point (SgRP)-The manufacturer's design refe 
ence point is a unique design H-point which: 

(a) Establishes the rearmost normal design driving or riding position4 1 

each designated seating position which includes consideration of all modes 
adjustment. horizontal, vertical and tilt, in a vehicle; 

(bj  Has X, Y, Z coordinates established relative to the designed vehic 
structure; 

lThe "normal dmqn driving or ridinq position" includes considerations of all modes 
adjustment, horizontal. vertical and t i l t .  

FIG. 1 

A-29 



PASSENGER CARS, TRUCKS. BUSES, AND MOTORCYCLES 1 

8 FIG. 2-EYELLIPSE COXTOURS I 
(c) Simulates the position of the pivot center of the human torso and the seat moved to the foremost seat position, but not to include seat track 

thigh, and travel used for purposes other than normal driving and riding positions. 
id)' Is the reference point employed to position the two-dimensional 3.8.3 L~O-BACK ANGLE-FRONT. The angle measured between a vertical 

drafting template with the 95th percentile leg described in SAE Recom- line through the SgRP-front and the tono line. If the seatback is adjustable, 
mended Practice, Devices for Use in Defining and Measuring Vehicle Seating use the normal driving and riding position specified by the manufacturer. 
Accomodations-(See SAE J 1 100a.) 3.8.4 L~~-SGRP-FRONT TO HEEL. The dimension measured horizontally 

3.6 Sight Line-A line which is constructed by the designer to extend from the SgRP-front to the accelerator heel point. 
from the Eyellipse centroid, the left or rirht eve ellipse centrr~itl, or a tanqent 3.8.5 H~O-SGRP-FRONT TO HEEL. The dimension measurcd vertically 
point on the Eyellipse contour either to a target point or at a qivrn anqle from from the SgKP-front to the accelerator hecl point. 
a line drawn parallel to the Z or Y plane and <round. (See SAE Jl050a.i 3 3.8.6 H59-Normal driving and riding design H-point rise. The dimension 

3.7 Eyellipse and Head Position Locater Line TemplateVFig. 4 and measured vertically between the SgRP and the foremost design H-point in the 
Appendix)-A drafting tool that describes the position of the Eyellipse and normal driving and riding seat track travel (L23) position. 
the occupant head contour for horizontally adjustable seats with hack angles 3.8.7 W3-SHOULDER ROOM-FRONT. The minimum dimension measured 
between 5 and 40 deg. laterally between the trimmed surfaces on the "X" plane throuqh the SgRP- 

O 3.8 The vehicle interior dimensions containing prefixes used with this front within the belt line and 10.0 in (254 n ~ m )  above the SqRP-front. 
recommended practice are defined in SAE JllOOa, Motor Vehicle Dimen- 3.8.8 W7-STEERING WHEEL CENTER "Y" COORDINATE. The steering col- 
sions. The dimensions are: umn center is the point located by the intersection of the steerinq column axis 

!b 3.8.1 W~~-SGRP-FRONT, "Y" COORDINATE. with the plane tangent to the upper surface of the steering wheel rim. 
+ 3.8.2 L~S-NORMAL DRIVING AND RIDING SEAT TRACK TRAVEL. The dimen- 4. AppIicdion 

sion measured horizontally between a point on the design H-point travel line 4.1 The Eyellipse template is a desiqn tool from which sight lines and 
from the SgRP to the displaced point on the design H-point travel line with planes can be constructed. These sight lines or planes are used to describe the 
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FIG. 3-EYELLIPSE TEMPLATES 

.I 
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I 

HORIZONTAL DATUM LlNE 
25 IN. (635 MM) ABOVE 

SEATING REFERENCE POINT 

VERTICAL DATUM LlNE 
THROUGH THE SEATING .re 

FIG. 4-EYELLIPSE AND HEAD CONTOUR LOCATOR LINE ADJUSTABLE SEAT 
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$ lrratiorl of nbjects in the tieid of \.icw of a seated driver, The hlrth<lti fnr 
Describing and LIeasuring the Driver's Ficld of View-SAE J1050a, (s tab-  
lishes a uniform method of describing the driver's tield of view, a method for 
measuring vehicle window open ins  for comparison purposes and a procedure 
for establishing vision origin points (C' points and E points). 

4.2 The Eyellipse templates are applicable to motor vehicles designed as 
passenger cars, multipurpose passenger vehicles, truck$ and buses with bench 
or bucket-type seats and within the following range of driver workspace 
dimensions: 

5.3.2 Construction of .I lonqitudinal datum line ( S - S ) .  
5.3.2.1 Passen,yer  car.^ With Brnch or Indioldl~al Dnurr'r Secll-Construct r 

longitudinal datum line ( S - X )  parallel to the vehicle centerline and a distance 
P from the vehicle centerline equal to 0.85 jLL'7) + 0.075 (W31. The dimensioru 

LV7 and LV3 are defined in 3.8.8 and 3.8.7. The Eyellipse datum line I.(-X shall 
be located no rurther inboard than a dimension equal to Lt'20 + 1.1 in. The 
dimension LV?O is defined in 3.8.1. 

5.3.2.2 .\t~li!ipurpnse Passenfrr Vrhlcles, Trucks and Burrs ili/h Indio~dunl 
Drloer's Seal-Construct a lonqitudinal datum line i X - S )  parallel to thc 
vehicle centerline and a distance From the vehicle centerline equal to 
W20 + 1.1 in. 

I I the layout. 

(140) Bock Angle-Front 
(H30)  Verticol SgRP to Heel Point 
(H59)  Vertical Design H-Point Rise 
(L23) Normal Driving and Riding Seat Track Travel 
(153 rninur L23) Foremost Design H.Point to Heel Point 

5. E~ellipse Location Procedure 
5.1 The  Eyellipse is located in the vehicle interior by longitudinal (X-X), 

6 lateral (Y-Y), and vertical (Z-Z) datum lines which are shown on the Eyellipse 
(See Figs. 2 and 3.) The  datum lines relative to the Eyellipse centroid vary 
between the different seat track travel templates. These datum lines are not 
the tool's geometric axes: they are worklines to establish the tool's position in 

5-40 deg 
5.0-18.0 in. 
0.0-1,5 in, 
4 .0-6.5 In. 
20.0 in. min 

the vehicle with respect to seated drivers. 
5.2 Eyellipse Template-Side View (Fig. 6) 

5.2.1 Determine the length of the normal driving and riding seat track 
travel (L23). 

5.2.2 Select the side view Eyellipse template (Fiq. 2) which comes closest to 

(5-40 deg] 5.3.2.3 ,Ilull~purpo.te fnsseng~r Cbh~cles. Trucks and Buses IYrlh Bench Scals- 
(127-457 mm) 
(0,0-38 Construct a longitudinal datum line ( S - X )  similar to 5.3.2.1. 
(101-165 mm) 5.3.3 Position the plan view Eyellipse template datum lines (X-X) and 
( 5 0 8  mm mini (Y-Y) on the constructed worklines (X-X) and (Y-Y) and trace the outline on 

matching the normal driving a n d  ridingieat track travel (L23). 
5.2.3 Construct a vertical workline through seating reference point. 
5.2.4 Construct a horizontal workline 25 in (635 mm) above the seating 

reference point. 
5.2.5 Position the Locator Line Template (Fig. 5) a t  the intersection of the 

lines constructed in 5.?.3 and 5.2.4. 
5.2.6 Position the side view Eyellipse template on the Locator Line Tcm- 

plate at the intersection of the Eyellipse datum lines X-X and 2-Z at the 
designed back angle-front (L40) such that the Eyellipse datum lines and the 
worklines in 5.2.3 and 5.2.4 are parallel, and trace the Eyellipse outline on the 
layout. 

5.3 Eyellipse Template-Plan View (Fig. 6) 
5.3.1 Construct a lateral datum line (Y-Y) perpendicular to the vehicle 

centerline through the line Z-Z projected from the side view. 

APPESDIX 
A l .  Mathemafical Description of the Eyeilipses and the Eyellipse and Htd 

Contour Locator Line-Adjustable Seat 
Al.1 The Eyellipse contours may be constructed from the following data 

(See Fig. A-I): 
Al.1.1 CENTROID L o c A T I o N - C ~ ~ ~ ~ O ~ ~  ofiets are measured from the X-& 

Y-Y, and Z-Z datum lines and are given in Table A-I. 
A1.1.2 ELLIPSE AXIS STRENGTII 

A I .  1 .2. l ,Major dxls-Since the ellipse major axis is tilted appro xi mat el^ 
the same amount in both side and plan views. the length of the major axis in 

TABLE A-I-LEFT AND RIGHT EYELllPSE CENTROIDS 

! 
L11 / X Means" Z Meansa 

Y Mean 1 Y Mean 

I (Ieft eye) (right eye) 

mm 1 in. mm , in. / mrn 1 in. 1 mrn I in. I mm 

aIncluder both Ieft and right eyes. 

H U O  CONTOUR LOCATOR 

W 

u 
d 
a 
X 

FIG. 5-EYELLIPSE AND HEAD POSITION LOCATOR LINE TEMPLATE 
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PLAN VlEW 

/css==== 
/ , lTELLlCSC 

OILLICSL L MU0 COMTOUR 

0 LOCATOR LlkL - A O 4 U S T A l L C  

OCSIGM n COIMT wtrn 
SCAT I M  ronwasT 
O I I V I M G  mrtctoM 

SIDE VlEW 

FIG. 6--EYELLIPSE TEMPLATE LOCATION 

TABLE A-2-EYELLIPSE MAJOR AXlS LENGTHS-PUN AND SIDE VIEW 

123 1 Porcont Tongont Cutoff 

TABLE A-3-MUUPSE MINOR AXlS LENGTHS 
I 

in. 

P o ~ o n t  Tonwnt Cutoff 
I I 

both side and plan view is essentially the same for a gven seat travel. TI 
values are given in Table A-2. 

A 1.1.2.2 Minor Axis-The minor axes for the side and plan view are givc 
in Table A-3. 

A1.1.3 ORIENTATION-The ellipses are tilted in both side and plan view 
The side view angle is -6.4 deg (tilted downward looking foward). The pli 
view angle is 5.4 deg (tilted inward looking forward). 

A1.2 The Eyellipse and head contour locator line may be constmctc 
from the following data. Table A-4 describes the horizontal and vertic 
displacement of the side view XX-ZZ datum lines of the Eyellipse relative 
the XX-ZZ intersection of the horizontal and vertical datum lines lor b c  
angles-front (L40) ranging from 5 to 40 deg (See paragraphs 5.2.3 and 5.2 
and Fig. 3). 

A1.3 The locator line, dimensionally described in Table A-4, may 
computed from the following formulas: 

mm 

Nom: Rounding the coefficients in these equations will adversely affc 
their usefulness. 

90 

in. mm 

95 

in. 

99 

mm in. rnm 
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TABLE A-4-EYELLIPSE AND HEAD CONTOUR LOCATOR LINE-ADJUSTABLE 
SEAT-HORIZONTAL (XI  AND VERTICAL 12) DISPLACEMENT OF tna x-x AND 
2-2 DATUM LINES OF THE EYELLIPSE RELATED TO A POINT 25 IN. (635 MM) 

ABOVE THE SgRP FOR BACK ANGLES (140) RANGING FROM 5 to 40 Df f i  

MAJOR AXIS - P U N  AND SIDE VIEW -? 
1 

Vartical Displacement (2) 
Bock Angle- 

Front (1401, dog 
Bock Angle- 

Front (1401, deg 

FIG. A-I-EYELLIPSE CENTER CONSTRUCTION-SIDE AND PLAN 
VIEW 

Horizontal Displarement (X)  Horixontol Displacsmant (X) / Vertical Dirplocamant (11 f 

in. 1 rnm in. I mm I in. mm I In. 
mm 
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ZF Z d  V PLAhE (VF?:,CL, 
LL" .I: JC'hA. ZLRO PLL'dL) 

MOTOR VEHICLE DRIVER 
AND PASSENGER HEAD POSITION-SAE J 1052 SAE Recommended Practice 

FIG. 1 

Repon oC Human Facton Engineering Committn approved August 1971. 

I. Scope-This SAE Recommended Practice describes two-dimensional 
side and rear view 95th and 99th percentile driver and passenger seated head 
position contoun for fixed and horizontally adjustable seats. SELECTED TANGE 

2. Background-The head position contours were developed using data CUTOFF LINE 

gathered from eye position studies (Refs. 1-4) and anthropometric data of the TANGENT CUTOFF 
head (Ref. 5). Mean top of head (including hair) and back of head (including CONTOUR 
hair) were determined relative to the eye from these studies (Refs. 2 and 3) 
and averaged. The mean front and side of head was determined relative to the 
eye from anthropometric data (Refs. 1, 5, and 8). This information was used 
to develop a mean head profile in side and rear view referenced to the eye. 

Fied-seat head position contours were developed by placing the mean head 
profile over the side- and rear-view eye ellipses developed in Ref. 7 and tracing 
the head contoun as the eye is spotted around the eye ellipses. Only the upper 
half of the eve ellipses was used. 

The same procedure was used with the side view 5.0 in. (127 mm) hori- X 
zontai seat travel eyellipse (Ref. 6) to develop the adjustable seat head posi- 
tion contours. A rear-view head location contour for the adjustable seat was 
generated from a rear-view eye ellipse taken from the original driver's eye 
position study (Ref. 2). (This was a rear-view composite of the data from the 
Ford, Chevrolet, and Plvmouth convertibles.) 

The head contour templates are parameters of envelopes formed by an 
infinite number of planes dividing head positions so that (P) pnccnt of the 
heads are on one side of the plane and (100 -P) percent are on the other. For 
example, if a plane seen as a straight line in the side view is drawn tangent to 
the upper edge of the 95th percentile head position contour, then 95% of the 
heads will be below the line and 5% will be above. 

Head clearance is established as the distance between the tangent cutoff 
contour and any protrusion or surface. This distance is measured at the point 
of tangency normal (90 deg) to the tangent cutoff line. (See Fig. 1.) 

T h a e  head locations are based on a 50-50 male/female population mix, 
with heads positioned for straight-ahead viewing without head turning. 

Since head location will vary according to seatback angle, locater lines are 
used (Refs. 1, 4, and 6) to locate the head position contours relative to the 
seating reference point (SRP). See Tables I and 2. 

There are two side-view and two rear-view head position contours included 
in this recommended practice. Reproduction of the templates may be ob- 
tained from SAE by ordering drawings supplementary to SAE 51052. 

3. Dejnitions 
3.1 Head Position Range-A statistical representation of the front, top, 

sides, and back of heads, when seated in a vehicle. Top and back of head 
includes hair. 

3.2 Head Position Contours-Twc+dimensional shapes that describe the 
seated vehicle occupant head positions in side and rear view. The driver head 
position contours with seat travel apply to drivers in horizontally adjustable 
seats. The head position contours without seat travel apply to both driven 
and passengers in fixed seats. 

3.3 Head Location Clearance Line-The edge view of a plane or bound- 
ary on either side of which a specific percentile level of driver head locations is 

FIG. 1-MINIMUM HEAD CLEARANCE 

known. A clearance line is drawn tangent to the head position contour in 
either side or rear view. The selection of the head location clearance lina 
relative to the head position contours are made by the user depending upon 
hic design problem. 

3.4 Eyellipse and Head Locator Line-Adjustable Scats-The side-view 
head position contour locater for horizontally adjustable seats with back 
angles between 5 and 40 deg (Table 1). Zero x-z coordinatu are at the 25 deg 
back angle indice and are 25 in. (635 mm) above the H-point. 

3.5 Head Locater Line-Fixed Seats-The side-view head position con- 
tour locator for seats with no adjustment (Table 2). The 25 deg back angle 
indice is 4.83 in. (122.7 mm) aft and 25.65 in. (651.5 mm) above the H-point. 

3.6 The vehicle interior dimensions used with this recommended practice 
are defined in SAE J1lOO1 and are listed below: 

3.6.1 H-point. 
3.6.2 Seating reference point. 
3.6.3 L17-H-point travel. 
3.6.4 L40-Back angle-front. I 

3.6.5 L53-H-point to accelerator heel point. 
3.6.6 H30-H-point to heel point. 
3.6.7 H58-H-point rise. 
3.6.8 W3-Shoulder room. 
3.6.9 W7-Steering wheel center to centerline of car. 

i 
'Available from SAE as HS J1100. 
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TAUE I-HORlZONTAL (XI AND VERTICAL (I) COORDINATES OF EYELLIPSE AND 
HEAD CONTOUR LOCATER LINE-ADJUSTABLE SEATS 

(Itdotlvr to a horlzontml I lnr  2s I n  (635 mm) obovr the ~ t a t l n g  rr f r r rncr polnt 
and o vmtlcol I lnr rrtrndlng upward from the stating rr twrncr point) 

4. Application 
4.1 The head position contours provide a drafting tool from which driver 

and passenger head locations can be described in vehicles with horizontally 
adjustable or fixed seats. 

4.2 The head position contours are applicable to motor vehicles designed 
as passenger can,  multipurpose passenger vehicles, trucks, and buses with 
bench or bucket type seats and within the following range of driver workspace 
dimensions: 

Horlrontol Dl~plocrmrnt (X) 

mm 1 In 

(1401 Back anplr 
IH30) Vartical H-point to h r r l  point 
(H58) Vertical H-point rice 
(117) Horizontal H-point travol 
(U3 Minus L171 Horlzontol H-poki 

lo h r r l  point (minimum) 

Vwtltol Dl~plocrmrnt (2) 

mm I In 

5-40 deg 
5.0-18.0 in (127-457 mm) 
0.0-1.5 in (0.0-38 mml 
0 or 4.0-6.0 in (101-165 mm) 
20.0 in (508 nun) 

5. Head Position Contour Location 
5.1 The head position contours are located in the vehicle interior by 

longitudinal (X-X), lateral (Y-Y), and vertical (2-Z) datum lines which are 
shown on the contours. These datum lines are not the contour's geometric 
ua, but are work lines to establish the contour's position in the vehicle with 
respect to seated driven. 

5.2 Driver Head Position Contour-Side View-Adjusted Seat-Rela- 
five to the vehicle2: 

5.2.1 Select the side-view head position contour appropriate for adjustable 
$cats. 

5.2.2 Construct a vertical workline through the seating reference point. 
5.2.3 Construct a horizontal workline 25.0 in. (635 mm) above the seating 

reference point. 
5.2.4 Position the 25 deg mark of the eyellipse and head contour locater line 

I ZIf it is desired to obtain side-view driver's head position relative to the seat, follow 
procedura daaibed in paragraphs 5.4.1 through 5.4.4 using theside-vim fixed scat head 
pmition contour. 

(Table 1) at the intersection of the lines constructed in paragraphs 5.2.2 and 
e n "  

5.2.5 Position the side-view driver head position contour on the eyellipse 
and head contour locater line at the intersect~on of the contour datum lines 
X-X and Z-Z at the packaged back angle-front (L40) such that the contour 
datum lines and the worklines of paragraphs 5.2.2 and 5.2.3 are parallel, and 

~ ~ 

trace the outline on the layout. 
5.3 Driver Head Position Contour-Rear View-Adjustable Seat- 

Relative to the vehicle: 
5.3.1 Construct a lateral workline (Y-Y) perpendicular to the vehicle cen- 

terline through the line (X-X) projected from the rear view. 
5.3.2 Construction of a vertical workline (Z-Z). 

5.3.2.1 Passcngu Cars-Construct a vertical workline (Z-Z) parallel to the 
vehicle centerline and a distance from the vehicle centerline equal to 0.85 
(W7) + 0.075 (W3). The dimensions W7 and W3 are defined in paragraphs 
3.6.8 and 3.6.9. (This formula positions the Z-Z workline at a point 15% of the 
distance from the steering wheel centerline to the inner surface of the driver's 
door as described in Ref. 6.) This formula is applicable to both passenger car 
bench and bucket-type seats; however, in the case of bucket-type seats, the 
contour centerline shall be located no further inboard than the longitudinal 
centerline of the seat. 

5.3.2.2 Mullipurposc Passcnccr Vchiclcs, Trucks, and Buscs with Individual 
Driucr Scats-Construct a vertical workline (Z-Z) parallel to the vehicle center- 
line and position it a distance from the vehicle centerline such that it will 
locate the contour centerline at the Y coordinate of the H-point. 

5.3.2.3 Mul~ipurposc Possrngcr Vchiclcs, Trucks, and Bwcs wilh Bench Scats- 
Use paragraph 5.3.2.1 as described above. 

5.3.3 Position the rear view contour on the constructed worklines (Z-Z) and 
(Y-Y) and trace the outline on the layout. 

5.4 Passenger Head Position Contour-Side View-Fixed Seat 
5.4.1 Select the fixed seat head position contours and construct a vertical 

workline 4.83 in. (122.7 mm) aft of the H-point. 

TABLE 2-HORIZONTAL (X) AND VERTICAL (2) COORDINATES OF EYELLIPSE AND 
HEAD CONTOUR LOCATER LINE FOR FIXED SEATS 

(Rrlatlvr to a horlxantal l lnr  25 In (635 mm) abovr thr s ~ t l n g  rdwencr polnl 
ond o v.rtico1 line extending upword From the stating rr twrncr polnt) 

Bock 
Angle, 

d.s 

5 
6 
7 
8 
9 

10 
I I 
12 
13 
14 

15 
16 
17 
18 
I 9  
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
3 I 
32 
33 
34 

35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 

V d c a l  

mm 

47.8 
47.6 
47.2 
46.6 
46.0 
45.2 
44.2 
43.1 
41.9 
40.5 

39.0 
37.4 
35.6 
3 3 1  
31.7 
29.5 
27.2 
24.7 
22.1 
19.4 

16.5 
133 
10.3 
07.0 
03.6 
00.0 

-03.7 
-07.5 - 1 1.5 - 15.6 
- 19.8 
-24.2 
-28.7 
-33.4 
-38.2 
-43.1 
-483 
-53.4 
-38.8 
-64.3 
-69.9 

Dlrplocrmsnt (2) 

In 

1.88 
1.87 
1.86 
1.84 
1.81 
1.78 
I J 4  
1.70 
1.65 
140 

1.54 
1.47 
1.40 
1-33 
1.25 
1.16 
1.07 
0.97 
0.81 
0.76 

0.65 
0.53 
0.4 1 
0.28 
0.14 
0.00 

-0.14 
-0.29 
-0.45 
-0.6 1 

-0.78 
-0.95 
-1.13 
-1.31 
-1.50 
-1.70 
-1.90 
-2.10 
-2.3 1 
-233 
-2.75 

Hdzontal  

mm 

- 114.6 
-1017 - 88.9 

-76.2 
-63.6 
-51.1 
-38.7 
-26.5 - 14.3 
-02.3 

09.6 
21.5 
33.2 
44 7 
56.2 
67.6 
78.8 
90.0 

101.0 
11 1.9 

122.7 
133.4 
144.0 
154.5 
164.8 
175.1 
185.2 
195.2 
205.1 
2 14.9 

224.6 
234.2 
243.7 
253.0 
262.2 
271.4 
2 80.4 
289.3 
298.1 
306.8 
315.4 

Dl~placrmrnt (X) 

I n  

-4.5 1 
-4.00 
-3.50 
-3,OO 
-2.50 
-2.0 1 - 1.52 - 1-04 - ..56 - .09 

.38 
-85 

1.3 
1.76 
2.2 1 
2.66 
3.10 
3.54 
3.98 
4.40 

4.83 
5.25 
5,67 
6.08 
6.49 
6.89 
7.2 9 
7.69 
8.08 
8.46 

8.84 
9.22 
9.59 
9.96 

10.33 
10.68 
11.04 
11.39 
11.74 
12.08 
12.42 
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5.4.2 Construct a horizontal workline 25.6 in. (650 mm) above thv !{-point. 
5.4.3 Position the 25 deg indice of the head contour iocater line ('l'nble 2) at 

the intersection of the lines constructed in paragraphs 5.4.1 and 5.4.2. 
5.4.4 Position thc side-view fixed seat head position contour on the head 

contour locater line (Table 2) with the intersection oi  the contour datum lines 
>I->I and Z-Z at the packaged back anqle-front (L4O) such that the contour 
datum lines and the worklines of paragraph 5.4.1 and 5.4.2 are parallel, and 
trace the outline on the layout. 

5.5 Passenger's Head Position Contour-Rear i'iew-Fined Seat 
5.5.1 Construct a lateral workline (Y-Y) perpendicular to the vehicle center- 

line through the line (X-X) projected from the rear view. 
5.5.2 Construct the vertical workline (Z-Z) as follows. 
5.5.3 The rear view Z-Z line is positioned such that the contour centerline 

is at the Y coordinate of the H-point as specified by the manufacturer. 
5.5.4 Position the rear-view fixed seat head position contour on the con- 

structed worklines and trace the outline on the layout. 
6. Head Location Clearance Line Consfrucfion-Minimum head clearances 

are measured from points on the selected contour that are closest to any 
protrusion or surface. (See Fig. I .  j The distance is measured normal to a line 
drawn tangent to the contour. The selection of 95th o r  99th percentile tangent 
cutoffs and comfortable clearance distances must be made by the user. 

SYNTHETIC SKINS 
FOR AUTOMOTIVE TESTING-SAE 5202 
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Ellipse, Ronald W. Roe, \,lay 30, 1973. 
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SAE Information Report 

Rcport of Human Facton Enqinccr~ng Commlt tu  approvcd F c b ~ a f y  1972 

This information report describes synthetic materials that are currently 
employed in automotive testing laboratories to simulate human skin. 

Human skin is the external boundan layer of the body and serves as its 
protective container. It varies in thickness. elasticity, and blood supply accord- 
ing to body location; for example, conipare the eyelids with the lower l e g  or 
the buttocks. The mechanical properties of skin change with age from the 
highly hydrous skin of infancy to the relatively anhydrous skin of maturity; its 
characteristics also vary from penon to person, depending upon nutrition and 
genetic factors. Xloreover. there is a variability in tensile strength associated 
with tissue direction. called the "lines of Langer," or cleavage lines of the skin 
(which change according to body location). Amid this tremendous variabilitv 
i t  is necessary to select and standardize on some readily available materials 
which will simulate the skin reasonably closely for test purposes. A synthetic 
skin which is matched to the skin of the head and face is the most immediate 
need for automotive testers, as this area is [he most frequently injured as well 
as the most cosmetically important skin of the body. 

To  date, the synthetic materials tested have been selected largely on a 
judgmental basis. Some research on damage testing of human skin has been 
reported recently (1,2.3), so it is likely that closer quantitative comparisons 
will eventually be achieved and reported. 

The following materials are widely used as synthetic skins in automotive 
testing laboratories. No one material can be recommended as best, since 
current practice is b a d  on qualitative judgment. These materials have been 
selected solely on their ability to simulate mechanical damage: no considera- 
tion has been given to the stiffness or "cushioning" properties of these syn- 
thetics relative to human skin. This latter area is only now beginning to be 
inve~tieated.~ 

0 

The first two materials described below have been employed on the SAE 
5984 headform as well as the head of the SAE 5963 anthropometric test 
dummy; the third material has been fashioned only for the SAE 5984 head- 
form. 

I .  Chois-Chamois is a natural material made from the skin of chamois, 
sheep, or goats. It is probably the most widely used human skin simuiarft at 
the present time. It has been emploved either wet or dry and in both single 
and double layen. Lacerative ratinq scales for use with a double layer of 
chamois overlying a SAE 3984 headform or SAE 5963 test dummy face 
covering have been proposed bv Blizard and Howitt4 and Rieser and Chabal." 

The primary objection to the use of chamois is the lack of quality control 
inherent in a naturally produced material. It leaves much to be desired in 
terms of reproducibility of test results. Considerable care is necessary to select 
only the most uniform specimens from the lots obtained. Samples, as received, 
are found to vary from x2 to 3/,, in. (0.8-2.4 mm) in thickness within the same 
skin; therefore, a consistent arrangement should be adopted for chamois 

positioning on the test form. A further shortcoming of chamois is its anisu- 
tropic character which is undesirable in a test material. 

Puncture resistance of chamois as measured by spade or razor tipper 
penetrometersJ is somewhat lower both statically and dynamically than thai 
of average human skin. Tensile and tear strengths are also lower. Chamoi 
therefore usually yields greater laceration indication than would human ski11 

2. PPG Formulation-Rieser and Chabal have reported on a compositv 
synthetic skin which they have developed.2 This consists of a sponge rubber 
base covered with an RTV silicone rubber, impregnated with human hair 
Rieser and Chabal developed their synthetic until i t  gave the same quantita 
tive performance as human skin when tested on special cutting machinr~ 
which [hey bullt. This side-by-side quantitative testing is one of the very fc.1, 
comparisons available in the literature between human skin and a synthetic 
A later paper by these same authon describes the performance of their skirt 
simulant in tests of automotive ~ i n d s h i e l d s . ~  They report encouraging result? 
in headform and dummy experiments when comparing the performance oj 

their simulant against human skin in windshield testing. 
3. Inland Skin and Flesh-Holcombe and Foster have described a composltr 

headform covering which was developed for automotive hardware testing.' 
The outer laver (skin simulator) is a Neoprene based rubber 0.030 in 
(0.8 mm) thick, reinforced with chopped fiberglass. It is loosely bonded to ,I  

% in. (6.4 mm) thick layer of a natural rubber compound which simulates the 
subcutaneous zone of human skin. The authors felt this simulant, as devel. 
oped, provides "the capability of making comparisons between various compo. 
nent designs to rank their injury potential qualitatively and to demonstratt 
improvements." 

'C. W. Gadd, .4. M. Nahum, D. C. Schneider, and R. G. Madeira, "Tolerance ann 
Properties of Superficial Soft Tissues in Situ." Proceedings of Fourteenth Stapp Cdi 
Crash Conference (P.33), paper 700910. New York: Society of Automotive Engineen. 
Inc., 1970. 

'R. G. Rieser and J. Chabal, "Safe~y Performance of Laminated Class Con- 
figurations." SAE Transactions, Vol. 67, paper 670912. Also Proceedings of Eleventh 
Stapp Car Crash Conference (P-20), New York: Society of Automotive Engineers, Inc.. 
1967. 
VC. W. Gadd. W. A. Lange, and F. J .  Peterson. .'Strength of Skin and Its Measure. 

 men^." Biomechanics Monograph, AShIE, New k'ork, 1967. 
'J. R. Blizard and J .  S. Howitt, "Development of a Safer Noniacerating Automobii, 

Windshield." Paper 690484 presented at SAE Xiid-Year Meeting, Chicago, May 1969 
5R. C. Riner and J .  Chabal, "Laboratory Studies on Laminated Safety Glass and 

Installations on Performance." SAE Transactions. Vol. 78 (1969). paper 690799. Alsr 
Proceedings of Thirteenth Stapp Car Crash Conference (P-28), New York: Society n i  
Automotive Engineen, Inc., 1969. 

'H. G. Holcombe and J. K. Foster, "Application and Development of the Tramaaa~ 
Headform." Paper 690476 presented at SAE Mid-Year Meeting, Chicago, May 1969 
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CONSTRUCTION AND INDUSTRIAL EQUIPMENT 

TABLE 4-MODIFIED MAXIMUM CVN TEST TEMPERATURES 
- - 

Rderence: ASTM A333-Indicates - 29OC ( - 20eF) 
Specimen Width (mm) 

I 
mm in 9 1 8  7.5 7 6.67 6 5 4 3.33 3 , 2.5 --- I 

10 - 32OC -33'C -34OC 1- -37'C 1 -4O0C I -46OC -48'C - S I o C  1 I -57'C 
-28OF -30°F -60°F 1 -70°F 

-32'C -33'C - 34'C -37'C - 5 I 0 C  1 -57OC 
-25'F -28OF -30°F -35'F 1 -40°F -50°F -5S°F -6O0F 

8 0.315 - -33'C -34OC 37OC -40°C I -46'C -48'C I -51°C ' 
-57OC - 28OF -30GF 3 -40°F -5OQF -55'F -60°F - 70°F 

7.5 0.295 - - 3 I 0 C  -32OC -34OC -37'C -43OC -46OC -48OC -54OC 
-55°F -23OF -25OF - 30°F - 3SeF -45'F - 50°F -65OF , 

7 - - 30°C -33'C - 36'C -41°C -44OC 1 I -47*C - 52'C 
-22OF - 27'F - 32OF -52'F -62'F -42OF I -47OF 

6.7 0 262 - - -40°C I 1 -43'C -46OC - 5 I 0 C  
-40°F -45OF -50°F - 60'F 

6 0.236 - - - - 32'C -37'C -40°C -43°C -48°C - 25OF - 35'F -40°F -45OF - 55'F 
5 0.197 - - - - 34'C - 37OC -40eC - 46OC 

- 30'F - AO°F - SODF 
4 0.158 - -34OC 1 -40°C - 1  - I - 30eF -40°F 

3.3 0.131 - - 35'F 
3 0.1 18 1 -  - 

i 
- 34°C 

I 1 1 -30°F 

Use of Table: In the left vertical column, go to the value that is closest to, but not less than, 80% of the section involved. Then hor~zontally to find the rest temperature under the actual width 
of the fin~sh machined specimen. 

EXAMPLE: Nomlnai thicknesses 9.5 mm (318 In). Wont to run o 6 mm specimen which is only 63% of the thickness. 8096 of 9.5 mm is 7.6 mm. Go down the leh column to 8 mm, go to 
the right. Under 6 mm read -37'C (-35OF). From Tabla 3 the minimum energy is 8 Joules (6.0 ft-lbf); from Table 4 maximum test temperature is -37'C (-35'F). Thus, 10 mm x 6 mm 
ipecimen, minimum energy of 8 Jouler at, or below, -37OC. 

6.4 Longitudinal Tensile Properties-Table 2 gives properties of grades 
that are expected to be most commonly used but use of grades not in Table 2 
is in no way prohibited. 

TABLE 5-MKHANICAL PROPSTIES OF CASTINGS 
I I 

1 1 I Y i /  1 i CVN. 
I n  

Dnsile Elongation. 1 % 1 1 0 m m x  i ~ m m  Hardn*ss / Minimuma Itreng$h Min in R* BHN , Min~mum 1 SO mm 1 Mln 
I 1 I o r 2 i n  1 / Joules I ft-lbf 

I I 1 I 1 I 

'The maximum permissible test temperature is -29OC (-20PF), lower temperatures may be 
ud if convvnient. 

6.5 Refer to paragraphs 3 and 4 for any topic not specifically covered in 
this paragraph. 

TABU 6-KEEL BLOCK PROPERTIES (Information Only) 

1 
CVN, 

1 0 m m x  l O m m  

I 1 I Joules I tt-ibt 
I I I I 

240 240 MPa 450 MPa 24 : (34.8 krl) (65.3 ksi) 24 

275 275 YPa 480 MPo i 22  
(39.9 ksl) (69.6 ks~) 

.The maximum permissible test temperature is - 29'C (-20eF), lower temperatures may br 
used if convmi*nt. 

USA MALE AND FEMALE PHYSICAL 
DIMENSIONS FOR CONSTRUCTlON 
AND INDUSTRIAL EQUIPMENT DESIGN-SAE J833a SAE Recommended Practice 

Report of Cnnarrucrion and lndusrnal Machine7 Techn~cal Comm~ttcc approved June 197.) 

Scope-To provide dimensions for the 5th. 50th, and 95th percentiles of 
Cnited States male' and female operators of construction and industrial 
equipment. 

Small Man-The small man represents the 5th percentile (only 5% of the 
population is smaller than thc dimensions given). 

Medium Man-The medium man represents the 50th percentile (50% of 
the population is larger than and 50% is smaller than the dimensions given). 

Large Man-The large man represents the 95th percentile (only 5% of 
the population is larger than the dimensions given). 

'For dimensions of Asian Males, se SAE Handbook Supplement 5317. 

Dimmsiom-Whenever available, the dimensions from civ~lian populations 
were used. Keep in mind that clvilian populations are older, heavier, and 
shorter than military populations. 

Include an allowance for height of shoes or boots, size of safety hat or 
helmet and thickness of work clothing when using the dimensions for calcula- 
tion of clothed individuals. Safety hats or helmets will add 2 in. (50 mrn) in 
height. Safety hats are approximately 12.0 in. (305 mm) long and 10.5 in. 
(345 mm) wide. Safety helmets are approximately 11.0 in. (280 mm) long and 
9.0 in. (230 mrn) wide. 

In  converting measurements, 1 in. = 2 . 5 W  cm and 1 Ib = 0.454 kg. 
In Fig. 1, with the subject standing erect: 



OFF-HIGfI WAY VEHICLES 

FIG. 1-STANDING 5fEASUREMENTS 

1. Stature-hieasured as distance from floor to top of head (vertex). 
2. Eye Height, Standing-bfea~ured as distance from floor to the level of 

the inner core of the right eye. 
3. Shoulder Height-Measured as distance from floor to outer point of 

right shoulder (acromiale). 
4. Kneecap Height-Measured as distance from Roor to top of right 

kneecap. 
5. Crotch Height-Measured as distance from floor to crotch. 
6. Functional Reach-With subject's back against a wall and right arm 

extended forward parallel to the floor, the tip of his index finger touching the 
tip of extended thumb, distance from wall to tip of thumb is measured. 

7. Hip Breadth, Standing-Measured as maximum breadth across the 
hips. 

8. Shoulder Circumference-Measured as maximum circumference of 
shoulder with tape passing over bulge of both upper arm (deltoid) muscles. 

9. Chest Circumference-Lleasured as average circumference of chest 
during normal breathing, with tape at level of nipples. 

10. Waist Circumference-Measured as circumference at level of urn- 
bilicus with abdomen relaxed. 

11. Hip Circumference-Measured as maximum circumference of hips 
at level of greatest buttock protrusion. 

12. Calf Circumference-Measured as maximum circumference of right 
calf. 

13. Overhead Reach (Fingertip)-Subject's arm extended straight above 
his shoulder, measurement made from floor to the tip of the middle finger 
(dactylion). 

14. Ann Span-Arms extended straight out from shoulder, palms for- 
ward, measurement is made of the horizontal distance from the tip of the left 
middle finger (d;~ctylion) to the tip of the right middle finger. 

15. Arm Akimbo Span-Subject stands, arms horizontal, elbow flexed 
about 60 deg, and fists clenclied and touching. A tape with its zero point on 
the midline of the spine is passed horizontally around the right shoulder and 
over the tip of the elbow to thc wrist landmark. .Measure the rurface distance 
from the spine to tlic wrist 1;indtn;irk. 

16. Interscye Breadth-Measured as distance along surface of back 
between armpit creases. 

In Fig. 2, with the subject sitting erect on a table: 
17. Sitting Height-Measured as distance from table surface to top of 

head (vertex). 
18. Eye Height, Sitting-Measured as distance from table surface to level 

of inner core of right eye. 
19. Shoulder Height, Sitting-Measured as distance from table surface 

to outer point of riqht shoulder (acromiale). 
20. Shoulder-Elbow Length-With right arm held to form a right angle 

at elbow, measured as distance from outer point of shoulder (acromiale) to 
elbow (olccranon). 

21. Forearm-Hand Length-With right arm held to form a right angle at 
elbow and with hand extended, measured as distance from elbow to tip of 
middle finger. 

22. Anterior Arm Reach, Silting-Subject's right arm extended hori- 
zontally in front of him, measurement is made of the horizontal distance from 
the back of the shoulder (greatest bulge of trapezius) to the tip of the middle 
finger of his extended hand. 

23. Buttock-Knee Length-With legs bent to form right angle at knee, 
measured as distance from rearmost projection of buttock to front of right 
kneecap. 

24. Thigh Clearance Height-Knees together, heels together. Measured 
from top of the sitting surface to the junction of the abdomen and thigh. 

25. Buttock-Popliteal Length-LL'ith legs bent to form right angle at 
knee, measured as distance from rearmost projection of buttocks to back of 
right knee (medial head of gastrocnemius). 

26. Popliteal Height-With legs bent to form right angle at knee, meas- 
ured as distance from surface of footrest to underside of right knee (tendon of 
biceps fernoris). 

27. Shoulder Breadth-Measured as maximum breadth across the 
shoulders, including upper arm muscles (between outermost projections of 
deltoids\. 

FIG. 2-SITTING MEASUREiMENTS 
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CONSTRUCTION AND INDUSTRIAL EQUIPMENT 4 

FIG. 4-HEAD AND FACE MEASUREMENTS 

i FIG. 3-HAND AND FOOT MEASUREMENTS 

28. Elbow-to-Elbow Breadth-Knees together, forearms at right angles, 
hands open, palms facing each other, and elbows held as tightly as possible to 
the sides. Measured across the lateral projection of the elbows. 

29. Hip Breadth, Sitting-Measured as maximum breadth across the 
hips. 

In Fig. 3, the hand measurements and foot measurements with the weight 
equally distributed on both feet: 

30. Hand Leng-th-With right hand extended, palm up and fingers 
straight, measured as distance from wrist (naviculaj to tip of mlddle finger 
(dactylion). 

I TABLE I-PERCENTILES OF ANTHROPOMETRIC MEASURES, MALES-UNITED STATES 

STANDING 
I. Staturea 
2. Eye heightb 
3. Shoulder heightb 
4. Kneecap haighta 
5. Gotch heightb 
6. Functional reachb 
7. Hip breadthb 
8. Shoulder circum~rrenceb 
9. Chest circumferenceb 

10. Waist circumferenceb 
11. Hip circumferenceb 
12. Calf circumferenceb 
13. Overhead reache 
14. Arm sponc 
15. Arm akimbo spand 
16. Interseye breadthb 

SITTING 
17, Sitting height0 
18. Eye heightb 
19. Shoulder heightb 
10. Shouldmr-elbowb 
2 1. Forewm.handb 
22. Anterior arm reachc 
13. Buttock-kneea 
24. h l g h  clearances 
25, luttock-popiitealo 
26. Popliteal heighta 
27. Shoulder breadthb 
28. Elbow-to-elbawa 
29. Hip breadtha 

30. Hand lenglhb 
31. Palm lengthb 
32. Hand breadthb 
33. foot lengthb 
34. Foot breadlhb 

68.3 173.5 
64.1 162.8 
56.6 143.8 
2 1.4 54.4 
32.8 83.3 
32.3 82.0 
13.9 35.3 
45.1 114.6 
38.7 98.3 
3 1.7 80.5 
37.7 95.8 
14.4 36.6 
(Not available) 
(Not available) 
33.8 85.7 
2 0  1 30.5 

33.2 84.3 35.7 
29.4 74.7 31.5 
21.3 54.1 23.3 
13.2 33.4 14.3 
17.6 44.7 18.9 
31.0 78.7 (Hat a 
21.3 54.1 23.3 

4.3 10.9 5.7 
17.3 43.9 19.5 
15.5 39.4 17.3 
16.5 41.9 17.9 
13.7 34.8 16.5 
12.2 31.0 14.0 

35. lnterpupiloryd 2.2 5.5 
36. Coronal arcd 13.2 33.5 
37. Bitragion breadthd 5.0 12.6 
31. Tragion-top of headd 4.7 11.9 
39. Tragion to walld 3.3 8.5 
40. Eye to walld 6.2 15.7 
41. Weighto 126 Ib 57.2 kg 

I Val .  5, subjects partially clothed, no shoes, civilians. 
bRnf. 3, subiects nude, military population. 
clef. 4, subjects clothed, military population. 
*~.f. 6, subiects nude, military population. 

31. Palm Lengh-With right hand extended, palm up, measurec 
distance from wrist (navicula) to tip of middle finger. 

32. Hand Breadth-With right hand extended, palm up, measurec 
maximum breadth across base of fingers (metacarpal-phalangeal joints). 

33. Foot Length-Measured as distance from back of right heel to t i  
longest toe. 

34. Foot Breadth-Measured as maximum breadth of right foot. 
In Fig. 4, with the subject sitting or  tand ding erect: 

35. Interpupilary Breadth-Subject sits erect with head level. The 
tance between the centers of the pupils of the eyes is measured. Slic 
calipers are used. 

36. Bitragion-Coronal Arc-Subject sits. With a tape held as close to 

TABLE 2-PERCENTILES OF ANTHROPOMETRIC MEASURES, FEMALES-UNITED ST1 

aRef. 5, subiects partially clothed, no shoes, civilians. 
bRef.2, subiects nude, military population. 
cRef. I, subiects nude, military popuiation. 
d~ef .  7, rubiectr nude, military population. 

DimensIan 

STANDING 
I. Staturea 
2. Eye heightb 
3. Shoulder heightb 
4. Kneecap heighta 
5. Crotch heightb 
6. Functional reachb 
7, Hip breadthb 
8. Shoulder circumferencrc 
9. Chest (bust) 

circumferenceb 
10. Waist circumferenceb 
11. Hip circurnferenceb 
12. Calf circumferenceb 
13. Overhead reochc 
14. Arm spand 
15. Arm akimbo spanc 
16. Interscye breadthc 

SITTING 
17. Sitting heights 
18. Eye heiqhtb 
19. Shoulder heightb 
20. Shoulder.rlbowb 
2 1. Foreorm-handb 
22. Anteriw arm reachd 
23. Buttock.kneea 
24. Thigh clearance0 
25. Buttock-popliteala 
26. Popliteai heighla 
27. Shoulder breadthb 
28. Elbow-to-elbawa 
29. Hip breadth9 

30. Hand lengthb 
3 I. Poim ienglhb 
32, Hand breodthb 
33. Foot Iengthb 
34. foot breadthb 

35. InterpupiiaryC 
36. Coronal arcc 
37. Bitragion breadthc 
38. Tragion-top of heodc 
39. Trogion to walic 
40. Eye to walic 
4 1. Weigh* 

i n  

59.0 
55.9 
48.4 
17.9 
26.1 
26.6 
12.4 
36.5 

30.8 
23.1 
33.6 
12.0 
72.9 
58.8 
29.2 
12.3 

30.8 
27.1 
2 1.2 
11.9 
15.3 
22.0 
20.4 

4.1 
17.0 
14.0 
14.1 
12.3 
12.3 

6.4 
3.5 
2 3  
8.7 
3.2 

1.9 
1.5 
4.8 
4.6 
3.5 
5.9 

104 Ib 

5th 

cm 

150.0 
142.2 
123.0 
45.4 
66.2 
67.7 
31.6 
92.6 

78.2 
58.8 
85.4 
30.6 

185.1 
149.4 
74.2 
31.2 

78.5 
68.7 
53.7 
30.2 
38.9 
55.9 
9 
10.4 
43.2 
3 5  
35.8 
31.2 
31.3 

16.1 
8.8 
6.9 

22.2 
8.0 

4.9 
31.7 
12.1 
11.6 
8.9 

15.0 
47.2 kg 

In  ------ 
62.9 
59.2 
52.3 
19.6 
29.0 
29.2 
13.7 
39-4 

34.8 
26.1 
37.2 
13.4 
78.4 
64.7 
3 1.3 
13.8 

33.4 
29.0 
22.8 
13.1 
16.7 
(Not 
22.4 

5.4 
18.9 
15.7 
16.0 
15.1 
14.3 

7.1 
3.9 
3.0 
9.4 
3.52 

2.4 
13.3 
5.1 
5.0 
4.0 
6.4 

137 ib  

30th 

em 

160.0 
150.4 
132.9 
50.0 
73.6 
74.2 
34.8 

100.0 

88.5 
66.3 
94.4 
34.1 

199.2 
164.3 
79.5 
35.0 

84.8 
73.7 
57.9 
33.2 
42.4 

available) 
56.9 
133 
48.0 
39.9 
40.6 
38.4 
36.3 

17.9 
9.9 
7.6 

24.0 
8.9 

6.1 
33.9 
12.9 
12.7 
10.1 
16.3 

62.2 kg 

In  

67.1 
62.5 
56.4 
2 1.5 
32.0 
31.7 
15.3 
43.1 

40.6 
31.1 
42.2 
14.9 
83.9 
70.2 
33.5 
15.4 

35.7 
3 1.0 
24.6 
14.3 
18.0 
33.0 
24.6 

6.9 
21.0 
17.5 
18.0 
19.3 
17.1 

7.9 
4.3 
3.4 

10.2 
3.9 

2.9 
14.3 
5.4 
5.5 
4.6 
7.1 

199 Ib 

95th 

cm 

170,. 
158.1 
l43.1 
54.( 
81.4 
80.1 
38.1 

109.4 

103.3 
79.C 

107.3 
37.5 

213.3 
178.3 
85.1 
39.2 

90.7 
78.8 
62.5 
36.2 
45.7 
83.8 
62.5 
17.5 
53.3 
44.5 
45.8 
49.0 
43.4 

20.0 
10.8 
8.6 

26.0 
10.0 

7.4 
36.3 
13.7 
14.1 
1 1.8 
18.1 

90.3 kg 
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SIP  011 H POINT 

FIG. 2-SEAT DIMENSIONS 

Device is used with seat adjustment positions other than the centered position 
specified in Section 4.2, the resultiny dimensions shall not be defined as 
H-Point or SIP. 

6.3 It shall be permissible for the seat manufacturer to designate the 
position of the H-Point or SIP relative to the cushion or frame of the sus- 
pended portion of the seat to aid in establishing. seat Itration during the 
design phase of the machine (see dimensions C and D, Fig. 2).  

7. References 
7.1 SAE J826b-Devices for Use in Defining and hleasuring Vehicle 

Seating Accommodation. 

7.2 ISO/DP 5353-Determination of Seat Index Point for IVork Vehicles. 
7.3 I S 0  3462 Agricultural Tractors and Machinery-Seat Reference 

Point. 
7.4 SAE Information Report-Evaluation of Seat Index Point Checking 

Device for Tractor (D.C. Hammond) 15 April 1976. 
7.5 ISO/TC 127/SC2 (Italy-22)-Correlation Between the Seat Index 

Point and the H-Point-October 1975. 
7.6 BSI Document 75/13289-Seat Index Point-18 December 1975. 

OPERATOR'S SEAT DIMENSIONS-CONSTRUCTION 
AND INDUSTRIAL EQUIPMENT DESIGN-SAE J899 SAE Recommended Practice 

Report of Constmct~on and Indur i r~a l  blach~nety Tcchn~cal C<rrnm~ttce approved August 19M 

The  purpose of this report is to provide recommended dimensions and 
ranges of adjustment for the design of operator's seat for construction and 
industrial equipment. 

The  dimemions shown are consistent with the body dimensions shown in 
SAE 5833. 

NOTES: 
1. When armrests do not interfere with necessary body movements they 

may be provided to increate operator comfort. Armrest height should be 
7-9 in. above the seat cushion surface. 

2. Dimensions shown will accommodate 90% of operaton. 
3. Dimensions cannot be completely specified without reference to specific 

controls and operator requirements. 
4. O n  shovel-cranes and on rubber-tired machines, it is often desirable to 

have lesser seat back and cushion angles, and also to have seat height some. 
what in excess of 16% in. 

5. Bucket type seats are recommended on rubber-tired machines, such ac 
scraper units, for operator side stability. 

4 - SEAT CUSHION HEIGHT: 16.5 in ,  01 iron! edge of curlton nomnol. 

B - SEAT CUSHION LENGTH: 16 In. An adjustment lo 18 in. 4% dcsrfoble. 

C - SEAT CUSHION ANGLE; 5 deg a1 base ' 5 dcg odiu,lment 1 des~rablc Angle of base may 
be less 11 compensated far by ~ncreosed rake oi  leaf cushaan surface. 

D - SEAT CUSHION WIDTH: 20 in. for normal support. Mjnmurn 16.5 in. 

E - HORIZONTAL ADJUSTMENT: 4 in, m~nimum. 6 in. desirable. 

F - VERTICAL ADJUSTMENT; An odiustmenl of 3 in. is dosiroble. 

G - SEAT BACK HEIGHT: I 8  in. M y  be increased to 2 2  In. 15 in. mox to permit free rr lng of shoul- 
ders and arms over top of back. 

1 H- SEATBACK WIDTH: 20in. for normalsupport. 10 in mox ~f eiborr must srong raorrord of bask. 
I -SEAT BACK ANGLE: IOdeg Irornve~f~col. t 5  deg odlusrrnent II desirable. 

FIG. 1-SEAT DIMENSIONS 



CONSTRUCTION AND [?:DUSTRIAL EQUIPhIENT 

CONTROL LOCATIONS FOR CONSTRUCTION 
AND INDUSTRIAL EQUIPMENT DESIGN-SAE J898a SAE Recommended Practice 

' Repon of Cons[ruct~on and lnduslr~ai Machinerv Techn~cal Cornrn~llee approved June 1974 

! 1. Purpose-This report is to define the most desirable placement of hand- 
and foot-operated controls for construction and industrial equipment such 

1 that they are convenient for the 5th throuqh the 95th percentile seated 
I operator. 

2. Discussion 
2.1 The dimensions in Figs. 1-4 are consistent with the United States 

f male body dimensions shown in SAE ,1833 and seat configuration shown in 
SAE 5899. Both high and low H-point (SAE 5826) locations are shown to 

i cover requirements for the various types of vehicles involved. 
2.2 Additional constraints peculiar to the particular vehicle (such as 

windshield size, posts. requirements for external viewing, etc.) must be consid- 
ered in selecting the H-point location. (Note: The  leg, in some maximum and ( optimum foot area positions. intrudes into the hand control areas.) 

1 2.3 The seat reference point (SRP) used in SAE 5898 (1964 revision) is 

no lonqer to be used. To  provide an upproximate rneans of correlation between 
the SRP and H-point, the SKP is located approximately 4.0 in. (102 mm) to 
the rear and 2.2 in. (56 mml lower than the H-point. 

3. Dejnitions 
3.1 H-Point-The pivot centers of the torso and thigh. 
3.2 Optimum Hnnd and Foot Control Space-The space where the 

controls can be reached most quickly and accurately, and with the greaiest 
application of force. This space is considered the most desirable. 

3.3 hlaximum Hand and Foot Control Space-An acceptable space 
reserved for less frequently operated controls which are not needed quickly in 
emergency situations. 

3.4 SAE 5898-1964 Seat Reference Point (SRP)-The point where the 
middle lines of the seat and backrest intersect (undeflected cushion). 

I HIGH 'H' POINT HIGH 'H' POINT 

i DISTANCE FROM In '  POINT, loo mm DlsTANCE FROM *HI POINT PIVOT LINE. 100 mm 

DISTbNCE FROM 'H' POINT, IN 

FIG. 1-OPTIMUM AND MAXIhfUhI HAND i iND F O O T  CON- 
TROL SPACE iVITH H I G H  H - P O I N T  LOCATION. SHOWN W I T H  
LARGE 93th PERCENTILE U.S. >IAL.E AND \VITH SEAT A T  
REAR POSITION O F  FOKE-AND-AFT ADJUSTXIENT. (PRO- 
VISION OF 4 IN (102 &I l l )  HORI%Oh'\IT'..\L SE:\T r\DJUSTAIENT 
WILL P E R M I T  90% O F  OPERATOR POI'ULr\TION T O  REACH 
CONTROLS I N  OPTIMUM AREAS. NO ALLOWANCE FOR 

4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

' 1  ' 1  1 '  I ,i I ,  1 1-t" 
-I- , , , 

H' POINT PIVOT LINE I 
' - 8  

J 

1 HAND ARE4 ILLUSTRATED 1 

16 12 8 4 0 4 8 12 16 20  24 28 32 36 40 4 4  48  

DISTANCE FROM 'H' POlNT PIVOT LINE. IN 

NOTE DIMENSIONS ARE IN Imm) 

FIG. 2-OPTIMUM AND Alt\XIMU>f HAND AND FOOT CON- 
T R O L  SPACE W I T H  H l G H  H-POINT LOC.IT1ON. SHOWN 
W I T H  LARGE 95th I'EKCEN'l3LE U.S. hl.\LE AND \trl'I'H SEAT 

A T  REAR I'OSITION O F  FORE-AND-AFT .ADJUSTMENT 



OFF-HICiHWAY VEHICLES 

LOW 'n' POINT LOW 'H' POINT 

DISTANCE FROM 'H' POINT, 100 mm DISTANCE FROM 'HI POINT PIVOT LINE. 100 mm 

DISTANCE FROM 'H' POINT. IN 

FIG. 3-Ol'TIMUlf AND XIAXIAIUM HAND AND F O O T  CON. 
T R O L  SI'ACE IVITH LOrV H-POINT LOCATION. SHOWN W I T H  
LARGE 95th PERCENTILE U.S. hf:\LE A N D  IVITH SEAT A T  
REAR POSITION O F  FORE.AND-AFT .IDJUSTiVIENT. (PROVI- 
SIOS OF 4 IN (102 AIM) HORIZONTAL SEAT ADJUSTMENT 
1VILL PERMIT 90% OF OPERATOR POPULATION T O  REACH 
COIU'TROLS IN OPTIZIUM AREAS. 1 IN (25 MM) O F  OPEIL4TOR 

SLUMP ALLOWED FOR) 

OPERATOR ENCLOSURES (CABS)- 
HUMAN FACTOR DESIGN 
CONSIDERATIONS-SAE J 1 54 

3 6 1 , . 1 1 , ,  
I , i !  ! 1 4 9  

16 1 2  8 4 0 4 0 1 2  16 2 0  24 20 32 36 4 0 4 4  

DISTANCE FROM 'n' POINT PIVOT LINE, IN 

NOTE DIMENSIONS ARE IN imm) 

FIG. 4-OPTI>fUiVI AND MAXIMUM HAND AND FOOT CON 
T R O L  SPACE W I T H  LOW H - P O I N T  1.OCATION. SHOWN WIT) 
LARGE 95th PERCENTILE U.S. MALE AND W I T H  SEAT Al 

REAR POSITION OF FORE-AND-AFT ADJUSTMENT 

SAE Recommended Practice 

Report olConstruc~ion and lndustr~al Machinery Technical Cornrn~ttre appmved F e b ~ a r y  1970. Editorial change June 1973. 

Scope and Purposc-This SAE Recommended Practice is intended to be It is recognized that particular types of equipment may necessitate use ofs 
used as a guide for determining the mtntmrcm normal operating "space en- "space envelope" smaller than the minimum indicated by this recommended 
velope" around the operator in operator enclosures (cabs) of the type generally practice. When this is necessary, the designer should recognize, however, that 
applicable to mobile construction and industrial equipment. a smaller "space envelope" may adversely affect performance. 



CONSTRUCTION AND INDUSTRIAL EQUIPXIENT 

MIN CLEARANCE TO SIDE AND REAR AT SHOULDER 
LEVEL, IN NORMAL OPERATOR POSITION 

------------ 
I 1 18 IN MIN FOR 

ELBOW CLEARANCE 
STEERING WHEEL 

i 
I 

18 IN MIN FOR 
ELBOW CLEARANCE 

t I 
. d .  I +. ,. I 
4 2 IN MIN CLEARANCE 
d 4 
L 6 H MIN BACK OF HEAD 
" CLEARANCE-INNORMAL 3 OPERATOR POSITION 7 
6 A00 2 IN FOR ROUGH 1 

TERRAIN ENVIRONMENT I 
I 

HAND CONTROL IN 
EXTREME POSITION. 
ADO I IN. FOR ARCTIC GEAR 

INTENOEO TO IMPLY 
t SHAPE OF CAB 

Mlh SACK OF HEAD - 
CLEARANCE IN NORMAL 

6 IN i- 

OPERATOR POSITION 
ADD 2 IN FOR ROUGH + I8 IN --s MIN FRONT OF HEAD 
TERRAIN ENVIRONMENT CLEARANCE IN NORMAL 

I OPERATOR POSITION 
I ADD 2 IN FOR ROUGH 

-,7---------- 7 TERRAIN ENVIRONMENT 

I 

77 N MIN 
ADD 2 IN 

IF SAFETY HAT 
IS NORMALLY 

WORN 

I 
I 
I 
I 
I 
y2 IN MIN 
I ADO I IN 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CLEARANCE 
FOR ARCTIC GEAR 

FOR CAB WIDTH SEE FIG. I 

NOTE OUTLINE IS NOT INTENDED TO IMPLY SHAPE OF CAB 

FIG. I-SEATED OPERATOR (95TH I'ERCENTILE U.S. MALE. FIG. 2-STANDING OPERATOR (95TH PERCENTILE U.S. MALE, 
SEE SAE J83.8) SEE SAE J833) 

I i 
4 
4 
4' INSTRUMENT FACE DESIGN AND LOCATION 
f FOR CONSTRUCTION AND INDUSTRIAL 
i3j EQUIPMENT-SAE ~ 2 0 9  SAE Recommended Practice 

> llrporc of Conrtnxt~on and Industrial Machinery Technical Committee approved March 1971 p 

promote reading ease provided by high contrast; for example, black on white 
a white on black. 

2.2.3 Green zones may be labeled NORMAL and red zones may be labeled 
DANCER or STOP, preferably within the colored zone. 

2.3 Where a numerical scale is needed, use the simplest scale that will 
give sufficient information. 

2.3.1 Scale divisions should be limited in number to the accuracy desired 
and should not exceed the error of the instrument system. 

2.3.2 Scaie graduation intervals should be 1, 2, or 5 ,  and decimal multiples 
thereof. 

2.3.3 Numbers should be placed over thc scale marks or colored zones. 
Numbers should be oriented to read in a horizontal or in an arcuate arrange- 
ment. 

2.3.4 The dial scale should increase from low to high readings in a clock- 
wise direction. . 

2.3.5 The arc or length of the scale should be approximatelv the same for 
all grouped instruments. The normal operating zone sliould be approximately 
in the same angular position, generally vertical, so that the pointers are all in 
a similar position to permit rapid checking. 

2.4 All instruments should be labeled to identify thcir function. 
2.4.1 Labeling is preferred on the face of the dial, so that it is not obscured 

by repainting the vehicle or panel damage. 
2.4.2 The label should convey exactly what is being measured, such as 

BRAKE AIR PRESSURE, ENGINE WATER TEMPERATURE, etC., Or equivalent inter- 
national symbols. 



NOTE 
DIMENSIONS 
A R E  FOR VIEWING 

- I -  AT 2 Z l N  DIMENSION. 

FIG. 1-T GAGES 

2.4.3 The label should be located so as not to be obscured at any pointer 
position. 

2.4.4 The manufacturer's monogram and part number should not be so 
placed or so large as to detract from the reading or appearance of the instru- 
ment. 

2.4.5 A simple letter and number style should be used; the letters should be 
large enough for easy viewing without obscuring or detracting from other 
markings on the instrument face. 

2.5 The pointer should be a simple symmetrical shape. 
2.5.1 The  pointer end should be approximately the width of the smallest 

~ ~ 

graduation mark 
2.5.2 The pointer should terminate just short of the dial graduations. 
2.5.3 The pointer should be mounted close to the reading surface to elimi- 

nate parallax at acute viewing angles. 
2.6 Instruments should be properly illuminated for night time operation. 

3. Instrument Grouping-Grouped gages should be consistent in size, color 
scheme, pointer design, and label style and size. Gages required and their 
location are to be determined by the manufacturer. 

3.1 Instrument arrangement should consist of subgroups monitoring, 
from left to right: engine, operational, and power train performance. See 
Fig. 2. 

SHOWN 

FIG. 3-PREFERRED INSI 'KUMENT PANEL LOCATION 

3.1.1 The  engine subgroup should have ENGINE WATER TEMPERATURE and 
ENGINE OIL PRESSURE in that order. 

3.1.2 The  operational subgroup should have SPEEDOMETER and/or TACHOM. 

ETER, etc. 
3.1.3 The power train gage cluster should have TRANSL~ISSION or CONVERTER 

OIL TEMPERATURE and TRANSMISSION or CONVERTER OIL PRESSURE in that order. 
3.1.4 Additional instruments required should he located side by side, with 

the more important gage to the left. in successive rows if necessary, in the 
subgroup indicated. Instrument dials are more effective when separated more 
horizontally than vertically. 

3.2 The  location of secondary instruments and dash-mounted controls, 
such as fuel level gage, light switches, etc., is optional with the manufacturer 
but they should not be so placed as to disturb the primary indicator arrange- 
ment. 

4. Imtrument Panel Location 
4.1 The distance from the operator's eve to the instruments usually 

mounted in an instrument panel should be consistent with quick reatlability 
without detractins from the operator's visibility or handling of the vehicle. 

4.1.1 Optimum instrument panel location is 28 in. from the operator's eyes, 
as close to the line of sight as possible, and consistent with SAE reach recom- 
mendations. See Fig. 3. 

4.1.2 Instruments should be placed so that they are least obstructed by 
controls such as the steering wheel, etc. 

TEMP PRESSU 

0 (y?J@ INDICATOR 0 
CLEANER 
INDICATOR 

STARTER LIGHT 
SWITCH FIG. 2-INSTRUIMENT PANEL 

GROUPING 
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4.2 Instruments should not be placed more than 45 deg below the 
horizontal line of sight. 

4.3 Instruments should not be placed more than 30 deg either side of a 
traight-ahead position. 

4.4 The instrument panel face, or isolated individual instruments, should 
be positioned so that they are perpendicular to the line of sight. 

4.5 It may be necessary to compromise the above parameters for vehicles 
vhich arc bi-directional or in which the operator has the option of sitting or 
tanding while operating. 

4.6 The instrument panel or other mounting surface should have a finish 
to minimize reflections. 

5. C m n a l  Recommendations-Visual or auditory warning devices, in addi- 

tion to visual gages, are recommended for all conditions critical to equipment 
opelation. 

5 , l  A means sho~ild be provided to verify that warning devices are 
functioning. 

5.2 These warning lights or sounding devices should have their own 
source for actuation, rather than being dependent on another instrument. 

5,3 Warning lights should be bright enough to stand out during all 
operating conditions and should preferably be located above and readily 
identified with the related gage. 

5.4 Audible signals should be distinguisl~able from the operating noises 
of the vehicle. 

UNIVERSAL SYMBOLS FOR OPERATOR 
CONTROLS O N  INDUSTRIAL EQUIPMENT-SAE 5298 SAE Recommended Practice 

A c p ~  of Construct~on and lndustnal Machlnerv Techn~cal Curnmlttee approved Ma) 1073. 

I. Purpose and Scope-These symbols provide a symbolic language for 
>perator controls on industrial equipment. 

2. Dejnition-Industrial equipment is defined as that class of tractors, 
either wheeled or track type, and associated equipment used in operations 
uch as landscaping, construction services, loading, digging, grounds keeping, 
md highway maintenance. 

3. Cmrral 
3.1 Color combinations and sizes of all symbols should be adjusted to 

each particular application. It is desirable to use the universal language of 
' color to indicate the urgency of action, such as red, amber, green. 

C Tranimlswon Transm~s,on Off 
3 011 Temperature 4 Pown Take off 

I I I 

LC 
Engage or In 

r+ @ +.* 
-- 

D~sefw~qe or Out Engene 
Connut~on 11 Eng~ne R P M 12 041 Pressure 

3.2 Word captions and numbers as illustrated are for reference only and 
are not part of the recommendation. However, suitable descriptive words may 
be used to initially define the application of symbols. 'Twentieth Century Bold 
numerals should be used for clear readability. 

3.3 For applications, where appropriate symbols are not shown, the 
principles illustrated herein should be used for guidance in developinq sym- 
bols for the specific need. 

4. Universal Symbols Jijr Operator Controls--See Fiq. 1.  
5. Use of Color with Gnivcrsal Symbols-Typical illustrations are shown in 

Fig. 2. 

Bright Dlm 

C 

Park Work Light 
Lights 21 W~nash~mld Wiwr 22 Windshield Oafroster 

FIG. I-UNIVERSAL SYblBOLS FOR OPERATOR CONTROLS 
(continued on next page) 
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provided that external calibration is accomplished immediately before or alter 
field use. APPENDIX 

5.3 Vehicles used for tests must not be operated in a manner such tliat The SAE reconlmenda that a maximum A-weighted sound level of 88 dB 
the break-in procedure specified by the manufacturer is violated. when measured in accordance with the test procedure described above be 

6. ReJerences-Suggested reference material is as follows: used as a reference in the desiqn and development of heavy trucks and buses. 
ANSI S1.l-1960, .Acoustical Terminoloqy An additional 2 dB allowance over the sound level limit is recommended to 
ANSI S1.2-1967, Physical kleasurement of Sound provide for variations in test site, temperature gradients, test equipment, and 
ASS1 S1.4-1971, Specification for Sound Level Meters inherent differences in nominally identical vehicles. 

Applications for copies of these documents should be addressed to the 
American National Standards Institute, Inc., 1430 Broadway, Sew York, Sew 
York 10018. 

SOUND LEVEL FOR TRUCK CAB 
INTERIOR-SAE J336a 

Attachment 7 (from 1978 SAE Transact ions)  

SAE Recommended Practice 

Rtpm of \'eh~cle Sound Lcvel Curnrn~i~rr appmvcd June 1968 and last r w x d  July 1973. 

I. Introduction-This SAE Recommended Practice describes the equip- 
ment and procedure for determining the maximum truck cab interior sound 
level. This practice applies to motor trucks and truck-tractors and does not 
include construction and industrial machinery. The appendix contains SAE 
recommended design criteria for new vehicles. 

2. Instrumentation-The following instrumentation shall be used, where 
applicable, for the measurement required: 

2.1 .A sound level meter which meets the Type 1 requirements of ANSI 
S1.4-1971, Specification for Sound Level hieten. 

2.2 A set of octave bandpass tilten which meet the Class I1 requirements 
olANSI S1.ll-1966, Specification for Octave, Half-Octave and Third-Octave 
Band Filter Sets. 

2.2.1 As an alternative to making direct measurements with a sound level 
meter and octave band filter set, a microphone or sound level meter may be 
used with a magnetic tape recorder and/or a graphic level recorder or indicat- 
ingmeter, provided that the system used meets the requirements of SAE 5184. 

2.3 A sound level calibrator (see paragraph 4.2.3). 
2.4 An engine-speed tachometer. 

3. Tar Procedure-The following procedure is to be used for the purpose of 
his SAE Recommended Practice. 

3.1 Establish a seat reference point at tile intersection of the tangent lines 
to the predominant surfaces of the undeflected cushion and backrest at the 
lateral center of the seat (or intended operator location). Adjust the seat to the 
midpoint of its horizontal and vcrtical travel. Locare the microphone, orientcd 
vertically upward, at a point 29 in. (740 mnj) vertically above the seat refer. 
ence point and 10 in. (250 rnin) laterally to the right (to the left for right-hand 
drive vehicles) of the seat reference point. 

Position the driver so that his ear is reasonably aligned with, and approx- 
imately 6 in. (150 mm) laterally from, the microphone. Seat adjustment may 

1 be made to meet this provision. 
3.2 Sound level tests may be conducted with or without a trailer or body 

I on the vehicle. 
3.3 O n  vehicles equipped with radiator shutters, the shutter position 

causiny the maximum sound level should be determined and the tests con- 
ducted with the shutters in such position. 

3.4 Vehicle windows and vents are to be in the fully closed position with 
dl accessories "otf." 

3.5 The tcsts are to 'be conducted on smooth, dry concrete or asphalt 
road surfaces. No large sound reflecting surfaces should be within 50 ft (15 m) 
of the test vehicle. Wind speed should not exceed 15-mph (24 kmih). 

3.6 Select a transmission and/or axle gear ratlo so that approximately 
50 mph (80 kmih) is obtained at rated engine speed. 

3.7 Obtain the mauimuni band pressure level reading in each octave 
band during acceleration in the selected gear ratio of paragraph 3.6 at wide- 
open throttle from a beginning engine speed of one-half rated engine speed up 
to rated engine speed. The meter thall be set for "Fast" response for these 
measurements and a mir~imum of four test runs shall be made. 

3.7.1 If a magnetic tape recording system is used, make recordings during 
at least four test runs. Obtain a band pressure level measurement for each 
octave band for each test recording. Set the lcvel indicating device for "fast" 
response or equivalent for these measurements. 

3.8 The applicable reading for each band shall be the highest band 
pressure level observed. The band pressure levels reported shall be the average 
of the two highat readings within 2 dB of each other. The observer is cau- 
tioned to rerun the test if unrelated peaks should occur due to extraneous 
ambient noises. 

4. General Comments 
4.1 It is strongly recommended that technicaily qualified personnel select 

the equipment and that tests are conducted only by qualified persons trained 
in the current techniques of sound measurement. 

4.2 Proper use of all test instrunlentation is essential to obtain valid 
tncaurcrnrnts. O p e r a t i n ~  milnuals or othcr litcriltllrc furnished by the irlstru- 
ment manufacturer sllould he referred to lor both rcconiniendcd operation of 
the instrument and precautions to be observed. Specific items to be considered 
are: 

4.2.1 The effects of ambient weather conditions on the performance of all 
instruments (that is, temperature, humidity, and baronletric pressure). 

4.2.2 Proper signal levels. terminating impedances, and cable lengths on 
multi-instrument measurement systems. 

4.2.3 Proper acoustical calibration procedure, to include the influence of 
extension cables, etc. Field calibration shall be made immediately before and 
after each test sequence. Internal calibration means is acceptable for field use. 
provided that external calibration is accomplished immediately before or after 
field use. 
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If a magnetic tape recorder is used, record a calibration signal of known 
acoustic level immediately prior to, or following, each sequence of test record- 
ink .  

4.2.4 For analysis of the recordings, use the calibration signal to establish 
playback gain and thus calibrate the analysis system. 

4.3 Vehicles used for tests must not be operated in a manner such that 
the break-in procedure specified by the manufacturer is violated. 

5. References-Suggested reference material is as follows: 
5.1 ANSI Sl.1-1960, Acoustical Terminology 
5.2 ANSI S1.2-1962, Physical Measurement of Sound 
5.3 ANSI S1.ll-1966, Octave, Half-Octave, and Third-Octave Band 

Filter Sets 
5.4 ANSI S1.4-1971, Specification for Sound Level Meters 
5.5 SAE 5184, Qualifying a Sound Data Acquisition System 

Applications for copies of these documents should be addressed to the 
American National Standards Institute, Inc., 1430 Broadway, New York, New 
York 10018; or, the Society of Automotive Engineers Inc., 400 Commonwealth 
Drive, Warrendale, Penna. 15096. 

APPENDIX 
DESIGN CRITERIA 

The SAE recommends that the octave band pressure levels listed below ' 
considered during the development of new vehicles: 

Octave Band Band Pressure Band Pressure 
Canter Frequency, HZ Level, dB 

Trucks meet the design criteria if the sum of reported band pressure lev1 
does not exceed the sum of the criteria band pressure levels, provided that 
reported band pressure level exceeds the corresponding criteria band level 
more than 3 dB. (See paragraph 3.8.) 

MEASUREMENT OF EXTERIOR SOUND LEVELS 
FOR HEAVY TRUCKS UNDER STATIONARY 
CONDITIONS-SAE J1096 SAE Recommended Practice 

Repon of V e h ~ d e  Sound-Level Committee approved March 1976. Rationale statement avariable. 

I .  Introduction-This SAE Recommended Practice establishes the test 
procedure, environment. and instrumentation for determining the maximum 
exterior sound level of heavy trucks with governed engines under stationary 
vehicle conditions. The  basic procedure involves a full throttle engine acceler- 
ation and a closed throttle deceleration with the engine inertia as the load. 

2. Instrumentation-The following instrumentation shall be used, where 
applicable, for the measurement required. 

2.1 A sound level meter which satisfies the Type 1 requirements of 
American National Standard Specification for Sound Level Meters, S1.4-1971. 

2.2 As an alternative to making direct measurements using a sound level 
meter, a microphone or sound level meter may be used with a magnetic tape 
recorder and/or a graphic level recorder or other indicating instrument, 
providing the system meets the requirements of SAE Recommended Practice 
5184, Qualifying a Sound Data Acquisition System. 

2.3 A sound level calibrator, accurate to 2 0 . 5  decibel (dB) (see para- 
graph 5.3.3). 

AREA 

FIG. 1-TEST SITE CONFIGURATION 

2.4 A windscreen may be used. The windscreen shall not affect t 
microphone response more than kl dB for frequencies of 20-4000 Hz 
2 1 %  dB for frequencies of 4000-10,000 Hz (see paragraph 5.1). 

2.5 An engine-Speed tachometer. 
3. Test Site-The following test site requirements shall be considered nj 

essary to perform effective measurements for this stationary procedure. 
3.1 A suitable test site shall consist of a flat open space free of la1 

reflecting surfaces, such as parked vehicles, signboards, buildings, or hillsid 
located within 30 m (100 ft) of either the vehicle or the microphone. ! 
Fig. 1. 

3.2 The measurement area (defined as shown in Fig. 1)  shall be surfac 
with concrete, asphalt, or similar hard non-porous material, and shall be t: 
of snow, grass, soil, ashes, or other sound-absorbing materials. 

3.3 The microphone shall be located 15 m (50 ft) from the centerline 
the vehicle and 1.2 m (4 ft) above the ground plane as shown in Fig. 1. 7 
microphone shall be located on a line perpendicular to the vehicle center11 
and in line with the rear of the cab. 

3.4 Because bystanders have an appreciable influence on meter respol 
when they are in the vicinity of the vehicle or microphone, not more than c 
person, other than the observer reading the meter, shall be within 15 m (50 
of the vehicle or instrument, and that penon shall be directly behind I 

observer reading the meter, on a line through the microphone and the I 

server. 
3.5 The ambient sound level (including wind effects) coming fr~ 

sources other than the vehicle being measured shall be at least 10 dB lor 
than the level of the tested vehicle. 

4. h e d u r e  
4.1 The vehicle shall be tnted in a stationary position with maxim1 

engine acceleration and deceleration with no external load applied. 
4.1.1 The engine governor and throttle delay (if one is installed) shall be 

to the manufacturer's specifications. 
4.1.2 The vehicle engine coolant temperature shall be raised to the norr 

operating range. 
4.1.3 The vehicle shall be positioned at the test site as shown in Fig, I, w 

the main transmission in neutral and the clutch engaged. 
4.1.4 The engine shall be accelerated, by rapidly establishing full thmt 

from a low idle condition to the maximum governed speed. After the eng 
speed has been stabilized (3-5 s), the engine shall be decelerated at  clo 
throttle to low idle speed. 

4.2 Measurements 
4.2.1 The sound level meter shall be set for fast response and A-weight 

network. Equivalent settings shall be used with other instruments. 
4.2.2 The meter shall be observed during the entire engine acceleratit 

deceleration cycle. The applicable reading shall be the highest sound ie 
obtained during this cycle. Unrelated peaks due to extraneous ambient noi 
should be ignored. 

4.2.3 The sound level for each side of the vehicle shall be the average of 
first two highest readings which are within 1 dB of each other. Report 
sound level for the side of the vehicle with the highest average value. 



, 40.56 OFF-HIGIIWAY VEHICLES 

6.3.3 Maximum width of the beam shown in Fig. 3shall be 16 in. (406 mm). 7.2.1 Instantaneous deflection due to impact of the sphere shall not enter 
7. Pe@nnance Requirrrnenls the protected zone as illustrated in Figs. 2, 4, and 5. 

7.1 General Requirements 7.2.2 Minimum allowable dimensions are listed in paragraph 6.1.1 of SAE 
7.1.1 Performance requirements specified in paragraphs 6.1.1, 6.1.2, and 5168. 

6.1.3 of SAE J168 shall apply. 7.3 Crush Test Performance Requirements-The protected zone as 
7.1.2 Additional performance requirements as specified in paragraphs 7.2 described in Figs. 4 and 5 shall not be encroached. (For dimensions, see 

and 7.3 of this standard shall apply when applicable. paragraph 6.1.1 of SAE J 168. 
7.2 Drop Test Performance Requirements 

MEASUREMENT OF WHOLE BODY VIBRATION 
OF THE SEATED OPERATOR OF AGRICULTURAL 
EQUIPMENT-SAE 5 1  01 3 SAE Recommended Practice 

Repon of Tractor Technical Committee and Constmc[ion and Indurtnal Machinecy Technical C o m m ~ t t e  approved Auqust 1973. 

I. Scope-This recommendation defines a method for the measurement of 
the whole body vibration to which the seated operator of an agricultural 
tractor or other lield machine is exposed while performing an actual or 
simulated agricultural operation. It applies to those cases in which the vibra- 
tion is transmitted to the operator through the vehicle seat. 

2. Field of Application-In the main body of this recommendation, condi- 
tions for measuring and recording whole body vibration of the seated oper- 
ators of agricultural tractors and field machines are defined. The specification 
of instruments and frequency analysis or weighting and description of site and 
operating conditions allows the measurements to be made and reported with 
an acceptable precision. The  procedure includes means of weighting the 
vibration level a t  different frequencies as specified in ISO/DIS 2631 (Ref. I) .  

This procedure is a measuring method only and is not intended for the 
evaluation or selection of seating systems. 

3. DeJinitiom 
3.1 Letter Symbols 

a = instantaneous acceleration. 
bf = rms value of '/, octave acceleration having center frequency f. 

b, = frequency weighted acceleration aignal. 
B, = weighted rms acceleration calculated from :I3 octave components 

f = frequency. 
I = mean square weighted acceleration multiplied by averaging period 

duration. 
rms = root mean square. 

T = test period duration. 
m/s2 = acceleration units, metres per second squared. 

Hz = Hertz, standard notation for frequency, cycles per second. 
W, = frequency dependent, dimensionless weighting factor. 
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g = acceleration of gravity, by international agreement equal to 
9.80665 m/s2 at- sea level. 

4 

3.2 Whole Body Vibration--& used in this recommendation, this term 
means vibrations transmitted to the body as a whole through the buttock of a ! seated person. 

3.3 Vehicle Seat-Specifically for the purposes of this document, that 
i portion of the vehicle provided for the purpose of supporting the buttocks of 
i the seated operator. 
i 3.4 ~ r e q u e n c ~  Analysis-Process of arriving at a quantitive description 

of the amplitude of a vibration as a function of frequency. i 3 5  "Ride Meter"-A vibration analysis instrument of the general type 
j described by Hilton (Ref. 2). 
1 3.6 Measuring Period-The time duration in which vibration data for 
j malysis is obtained. 

3.7 Average Ground Speed-Ratio of the distance traveled during the 
tat period to the time period. 

3.8 OtherYerminology used in this recommendation is in accordance 
with ANSI S1.l and I S 0  DR 2041 (Refs. 3, 4). 

4, fibrution Mewrmrmt Axes-The vibration shall be measured along 
three mutually perpendicular axes, passing through a point on the interface 
between the operator and the vehicle seat. These axes are substantially ver- 
tical, longitudinal, and lateral (a,, and s, a,.) with respect to the orientation of 
the seated operator and are defined in Fig. 1. The operator should sit in a 

; typical upright position and should keep both hands in a normal position for 
operating the controls as suggested by Fig. 1.  Armrests on seats so equipped f should either be folded up or removed (where practical) to prevent the 
operator from leaning on them during the test. Such a posture would signifi- 
cantly influence the test results. 

5.1 Vibration Pickups-The vibration shall be sensed by acceleration 
tra~uducers (accelerometen) attached near the center of a thin disc 1 200 & 5 mm in diameter placed between the operator and the vehicle seat. 

, The primary requirements for the disc are that it provide a suitable mounting : for the accelerometers, not disturb operator comfort, and not significantly 
j distort the buttock-cushion load distribution. Either a rigid or semirigid disc 
: may be used; however, the semirigid type is recommended especially for 
\ rather soft or highly contoured cushions. Suggested disc designs are shown in 
: Fik 2 and 3. Either disc shall be placed on the seat so that the accelerometer 
; w m b l y  is midway between the ischial tuberosities. If a rather rough ride is 

expected, the disc should be taped or similarly attached to the cushion to I maintain its location. 

i 
The transducers, together with their associated amplifiers, shall be sensitive 

to vibration levels of 0.5 m/s2 and shall be capable of measuring vibrations of 
, 5 m/s2 rms with a crest factor as great as 3 without amplitude distortion of 

more than 2 1 %  in the range 0.1-100 Hz. Acceleration sensitivity shall not 
my in the range of 0-100 Hz by more than 2 5 % .  

j 5.2 Magnetic Tape Recorder-The electrical signals generated by the 
transducers may be recorded for later analysis on magnetic tape. The mag- 
netic tape recorder should have a replay accuracy of better than 2 2 %  over the 

O,, Oy, O Z a  ACCELERATION IN THE DIRECTIONS OF 
rHE a , Y, 2. AXIS 

* - O X I S  DIRECTION OF THE BACK-TO-CHEST 
[ f Y - ~ I I , ~  RIGHT-TO-LEFT SIDE 

2-orlr ' BUTTOCKS-TO-HEAD 

FIG. I-MEASUREMENT AXES 

1 2 0 0  mrn i 

FIG. 2-SL'GGES'rEl) DESIGS FOR Kl(>il)  1)ISC: \VlTH 
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FOR ACCELEROMETERS 

7 12 rnm OR LESS 

I L 75 rnrn A- 1 
THIN METAL DISK FOR 
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frequency range of 0-100 Hz, including any change in tape speed during 
replay for the purpose of analysis. 

5.3 Frequency Weighting-Frequency weighting may be achieved in 
either of two ways: by analysis of the acceleration into \/, octave band levels, 
weighting the levels in individual bands and recombination; or by direct use 
of electrical filters in a frequency weighting "ride meter." 

5.3.1 FREQUENCY ANALYSIS METHOD-Each vibration tape recording shall 
be analyzed into % octave component accelerations over the frequency range 
1.0-80 Hz. The % octave center frequencies shall be in compliance with IEC 
Publication 225 (Ref. 5) which must be extrapolated for the lower frequencies. 
The rms value of each component (bf)  shall be averaged over the duration 
specified for the measurement. The octave values shall each be multiplied 
by the weighting factors (w,) listed in Table 1, and a weighted acceleration 
(B,) value calculated for each recording as the square root of the sum of the 
squares of the weighted :/3 octave values. 

Lf=l  
J 

. 5.3.2 FREQUENCY CVEICHTINC "RIDE M E T E R " - T ~ ~  "ride meter," if em- 
ployed for direct indication of the weighted vibration, shall consist of an 
electronic weighting network incorporated between the transducer and a time 
integration stage. The weighting network shall have an insertion loss accord- 
ing to the curve in Fig. 4 for vertical vibration, or Fig. 5 for horizontal 
vibration. The loss shall not deviate from the curve by more than -C 1 dB at 
6.3 and 31.5 Hz for vertical measurement or at 1.25 and 31.5 Hz for horizontal 
measurement, and t 2  dB at any other frequency. The integration stage shall 
be capable of indicating the integral of the square of weighted acceleration 
(bW2) for the time period of the test run (T). That is, 

' e n  

5.3.3 CALIBRATION-The entire measurement and analysis system should be 
regularly calibrated by technically trained instrumentation personnel follow- 
ing manufacturer's recommendations for the adjustment and application of 
individual components. 

Acceleration pickups should be calibrated in accordance with a suitable 
recognized calibration method such as outlined in ANSI 52.2-1959 (Ref. 6 ) .  

Where a tape recorder is employed as part of the data acquisition system. 
the tilting support method (ANSI S2.2-1959) for static calibration of accelera- 
tion pickups should be used to obtain overall system acceleration sensitivity 
for each of the three data channels. Tilting the sensitive axis of each pickup in 
the field of gravity provides a peak-to-peak change in output representing a 2g 
change in input acceleration. This signal should be recorded immediately 
before and after each run. 

The output from each accelerometer amplifier should be nulled by proper 
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TABLE I-VIBRATION WElOnTlNQ FACTORS 

0.0160.4 0.5 0.63 0.8 1.0 1.25 1.6 2.0 2.5 3.15 4.0 5.0 6.3 8.0 10 12.5 16 20 25 31.5 40 50 63 80 
FREOUENCY, Hz  

Wdghtlng Factor, wf 

FIG. 1-FILTER RESPONSE I N  VERTICAL MODE, a. 

Weighllns Cactar, w f  

balancing and zeroing techniqua while the accelerometers are in t a t  position 
between the seat and the operator. 

6. Mroncmnrnt Sirr a d  Wahg Cdb'm-Measurements shall be 
made on actual or simulated work sites. Measurement sites and operating 
conditiohc shall be appropriate for the machine whose vibration character- 
istics ~ J X  being measured. 

Vehicle ground speed h a  significant influence on vibration intensity. 
Hence, due to the method of analysis recommended here, ground speed shall 
be kept relatively constant throughout each measuring period and average 
ground speed during the period shall be reported. If the vibration t a t  is being 
conducted during a work cycle which involves several operating speeds, then a 
separate measuring period should be devoted to each such segment of the 
work cycle and the corresponding mults shall be so reported along with a 
description of the work cycle involved. 

In all caxs, the measuring period shall be aa long as is required to obtain 
vibration measurements representative of the machine and operating condi- 
tions. 

The operating conditions shall be recorded in detail, including such things 
as general condition of the site (plowed, sodded, soil characteristics, etc.) and a 
complete description of attached and/or towed implements. 

7. M u d i m  hcnphbn-The following details shall be reported: 
(a) Machinery manufacturer. 
(b) Model designation. 

1 /1 Octave Cenln 
Fryurncy,  f 

Vertlcal Vlbratlon Vn(lcal Vlbmlien tlui;.nkl Vlbmtlen 

(c) Serial number. 
(d) Front and rear and total weights. 
(e) Tire manufacturer, tire code designation per SAE 571 1, tire size, ply 

rating, inflation pmsum,  and approximate state of wear. 
( f )  Type and amount of ballasting. 
(g) Tread and wheel base spacing. 
(h) Description of seat and suspension, if any. 
Also, any known deviations from the machinery manufacturer's specifics. 

tions and recommendations should be reported. If the t a t  is conducted during 
transport conditions, front and rear axle weights shall be reported with 
implements in the transport position. 

8. Opcrdor-Operator height and weight shall be reported. Seat shall be 
adjusted per manufacturer's instructions. For operator position quiremenu 
refer to paragraph 4. 

9. Reported Kbrafion Lcvelr-The weighted vibration level in each of th 
three directions shall be reported separately, to the nearest 0.1 m/sZ. 

If the % octave analysis method haa been employed, the weighted and/o~ 
unweighted rms in each % octave band may be presented graphically. 

10. Cclu~ol Commmlr 
10.1 It is strongly recommended that technically trained personnel selm 

the instrumentation and that the tests be conducted only by qualiiied persolu 
trained in the cumnt  techniques of vibration measurement. 

10.2 Proper usage of all test instrumentation is euentiai to obtain valid 
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FIG. 5-FILTER RESPONSE FOR a, and a, 

measurements. Operating manuals or other literature furnished by the instru- 
ment manufacturer should be reviewed for both recommended operation of 
the instrument and precautions to be observed. Specific terms to be con- 
i i r e d  arc: 

10.2.1 The type and specifications of accelerometer, its connecting cable, its 
dii t ional response characteristics, and its orientation relative to the 4, a,, g 
axes as defined in Fig. 1. 

10.2.2 The effects of ambient weather conditions on the performance of all 
instruments (for example, temperature and humidity), Instrumentation can 
bc influenced by low temperature and great caution should be exercised. 

10.2.3 Proper signal levels, terminating impedances, and cable length on 
multi-instrument measurement systems. 

10.2.4 Proper acceleration calibration procedure, to include the influence of 
extension cabla, etc. Field calibrations shall be made immediately before and 
after each t a t  sequence. 

10.3 It is mommended that field instrumentation be protected from 
adverse environmental effects such as dust, excessive shock and vibrations, etc. 

11. Refwrmccr 
1. ISO/DIS 2631, Guide for the Evaluation of Human Exposure to Whole 

Body Vibration. 
2. D. J. Hilton, "A Frequency Weighted Ride Meter." Jrl. Agn'dtural 

Engincuing Rcscmch, Vol. 15, (1970), No. 4, pp. 379-384. 
3. ANSI Sl. 1-1960 (R-1971), Acoustical Te rmino lo~  (Including Mechan- 

ical Shock and Vibration). 
4. I S 0  DR 2041, Vibration and Shock-Terminology. 
5. IEC. Publication 225, Octave, Half-Octave and Third Octave Band 

F i l t e ~  Intended for the Analysis of Sounds and Vibrations, 1960. 
6. ANSI S2.2-1959 (R-1971), Calibration of Shock and Vibration Pickups. 
7. ANSI S1.ll-1966 (R-1971), Octave, Half Octave, and Third Octave 

Band Filter Sets. 
8. ANSI S2.4-1960 (R-1971), Specifying the Characteristics of Auxiliary 

Equipment for Shock and Vibration Measurement. 
9. SAE HS J6a, Ride and Vibration Data Manual. 

TECHNICAL PUBLICATIONS 
FOR AGRICULTURAL EQUIPMENTSAE J 1035 SAE Recommended Practice 

Repon dTneta Tcchniol Committee approved June 1973. 

I. Purpose-The purpose of this recommendation is to establish guidelines 
for the preparation of publications dealing with predelivery setup, operation, 
lubrication, adjustment, maintenance, and repair of agricultural equipment. 

2. Sropr-These recommendations deal with the format for publicatiom 
intended to be used by the persons responsible for the predelivery setup, 
operation, and servicing of agricultural equipment. 

3. DrJbcitMu-The publications listed below can be published under one 
cover, separately, or any combination thereof. The grouping of publications 
m y  be dictated by the type of equipment involved. 

3.1 M e l i v e r y  Setup Publications-Outlines, in detail, the procedures 
for properly preparing equipment for delivery to the customer. 

3.2 Operator's Manual-Explains the procedures for the proper opera- 
tion of the equipment. 

3.3 Lubrication Instructions-Outlinu all facets for lubrication of the 
equipment. (Recommend this be included in Operator's Manual.) 

3.4 Maintenance Instructions-Explains the maintenance required and 
method of performing same on the equipment at the operator's level. (Recom- 
mend this be include) in Operator's Manual.) 

3.5 Shop Manual-Provides detailed procedures to repair or overhaul 
the equipment properly by a qualified individual. 

3.6 Parta Catalog-Lists parts which are required to service product. 
(Recommend this be a separate publication.) 

3.7 Miellaneour Instructions-Publications required to supplement 
i tem 3.1 through 3.6. 

4. PUbllkdh S ~ $ & N  
4.1 Sic--8% in, wide x 11 in. high (215 x 280 mm) is the recommended 

size. Alternate sizes arc acceptable if dictated by other considerations. 
4.2 Paper-The paper shall have a reasonable durability when exposed 

to rain, dampness, or grease. 
4.3 Cover-When required, the cover shall have a reasonable durability 
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DESIGN GUIDELINES FOR 
AIR CONDITIONING SYSTEMS FOR CONSTRUCTION 
AND INDUSTRIAL EQUIPMENT CABS-SAE J 1 69 SAE Information Report 
-- - 

Rcpon of Consrmcr~on and lndusrnai lfachlmrv Tcchn~cai Comrnltrec appmved July 1'370 Ed~torlai change Januarv 1977 

I. Introduction-Air conditioning construction equipment cabs is a rela- 
tively new a n  and much is yet to be learned. The  experience gained from 
automotive air conditioninq is very important, but i t  must be remembered 
that operating conditions for automobiles and construction equipment are 
vastly different. Most automobiles are similar in many areas, such as size of 
passenger space, engine and radiator location, glass area, and operating 
speeds. Furthermore, most automobiles are operating on similar roads and 
under sirnilar ambient co~~ditions. It is true that ambient temperatures may 
van, but one may now make a 4000 or 5000 mile trip to most any place in the 
Gnited States and drive t h ~  entire distance on well paved. dust free roads. 
This is not irue for construction equipment which must hc designed to meet 
the most severe conditions of heat, dust, vibration, and general rough usage. 

2. Scope-The purpose of this document is to establish air conditioning 
design guidelines that will apply to most systenls rather than the specific 
design of any particular system. Operating conditions and characteristics of 
the equipment will determine the design of any successful system, and since 
these characteristics and conditions vary greatly from one application to 
another, the designer must determine the goals he expects to reach under the 
conditions encountered. To  determine the capacity of such items as blowers, 
condenser fans, condenser coils, evaporator coils, filters. cornpresson, etc., will 
require the adherence to several guide lines, some of which are outlined in the 
following paragraphs. 

3. Size of Cob-The size of the cab must be considered and the number of 
riders that may normally be in the cab. 

4. Air Flow-The position of the cooling vents and direction of air flow will 
affect the comfort of the operator and may be more important than the 
averag  temperature in the cab. 

5. Clnn'n~q-The amount and type of glazinq in a cab heconics a very 
definite factor in  he design of an air conditioning svstem. It is usually possible 
to insulate the cab walls, roof, floor, ctc., but very little can be done in the 
glazing area l~nless thermopane glass is uscd and this is not too practical from 
the standpoint of cost. If plastic is used instead of glass, the relative heat 
transfer should be considered. Tinted glass may be used to advantage, if 
visibility is not atiected. 

6. Insulation-The extent of insulation required is determined by the 
capacity of the air conditioning system and by the ambient conditions ex- 
pected. Solar radiation is one area of use that may require considerable 
insulation in the rwf  area. Heat generated by the engine and by hydraulic 
equipment may require more insulation in fire walls and floor plates than 
would usually be expected. 

i. seal in,^ of Openings-If a cab is used in extremely hot arnhients and 
unless the air conditioner is of v e v  high capacity, i t  will be necessary to 
recirculate some of the cab air. When ail or a major portion of the cab air is 
recirculated, it is necessary that the cab be well sealed. When i t  is not 
necessary to recirculate the cab air and all outside air is inducted throuqh the 
air conditioning svstem, a ventilator should be provided in the cab. This 
ventilator should be located in a position relative to the cool air vents that will 
allow the cool air to circulate through the cab in a manner to achieve max- 
imum cooling. In all cases, the vent should be a size that will permit a slight 
pressurization within the cab. This pressurization will prevent the entrance of 
dust and hot air through any cracks or small openinys that are not sealed. 

8. Ambient Conditions-To be successful, an air conditioninq system must 
have the ability to achieve a desirable temperature level when operating in 
any ambient expected to be encountered. High temperature and high humid- 
ity perhaps create the most difficult conditions, but the presencz of dust also 
creates problems. Regardless of how often a filter is changed or cleaned in 
extreme dust conditions, there will be some clogging of the filter. The filter, 
therefore, must be lar,qe enough to allow sufficient air passage even though i t  
is partially clogged with dust. The dust conditions also determine the size of 
the evaporator blowers and the condenser location. In some systems, i t  may be 
practical to locate the condenser coil in front of the vehicle's radiator and, if 
this can be done, it will give good results; but careful considcration must be 
given to the problem of dust and dirt clogging the coil and then cutting down 
the efficiency of the radiator. The alternative is to mount the condenser in 
some other location and cool i t  with a motor driven fan or fans. The advan- 
tage of cooling with motor driven fans is that the condenser can be mounted 
in the best possible location relative to the rest of the system and frcedom from 
dirt and dust. The size of the condenser coils, locatior~, and air flow must be 
such that the head pressure on the compressor is not over 300 psi continuous. 
The head pressure will be determined by the temperature of the refrigerant at 
the inlet of the expansion valve. 

9. /lccessibili~ of Seniceable Comfinmfs-To assure the propcr sewicing of 
the filter, i t  must be located so i t  can be removed and replaced with a 
minimum effort and without the need of special tools. Provisions must also be 
made to prevent the accumulation of dust and dirt on the filter from failing on 
the operator when the filter is removed. Even with the use of a filter, some 
dust will eventually accumulate on the evaporator coil and, therefore. the coil 
should be located so i t  can be cleaned when necessary. Controls. switches, 
hose, belts, etc., may require replacement and this should be possible without 
major disassembly. 
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10. RpSrigcrant Lines-Suction line from evaporator to compressor should 
;. be as short as possible and of sufficient size to keep pressure drop to a 
i- .. minimum. Fittings, such as self-sealing couplings, will create some pressure 
: ' drop, and their design should be considered. 
1' I!. .Voise-Fans or blowers can create objectionable noise and vibrations in 
.' a cab if not properly iocated and- balanced. 
i 12. Euaporator Cot~densate Control-In humid conditions, a considerable 

f ,  
amount of condensate accumulates on the evaporator coil, and provisions 
must be made to prevent this from being carried into the cab by the air 

1 . stream, or from leaking in if the evaporator is in the cab roof. If the evaporator 
1. is ahead of the blower, as much as 2 in. water gage negative pressure may 
i result and this must be considered in design of drip pan and drains. 
i 13. Power Requirement-Sufficient power must be available to operate fans, 

blower, and compressor clutch. The amount of power required is considerable 
' ' *  and the output of the vehicle's electrical system may not be sufficient. It may 
:. . be necessan, to use a large capacity generator and heavy duty battery, if an 

I electric motor is used to drive the condenser fan. 

j .  14. Safeo-All components should be positioned in such a manner that 
?. they will not create a hazard to the operator when entering or leaving the cab, 
g: or while operating the equipment. It is very important to position air intakes 

so that exhaust gas will not be drawn into the cab. 
15. Durabilip-Most designers of construction equipment and accessories 

i ' for such equipment are well aware of the shock and vibration usually en- 
; countered, and therefore, should make provisions in an air conditioning 
t system to withstand such conditions. This may require shock mounting of 
! 
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some components. Shect metal parts may have to be fastencd [oqcther with 
bolts and lock nuts rather than sheet metal screws. Systems designed for trucks 
and automobiles are not always sufficiently durable to withstand the shock 
and vibration of construction equipment, especially that which is track 
mounted, such as crawler tractors. 

16. Convenience-All controis. switches, etc., should be positioned for the 
convenience of the operator. See SAE 5680. 
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tioning." Englewood, N. J.: Prentice-Hall, Inc. 

SAE Information Report 
% 

Repon of Construct~on Uach~nerv Techn~cal Cornmlttet approved Apnl 1976 Rat~onale statement available. 

" 1. Purpose-The purpose of this Information Report is to establish mini- 2.1 This Information Report establishes the following minimum per- 

{ mum performance levels in the operator's environment for heated, ventilated, formance levels in the operator's environment: 
and air-conditioned construction and industrial equipment cabs. Also estab- 2.1.1 Minimum cab pressurization and ventilation levels under all 
lished are heating and air-conditioning test procedures for determining opera- conditions of heating, air conditioning, and ventilation. 
tor environment temperature, humidity, and pressurization. 2.1.2 Maximum humidity and minimum temperature differential under air 

NOTE: The subject of noise is not treated in this Information Report. conditioning operation. 
2.1.3 Minimum temperature differential under heater operation. 
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2.2 The  report also establishes uniform test procedures for determining 
minimum performance levels, as defined under 2.1.1-2.1.3, under Heater and 
iir Condilioner opera ti or^. 

3. DeJinitions 
3.1 Operator Environment-The space surrounding the operator as 

defined by the temperature measurement locations of test procedures 6.0 and 
-,.o. 

3.2 Air-Conditioning System-Any system which lowers the effective 
.crnperature of the air within the operator's environment. 

3.3 Heating System-Any svstem which raises the effective temperature 
of the air within the operator's environment. 

3.4 Filtered Fresh Air-Outside air which is passed through a filter that 
i 99.5% eficient using A.C. coarse test dust, defined under Air Cleaner Test 

Code-SAE Ji26b. 
4. ,Minimurn Ptrfonnance Levels Common for Heating Ventilating, and/or 

'ir-Conditioning Systems 
NOTE: All nlctric conversions of data in this report are approximate for ease 

,f interpretation. 
4.1 Under all conditions of heating, ventilating, and air conditioning, the 

eab should be pressurized at a minimum level of 0.05 in of water pressure 
12.4 pascals). 

4.2 Under all conditions of heating, ventilating, and air conditioning, a 
minimum of 25 CFM (11.8 dm3,%) of filtered fresh air per cab occupant 
should be provided. 

4.3 Under all conditions of heating, ventilating, and air conditioning, the 
mperaturev measured in the operator's environment should be uniform 

within 9°F (5°C). 
5. ,Mi~~imum Air Conditioning Performance upon Stabilization under thc Test 

"mditions as Outlined in 6. 
NOTE: Sun Loading is not a test requirement. 

5.1 The air-conditioning system should be capable of reducing the oper- 
ator environment temperature a minimum of 20°F (I 1 .1  TC) below the ambi- 
ent for ambient temperatures of 85'F (29.4'C) to the highest ambient tem- 

:rature at which the machine is designed to operate. 
5.2 The  operator environment humidity should not exceed 70%. 

6. Air Conditioning System Ptrfonnance Test Procedure 
6.1 Test Equipment and Instrumentation Recommendation 

6.1.1 A room sufficiently large to contain the base machine with provisions 
circulate conditioned air. 

6.1.1.1 Field test conditions may be used. 
6.1.2 Thermometers or other temperature measuring devices. Maximum 

Prror should not exceed r 1 T ( t 0 . 5 " C ) .  
6.1.3 Psychrometer to obtain wet bulb temperature reading in svstem. 
aximurn error should not exceed t l a F  (?0.5'C). 
6.1.4 Manometer to measure, enclosure pressurization. Maximum error 

bhould not exceed 1 0 . 0 1  in water of water pressure ( 2 2 . 5  pascals). 

SIDE VlEW 

6.2 Test Conditions 
6.2.1 The air conditioner system shall be completely powered by equip 

ment on the test machine. 
6.2.2 All machine accessories pertinent to the operation of the enclosure, 

enclosure components, filters, and blowers shall be standard production parts 
or equivalent, adjusted within the machine manufacturer's specification lim- 
its. 

6.2.3 If a test room is used, the ambient conditions for moderate tempera. 
ture, high humidity shall be: 

Dry bulb temperature: 90 + 4, -O0F 
(32 + 2, -0°C) 

Wet bulb temperature: 78 + 2, -0°F 
(25.5 + 1 ,  -0°C) 

NOTE: The  velocity of air passing the machine shall not exceed 10mph 
(4.5 m/s). 

6.2.4 If a field test procedure is used, the test conditions shall be a mini- 
mum of 80°F (27°C) dry bulb and 69°F (20.5'C) wet bulb. 

6.2.5 MACH~NE LOAD AND SPEED-The machine shall be operated at rated 
engine speed under no load conditions when used in the test room or under 
field conditions. 

6.3 Measurement Locations 
6.3.1 The ambient air temperatures shall be measured at a location where 

the ambient air is not affected by the machine. 
6.3.2 The operator enclosure pressurization with the air conditioner in 

operation shall be measured according to SAE 51012 and recorded. 
6.3.3 Temperatures .shall be measured at the following locations (see 

Fig. I): 
6.3.3.1 Record dry bulb temperatures as close as practical to the follow. 

ing locations: 
6.3.3.1.1 Two locations 8 in (203 mm) above floor and within 8 in (203 mm) 

of the operator's leys. 
6.3.3.1.2 Three locations at 90 deg intervals in a horizontal plane 30in 

(760 mm) above the machine floor within 8 in (203 mm) of the operator. 
6.3.3.1.3 One  location 8 in (203 mm) in front of the operator at 48 in 

(1220 mm) above the enclosure floor. 
6.3.3.2 Record wet bulb temperatures. Use the same height coordinate 

parameters as for the dry bulb, but with only one reading 8 in (203 rnm) in 
front of operator at the 30 in (760 mm) elevation. A motor driven psychromt. 
ter is recommended for these readings. 

6.4 Test Procedure 
6.4.1 The test conditions described in paragraph 6.2 are to be maintained 

throughout the duration of the test. 
6.4.2 Record the operator environment temperatures as described in para. 

graph 6.3 at approximately 5 min intervals. 
6.4.3 The machine operator environment dry bulb temperatures shall be 

IN.)  

TOP V l E W  

203 mrn 18 I N . )  TYPICAL 

@ 
@ 

@ -203 mm (8 I N . )  \ I 
FIG. I-TEMPERATURE MEASUREMENT LOC.4TIONS 

(REF. SAE J1001i1 
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averaged to obtain an overall enclcsure dry bulb temperature at each reading 
interval. 

6.4.4 The  machine operator environment wet bulb temperatures shall be 
averaged to obtain an overall enclosure wet bulb temperature at each reading 
interval. 

6.4.5 The  t a t  shall be considered terminated when either of the following 
conditions arc fulfilled: 

6.4.5.1 The minimum temperature recorded in paragraph 6.4.3 does not 
drop more than 1'F (0.5'C) in t h r n  consecutive 5 min intervals. 

6.4.5.2 One hour of test operation. 
6.4.6 The  following data shall be recorded: 

6.4.6.1 The  averaged data specified in paragraphs 6.4.3 and 6.4.4. 
6.4.6.2 The  ambient conditions. 
6.4.6.3 Test duration time to achieve final results. 
6.4.6.4 Enclosure pressurization. 

7. Minimum Heah'ng P e r f m a c e  upon Stabiluatian under the Test Condi- 
rim aa Outlincd in 8. 

7.1 The  heating sy-stem should be capable of increasing the operator 
environment temperature a minimum of 50'F (28°C) above the ambient for 
ambient temperatures of 20'F ( -6.7'C) to the lowest ambient temperature at 
which the machine is designed to operate. 

NOTE: Under ambient conditions where Arctic type clothing is worn the 
maximum operator environment temperature should not exceed 25°F 
(-4°C). 

8. He& Syrttm Perfonnaee Test A.oeedure 
8.1 Test Equipment and Instrumentation Recommendation 

8.1.1 A room sufficiently large to contain the base machine with provisions 
to circulate conditioned air. 

8.1.1.1 Field t a t  conditions may be used. 
8.1.2 Thermometen or other temperature measuring devices. Maximum 

error should not exceed 2 1 ° F  (-+0.5"C). 
8.1.3 Manometer to measure enclosure pressurization. Maximum enor 

should not exceed 20 .01  in of water pmsure ( 2 2 . 5  pascals). 
8.2 Test Conditions 

8.2.1 The  heater system shall be completely powered by equipment on the 
t a t  machine. 

8.2.2 All machine accasoria pertinent to the operation of the enclosure, 
enclosure components, filters, and blowers shall be standard production parts 
or equivalent, adjusted within the machine manufacturer's specification lim- 
its. 

8.2.3 If a t a t  mom is used, the ambient conditions for heating tests shall 
be: 

W W T E  AND AUTOMATIC CONTROL 
SYSTEMS FOR CONSTRUCTION AND 
INDUSTRIAL MACHINERY S A E  J956 

Dry bulb temperature: 20°F (-7°C) maximum 

NOTE: The velocity of air passing the machine shall not exceed 10 mph 
(4.5 m/s). 

8.2.4 If a field test procedure is used, the test conditions shall be a maxi- 
mum of 30°F ( -  l 0 c j  dry bulb. 

8.2.5 MACHINE LOAD A N D  SPEED-The machine shall be operated at rated 
engine speed under no load conditions. 

8.3 Measurement Locations 
8.3.1 The ambient air temperatures shall be measured at a location where 

the ambient air is not affected by the machine. 
8.3.2 The operator enclosure pressurization with the heater in operation 

shall be measured according to Sr\E 51012 and recorded. 
8.3.3 Temperatures shall be measured at the following locations (see 

Fig. 1): 
8.3.3.1 Record dry bulb temperatures as close as practical to the follow- 

ing locations: 
8.3.3.1.1 Two locations 8 in (203 mm) above Hoor and within 8 in (203 mnl) 

of the operator's legs. 
8.3.3.1.2 Three locations at 90 deg intervals in a horizontal plane 30 in 

(760mm) above the machine floor within 8 in (203 mm) of the operator. 
8.3.3.1.3 One location 8 in (203 mm) in front of the operator at 48 in 

(1220 mm) above the enclosure floor. 
8.4 Test Procedure 

8.4.1 The test conditions described in paragraph 8.2 are to be maintained 
throughout the duration of the test. 

8.4.2 Record the operator environment temperatures as described in para- 
graph 8.3 at approximately 3 min intervals. 

8.4.3 The machine operator environment dry bulb temperatures shall be 
averaged to obtain an overall enclosure dry bulb temperature at each reading 
interval. 

8.4.4 The test shall be considered terminated when either of the following 
conditions are fulfilled: 

8.4.4.1 The  minimum temperature recorded in paragraph 8.4.3 does not 
raise more than 1°F (0.5") in three consecutive 5 min intervals. 

8.4.4.2 One hour of test operation. 
8.4.5 The following data shall be recorded: 

8.4.5.1 The averaged data specified in paragraphs 8.4.3 and 8.4.4. 
8.4.5.2 The ambient conditions. 
8.4.5.3 Test duration time to achieve final results. 
8.4.5.4 Enclosure pressurization. 

SAE Recommended Practice 

Repon of Comtruction and Industrial Machiney Technical Cornmitre appmved June 1966. Reaffirmed without change October I973 

Pwposc mrd Scope--The purpose of this SAE Recommended Practice is to 
define common terms relating to remote and automatic control systems so as 
to facilitate clear understanding as to their meaning and to promote uni. 
formity of nomenclature in engineering discussions, technical papers, and 
specifications. This report will also cover some of the newer areas in remote 
and automatic controls, such as ultrasonic techniques and laser beams. 

Fig. 1 is a block diagram outlining the design of a basic remote control 
system for use with construction and industrial machinery. Figs. 2 and 3 show 
typical installations on construction and industrial machinery. 

Nommwkc-Remote and Automatic Control Systems 
Actuator-A device for providing positioning power. 

A 

Attenuation-The process of reducing the amplitude of a signal. 
Automatic Controller-A device or instrument which is capable of meas- 

uring and regulating a process or operation. 
Barrier-The medium, or resistance path, through which a radio signal is 

to be transmitted. 
Breadboarding-Construction of a system or portion of a system for the 

purpose of studying characteristics without anv regard for size or appearance. 
Carrier Frequency-Fixed frequency upon which usable data is super- 

imposed. 
Closed Loop-A part of a system characterized by the provision of means 

for observation or measurement of the output together with a feedback path 

I-56 
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scalp as possible, measure from the surface distance in the coronal plane from 743 113, Aerospace Medical Research Laboratory, Wright-Patterson Air F w a  
the left to the right tragion landmark. Base, Ohio, 1972. 

37. Bitragion Breadth-Subject sits erect. The horizontal breadth of the 2. Department of the Army, "Human Engineering Design Criteria for 
head is measured from the right tragion to the corresponding tragion of the Military Systems," MIL STD 1472B. U. S. Army Natick Laboratories, Masaa. 
left ear using spreading calipers. chusetts, October 1973 (publication release date: 1974). 

38. Tragion to Top of Head-Subject stands under a headboard. Head- 3. H. T. E. Hertzberg, G. S. Daniels, and E. Churchill, Anthropomety o/ 
board is adjusted so that its vertical and horizontal planes are in firm contact Flyrng Pnsonnel-1950. WADC Technical Report 52-321, Aero Medical Labor- 
with the back and the top of the head. Measure the vertical distance from the atory, Wright-Patterson Air Force Base, Ohio, 1954. 
horizontal plane to the right tragion landmark. 4. Society of Automotive Engineers, "Male Physical Dimensions for Con- 

39. Tragion to iVall-Subject stands under a headboard. Headboard is struction and Industrial Equipment Design," SAE 5833. SAE Handbook, New 
adjusted so that its vertical and horizontal planes are in firm contact with the York, 1962. 
back and the top of the head. Measure the horizontal distance from the 5. U. S. Dept. of Health, Education and Welfare, Weight, Height nndSclectrd 
vertical plane to the right tragion landmark. Body Dimemions ofAdulfs-U. S., 1960-1962. National Center for Health Statis- 

40. Ectocanthus to iVall-Subject stands under a headboard. Measure tics, Washington, D. C., 1965. 
the horizontal distance from the vertical plane to the right ectocanthus (outer 6. R. M. White, et al., The Body Sire of Soldim: U. S. Amy Anthropo- 
corner) of eye. mcty-1966. Report AD 743 456, U. S .  Army Natick Laboratories, Natick, 

41. Weight-With subjects nude or semi-clothed, no shoes, to the nearest Massachusetts, 1971. 
kilogram on spring platform scale. 7. Wesley E. Woodson and Donald W. Conover, Human Engineering Cuidc for 

R~crmces Equipment Designers. Berkeley: University of California Press, 1964. 
1. Charles E. Clauser, et al., Anthropomclry d d i r  Force Women. Report AD 

MINIMUM ACCESS DIMENSIONS FOR CONSTRUCTION 
AND INDUSTRIAL MACHINERY-SAE 592.5 SAE Recommended Practice 

Repon of Conrtrurt~on and Industr~al Xtachlncr, Techn~cal Cornrnirrcc appraved July 1965 

This SAE Recommended Practice is intended to give information to 
engineers and designers in order that access openings provided in equipment 
and machinery for purposes of inspection, adjustment, and maintenance are 
made large enough for efficient performance of the intended function by the 
man in the field or shop. 

The larger openings for access with arctic clothing are based on military 
arctic clothing. They are intended for military equipment and also equipment 

MINIMUM SQUARE 

HEAD BARE 
I I .O 

HAT HELMET 12.0 

FIG. ?-RECOMMENDED MINIMUM DIMENSIONS FOR HEAD 
ACCESS, 95TH PERCENTILE 

used on civilian construction requiring performance in cold environments. 
Bascd on available anthropometric data, the recommended openings are the 
smallest that will accommodate 95% of the people. 

In many cases larger opening will be mandatory to perform the specific 
intended operation. In most cases openings larger than the recommended 
minimum will be more useful and efficient. 

Recommended minimum openings for hand 95th percentile arc shown in 
Fig. 1. Fig. 2 gives recommended minimum openings for head passage 95th 
percentile and Fig. 3 gives recommended minimum openings for body man- 

MINIMUM / SQUARE 

ARCTIC MITTEN 5 . 5  j 5 5  5.5  3.75 5.5 through the opening. Larger openings will be needed in specific instances, 
NOTE: OPTIONAL ON ALL CORNERS, MAX. 1 IN. RADIUS depending upon nature of task, size and weight of parts, etc. They are based 

on data from: QM Handbook Series, Human Engineering Guide to Equip  
FIG. I-RECOMMENDED MINIMUM DIMENSIONS FOR HAND ment Design, SAE tables, and Product Engineering (Human Engineering 

ACCESS, 95TH PERCENTILE Reprints). 
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W I L 

4 0  1 4 . 0  

RECTANGULAR hole access 95th percentile. Recommended minimum dimensions for reach 
W 

2.25 
L access 95th percentile are shown in Figs. 4 and 5. 

4 . 0  The dimensions shown are the recommended minimum for limited activity 
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I MINIMUM DIMENSIONS I 
ONE ARM. IN I I 

MINIMUM 
DIMENSIONS. IN. 

NORMAL CLOTHED 

ARCTIC CLOTHED 

ARM BARE 6 8 

ARCTIC CLOTHED j B 1 0  

NOTE OPTIONAL ON ALL  CORNERS. MAX. 
1 I N  RADIUS 

MOTE' OPTIONAL ON ALL CORNERS. MAX. 1 IN. RADIUS 

SQUARE 1 ROUND / RECTANGULAR 

FIG. 4-RECOiMSIEXDED MINIXIUAI DIMESSIONS FOR ARM 
REACH ACCESS, 95TH PERCEN'I'ILE 

FIG. 3-RECOMMEYDED JIINIXIUM DIAIENSIOSS FOR BODY 
ACCESS, 95TH PERCENTILE 

W I L  
12.0 1 2 2 0  
14 0 2 4 0  

W 
18.0 

2 0 . 0  

DIMENSION OF OBJECT 
BETWEEN HANDS+ 4 5  IN. 4 + P  IN. ARCTIC CLOTHED 

L 
1 8 . 0  

2 0 . 0  

kc w -1 Ir + I  IN. ARCTIC CLOTHED 

D 
2 2 . 0  

2 4  0 

FIG. 5-RECOMMENDED MINIMUM DIMENSIONS FOR TWO. 
HANDED ACCESS, 9 5 T H  PERCENTILE 

- 
W 

MINIMUM WIDTH 
3/4 R 
314 R.2 IN. , 

MINIMUM DIMENSIONS 
TWO -HANDS 

N O R M I L C L O T H E D  - 
ARCTIC CLOTHED 

ACCESS SYSTEMS FOR CONSTRUCTlON 
AND INDUSTRIAL EQUIPMENT-SAE 5185 SAE Recommended Practice 

R 
REQUIRED REACH 

R 
R 

Rcpon of Construction and Industrial Machinery Techn~cal Committee approved July 1970. 

I. Purpose-This recommended practice is intended as a guide for design- injury to personnel getting on, off, or moving about on vehicles while servicin 
ing access systems to the operating station and service points on all types of and/or preparing to operate them. 
machines used in construction. material handling, mining, logging, and other 2. Scope 
similar industries, primarily to aid in preventing accidents and reducing 2.1 This recommended practice covers the criteria for steps, ladder 
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walkways, platforms, grab rails (handrails), grab irons, guardrails, and C I I -  

trance openings as they relate to aiding the operator and/or servicemen In 
performing their functions on the vehicle. 

2.2 This recommended practice docs not include any criteria for the floor 
of the operating compartment. 

3. Dejnitiow 
3.1 Steo-A device desiened for foot olacement. 

0 

3.2 Ladder-A system consisting of a series of steps that are uniformly 
spaced and will accommodate either/or both feet. 

3.2.1 V E R ~ C A L  LADDER-A ladder slanted not less than 75 deg from hori- 
zontal. 

3.2.2 INCLINED LADDER-A ladder slanted less than 75 deg from horizontal. 
3.3 Walkways-A surface designed for personnel to move about on the 

vehicle. 
3.4 Platform-A surface on which personnel are required to perform a 

service function, or a machine function other than operating. 
3.5 Grab Rail (Handrail) and Grab Iron-Devices that may be grasped 

by the hand for body support. 
3.5.1 GRAB RAIL (HANDRAIL)-A device designed specifically to permit 

movement of the hand to a different location without removing the hand from 
the device (Fig. 4). 

3.5.2 Grue IRON-A device designed specifically for single placement of a 
hand (Fig. 3). 

3.6 Guardrail-A rail above the outside edge of walkways or platforms 
(Fig. 6). 

3.7 Entrance Opening-The opening providing en t r j  to the operating 
compartment. (See also SAE 5925.) 

4. General Criteria 
4.1 The design of these devices and the means of attachment should 

provide adequate strength for the purpose intended. 
4.2 The designer should desiqn for both the 95th percentile group and 

the 5th percentile groups. (See SAE J833.j 
4.3 The designs and attachment means should be such as to minimize 

the probability of the user becom~ng lodged inadvertently, for example, the 
lodging of a finger, hand, foot, or wearing apparel. 

4.4 Devices designed for hand contact should be free of roughness, such 
as sharp cornen or weld spatter. 

4.5 The design and placement of these devices should be such as to 
minimize protrusions that could increase injury in case of a fall. 

4.6 These devices may be portable to provide convenient storage on the 
vehicle; but, when in use position, they should not move under load (see 
paragraph 5.13). 

4.7 Steps, ladders, and grab rails to, on, and from platforms and walk- 
ways, should be designed to invite the person using them to have three limbs 
on the system at all times. (Two hands and one-foot, or two feet and one 
hand.) 
5. Steps and Ladders 

5.1 The maximum height of the first step from the ground to the ma- 
chine should not exceed 30 in. when the machine is in the normal parked 
condition. The preferred height of this step is 16 in. 

5.2 The maximum distance between-steps of vertical ladders on ma- 
chines is 16 in. The preferred distance between steps is 12 in. 

5.3 Where lateral movement is necessary from the top step of a vertical 
ladder to a walkway or a platform, the vertical distance should be no more 
than 12 in. 

5.4 It is preferred that all steps have the width capacity to hold both feet. 
The minimum width for such design is 12 in. The preferred width is 15 in. 

5.5 In those cases where only one foot is used on a step, that step should 
be no less than 6 in. wide. Steps 7.5 in, wide are preferred. The use of such 
steps dictates that they be coordinated with properly positioned grab rails to 
force the use of the proper foot. 

5.6 The minimum toe clearance from the outside edge of the step should 
be 5 in. The preferred distance is 7 in. (Fig. 1). 

5.7 The minimum clearance height at the instep is 6 in. The preferred 
height is 7'!, in. (Fig. 1 ) .  

5.8 Wherever a foot may contact a moving part by protruding through 
the step, a shield should be provided between the step and the moving part. 
(See SAE 5907.) 

5.9 Where steps are in series to form an inclined ladder, they should be 
spaced such that two times the rise plus the stride distance (the horizontal 
distance from the leading edge of one step to the leading edge of the next step) 
should be no more than 30 in. (Fig. 2). 

5.10 The tread surface of a step should not be designed for use as a grab 
iron. The leading edge ofsteps should have no protrusions capable of snagging 
a finger, ring, or clothing. 

5.11 The design of steps should minimize the accumulation of debris. 
The tread surface should be a high slip resistant surface and should aid in the 
cleaning of mud and debris from the shoe sole. 

b IN MIN 
75  IN PREFERRED 

5 IN MIN 
7 IN PREFERRED 

FIG. 1 FIG. 2 

5.12 Flexible mounted steps should be avoided whenever possible. Where 
ground clearances dictate, the first step from the ground may be so mounted. 
However, only one step in a series may be so mounted. 

5.13 The preferred head room clearance above all ladders and steps 
should be 75 in. (See SAE 5833.) 

6. Grab Rails (Handrails) and Grab Irons 
6.1 Grab rails, appropriately spaced to provide continuous support to a 

moving man, should be placed within convenient reach. 
6.2 The preferred cross section of a grab rail and grab iron is circular. A 

square or rectangular cross section with round corners is permissible. 
6.3 For circular cross secrion grab rails and grab irons. the maximum 

diameter should be 1 %  in. The minimum diameter should be '/, in. The 
preferred dimension is 1 in. For square or rectangular cross section, these 
dimensions apply across flats. 

6.4 Grab irons should have a minimum accessible length over and above 
the bend radii of the support legs of 6 in. The preferred length is 10 in. 
(Fig. 3). 

6.5 The minimum hand clearance of all grab rails and grab irons should 
be 3 in. to all surfaces (Pig. 3). 

6.6 Grab rails and successive grab irons should be placed parallel to the 
path of motion of the user. Grab irons may be oriented vertically or hori- 
zontally but should be consistent within a given system. 

6.7 Any grab rail or grab iron on which the hand surface extends beyond 
the support should have a change of shape at the end of the hand surface to 
help prevent the hand from slipping off the end. 

6.8 Grab rails or grab irons for access purposes should begin at a m u -  
imum height of 58 in. above the ground when the machine is in a normal 
parked position. It is preferred that the grab rail continue to at least 36 in. 
above the final step. 

6.9 The vertical grab rails or grab irons should be spaced no more than 
8 in. to the side of the nearest edge of the step surface. The preferred spacing 
between parallel grab rails is 16 in. The maximum spacing between parallel 
grab rails is 30 in. 

6.10 On inclined ladders, where hip clearance is a factor,, the preferred 
spacing between parallel grab rails is 24 in. 

6.11 The preferred grab rail height vertically above any step or inclined 
ladder is 36 in. (Fig. 4). 

6.12 When grab rails or grab irons are placed above walkways, they 
should be located 34-58 in. above the walkways (Fig. 5). 

6.13 The use of grab rails in a ladder system is preferred to g a b  irons. 
Where grab irons are used, the spacing should correspond to the step spacing. 

FIG. 5 FIG. 4 
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34 'N 
TO 

58 IN. 

FIG. 5 

I 7. Guardrails 
7.1 A rigid guardrail should be placed above the edge of walkways and 

platforms when a grab rail has not been provided. 

I 7.2 The preferred guardrail height is 42 in. above the walkway or plat- 
form. A second rail should be spaced midway between the walkway and the 
top rail (Fig. 6). 

1 7.3 Where an opening has been provided. other than at  the end of a 

I guardrail to provide ladder or step access, a safety bar or chain should be 
provided across the opening. 

f 
8. IYalkways and P l a l f o m  

8.1 Tread surfaces of all walkways and platforms should have high slip 
resistance as well as self-cleaning properties. 

8.2 All walkways and platforms should have a minimum width of 15 in. 
8.3 The edge of a walkway or platform adjacent to a step or ladder 

should have no protrusions capable of snagging a finger, ring, or clothing. 
9. Vertical Entrance Openings 

9.1 The preferred entrance opening width is 27 in. The minimum open- 
ing width is 18 in. 

1 9.2 The preferred door height of sit down type cabs is 52 in. or more from 
the floor. The preferred height of doors in stand up type cabs is 72 in. or more 
from the floor. 

9.3 An alternate exit for emergency purposes should be provided in a cab 
surface different from the entrance door wall. The exit dimensions should be 
equal to or larger than the dimensions given in SAE 5925. 

9.4 The cab door should be accessible directly from the access steps or 
fmm a walkway or platform. 

9.5 The door should not sweep the area of the platform or the steps on 

1 which the man must stand to open the door. 

I11 
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FIG. 6 

9.6 The external door handle should be located 24-48 in. above the step 
or platform on which the man must stand to open the door. The recom- 
mended height is 36 in. 

9.7 The internal door handle should be locatrd 21-30 in. from the floor 
for the seated man and 32-38 in, from the floor for the standing man. 

10. Other Considerations 
10.1 It is recognized that some shoe sole materials are more slip resistant 

than others. Operating and servicing personnel should be encouraged to wear 
footwear with a high slip resistant sole material. 

10.2 In the design of equipment i t  is preferred that the location of service 
points minimize the movement of service personnel on the machine. 

FORCE-DEFLECTION MEASUREMENTS OF 
SEAT AND BACK CUSHIONS FOR AGRICULTURAL, 
CONSTRUCTION, AND INDUSTRIAL 
EQUIPMENT-SAE J 105 1 SAE Recommended Practice 

1. Scope-This SAE Recommended Practice defines a method of determin- 
ing the force-deflection characteristics of a finished seat cushion and a finished 
back cushion of any construction and may be used to help determine seat 
comfort characteristics and in quality control. 

2. Test Apparatw 
2.1 An 8 in. (203 rnm) diameter, rigid. flat indentor (Fig. I) with the 

force applied through a rigid joint or a swivel joint capable of accommodating 
the angle of the top surface of the test specimen. 

2.2 A platform capable of positioning the top surface of the test specimen 
parallel to and centered with the rigid joint indentor and not to restrict the 
breathing or normal deformation of the specimen tested (Fig. 2). The indentor 
with the swivel joint may be preferred for tapered or irregular shaped cushions 
or for a fixed platform (Fig. 3). 

2.3 An apparatus capable of applying forces and measuring the deflec- 
tion of the indentor into the specimen. 

3. Procedure 
3.1 The test specimen shall consist of a finished upholstered product 

1 -seat cushion and/or back cushion in an unused condition (with packaging 
or protective bag removed). 

3.2 Test Conditions-The specimen shall be conditioned, undeflected 
1 and undistorted, at  72 2 5 ° F  (22 C 2.8"C) and relative humidity of 50 C 270 
1 for at least 12 h before being tested. It is recommended that all tests be 
j performed 96 h or more after the manufacture of the raw materials used in the 

test specimen (foam, elastic components other than metal, etc.). In case of 
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question, refer to the applicable SAE or ASTM specification (if available) for 
the particular material. 

3.3 Test Method 
3.3.1 Mount the test specimen with the top surface parallel to and centerec 

with the indentor, unless otherwise specified by mutual agreement of thc 
manufacturer and customer. In the case of cushions with unusual shapes ol 

- 0 . 0 6  (1.5) 
NOTE: OIMENSIONS ARE IN (mml 

FIG. 1-FLAT INDENTOR 


