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(6. Abstract

This report summarizes the proceedings of the 1978 workshops on passenger
ride accep tance/fuel economy tradeoffs jointly funded by the TliS. Deoartment of
Transportation and the National Aeronautics and Space Administration . Four
workshops were conduc ted under the ausoices of the Transportation Research
Board’s Committee A3C1I on Ride Quality and Passenger Acceptance at the National
Academy of Sciences Summer Study Center , Woods Hole , Massachusetts , from
Sep tember 6—8 , l978.—~~Topics of discussion included ride quality and passenger
acceptance problems associated with enhanced fuel efficiency of automobiles
(Group A) and aircraf t (Group B); shif ts in intermediate range (100—500 miles)
travel from automobiles to public transit (Group C); and implications of increased
size disparity for ground transport freigh t and passenger vehicles  us ing shared
guideways (Group D). In each group , major problem areas were identified and
strategies for conduc ting pertinent research were outlined. A glossary of
technical terms and a list of workshop participants are also inciu~ed in the report.~
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.- \ s  ed it L T S , we would I ike to eserc~ ~c our p re ro gative / 
-

~o t h a n h  a l l  our f r i e n d s  and colleague s whose efforts made

t h i s  a i r k s h o p  ~;u c c e s s f a l  and t i t i s  r ep o r t  p o s s i b l e .  No r e f e r
r a  t he ~r ou~; 1t- :~d e r s  ar i d g roup  r e c o r d e r s  ah o s e  n a m e s  ap p e a r
ci ~c’where in t h i s  r e p o r t , to Don r u s sm a n  of Dfll/~~’SC w h o  so
ab ly  d i r e c t e i  t h e  c o n : e r t u a l  o r g - n 1 : a t i o n  of t h e  i.. o r k s }~op ,
to -\ n ri Symners  -and ~a ] p h ~t c ne of  t h e  U n i v e ~ s~ of  ~ i r g i n i e
a b c  ass  ~s ted  in m a k i n g  t h e  g e n e r a l  a r r a r ~~em en t s  fn ~~ t~a~
mee t i ng an d ~n i t s  d a i l y  op erat ion , and ~o C o n n i e  R ob~ nson
an d al l  th.~ m embe r s  of  t he  s t a f f  of t he  : i t i o n a ~ A c a d e m y  ~~
Science Summer Study Center at W o o d s  Hole , w h o se  u n t i r i n g
efforts made our stay so pleasant and enjoyable.

A specia l expression of gratitud e on behalf of all the-

a t t e m i c i e s  is due to J a c k  F e a r n s i d e s , Deputy n/iersecret arv of

T r a n s p o r t a t i o n  who , as he has  a t  our r’~~st w o r k s h o p s , r n a d e  a
special effort to share an evening with us. It was  m o s t
st imula tLmig and prof itable for all.

The workshop was funded in part h the 1I .~~~. Department

of Tran srcrtat ion , through the Transportatio n Advanced Research

Project of the Office of Systcns Engin oeri ap , Research and

Special Programs .\hnin i stration , ard by ~ h o .\oise £f fectc

Branch of the Acoustics and Noise Reduction Picision of the

NASA/L angley Research Center. Financia l ~urnort was also

indirectl y obtained from the rran~- organi:ations i-ho ‘rowided

the time and supporte d the expenses of the r staff m embers who

were in attendance. On behalf of the member s of t h e TRB

Cojnmittee A3C 1 1, we w ish to acknowled ge our indebtedness and

ex t e n d  our t h a n k s  to  a l l  t h e se  o r g a n i z a t i o n s .  ~( i t h ou t  t h e i r
support , there would have been no workshop.

Finally, it should be emphasized that the repurts of

t I e specific groups are primarily the work of the  r eco ’-der s
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and  c h a i r m e n  of t h o s e  m zrolin s. The r e c o r d e r s  p r e p a r e d  t h e
o r i g i n a l  d r i f t s , whi c h were then circul ated to the group

c h a i r m e n  and s e l e c t e d  m e m b e r s  f o r  c o m m e n t .  A d d i t i o n a l
d r a f t s  were rev iem ~ei Dv t h e  e d i t o r  and used  as deemed
am ) m ) r o p r i a t e .

‘.o effort has been made to force the groun reports into
any particul ar st yle or format. The chairman and recorder had

comp lete freedom to select the style of presentation that was

most appropriate for their group . However , we have arevailed

upon certain writers to provide a glossary of technical

terms used in their respective presentations. They appear

at the end of the approp riate sections. We hope that the

g lossaries i c il l urov ide suffi cient exp lanation of somc of

the more specific concepts which formed an integral part of

the workshop discussions to make this report accessible to

all who are interested in fuel economy/ride quality issues.

- ~~~~~~~~~~~~~ 
-
~~

-
~ 

- . - --

~~~~~~~



CONTENTS

Sec tion Page

I . I N T R O D U C T I O N  1

1.1 B a c k g r o u n d  arid O b j e c t i v e s  1
1 . 2  O r g a n i z a t i o n  of t he  ~o r k s h o o  3
1.3  I n d i v i d u a l  Workshop  A t t endees  4

2. G R O U P  A - R I D E  Q U A L I T Y  AND PASS ENGC R —

- \C C i . P TA.N CE PROBLEMS ASSOCI A TED IcI T H LN!IANC LL (
AUTO FUEL 1 . F F I C I I ; N C Y  8

2 . 1  G e n e r a l  C o n s i d e r a t i o n s  8 ‘ -

2 . 1 . 1  Focus of P rev ious  W o r k s h o p s  8
2 . 1 . 2  Ef f e c t s  of New C o n s t r a i n t s  8
2 . 1.3 D e f i n i t i o n  of Group Tasks  9

2 . 2  T e c h n i c a l  A s p e c t s  of Lnhanced  Fuel
E f f i c i e ; i c y  10

2 . 2 . 1  A n t i c i pa ted  Eng i n e e r i n g  Changes  10
2 . 2 . 2  R e s u l t i n g  Techn ica l  P r o b l e m s  10
2 . 2 . 3  S t a t u s  of Current Technology 13
2 . 2 . 4  P roposed  Resea rch  13

2 . 3  B e h a v i o r a l  Fac to r s  and The i r  Imapct
Upon Required Research 18

2.3.1 Customer Attitudes 18
2.3.2 Implications to the Vehicle

Designer 18
2.3.3 Impact on Required Research 19
2.3.4 Approach to Research 19
2.3.5 Proposed Research 20

2.4 REFERENCES 25

GROUP B - RIDE QUALITY AND PASSENGER ACCEP-
lANCE PROBLEMS ASSOCIATED WITH AIRCRAFT FUEL
EFFICIENCY 27

3.1 Introduction 27
3 . 2  Aerodynamics 30

3.2.1 Supercritical Wing 31
3 . 2 . 2  Var i a b l e Camber Wi ng 31
3.2.3 Other Drag Reduction Techniques 31
3.2.4 Boundary Layer Control 32

- -  -~~~~~~~-~~~~~~~~ -~ -~~~~-— ~~~ 
_ _ _

v~~~

__
~~~

_

~ 

- - -

~

-.—

~~~~~~

.

~~~

— i—

~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



CON1 ENTS ( c o N T . )

aI ’~~ t t Oa

5 .5 hi ~~ 1. ft i)evi.. e~
3. .~ . I a i j ’ ~~ t at  i na 1 1 ichn i ones . 33

-~ . P ro~~a 1 i a i  . 5 1

S . 5 . 1 a rho ban nD 1 ne  s .

S. S. 2 Turbep rOp a V e r a  ~~ So
5 . 3 . 3  P I o u ~ni~ fc~ h n i q u e s  
-~ - . 1 a I i ~

‘ Op t  1 I ’S S
3. a. S Nea ao i s  35
S . 3. h ~~~~~ r ’  3~)

5 . ~~~~~~i ’~~~a l O s  3~i

3. 4 .1 ‘H t e r i a l s  SD
I . 2 , \[~~ 1j  ~ a I i o n s  4 i

3 . .1 . A I no ~.u i ny 41
5.1 . \c~ e~ t inc I i
S . . S I ml) 1 OflIefl t a t  i o i l  
S . 4 . 0 511.  U.~.l r v  S

3 . a t I l e h i t  Con t r o l s  45

- S. I Dove i- s ib 1 e Cent e e l s  4 5
3 . . 2 Reve rs  i S l o  i ’oflt vo l ~~~ it l’ i r a  I 1 c i

St p . 1 ri t C 011 1’ (a o t n t  eon  I I C  I O U  -

I CO I s 4 ~S . a . 3 1 “ r e ~ e r s ib Ic C on t ro is  4 S
3 . .~ . S l i l n a  1’\ 

3 1 
~h~ ’ ~~~ I tens 4

3.0.1 h i k e  \oi ’t c \ .\~ o~~h~n c e  50
3. n .  2 A t rpert dos ign  SD
S .o . S hL ’.l t hter S I
3 .1- . 1 \ o i s e  Aba tem ent 
3 . 0 . S 1. Oln i f l I l i l  I 001  1 Ofl ~ a 2

~ To r i n  k i w i  I A r e a  N a y  i h ’Jlt ion 52
3.o .7 hind Sh eni 53
.S .~~.S achedul ing S 4
3 . c . 9  Ground Cen t  e e l  a t  t h e  1’ e r m i n : i l~~~~ 55
.; (~ . 

1 ( 1  ~umm.i r~ SI’

S . .ie 1 or  0
3. ~ t i l t  I l~~O \ j  i - c ra  Len  ( i~~u r a t  i en s  ad
S . D eer ie  r i  1 S t i I , l la  cv 

vi 

-

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



CONTENTS (coN i.)

S e c t i o n  Page

3.10 Research Needs 62
3.11 Glossary 64

4 . GROUP C - SHIFTS  IN I N T E R J I E D I A T E  RANGE
~I 0 0 - S 0 0  ~4 1LE S) T RAVEL FROM AUT OS TO
PUB L I C ’I’ RA NSIT  66

4 . 1  I n t r o d u c t i o n  66
4.2 Travel Behavior and Decision-Making... 67

4 . 2 .1 Projec t I : Taxono my of
Int ermed iate Leng th Travel
Behavior 67

4.2.2 Project II: Analysis of
Traveler Decision-Making and
Awareness of Alternatives 69

4.2.3 Project III: Use of Non-
Survey Techniques 70

4.3 Marketing and Promotion of Travel
Alternatives 71

4.3.1 Project IV: Identification of
the Market for Public Trans-
portation 71

4.3.2 Project V: Development of
Strateg ies to Promote Use of
Public Transportation 72

4.4 User-Oriented Design 72

4.4.1 Project VI: Methods to Improve
Availability 73

4.4.2 Project VII: Service Segmenta-
t ion 74

4.4.3 Project VIII: Service Manage-
ment 75

4.5 References 76

5.  GROUP D - IMPLICATIONS OF INCREASED SIZE
DISPARITY FOR GROUND TRANSPORT FREIGHT AND
PASSENGER VEHICLES USING SHARED GUIDEWAYS.. 77

5.1 Introduction 77
5.2 Sub-Gro up D-1: Rail 80

5.2. 1 Research Area D-1.l: Freight
Vehicle /Locomo t ive Truck
Design 80

vii

_ _ _  
~~ . --—

~~~~~
--

~ 
~~~~~~~~~~~

- - ,- --
~~~~-



~~~1cUN 1LNTS ( c o N T . )

S I L t  1011 l a c e

s.  . .2 ~e s e a  ci i  t e e n  i i -  1 . 2 :  I r a c k
D t s e . r  ic l i . S I

a . 2 . 3 Rese ,i icli tee - i 1 . 3: Da i 1
l 0 i S s c i i g c  r \ e l i  1 1 es . 53

a . S S t il l — t i e  Ip  1 ) — .2 : I i  A i~ ~ . S I

a . 3 . 1 D~~se. i  Fe  It \ c c i  H .2 . 1: I s  t I  1 i s i t  -

I: iCi i  t 01 a N a T. iou ,’ 1 D o . i J  P e t  l o t
m i c e  at  a u d i i d  

a . 3 . .2 R e s t -a  i c R  \ c c i  ~~
- .2 . : i c r  o t i l l  C t

S t  :11111.1 rds and U s e  Des I e t c  1 ioii s to c
Li e F i t .’ l i t  t - a t  i V  l u g  \ ch ic i t ’s . . . - -

A .  5 . 3 Re sta ic R  A i t .’;, 1)- .2 . S : I i : l~~.ic t 01 i l l
I it e  rca~~cd 5 1 c c  lu ll Ic I t~I it H is -

p , 1~~~ i t  V O i l  t i t ’ S a I Ct  V 0 1 I i i  g i i t ~ .1 V

H i l t ’ I .. t I O i l s  SD
S. 3. 4 R e s e n  F e l l  t e e n  1 .2 . I : Vevc [op

a i t  a S  Ic ho  r u i n  I i s  l o u  l i s t ’ I L o S t  5

I n  t o l e t .’ i t - i i t O s 15 , .11111 ~ p e c d
. ou s t  r a  t i l t s  

a . S . a Re sea  cc It .\ F t  .1  .2 . a : ~~ t.’ 1 1 0, 111
[l e t  cc t 1 OI l  .11 111 U t  0 F Ce  l i l t ’ I l t  

5. -I a , ilt — i. u I l ip  l i - S :  \ d v a , i c t ’u L o i i c t ’ pt s  H A

- I .  I De sc; i  i c l i  A r ea  1) - S .  I : t ) j e l - ;I t  I oti;i 1
11111 i C  1 11015 te Cons l I l t ’ r a t  i ~~n s toe

1)ed 1C ~1 t eli [a 1105 t ot’ o t t u t i t o u l  C i  ic i ce
Pa c n i ~e r an d  Fi t’ i g u t  l i - a  I I i c H 3

a .  -I .2 R e s c i c c i i  .- \ r c a  1 ) - S .  .2 :  :1 iu a t Ion
ot i t .’ I t  z t t  1 t i l l  l O l l i l t I  I c i  I t S  1 0 1 -  t :1 —

t loll 5’ st  cm Pt’ u i  0 u m a i l e c  Clj;i I i .  —

t c F 1 St  I C 5 t O  I I’ FC 1 H b i t  -. Pass cii go

~ h ia  I t’ti t i  I d c i x  a v Sc cv ice Ho
a .1. s Dt ’ s c , i  l I l t  A r e a  1 ) — S .  5 :  Pot cut i ,i I

t oe i.c~ i t  . i t c d  H i o u n d  1 i ’; iu s p o r t
Sc s t cm~ t 0 Red l ie  e Lu  i dei~ av  \ cli i c I e
Ma t n t  e l i ; i n t .’C RcL D I  I t  em e i l t  s 

A . -I . -I Rcs ca cc i i  \ en 1) - 3 . 4 . A u t  o m at  ed
i n t o u c i t ’  R I I H 1 ) C i ’ - l i  lOl l F r e i g h t
;lllti Pass e t i g e  1 ISa 11 1 11:1 V S~ St t’lliS . . .  H H

;~. S  ( l o s s . i r v  10’,)
5- . I snA g r~~up St rue tUFt ’ 101 ’ ;fOll~ U I H 1

\ I ’ I ’ I _ \ L )i N \ - M e n m h e r s  01 1 1 th Coi nm ii t tt ce A 3C ii 103

\ i I’ i  N i )  I N B - P a r t  i e m p attI s - 1 H S R Lit ’ Ott.i i i  I V a Ul l
P a s s  t’ngc F tI L

• ep t t h e e  I tO rk  shop  1 0 a

~‘i i  i

A

—~~~~~ -‘—. - — I— .—~~~ . 
. .

~~

, - --



- - —----- _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LIST OF ILLUSTRA TI ONS

F i ~~~z r e

3- i ii t I M \ N  I l l - MI N I  I N i l  RAt ’I ION MA I’RI N ~s

A -  I H i d  \ )  T O N S I I I  P B 1 2 1 i ~1 1 \  F - \ C I i i R S  Ill St t ) S S I l ) . .

LIST OF TABLES

I - .  ‘ i c e

2 — I  S i l ~t~l .- \RY 01 \ I 12D12D H I I S I  \ L u ’ I l  ON
~‘ i i I l i t ’ l l  l N G I N I - I D I N ’ ,  

.2 — . S U M M A R Y  01 N i d D l i l )  RI S F A R . ’ll ON i l l S  y ( M1 R
C I i \ R ’i C l  1 R I S I  I C S  24

3-  1 1 1 1 1 -  FF1 FC ’[ S H I :  ADV .- \N CFS  I N  U D O l O  N A M  [CS
TI CI INO I OC’t S 5

T IlL l l ~l l C T S  HI : \D~ \ \ i ’FS I N  P R O P I I I , S i O N
‘I’ I CIINO l i l L Y 11)

3 - 3  lIll i F l l L C I S  01 N1d ~ P I V ~~lH1 ’M ) \ 25 iN
S’I RI IC’I’ti R1iS - 1 1

ni i  I1 FLCFS UI N i c  flLV1i1,OP \II2NTS IN —

CON I Roi.s I S

3 - S  ‘[‘Ill LFFEC ’I ’S OF NId c l )I1V IIOPMI\I ’S IN
0P1 R U  I , INS 

3— Ft1’~U RI~ A I R C R A F T  1-’l

Ufl .- tS HA Y ! N H MAJ OR PO ’ 1’ !2N Ii \ l !~)fl Dl ii i
S A V I N C  

ix

‘ - ~~---‘±:a ~~~~~~~~~



— ~~~~~~~~~~~~ 
, ,  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~‘ - ‘ V.. —- -

I 

‘ ‘i ’ ’  ~~~~ ~I I I~~~~~
_
~

:~~
— ?‘

I t ’  
~ 

-

I I j I j  h i  P
f:;:: 

~~~~~~~~~~~~~~~ 

~ !:; 1
; ~; • 1!~H ~ 

: :~I I l , . %  ~~~~~~~~~~ .7. 1 - -~~~~~. -“

CL L
~ 

I M LI - LI - II I (I C I I  SI I 5 1 - I I L  1

‘ I  I~~~~~ - 

- 

- 

-

— 0 I — ~~~~ f I - I I~~~~~~I~~~~~ I ’ !  I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘I ,
~

’I i i I l ~~
h I h I h l

~~
h i I~~

I
~ I]

I1I f l I I~

j S~~, I  “k’.”~
’
~~ .t .  i~~~i - - - _

~~ ”i ~1~

.1. ~~~~~~~~~ ~~~~

~~ U1I

j J :!::: 

~I ~ ~~.! hH I1II~ h t i~ I I n i i (~~~ I ’

I ~~~ ~~bVI ~~~~~~~~~~

x

- -—---- — -  - - ‘—~ - ———-:



1.  I N  k ’ ) [ ) U C  l i i  ‘N

• 1 A\CKuNH U NI  ~N i u  O A J L C I I \ I S

1 he t ranspoi’tat ion segment of a a r  econ o: : v is :i maj or u— c r

o u  e n e r g y  ar i d , i n  ~ u r t i c u l ; 1 r , pe t rol etu fue ls. h ithin this seg-

us e i l t  , the re is curi s iner a ule h e t e r o g e n e i t y  w ith r e g a r d  to  f u e l
o I ic 1c:u cv h o t  h b e t  i~ ce f l  t r a n s p or t a  t i O f l  n o d e s  and b e t t ~ o em p a r t  i -

c u l . i e SV SIecS t~ i t l i i n  odes. C h o i c e s  o t  n u d e  or s Y s t e m  a r e  n o t

~~~~ i l y  b a s e d  on Inc 1 colt s ide rat ions alone ; h owever , the rising

c o s t s  o r  c u l c r g c  and the p redicted shortfal l of petroleum fuels

can be e.~~ e c t e d  to  i n c r e a s e  p r o i o u n d l ~ ’ t h e  i m p o r t a n c e  of f u e l
e f f i c i e n c y  in t h e  u s e r s ’ s e l e c t i o n  p r o c e s s e s  a n d  d i r e c t ly  in-

f lu e n c e  t i i c  d e s i g n  of f u t u r e  s \ s t e m s .

P u b l i c  a c c e p t a n c e  of a ny  :t o d c  is b a s e d  on an i n t e r a c t i o n

of f a c t o r s  b e y o n d  fuel e f f i c i e n c y ;  t h e r e f o r e , i t  is v i t a l  to
u: ; uc r s t , t n d  t ;ie a c c e p  t a b i  I i  t v  i p i  1 c a t  i o n s  of p I l lumed or p r o p o s e d
changes in t h e  f e a t u r e s , d e s i gn , and o p e r a t i o n s  of t r a n s p o r t a t i o n

~s v s t e m n s  wh ich are associated ~‘1 i t i  i n c r e a s e d  ef f i c i e n c y .

To a c h i e v e  opt  in uni  f u e l  e f f i c i e n c y  while maintaining or in-

p r o v i ng  on the exi st ing l e v e l  of s e r v i c e  in t r a n s p o r t a t i o n , t i t o
l u l or a r e a s  lu s t  be a d d r e s s e d :

a) d e v e l o p m e n t  of t he  m o s t  e n e r g y - e f f i c i e n t  v e h i c l e s
and o p e r a t i n g  s y s t e m s  p o s s i b l e  w i t h i n  each  mode and ,

b) development of an improved understanding of the

factors which w i l l  influence users to select trans-

portation consistent with energy conservation for

each trip or shipment.

Much work has already been done on the first issue. h ow-

ever , it has tended to focus on the technological aspects of im-

proved energy efficiency and t h e i r  e f f e c t s  on costs. Progress in

~~~ the the second area is less obvious , although most certainly of

equal , if not greater , importance .

— Traditionally, mobility has been considered as a basic

freedom of t I C  individual , and our entire economic structure

is based upon its availability. Thus , it would seem arudent1



to attempt to find acceptable solutions to transportation

energy problems whil e preserving this freedom , rather than

i m p o s i n g  c o n t r o l s  and  l i m i t a t i o n s  on i t .

‘l’his l e n d s  to t h e  i n e v i ta b l e  c o n c l u s i o n  t h a t  user choice

i s  the k ey  to p r o g r e s s  i n  t h i s  a r e a .  While user choice

c e r t a i n l y  can  he m o d i f i e d  Nv i n f l u e n c i n g  a t t i t u d e s  t o w a r d
p u b l i c  r e s p o n s i b i l i t y , t h e  m aj o r  c o n t r o l l i n g  f a c t o r  i s
u n d o u b t e d l y  t r i p s a t i s f a c t i o n , based  on all of the decision

parameters s u c h  a s  s a f e t y , d e p e n d a b i l i ty , c o n v e n i e n c e , t i m e ,

comfort , cost , lcvc i of service , amenities , etc. In other

words , user choice is largely based upon ride quality and

service quality.

With these thoughts in mind , the members of the TRB

Committee A3C 1I Felt that it w a s  an appronriate time to

bring together a group of individuals , actively working in

all the various areas relating to the transportation energy ~ 
-

problem , for an intensive discus sion of all its aspects.

Thus , the general purposes of the workshop were to examine

the in teraction between the user decision parameters and the

technological and operational developments in transportation

sy s t ems  l e ad ing  toward improved energy efficiency, and to

define the issues and problems which result from this exanuina-

t ion.

More specifically, the partici pan t s were asked to focus

on the following set of five working objectives:

(1) to identif y the technological developments which

will most probably contribute to improved energ\’

efficiency in transportation vehicles and systems

operations;

(2) to predict the effects of technolog ical advances on

the parameters governin g ride quality and service

qualit y ;

2
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t h a t  g r o u p  and p r e p a r e  a dig e st of the group ’ s activities

and conclusions. The major body of this summary report is

thus a collection of these group reports , with minor editing

to provide continuity.

The four working groups and their mem bership are listed
*

in  t h e  f o l l o w in g  s e c t i o n .

1.3  I N D I V I D U A L  WOR K SH OP ATTENDEES

Group A - R i d e  Q u a l i t y  and Passenger Acceptance Problenu~K~ s o ci a t e d  with Enhancing Au to Fuel Effi~~ e~~ v

Chairman: Dr. Brian S. Rena
Engine ering Mechanics Department
Genera l  Motors  R e s e a r c h  L ab o r a t o r ~-

R e c o r d e r :  Dr .  T i m o t h y  C. Scot t
D e p a r t m e n t  of M e c h a n i c a l  and A e r o s p a c e  E n g i n e e r i n g
u n i v e r s i t y  of V i r g i n i a

P a r t  i c :p a n t s :

Mr. John  D i n k e l  Dr .  Lorna  ~‘h i d d e n d o r f
Eng i n e e r i n g  E d i t o r  C o n s u l t i n g  P s y c h o l o g i s t
Road and Track  M a g a z i n e

D r .  H e r b e r t  Sachs
D r .  R i c a r d o  Dob son  D e p a r t m e n t  of M e c h a n i c a l
C h a r l e s  R i v e r  A s s o c i a t e s . tnc . E n g i n e e r i n g

Wayne  S t a t e  U n i v e r s i t y
M r .  P a u l  F a n c h e r  (on s a b b a t i c a l  at  U . S.
H i g h w a y  S a f e ty  R e s e a r c h  I n s t i t u t e  I ) e p ar t m e n t  of  T r a n s p o r t a -
u n i v e r s i t y  of M i c h i gan t i on . T r a n s p o r t a t i o n

Sy s t e m s  C e n t e r )
M r .  James H e i s l e r
V i c e  P r e s i d e n t  Mr .  N i c h o l a s  Schae fe r
Marke t .  F a c t s , I n c .  T r a n s p o r t a t i o n  Sy s tem s

C e n t e r
D r .  A b r a h a m  D. H o r o w i t z  U . S .  D e p a r t m e n t  of Tran s-
T r a n s p o r t a t i o n  f~ U r b a n  A n a l y s i s  p o r t a t i on

D e p a r t m e n t
( c n e r a l  M o t o r s  R e s e a r c h  Lab

( c o n t i n u e d )

*The names of a l l  the  p a r t i c i p a n t s  are  l i s t e d  a l p h a b e t i c a l l y
in  A p p e n d i x  B a l o n g  w i t h  t h e i r  b u s i n e s s  a d d r e s s e s .
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M l - . G eo r g e  Scott [In i v e r s  i t v  of  V i r g i l )  in
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0 II i e e
N-\S\ /L~ing 1ev Resen ccli Ccii t ‘t ’

G r o ut ’  C - S h i f t s  in Interned l a t e  R: tu i t s_ ’ ( I O U — S O t) m i l e s )
‘ r a v e l  I r on ~‘ n t z t o s  to Pul~1iT ir a ns i t

Ch a I m an :  P r .  1losep h Puma s
i ra .tsnort ~lt ion S -u -st ems C en t e r
U. S. 1)epa rtmctt t e f  ‘1’ I a nspc ) r t  i t t  i o n

Res _-o r h  e r :  P r .  La r r v  G . R I c  h a r d  s
l) epa rtrni’n t of C iv I I  hi ng i f l e e r  i IIg
Un i ye r s  i t v  of V i rg i n  i 
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Group C - ( C o n t i n u e d )

P a r t i c i p a n t s :

M r .  B rooks  B a r t h o l o w  Mr.  Ba r ry  Myer s
U . S .  D e p a r t m e n t  of T r a n s p o r t a t i o n  Sys tems  de Transport
R e s e a r c h  and Sp e c i a l  P rog rams  M o n t r e a l , Quebec

A d m i n i s t r a t i o n
Dr .  Pe te r  S topher

P r o f e s s o r  D e n n i s  Gensch D i r e c t o r  of Resea rch
School of B u s i n e s s  A d m i n i s t r a t i o n  T r a n s p o r t a t i o n  Cen te r
U n i v e r s i t y  of I~i s c o n s i n - M i lw a u k e e  N o r t h w e s t e r n  U n i v e r s i t y

M r .  A l a n  Grayson  Ms .  Mary Lynn T i s c h e r
U . S .  D e p a r t m e n t  of T r a n s p o r t a t i o n  U . S .  D e p a r t m e n t  of Transpor-
T r a n s p o r t a t i o n  Sys tems  Center  t a t i o n

Federa l  Highway
Mr .  S t a n l ey  E .  H indman  A d m i n i s t r a t i o n
U . S .  Depa r tmen t  of T r a n s p o r t a t i o n
Urban  Mass  T r a n s p o r t a t i o n  Dr .  Anna Wichansk y

A d m i n i s t r a t i o n  U . S .  D e p a r t m e n t  of Transpor-
t a t i o n

Mr.  Leon Jackson T r a n s p o r t a t i o n  Systems Center
Manager
Q u a n t i t a t i v e  Marke t  A n a l y s i s  Mr.  Rober t  F . W igmore
AMTRA K S t a f f  Vice  P r e s i d e n t

Piedmont Airlines

Group D - I m p l i c a t i o n s  of Increased Size Disparity for
ground Transport Freig ht and Passenger Vehicles
IJs ing Shared  Guideways

C h a i r m a n :  Dr .  J. Kar l  H e d r i c k
Depar tmen t  of Mechan ica l  Eng inee r ing
M a s s a c h u s e t t s  I n s t i t u t e  of Techno logy

Recorde r :  Dr .  Bradley Hargroves
Depar tment  of C iv i l  Eng i n e e r i n g
U n i v e r s i t y  of V i r g i n i a

Par t icipant s:

Mr.  Glen G. Balmer  Mr .  A d r i a n  C l a r y
U.S. Depar tment  of T r a n s p o r t a t i o n  T r a n s p o r t a t i o n  Resea rch  Board
Federal Hi ghway Adminis t ra t ion Nat ional Rese arch Council

Mr.  T imoth y M. Barrows Mr.  John C o r b i n
U.S. Depar tment of Transpor tation Ensco , I nc.
Transportation Systems Center

( c o n t i n u e d )
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Gr o up  I) - (Con ti n u e d )

Mr. R a v n n o n d  E h r e n h e c k  l) r  . Leonard Segc 1
U.  S . l ) ep a r t m e n t  of  ‘I’ r a n s p o r t a t  i o n  h i g h w a y  S a f e t  R e s e a r c h
1’r a n s p o r t a t  ion  S y s t e m s  I n s t i t u t e

C e n t e r  U n i v e r s i t y  of M i c h i g a n

D r .  J oh n  J a u k o v  ich I ) r .  R o b e r t  J . Raver ;i
U .  S. D epa r t m e n t  of  ‘1’m a n s p o r t a t  ~on i i .  S. D e p a r t m e n t  of T r a n s p o r —
Na t i o n a l  l I i ghwa\’ Tra f f i c  S a f e t y  t a t  i o n

A d m i n i s t r a t i o n  R e s e a r c h  and Sp e c i a l  P r o g r a m s
I A d m i n i s t r a t i o n

M i ’ . Cli i — I s  I oh L in
U.  S. Department of iransportat ion  P r .  D a v i d  N . Wormle\’
Federal EIight%’a’s’ Adm in i str :ut ion I)epartmcnt of Mechanical

Pn g i n e e r i n g
M r .  R i c h a r d  S c har r  M a s s a c h u s e t t s  I n s t  i tu t e  of
U .  S . Pepa r t m e n  t of ‘l’ r a n s p o r t a  t j ot - u  T e c h n o l o g y
l ed ema  I Rn i 1 road  A d m i n  1st  r a t  i on



2, GROUP A

RIDE QUALITY A ND PASSENGER ACCEPTANCE PROBLEMS
A S S O C I A T E D  W I T H  ENHANCED AUTO FUEL EFFICIENCY

2 . 1 G i N I R A L  CONS [lWRA l ’ I i~1NS

2 . 1 .  1 p o c u s  on P r e v i o u s  I V o r k s l u e p s

The pm l L i iOI ’\  emp h a s i s  of  pre~ ionis workshops h a s  h ee t i  on
achi eving a b e t t e r  understand 1mg of  the nature of tNt.’ i- id e

~lu a  1 I t  v pi’ob l en  i n  terms of the opel’at 10 11 11 1 cN n  i - act en  St i C S

o f cx i s  t i n g  v e i n  i c l o s  . Pr ob 1 ems re I n  t ed  to  t h e  s _ l e v e l  s_ ’pment

of impi’ovs ’s_ I r I ic co rn  f o r t  s tans _ lards and tn os_ l e i i  ug of v e h i c l e
d ilal lu i s _ s  w et- e m o r e  s_- I en t - l  v s_ Ic ’ fined ant. 1 inc t Nods lot- t he ii-
so lut i s_ in s  propo ses_ i . l b  i s  c’ ( t o r t  has result es_ i in  a ma i-kesi

i mp r s _ ) v t ’me n t  i n  ou t ’  aI~ I l i t  t - to  s imu l i t  t o  vc ’li i c I e h”eh av i s _ i  a m i d

passenger 1’e tct ion  t o  t h i s  behavior.

t I n t  t i  recent lv , p a s se n g e r  a c c e p t an ce of v e h i c l e s  c o u l d

he re l at e s_ I t o  foe  t o r s  su s _ h as p c i ’ fo  rnia l l s_ ’ 0 lifl s_ i r i  s_ Ic ( lu l l  I i t  v ,
and v e b i  i c  i s -’ design changes could t h e n  he i m p  I e m c n t e s_ I  i l l  ors_ ler

to  p r o v i d e  a better m atch be t i ’~~ei i  customer des ires and v ehicle

be h a v i o r .

2 .  1 . 2 N f l ee t s  o f ’ Nen~ Co u st  t’ ll I l i t  S - -

‘l’he et ’f e c t  of  the t l eed f o r  i m p r o v e d  f u e l  e c o l l o m  ~w 1 i et h c r
l’eli 1 ot’ i ln ag  i n a t ’v )  h oc  I’eeln to  j I l t r o du c e  twt~’ f a t .- t o y s  o f a
ps-u’cho log n e a l  ntis-I SOc i o l  i cal not Urs- ’ i n t o  t he v o N  i c i  o d e s i  gli

p r o b  1cm . C i i s t o i n ~” i’ p r t ’ f e r e i ic i ’ s inn s t n ow s l n a  l’ s_ ’ I he re 1 u~’ s _ s f

i n p u t  st  a t  us w’ I t h  I- s_ ’gu I n t o  i -v r equ  t r e m e nt  s imps _ - u s es _ I  N v  p e n -Cc i y e s _ i

long r a n g e  f u e l  s-’ f l i t . ’ t ency needs  . ‘l ’h ess- ’ r equ  I i .en i: i’ii t s a l’ s-’

no t  a I w a - u - s in  h n r m o n ~’ w i t  N cu s t o i n n e r  des  i r e  s • m -esu it lug iii 11

s u  t u a t  ion  i i i  which indu st rv must t rv t o  Slu t i s  It- coust i’a j u t s
w h i c h  a r e  s_ ’ften co n tras _ l j cto t’v .

p 
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It became apparent quite early i n  t h e  discussions that

factors such  as  consumer ot t  i t s _ i s _ I c s  a b o u t  t i le  c x i  s t en c e  of
an one  r g v  shortage ant.! t he Ii i e r a r c h ~’ of i m p o r t a n c e  of veli i c l s _ ’
attributes i n  t I n e  p u r c h i a s s -’ d e c i s i o n  c a n n o t  be o v e r l o o k e d .
Such factors c o n t r s b u t e  new i n p u t s  to v e h i c l e  d e s i g n  c r i t e r i a
and comp licate t h e  p r o b l e m s  f a c i n g  i n d u s t r y .

2. 1.3 Defi n ition - u of the Group ’s ‘rask

.\s a r e s u l t  of t h e  above  c o n s i d e r a t i o n s , it was decid ed

to spi it into two s u b g r o u p s .  The f i r s t  s u b g r ou p  c o n c e r n e d  r
i t s e l f  w i t h  t h e  r e l a t i o n s h i p h e t w e e u  e n h a n c e d  f u e l  economy

atid the t e c h n i c a l  p r o b l e m s  f a c i n g  t h e  v e h i c l e  d e s i g n e r .
The secons_1 sub group addressed til e subject of customer

attitud es , not only toward vehicle ride q u a l  it ~- a nd per-
fot-manee , h u t  also on the overall p e r c ep t  ion of t h e  g e n e r a l
issues related to energy conservation.

I n  b o t h  cases  t he  s ub g r o u p s  a t t e m p t e d  t o :

• Summarize the present s t a t u s  of i n c r e a s e d  auto-
m o b i l e  f u e l  e f f i c i e n c y  e f f o r t s  and i n d i c a t e  i m p l i -
c a t i o n s  or trends f o r  the f u t u r e
i d e n t i l ~- s p e c i f i c  p r o b l e m  a r e a s
s u g ge s t  f u t u r e  r e s e a r c h  n e e d s .

I N c  f o l l o w i n g  r epo r t  made  by Group -\ is t h u s  composed
of a summary  of the  d e l i b e r a t i o n s  of t he  two s u b g r o u p s .

s~n
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2 . 2 . I Ant i cJj~n ts _’d 1n ~~ n a cc n i n n ~~ C h a n ~~cs

I t i oi - s - Is _’r t s-~ me s- t r s_ - t i  1 t ’ e im te  l i t  S a I en h t i l t .  s_ ’.l a ni t o u n o l i  i i  s_-

Inc I et ’f ic  n c u e v , t h s_’ ía I I iTh  i it i- :-~
s- i n s _ - n  a I s - n :  i n s _ s _-n  I in g c h a  m ig s_ ’ s

-Ii ’ s_’ an t  ic  i ~ n es _ I :
1. IVs -’ I gil t rs-’dnt c t i oti :

1 .  h i’ I g h t  red s_ ic i s _ - u m i  n~ i t  h 110 si :‘ cin;i n gs - ’ t h i ’ ou g h
n a t  o r i a I subs t i t  n i t  i c m n  o r  a t  l i e n  a I t e r n  t ions

b.  I ) o wmi s i i u g  t~ i t  h s i iii ii r at ’  Ia r m ~s-’r m t  en ion
sn a c  s_ ’~

c . I n ip n s - -’ved c o m p o n e n t  de s  i n  l o t — ii I gild ’ e f -I  i t .- i e n c v
\~ i t}i lower n~s_’i~~h t / s i : s _ - r a t i o s .

2 . P o w e r  t r a i n  c N n  iig s_ ’ :

a . I inu p ns - u v s _’m s_ -n t s Iii cotivent i ona 1 eug  i n s --s

P .  Sns _ i t  c i t  t o  s t  r a t  i l i e d  eha  n n ’e a m i d  s_ I i ese  I i ’1n n~ lies

c . I ntr o s _ I n t s _’ ti omi s_ i f e x o t i c  sy stems.

Ns -’s-luc i r ig ho r s e p o n ~ o r c a p ; t s _- i t  \ and 1’eqil t ne rn s_’ i n t  s by
n s_’s_ lu c lug:

a . Ac r os _ t yna i n i  i C s- I i ’ag .

1-s . I i rs _’ ye  1 1 1 t ig r s _’ s i s1~i nec
c . Pug  in c  acc essai -v loads.

Some of t h s _’se c N a n  ges  , such u s d o w n s  t i ng a fl s_ I m a t  s-’r i n  I s
s u b s t i t u t i o n, a t’e cut -rent I t  be  i n i g  i mp l e m e n t e d  N v in s-lust n-v . H

Ot he t s  such as e u )  or  s-’ h a t i g s _ ’s i n  p o w c - r p l  : in t  t\’pe t .ers_’ fel t to

he 01 S I gin I i  t.’ II FIC s _’ Oi l I V  Ill a 1 s - sn g s_’i’ i-oligc se e i i a  r i o  n~h icli t h s _’
g r o u p  t’s_’ i t  n ’ as  bey o nd i t s ca p~i h i I i t  v ts _ s coii s h u e  t ; u c s _’u i -a t s_’ I v
a t  t h i s  t i m c .

2 . 2 Resit I t i n~ I s _’c I’ui ~t Ic  a I P y s_ - sl i  I ems

~~~ S i  nec tiles t of  t h e abo v e i t s _ ’mns r s_-nzui  ~ i n  sma 1101’ V eli I C  I s_5

Si e ll tls -l/o i’ we t g u t  , t N e t  h a v e  a s_ li r es --t  il l 11 l ten s_’c on r i  s-Ic



s-la .1 I i t  v . t h e  s~ i- ouu p s_ I I ‘~e a cc s_ ’ s_ I a ns _ i sumtn a I’ i es_ I t l i t . ’ ma _ i a I’
echo Is _’ i I pr o h - u Is - i-i s t nvo  i v  s_ ’ s _ l a s  lo I I s- ins s

I .  ‘ I n t en - i _ n l — u i h s t  i t n u t  i o n  o f ’ t e u  m a y  I e a s _ l  t o  n n t t n n i f i c t s _ t t i t t g

cast c a y  i n g s  h i e c . u u i ’~s_ ’ one  p a n t  f l u l i t ’  r ep  I ~u c s -’ a
p no v i ann c a s s e nn h  I ‘ . C a n n y  et’  -~~s_ ’ I v . it -an  the st .u in s _ I n~o i li t - 

-

o f  t hi’ e m s  t a - n t . - r • t i n  i 5 inl~~V mn s_’lu 0 ills-) r i’ c o s t  I v a c e  I s_ R ’ t i t

s_ i an n a  g s_ ’ n s_’ pa I r .

2 . ‘ l.i t s_ ’ t’ in  I ~ n i b  s t  I t  n i t  I a n  Inn v in t i ’o s_ lmt c s-’ ns_’is_ s_ ’ s_ -u t . 1 0~ j s _ i~~

p t o b  1 c n n  s i- o nfl e I s_ ’C t I s - )  C hs _ ’ tni i en I j u t  s_ - !‘ ; u s _ - t i s _ i ll 01

s_ I i ~ ~ lU t I I i t  ills -’ t 0 1 s . p

I’ s_ ’ n N .u i n s _ I c t s_’ r e s _ l u i c  t I an tinny I s-’ us - I t a new- St nI b I I i t  v
a nob I s_ ’nn c a s  t s - - li i c I e m a ss c s-’n t er s  c h a n g s -’ 110 n t .’

s_ I 1’ 0 s t i s _~ a 1 It’  is i t  It s_’i ig  I n s_’ nu l l s _ I ~~0 S s s_’flg ei~ ~
-u I n tc  s-’meti  t .

-t • lcs_~ i g u t  a nd  s I :s-’ rs _ ’dm us _ t ions lii i 1 mi encs -’ v s _ l i  i c  Is -’ r i d e ,

lma ts _ I l i ng, and tic i c e eli a ra cts _’ris t i c s .  I h i s r e sults

i n  a ~ r o u t e r  ii ee s_ I f o  I lo t s-’g r i  t cs_ I s _ I s -’ s n u line tin s- )s_ i 5 
-

‘

i t s  l u g  e o u m n p n t  t en  c l i f lU l o t  i s_ i t n s  t o  n u n  I V s_ ’ and mee

in s-’ cans t ra til ts s_ -u n s- Is -’s I go  c l i a u i g s _ ’s

\ s t in  I and es _ I ( s _ - u n  i-h) we i g u t  s_I i - ops , va i- i oh I c p n t \  I o as _ I
is s-’ n g Nt bs-’coimi s-- s a I a i g e  I’ f r a e  t I s_ni  s _ i f’ t at  a I w s _’ I gh
I ’ti I s t oe  i s - ’~u se s p i s_i N I s_’nil S s_ I suspem i ~ i s_ il) I i’ li\ ’ e I

ct n I f’n c s s  i n s_ I v o N  i e  Is -’ s _ l v n a m  i c s .

o . Present s_ lay v s _ -il i c Is - ’ des i gus pi’ov I s _ Is _’ re la t i v ol v

r i g  is _ I i - u s _-u s _ I - u nt is-I f i - a t n e  st rmis -- t nu r e s ha s- j o g  n a t u r a l

V i b  t’a I is -i ll I rs_’s_ Iu s-’lic I e s that a i’s-’ inn s -- i n  N I g hi s-’ r t h a m
Ii s_ )St’ t~~~t t i l t . ’ s u n s p s -’f lS  n on ans _ 1  t n rs-’ is_ lies -’ I ni x Is -’

n s s e m h l  i e s  I n l n i s l i i ’mi m i C t m n n u s s s _ ’s )  • t he~’s-’liv i s --may i u g

t h e  cinni ni c s_ ’ lo i s_ lvn am I s -’ lit s-’ n~n t s _ t  i o n  i n  t hs _’ ía i n  s_ i ls

l- s_ S ss--snal~~ v I u r n  t l o i n  m s _ - u ds _’s . I I’ , i n  t hs -’ comim ’se s_ if

I s _ s _’ I gh t i’ s-’dtie t s_ ill • t he st i I inc ss a I hs _ -’s_I v ( r a m s -’ m i n u s -’ 1 s
i s s u bs t ati t t~ u 1 1 - u -  redu ces_ I , the shoe t met a l  ~~ i’t s

~~~~~~~~ —~~~~-— - --~~~~~~~~~-- -- —~— --- ~
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may be e x c i t e d  by  t h e  low f r e q u e n c y  v i l - s i - a t  i o n s
of  t h e  s u sp e n s i o n , r e s u l t i n g  in  vibration :ins_1

noise. Wei ght reduction of the frame increases

the chance for buckling inns _ I ultimate failure i n
collisio n s. In l i g h t of tine above , wei ght

re s-l uc t  ion  of body ans -I f r a m e  i s  1 m u t e s - I .

‘ ? u t e r j a l  su b s t i t u t i o n s  o f t e n  c a u s e  cus tom s_ n -
acc c 1-u tan ct ’ p r o b l e m s  b e c a u s s _’ o f r e l u c t a n c e  to
trust plastic ans _ i n o n - f e r r o u s  m e t a l s .

S .  A l  I t h i n g s  b e i n g  e q u a l , shorter wheelbase vehicles

w i l l  h a v e  f a s t e r  h a ns _ I  ii ng response bit t poo rs _ - r r is _ I s-’
qu al  i t~ ans _ 1 b r a k i n g  . Shor t er vehi i e l e s  a i so  r equ i n s -’
m o r e  sop h i s t i c a t e s _ i  t e c h n i q u e s  f o r  c o l l i s i o n  e n e r gy
m a n a g e m e n t  , as  n u v a  i i  n u b  I c  c r u s h  s_I 1 s t a i u c e  s_ Icc r e a s e s
w i t h  body  l e n g t h .

H .  The trend towars _ 1 sin a II s_’r eng i ne~ j I l t ros_Im oces new

noise problems often re quiring inc re ni ses_ l sop h i s ti ca-

t ion in d r i ve  t r a i n  des i g n .  H o w e v e r , European car

des i g n s _  r s have  had to dea l  w 1 t N these p r o l -u  I s-’ms n il - u s _ I
have s_ l eve i s _ - s p e d  u s a b l e  solut ions.

10. f l r i v a h i l i t v , or the r e s p o n s i v e n e s s  of t h e  s_ ’ng i n s _’
to  load  ans _ I t h r o t t l e  c h a n g e s , t e m i d s  t o  ds-’c r ca se
each  t lin e cmi  s s ion  St  ans _ Ia r s_ I  s a re  u p g r a s _ I e s _ I  , f o i l  ow C s_ i

by a g r a d u a l  r e c o v er y . T r a d e - o i l s  b e t w e e n  e m i s s i o n s
and f u e l  econo my w i l l  cot -u t in u e  to  cause  s_ l r i v a h  i i i  tv
p r o b l e m s  and w i l l  he i m p o r t a n t  f a c t o r s  in  d r i v e r
a c c e p t a n c e .

I I .  I n c r e a s e d  f u e l  e f f i c i e n c y  w i l l  a l w a t - s be a fu n c t  i on-u
of  t i n - c  des  i gn .  Th e I n t  r odu c t  io t i  of n -as _ I i a I t i r es
appears to he the  i -ue s t  c u r r e n t  t e c h - u n i q u e  f o r
reducing rollin g resistanc e , h u t  the i’ s_’ a rc  cost

_ _ _  
-~~~~~~~~~~~~~~~~~~~~~~~~~
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n ’en nt 1 t I s_’s n u m i s - I  s - 1 s _ : i ~‘n p roh -u i s- -in n- - w it  i c l i  ini us t he
Os _ I 5l f t .’ S S  s_’s_I i ‘i t in s -’ ni Sc  01 I t l i s_ ’ 5s _ ’ t I r s_ - s

2 . I ) o w n  s i I t i c  o f  vs-’h I s_ I s _’c i s not acc ou ut p ;n i t i s - s _ i  b y
Is _’s_ lU es _ ’d eing i l l s -  : i s _ C s _-s’~oi’y lo i s _ I s in a l l  n i - s_ - a s .

F l s _ ’c t r i cnn I n s _’s -pu  I r s _ ’ m e m n t  s . Is - -s m - s- - x n u m p  i s-’ . r s -’m n u  i n
s _ s sem l t i i i  Iv mi ns -- h nnm i n g c51 , a c  s_ I s-i ~- u n t s s s -’ iu g s _S m - h s - ’n t  in g

ins - I a ii’ co ns-i i t  I ci tin g I onus _ I s . 1 h s _ ’i ’ s_’ fers_~ , fu s-’ 1
s-’s-’ s _ ) i l s _ ) I I I V  go l i - u s us- 1 1 1 ins _ i t Ps -- s-I ii’ect i v  p m- s- v p s_-s i t  i olin 1
to s _ i o w n s i : i u g .

p

. . 3  S t a t u s  of  Cut r e n t  Ts_- cIunol o~~’

I t  a n t s  gone n .u I It- cs - - su c s -’d s-’s-l th at most of t he b a s i c

s_’ng m i s- - s- t’i r ig ts _’s-- Ii t i o l o g y  lu- u i s o l  v l u g r i-oh Is _ - uit s is ova i la h i e •
s _ n u t ’  t ’ s- ’mn t zns -’e s_ i s i t n t a i  v i ’ t ho s ~ es_’s-I us- I t ii wI t i s_- h  t l i n ’v  c an hs _
hi - ~~ I t t  t o  hs -’~ r on t he u- u i’eh I ems ill s - i 1 m oi - s_ ’ C on c  i 50 s-Ic I i  n I -

t t o n  a t~ ga~u 1 s nu n s _ I  s-’ m I t s - - i -  i n n .  I - s _ - u n  s_ ’xn itn p I s _ j 
, as re fs _’r e t t ce s

( 3 . 5 - 1 - 1 ) i f l s - I i s - n i t e, SOp b i i s t i c i t t s _ ’ s_ I computer iuas _ Is_ ’l s of

t s-- I n n c Ic s _ I vii in n i s - s n i m s -’ .1 V O  t 1 nih 1 e l i n t  arc not us s_ s _ I s_ in even

av5i ii a l- u le t i n r c - u u g h s - iu t  t h e  i n s _ I u s  t n -v  . S in  i l n i  r lv • wh i i l e

s-’ O l f l f l O  ~‘ it e liL t t t’ t in  I s a rs -’ known to i-se o t~ con s~ s_ Ier nt P I s _~ V 0 lu e
t In s -’ i s k  o f  s _ Is -S t i l l I n i s _~ the i n  p i -op s_ ’rt i v- s t hi’omi gh t s-’s t il l - us _ I

t u n a  I t s i  s i s  b e y c n t n s _ I  t h e  cn up :th 1 1 i t  ies af ins _ lust rv a l o n e  in

V I s_ ’us - of  the tur g s -’n c\- of inc o n ’p s - - sn nnt l u g  then i rap is _ I l~- i n t o

ieh n I s_ I e s - I s --s  i gu s  . 1 he si-ion t t nile I t-arns-’ 0 1 50  m t  rocluees t h e

n es_’d t 01’ m er e  gs- ’n s_’ l’a 1 i cs _ I r is _ I s-’, s a l t .’ t t , n i l - u s_ I  iie r i o  rf lnu  I I C  s_’

st  t i - u s _ I n n  i- s_ i s  w h i c h  a r e  Ii  s_ -x i N !  e s- -i n s - s _ n igh t () 0 l l C s _ f l i~~i t 5  s t i s _ ’w s-l os I s_ tn

s--on cep s w i t  liout I t iN  lb i t  I i i s -~ I i-une va t i s -- sn .

2 .  2 . -I I’ m - s-ij s_ t s es_ I R s _’ s e m n - c h  i-I
Th e ci - s- s _ nt p iden t I I I  es_ I n i  rte a r& ’ n u  s w h e t - i’ n& ’ ss _ ’ ;u 1- s-- h i  I S

needed . t h e s e  a r t .’ s n n n n n n n n r i  ~s-’s-I in l ab l c 2- * and s _ I i  Ss _ ’t l S S O s _ i  P

h r i e t ’ I ’ b e l o w .

* In  o r d s_ ’t- t o ~ i ’’ ss -’n v  e ~ On t i ou  i t V , I n ib  l e  - I ~pp enI i s  cmi  P a g s -’ 1 —

‘ -— — —~~~~ -~~ ~~~~,- — ‘~~~m
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Prouer t i s - s o t 1 i ~~lt t w s - ’ t~~Int M i  t c t i n n l s

I~c c n u i i  S s-’ 0 I p t o is - -S 5 a i l s_ I m ii i s_ I s_ I ccc I o~s _ nis - m n
I) t A tO t en Inn 1 t s- - s-- lino 1 s _ - u g v  . sue it - i s  t he l i l t  i s _ i s - b c  t j o t - u

a t ’ high t i l t  i m n t s _ - s t t ’ s_ - i i g t i n  gt’ a~’lni t s _- nit - i s - i g lass

fibs --i - s nun s_ I comp as it e inn t s - -I i~i l  s ( cor d ’  i m i n i  t i omns ci’ I ’
I ~n nn inn t es a t~ m ’  t a 1 nuns _ I  svn  t he’t I c I i l - s e  i-s ) , ms _ nc in

de s  i c i t  s-I a t n i win i s _ li I s I ’ equ  l F s _ ’ s_ I f o r  ‘s_ ni l i s - t i  5 i s - s -5 I ~ lit

I’s_’s_ IIIC t iOn S C  u s -~ l l t s _  S I no t nu v n n  i I nub i s - ’ . l i n t ’ snipp o n

0 t~ r s_ _ s  s_ - n i  i ’c iu  j o t  s_ i t lie s t ns--iig t N , w ear  , c o s t  • a its_i

ot  h i -i’ p r s - ’ s _ s - I- t I es of  i ns _ n w f l i n u  t s_’r Ia I s tvou Is _ I  hnn s t e i n

he i n s_ is s- ill v s - li I c  1 c des  i gin s

C o n s u i t - n e r A c c s _ T t a n l c c o (  \ ew M a t s _” n i  n t I s

i t wnn s n o t  s_’d t hat many consum ei- s re 1 n i t  C

reli c tin nu ts _ i so let y w i t  h s t  s-’e 1 n uns - i  w i i  I a r i - u  it m l  t i l v

s-
S t.- inn t s_’ l ’i  a I subs it it t iOn s in man y areas . I ’he

g t- s- -u up Ic i t lint ni N ’ t s - i - umts _ i e i s t  n un s _ i i ng of t hi s

i- s - - u i - u i s _ ’mn w o n t  i s _ I he he’ I p l i i i  i n  p lam in I i ng veh i s - - i s -

des i gns and ma rks -’ t i ng s t ii s_ i i c s  .

3 . :\cros_ Ivti.im Ic  C hin i m i s -  t s_ ’n i St I C S  s-if low iVy u s _ Z I n t  n un s - i
i .o ns _ l r ni g V v - h i c l s _ ’s

It i ns - gs_ ’ne r:iI lv known t In~~t 1 i gh ten vs_’In Ic ic s

n u i s -~ n u Ots _’ s u h i  s-Sc t t s- nut.’ i s - - u s _ I v i t n i n n  I c  l on c  s- _ s  . IVin i Is -’ i 1

c o i n s  I s _ i s-’I~i ll- u I s-’ us _ o r  k bi n c ~i s_ s em done  t us- nu t_ s - Is  i t n t s_ Is _’n ’ ~~ s_-it -us _ I
I ri g t h i s-’ l i n t  t i u t ~s_’ of t i i e s e  I

_
s- -u r c cs  . g s_ ’ner nu I s_ Is _-s i in

g lu i s_ I s-’I i n e s  ans - I  s - m i s s- - - ef fs_ ’ct t t’s_’lis_ I S lie s-’s_I t~ he’

sn im n tm t n tr i :es_i . Ih e i - u s _- s i - k of ti -ic m a n ”  i n v e s t  i n u t o i s

shou is- I he N rom ig i nt to gs -’ t her t a foi’mii ii in s_-s i- s_ ’ m a in i l i es _ i

ho s_ Iv of  know I cs_ h ge. I n n s - p nu y - s _ - u i  I from siuc In wo nk u s _ o i l  I s - I

i- u s-’ h I g h , s I i t c  s_’ s s-’t’ s _ n t  I SO Is_ S t y  nu i ns _ I n i s _ I c p m s_ - sb I s_’ns

cni l s_ I lie lt\’o is -l os _ I . INc r ro u ; - u  n i l  ss - felt I In nu t t ins -’ i’ s-’ r
nov l’s-’ su 1 t~ Ic i t’ml t gaps  iii the nn \’ nl I m i N i  e dot n t s_i

wn u n rain t a h i gh I s_’vs-’ I o f  f u n d  lug fot- uuta rs _’ s_’xper intent ml
w s_ i rk.
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F Ifs --c t s s_- u  1015 s I I i i ’ n u n s - I  \ s  Soc i n n  t es-i C h n uin ~tv - s i n
i~~p s _ t n ’5To n s- u s -  t i s - i i JJJs- II t~~i~lii i i _ i l l  I 5~~ Is- t

lit i s w ork n - u i s_ t in t i ni v -ni v s _ ’  t h s -’ m a s s -  of  s-’ _’i 1s t i r ig

C v - nn i n’nn t s- r m o s _ I s -’ 1 s t o p s - i ’ I s _ - u  ni -u c s - - i n s - - m u  i I cs _ I s t  it s- 1 1 s_ - s  o f

t N t .  r e s u  i t  s c I s_ I n n s - n s i I m u g  to g i t - s- gi t I s-lone c Io n

I s _ i t  u r s -’ s_ s- in m c  i s -  ‘ I s - s  I gi ns . .  \ s  us- i s  nv -ut jones -i he lore ,
- n i t  1 1 en vs _ -in i c I s_’ s m s -- s_ l it I m s -’ inc me en ms --fi n I n i t  t en t l o i n  t 0

his - - m t  s_ - n r c  1 t I on sli i l- u s l i s _ ’t w e e n  su sp e n s  l o t - u  , as -5ro  -

s-i v in n iunn 1 ~ s in s-I o l n t . i f n i  c t ct - s 2 )  . ‘IN 1 s i i ic r e n t s s-’ s t lie

I i n n s _ s - i i t  n i n e  e o f  l o t  s-’c m a t cs-i s-las I i’ m-u tee Ru i s_ jut e S -\

s-: s-’nc i- ni i i : s_- s-I s_- s_’i n I c I s-’ s I inn lil t s - - u i’ c o i n  i s - I  be o I g i’ s_ ’a t
s _ i

as s  1s t  o n e s -’ i n  t h I s a m s _ -n t .

5. l’s_’ch ns - 1o~~v Ir ons Icr of .\s - Iva in cs_ ’s-l \‘eh Ic It.’ It cnam ic s
\ n a  l vs  i s  T ec l in _i qu s_ ’s

I he gns- )n ip l ’ e C s - s _~n I i es-l t m t t  t e ch n o  l o g y  t r a i n s  f e n

sc liens-’ s a i- c i n s - - u t  a I w ni v s  s r ices -’  ss fu  I 
* 

I s _ u t  Ic I t  t in n t

is -- n i t - i i i n t l - u  is -’ k n s _ w  1 s_’s-I ge s _ - u  t~ r ide s- junl I it v cr it er m u

i n c us -  ma t en i n  1 s , s t rue t ma m m  1 s _ I yuai nn i c S n un s - i nn s_ I ~~t inc es-I

coi ni p ti t s_ ’i’ Ins _ i s_ I s-S I I t u g  f l e e s _ I s- t a Nt . - P s _ c t  t s- S i ’ s-I I S t r l b s _ i t s-ui

t I n r o u n g in - u s _ u t  t h e  I m i d m o s t  r - I n  t s - ’ i - mn s  o f  p o t e n t  i n n  I
st y I us-t s i n  t inn s-’ in s_ I  c - I ’ t’art , t i n  i s  pi ’o _ i s-’c t hint s a

N i gh i  P °” - o f t ’ i f  s nn cc s_-s s fu 1 . lVl i i i  s- i t  i s _ a s  n o t  c l e n n  r
s_ ’\ IC t 1t’ hs- uc nin ch t s_’cinno 1 og t  lii i cui t 1-se h ans _ U Cs_ i mi s- i s t

s_’fIt.- c t i v s _-lv , a low level , i ou g- ts --rn pn ogi - am nin p ic- —

u i i e n t s-’ s_ I t I n r s - ’ m n g h n  ! i r o f s _ ’ s s i o n a l  soc  j e t  i e s  w a S  p r o p o s e s - I .

F f f c c  t 01 C o V e  rntncnt St a n d n t  i_ s- IS on l i i i  c I encv
C 1 s_’ fls-’ i~ p~

Ss-’vs _’m’aI me ini-uers s _ s _ f t h e  g r o u t - u  I-so i m - ut ’s_ l o u t

s it s _ tat ions li -u which government stans -Inir s-I s conflict

w m t N tine noes_ I for not - c fits -’ I — c l ii  c I cot veii Ic 1 s_’ c  -

It wa s ins - I ic :s_ es_ I that c u r i - e t i t or p r s - - u o o s ’s_ I s t a m i s- l ars - Is
• n’ n n l\’  h e  i n a ~- u p r c - u p r i a t s_S f o r  new s- Is_ ’sign comics _ ’iits or

mater i nn is and mat - l i m i t  i ni io vnt t ion. lb - u t.’ potential
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t in n y-off from a program to rev i s- ’us - Otis _ I as-ft i se
new s t a n d n i r s _ l s , w i t h i  t e s t  i n g  s- lone t o  s te i d y

appi icabi I i tv , u s - nt s felt t o  be h u g h .

7 . I ) r i v e r - R e l a t e d  R i s - k ’_j~~~~~i t~~~~ N o i s e ~~~ans - 1 i f a n d I i r u ~
R e q u ir e m e n t s

‘I’he group felt that tine re is e n o u g h s - 1 i fference

i)etw es-’m n the driver (who has not becin stus _ i I es_ I

cx ten-u s ive lv) and t h e  oas senger (who lint s Nv - s - -in t he

object of cons 1s_ i~ t~ah l e st u s - Iv )  to ‘s _ ca r rn tnt r s - n n s_ arch

into s_ir 1 ~‘cr ride qu~il it ~ 
requ I remn ent s . Such t’ s - s s - a  m v -h

would he an extension of wha t has a] reas-I s_ - h s_’s-’n s_ Ions --

for pu s scn g cr s  and w o u l d  p roy ide i- s_ ’qii i res-1 i n  format ion

in evaluat ili g the ride and hans _ i l in g  nerf on-m:umn ce of

proposes_ I , new fuel-efficient vehicles.

8. ~~~ ens ion System O p t i m i z a t i o n

As veli I ci e s I :e s_i s- ’cn -cases , t h e  u s e  of it emn S

suchn  as inds _ ’p etis -lc mit t’ s _ n t r suspens m m  hecc s_ nts -’s more

s- Ie sira b le. Since capitni l an s_ i operating cost

p e n a l t ie s  ai’c n i s s o c  i n nlr s - I w i thi most such chatig es .

nf l  opt  i in I :;m t ion s tus_ ly won il s_I 1-u s-’ of cons I s_ lera l-s 1 e
v a l u e .  T h i s  c - i u i s _ 1  l e a d to  imp r ov ed r i d e  a n d

handi m i t  a t  m i n i m a l  co s t  ans_i weight. It could also

indicate how small a vehicle cou l s - l 1-secome before

more  advanced  concep t s  such  as a c t i v e  sU S f l e f l s i o t i
c o n t r o l s  w o u l d  lie n e c e s s a r y .

9. D e t e r m i n a t i o n  of V e h i c l e  T o t a l  L i f e  Cos t  n~
S A st  i ns - I c  of t i -ne r e l a t i v e  i mp o r t a n c e  of d u m n u l i  i i i  tv 

*
V

i n i t i a l  cos t , d e p r e c i a t i o n , f u e l  e c o n o m y  and o t h e r
f a c t o r s  on v e h i c l e  t o t a l  l i f e  cos t  u s _ a s  f e l t  to lie

a low-cost , low-risk project w i t h h i gh p a y - o f f s .
S i n c e  t h e s e  f ac t o r s  have changes_ I so radi call y ovs-’r
the past few years , a cl s_ ’ar p Ic ture of v e b i i c l e
cost is no l o n g er  p o s s i b l e .  T m n f o m m a t i o t  in  this
area is vital to product pl an nim n g atn s_ I in am ks - ’ti ng .
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s _ o n -  i - v - l u I .n i s _ c  s _ I  I in s - - n 5- - .n  n :n ~ I i s ’ mu I u. n  t I Pc-c is- t n i t  ~ a

in tin l it ’ n I I’ c l i i i  n a i i n n  i s  - - ~~s * l i ’ - 1 i s_ ’ .n in t i n ’ I ‘ -i t s _ H - I I ’ 5~
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s_ ’s_ ’ s-oioi iuv st ~ i m i .Lu  i- s _ I s  t’ n ’ li ft I s - ’ a mis - 1 a u g t i t e is- 1 i ’ rc - s _ I t ns _. t I ott I a u- c’

in s_ I i t- s-’c t v-s_~np as i t  i s _ t n  I s - ’  I h i s - ’ s - l a s t  OliR 1 * i-n P(’t’c s-’I) I i t)ii s _ - ui s - Is - ’s i i -  —

n tPc I e t’ c in  i s -  I s-’ c i nnu t’nu s _’ t s - n i  st i s - s  . It I I ulm p ou ’ I n i m i t  t s _  s - l i t  Is - ’ t ’ s- ’t n I I —

s- S itt ’ mc he I ns - e’eii v - t i si am i ls -’ I- ps_ ’n ’s- ep I i oi ns Ot is _ I s - us -’ I tint I I n c  t • ~ i inc s-’

s- ’ i - s _ s - I  u s -  i I a’u s - i s _
_
c s - ’ mi s - s _ I n c-s - s_ ’ n-n so r I I n- I nip I t’ s- i s - f  l~~I s_ l il t I an  i i i

com n s _ - u  rt nm n s - l so I s- _ I  v - li nc vs_ ’ii I s - - i s - ’ s - l a s  i gm n - i  I ‘s- I h i t s  fni c e s - I ns - I I hi

hu e t .s _s -k at ‘ s - n t i -n lvi nH c - nun - n t s’mt i s _ ’r a i m s - i  i s _ -gu m u  ts -- um-u- s - I&’m it nn mis - l S i  i l i t i  I I  s - n

s-~n s _ - u s _ l h  I t . [a s - i s _ - u  -~s n Ins -’ tins I li n us - a n hs-’ I t c m  nili s - I e i• 5 I antI I I i~ t s - s - i  h o w

this -’ s - t i’ s - I aim ic i’ us- I I I s_ u ’  —
~ P s - Il ls - I t i -u u~ n m . I oils s _ l i ’ -s- i gm i s_ ’ii n i h i t  s-S ~ I i’oi’i

a I Its -’ t t hi~~ti a i n  t I onn i I s-’ I aw l _ cs _ i i n n

- ~
s- . .S I I l l j l . n s -  I a m H s - ’ s 1 n n t  med l-t s-’ -; s_’nt rch

Fi n s -’ s - s _ - u r tb N’ I I n n  t i s - n 1  v-I c o t i s n u f l e r  I- u i ’ 1 I c -  Is mc h at i v s _ - to I Ins -’
s_ ’m ic - ru ’ v- n - n i t ~ - u r t  t s_~n ’ I -

~ i t s _ - u t  s- ’ s _ ’ m i - s -  I 5 I s_ ’mi t us - i I in t t i ns - i s is- i t  a i l l s _ i t s -’ t s _ ) ts - i rs-i

I ~m s _ ’ I - u n  m c i n n u  s e a I f u c  I s- - I _ f  i s - . I en t t- c -h  i s -. I c-s . I oucs -’\’ s- ’ r , It is-- nt s

u s ’ I c ’ s - i  I l i n t  I t in s - ’ 1 ~) 7 Cc -in s_S u . n  I ~I s_ _ c Is _ i m s s - Is _ - u n c m i s i I tng a I i t s 5 Iii m i d nu ms _ I

s-n i .s -’ i- _ ui _
s i ns - v - s - i n s - ’ i i i  I I \ ‘ s- ’~01ins is - is - ’ rs _ ’d t o  i _ c e ’  SUs-’ s_ s - ’SS li i i  . l o in --

- nit nn s - u’s hs_’sti g h u t tins -’ s - n i l ’- . i i i  n u s - Is - l i t ion , it nt pp s_ ’iu rs l i m i t  t i s - ’

s - Is _ - s i m s - ’ to s _ s _ i s _ t n t  l it hs --u t t 1  Ini s- ’ l s_ - s-’ am n onn y i s  a mn~tt s _ i i’ il ls _ i t j y n u t im u g

inn s -’ I s _ t m  . n i i i a m n ~ I Ins _ i s n  w in s -i pn i r c hnn s’ tine Sc’ s- Iaicm u s I ed c a i s

Pit m t  I ns-’ i rs-’ n - -s _-nh ’ s- ’ in us - n I s s- nu I I c- s_ I t
’

ni i t s _ - u  s_~ I s- i l’ I iv I l i e  a PI;nu l’ s_ ’fl t

I i n c - s _ s _ t i  n--n i - s - i s _ - m i s -’ ‘s- tie ’ tis - s_ ’elu c aus timn s -’ ’t ’ s- i I S he 1 I C’ I i i i  t lie s_ ’hi ’T v - v  s h n s - _ c  u
s - n i ns - i  t u s - ’ i i ’ n mc ’ Ito n-n i ’ s _ n I I ns- ’ I i ’ I~ I

’ i c i s _ u t y s_ - uh i s-~ I s-’s

2.  3. 1 \
~~

-u moos -- l i t o Re sent ms --h

I I nc nt — s-’u ll l ’c In s - u s  i zcs_ I t l u n u  t i s _ u ’ t i n s _ I is - i t hi t ’ i’ s_ ’ Sent n’ s - in

t ’s-’qu I i- e s - I I s i i i  t i n e  nu nu t n t n ’ s - - v - s f nun i’ks_’ I i nng  . s - i nn s - i i t  I S \‘ i t t  I

l i n t  t t it I s i~ s- - v i ’ u- v s-- ni me i i i  I I r u l  i n c  t n i m s - ’ s-i . The ma t’ke t I ing

c o m i c - c - p t  s _ s _ n t  s s i l i n n m n u  i - i  :s- ’s- I n i n ~ in n s - - I i tg  iai ur p t ’  i n s -- i l int I cs -oii p s__ c uns _’ll t s

I ) ma t i  i t s - - u i ’  I ng s - _ c I s- c l 1  su im iis - - i s  ( 2 )  s- v- t l i i l l l t i t ’i I s - ni t i tn ~ Ii ’ c s - n  Its t i t U s --u mi s -

5) tin s_ ill i t s _ _ cr it - n v - ti ns - ’ me 5ps_~ -
~ i ’ a I s _ s _ Ifls lifts-’ i’S ta 1 lie c- v - c i f l h t i t l t i  I s _ I

t t s _ - u i 1 5 01 i n s - i  I I’I s-’ Ii l’odutv t S ( I I n io s - i  IY i il lI 
~ 

ms _ i s - h i t s -’ I S s - i  t is .I s_’s-i fl (rlili t l I c - n I

t ions t s-i se m ye l i l a  nce s-I s o f  s - on s unum s- ’ rs I-us -’ t I en . ‘I’hc’ i i s -’c-s-I t s-i
s_ I I s- is _ l a I l i e ’ s _ O h  - - I n n s ’ m n - S , ‘- t i s - ii as l i t  ( i i  ms - is _ nt s’_c bii v em s • i u n t s _  inn m kc I
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cs -’ g n l e m m t  s i-sr j a r  t s_ s_ null s _ _ c t  her nun ~t I v S e s  wn u s s_’mp iuu ~ I ed s - is ni l-n

s-’xc-c~eeI in g lv i m p o r t a n t  s t e p .

2 .  3. S Pr oj _ c ase s_ I  R e s e a r c h

~ j y e ’ r e s s _ ’ n u  mcii n t l i h ) l ’OnuChe s is- s-’re Su g g t ’s ts -’s_l s - us m u l s _ I ) r s _ ) I im jil t C

i s- - u r  s _ - u t _ c t mu i n  in g  quant i ts - i t ivs _ ’ da ta on m ow comm sums_ ’r s _ h -i s - i rmn s-- I s-S I’ —

i s t  i c - s  rela ts _’ to t h e  n n c s _ n e l _ c t n t t i c c  of fits-’ ! - * ~‘ l f i s -’ i e n t  m o t o r
vs -’h i s -  1 s_’s . 1’hcse mi t- c’ summmi r i cs_ I i n  ‘l’ a I - u I s -’ 2 — 2  * m nns - I s - i l 5s _ IIn - -.5s-’s_I

he I ow.

1. Dem~ g~~ij~j~ic Chai-acte :ist fts v’-n . th s_ ’ \m t t s _  F leet

O mue 1_ calls - ’ I member st rs_ ing lv urge’s-I this - ’ s _ is -’ts - ’ miii ir i s- n —

t i o n  of  c- orrel at i o n s  I - u s _ - u t ws _ ’ s _ ’ n s_ lc -mog rii l ib i s- s-- i n n  m i s _ I C  I -

i n - s - t i c - s  and s-_ cw ne rs h i p of the ’ i l t i  i t  es-I S I 1 c- s  o u t  a I’ I ct’ t

Tine ns - s _ - s r k s h o p  nwmu _ c e i - s gene ms - u liv ~t ckins _ iw I ed ge s-I t i n s - u t

t hi s k h is-I c i i’ r esca l’ s_ h w s_ n ut I s - i  m e ’  s i t  I t  i i i  a ms - ns - t s_ ’ v s - n t s_ ’ Iv

h i g h - u pn t v—o l ’f mi nd t i n n u t i t  l i n t - s_-s l i - c - s -I ~u l ois- risk. ihe

n - c - s e a r c h  S t r a t e u v i n v o l v e s  corr e ’lm utis - in s m um - us _ I cr s__ css -

tahul nut ions Iict ’s_s-- s-’en demoginip h i c c - N o v a s -- t c - r i st i s - s  v - c f

lies -ill I s-’ mic ross the l i ii i ted S t a t e s  nil - us _ I INc mi s - i t s - s _ m s _ i l _ ct s_~S

ti - us - n t the~’ own it the ’ i r househno Is - Is. ih’s-’auss_ ’ of th ’

w an - -  data i s  current lv c- s_ i l I e’c- t c - s - l , i t i s _ s - u  n--n suggest eel

that this nu t - nm - n  lvs is lie c - s _ _ c n s _ l u c t  s-s- s-I s-i t t i ne ’  s--o t i t i l n- is- ’v ’ I
T h i  S ana l vs i s could is-lent i fv th i s - ’  c l i n t  mn u c I c - i -  t St c -s  s _ f

w h o  b u y s  i s - h a t  k i i d  of  c - n t  u - s  , wh a t meg i s_ ins s_ if the

cou ntr ’i’ t in e _ c - a r c -  f r o m , 5’ifls _ l how ws_’ath e’t’ a f f s _ ’s-’t S aut o

o wn e r sh  i l_c p a t t e r n s .  Rc c s - u s _ t s s _’ s _ I o t a  aim d c m s _ _ c g r i n~_ ch i s - s

and a s - i t o  o w n e r s h i p  may  lie c - s _ i l h ’c-t  es-I s __ cs - en’ ~u s s _ i l - us tom n t m u  I

P c - l~ j oel  ~ f t i mc , i t i 5 ~O55 i l _ c l €‘ t o  ills_in i t s _ r  chmillg s -’5 i n
th e’ ins - ito I is-’ s-’ t ati mu long — term s--u i- long i t  tts _ i i no 1 i_ c a s i s

2 .  C o n s u m e r _ Survev Tc c-hn i~~~~~

Consumer  survey  t echtu is_ 1Uc - s wv-I- c- re’comms_ ’ns_ le’d

as anoth icr metho dolog y t n - u n i s ces s consumen- r e a c t  is - i n
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to fuel - elf ic ic -nt vehicles. ‘I ’hic g r o u p  f e l  t t h a t  t h i s

s - n i _ c 
~ 

i’ s _ n n t c - In us - s - n s c- otupi c-Inc-ti t a i ’  to  the s_I s-’mog n-mi I Ii i c-

n u l l s - n  l u - s i  s s u g g e s f s - ’d in tin e prs _’t’ i f m i l s  Iim i r~ tt n mi P tn

I t wnn s s - i I s o  I c  i t  t limi t t lie p s - ny —oi l i’i-otn t h i  s app  rs _ _ c nnch

w on i I s _ I h_ ce Ii I g h nn ns - l t lie mi sk rs-’ i n i t  i s - - e l  v I ow . C om —

su i t n s -’m sum t - s_’ n-’ tec - h i t n i s-jues wou ls-I t - - s ei l t it _ c tine ac-s-Is-n i si -

i s _ - s n s _ _ c l  I _ c o t  in s - I tt t u i s - h i m a  I m i n d  de tuogr ~n p h i c s-I a t o  a s

w e t  1 n n s  a s - i to  o u s - m n s _’r sh  p nu ns _ I  t n s i l g s - ’  l i m i t ts _ n -rn s . liv

s-nc) 11 s-Sc- t in g  s_ la ta from i rid iv i s_I umt is  i t  us- I l l  he pos s i t - s  l e
ts - _ c p s_ ’ n ’ f o r m  aIls - n 1 )ss _’S mit s - u ii ncr grm i iii of s- Is -’t s - n i l  t han

~ ~~~ 
5 i l _ c i c- in the coumi t 

~ I c - s - c’ I of s- n m i ni  l u - s i s s u gg e s t  Cs-I

miha ve . Ii’ ui’oug ht Sus_-h mul c t Im os _ l s as mu 1 t I s_ I im ens ioru mn I —

sc -al ing , caut smi I au n t irs is , s - nm - u s - I conjoint m emus uui -ement

it us-’ i l l  be poss  il _ c  Ic to s_I s-’vs_’ lop m o d e l  s u~h i c - h s_ Ic - sc - i- i l-se

t i - i c  I _ c -o ce s s  Nv s_s-- li ic - li consutn s-’ t- s come ti owtn s-’ein i c - I s _-s

s - s _ I’ s_I i l’fs_’u-ent s i z e s .  l b - ui s iu’ocess i s  i m l _ c o m t m i n t
Ii s_’c- s - tnts s - ’ it nm i l l  lie! p ti - u s-Ies i g nu im i s_ i - o v es _ I urn rket i rig

stm m i ts _’~~i s-’s for the s m i l e  of f u s -’ l — e l f i c -  ic - mi t ve iui c l s - ’s ,

nun s- I i t  w i l l  a i d  i n  t h e  u n s - l e i - s t m n n s - l i n g  of  t i _ ce  i m o m s - c t s

of Fe’der s-u I t’es _~u I s - n t i ot i s  ot i  the m u uts -m s - ih i i e ins -lust nv •

3. ‘Fma vs _ ’I f l i n t  i ’ ic s

Tra y s - ’  I s_l i mi t _ i c - S  hr vs -s -h i c - I c - s  ni t  the hous c-ho i s _ I

l s - ’ vs _ ’I  we’ re’ st i ~~g e s t  es_ I its a tin i rs_ I resenu rcii m n ppn ’omuc hn

[hi i s  r e s e ar c h  s t r n n  t s-’~~v was eva I s-tin ted s - I S  ln z t t- I ing s - u

h I g In I ) 0t  s- s -l it i s - i I l in t  t- — o t ’f , I _ c u t  I t is - s - us let  t that I i n s -’re

w a s  mu mos -Ier~n t e  i’i sk  o f . oh to in i ng t i nm u t Pi1 Y - c) i f .  ‘l’l _ ce
pm in el m em i_ cers expresses -I cot _ cc - c-rn over the vmn l ~s-1~ ~~~~

-

of d ia my (jil ts - u . Pc -~ j _ c )  e w ho 0 gm - c’s-’ t at Ii 11 out 
j

ques tionnaires s_ is - el t u s -’ nnrs - ’ I i k s - ’ h v  to  I-s_ c- s _ li I f er e nt

h-om t Inc get-nero I 1)01-us-i Ia t i am - u w h o  us- i 11 mis - - u s_-s i s - I  t lie

one rous  t n t  s k . (l i i  t h e  at  her I’na tns_ l , it was  Is-’! t that

t i-ic- n i e thoe l a  lo g s-  c o u l d  generate some hi g h l _ c’ usefu l

i n f o r m a t  i o n  such  as  n u mb e r  of m i l e s  t rmn s- ’c- ic - e l  hr
t’s-’li I c I e , fuus -’ I con ss-tmnj t on by veh i i c- Ic • 0Cc-ti ps - i tic-u ’ i_ c r
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vs--’h i c I o , t rave I hr t i inc of day , and t lie ium nc - t ion

of s _ li Iferont s- is -t tomo I- si l s _’s for im ous s_ ,’hols-l t_ c-anspor ta—

j o i n .  
—

4 . F I c  Is - I S i imnul a t ic - mu

F i s-’l s-I s i nu t  i s - i t  j o t _ c s  , us -h i c - h i t v o l  s-’c the use of

mos-I i f i c- s-l s_’~’~ I st i ng v v - h  i c- 1 c- s , us-u’ i- c- s-I i s cu ss c-s- I ins  mn
los -ti - ti -u -esc’arch app -oac ii. Ti_ c i s los_ u i - ti _ c m e t i i o s _ I o  logy
us- s-i s es - s - n luat es_ i as limi t’ i ng a hi g hi pan - -  - o f f , i )u t  i t
I nvol s-- s_ n - s - I some i i  sk in thu -c at tnt i t imlt s-’mi t of t limi t pnu \’— off .

‘l’he r e s s -’ s - i r c - h  m n p p x - o a c h  i s  at t m s - i c -  t is-- c- N ec - s - is _ i s o i t s - ill cats- s

s-’m g incerS ts-_ c a t ’ s - n  luate nc -mi _c- — ten -rn s-lcs 1 gm _ c f e a t u re s  i n
t i _ c e f o r m  o f  simple modifications to ex i s t i n g  vehicles

is-hi ic - I - u cat -n ti _ con i _ cc s-l s_ ’vclo p cs-l mis prototypes f o r
1 ini i t s - s -s-l consuiine ’ usc. Such v cli icls - ’s have ‘cc-n

s- ls _ ’vc - loped in tb _ cc ps -i s t , for  c-xamn Ic , b y Cni u (-1 ) .

C o n s u m e r - s c -mi mi tii s_ ’mi e l’ s-n 1 Uni t s_n- t bie vein ic - I c-s , s - i t _ c s-I t h e s e
e v a l u s - u t i o m n s  c s - t m _ c  h _ cc ic -s-I l _ c m n c k  i n t o  t u e  s-les 1 gm _ c s i _ c e f o r s _’
the arc- Ii nai l n-- m m n n u  is-i c- turn- u s-I for tine gem _ c s_ ’ra 1 pub I Ic

Consume i_s i-n ov i ng s_l i  r ec  t s-’x~_ c e r  i c - n c - c  ‘s - s - i  tb i ti _ cs - ’ m it t r i  —

hu t c-s of tine 1_ crot otype vein i c - I s -’ us -on Is _ I  p m s__ cl _ c s - ni - s i r b_ cs - ’

ab le to provide h i i gh lv s- icc - u - n - ate s_ Iota on its ac - c - c - pt-

aN i i  i tv  . On tIne at her ha ins _ h , comn sun t s-’ u’s ms - o s _ n Is-i os-i I u’

have access  to  tb _ cc - se s- cc -hi c los urn s-Icr umi usma mn 1
c i r c u t i n s t a n c e s  ( i . e . ,  t he e x p c u - i t t n e n t n n l es - - n n l u a t i o m u
per  l o s _ I ) .  l h e m e f o r c , s e l e c t  l o t _ c  o f the’ us c -r/s -’v s-i himu —

to rs  is - o s -u Id  have  to he s- lone vs-’ru- cars -’ f i t  I Ii’ , i n  s - _ c rs_I s-- r

to  m i n u m n i : s - ’  ti _ c c- h_ c i mu s nt~~s o c i s - u t e s _ i  u s - i t h p r s _ _ c j s _’ c - t i n i g
consummme i- prc - fen- c’m ic- s-’s h o r n  sunm u 11 s_

~ m s -_ c s - ups i - s f  s u b i  c-c- t s

S. C mt in i t_ c~ S i m u l a t i o n s

Th e l a s t  re se s-trch met h o d olog y ts -- s i_ ce coin s id s -’ms_ ’s_I

us - s - u s  s i r m i u l a t  lo in  of  c o n s u m e r  r e s p o m _ c s c -  t o  nnnu rIs -c-t

c h o i c e  t h r o u g h c c
~~-u~~~~~~ j r i s - ,  ‘‘ This t c - c - h nis _~s- t s_ ’ us - s - u s

cons i s_ Ic red to h ave in I gh potent is - n I I_ c O vo l  f is- it ii low
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r i s k  of f a i l u r e .  In  g a m i n g  s i m u l a t i o n , a se t

of p r o c e d u r a l  r u l e s  a re  d e v e l o p e d  w I _ c i c b _ c  p r o v i d e
the subject/participant with feedback on ti_ ce

ou tcomes  of h i s  or her  r e s p o n s e s .  ‘[he pa r t i c i -
p a n t  s e l e c t s  one type  of v e h i c l e  f rom a c h o i c e

( 
set , and then uses it in various simulates _ h

situations . Vehicle use is constrained by rules

dictated b y the vehicle ’ s hypo thetical perfor mance ,

cap ital maintenance costs , and o t he r capac i t ie s .
As t he  game p rog res ses , t h e  i m p l i c a t i o n s  of t h e
v e h i c l e _ c  c h o i c e  “ f e e d  h a c k ”  and a f f e c t  ti _ c e p l a y e r/
p a r t i c i p a n t ’ s subsequen t  d e c i s i o n  p r o c e s s e s .

G a m i n g  s i m u l a t i o n s  a r e  d i f f e r e n t  f rom f i e l d
s i m u l a t i o n s  in t h a t  they  r e q u i r e  no h a r d w a r e ,
and can he used to e v a l u a t e  r a d i c a l  c h a n g e s  in t he
a u t o m o b i l e  and/ o r  t he  o v e r a l l  t r a n s p o r t a t i o n  sy s tem
i n  w h i c h  the  a u t o m o b i l e  i s  used . Proper  d e s i g n  of
the games c-an provide valuable i m nsi g i_ ct i n t o

p o t e n t i a l  p u b l i c  r e sponse  to a u t o m o b i l e  des i gn and
tra nsportation s~’stems use as a whole. Desi gn of an

appropriatel y sop histicated game requires extensive

e f f o r t s  hy highly skilled researchers , i_cu t , once

des ig ned , the game can be readil y and economicall y

modified to examine numerous p o s s i b i l i t i e s  at low

cos t .
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3. GROUP B

RIDE QUALITY AND PASSENGER ACCEPTANCE PRO8LEMS

ASSOCIATED WITH AIRCRAFT FUEL EFFICIENC Y

3.1 I N T R O D U C T I O N

A s its first task , the group undert ook the definit ion
of the specifi c areas with which it should be concerned in

d i sch a r g ing its responsibil i t ies. These ar e a reas in which
t echnological s-tdvance s leading to increased fuel economy

are taking pl ace or will occur in the future , and th e means

by which the impac t of these technolog ical advances on ride

quali ty and accep tance wil l be eva lua te d. -
~~~

In response t o the former , the following general areas
w i t h  s p e c i f i c  deve lopmen t s  w i t h i n  each were iden t if ied for
further study:

1. Aerodynamics
- New air foi ls

Laminar boundary layer con t rol
• V a r i a b l e c amber *

• High-lift devices

• Compu tational techn iques

2 .  Pro pulsion

• Je t

• Propeller

• Types of fuel

- Blo wing technique s * (V/STOL)

• Drive train (helicopter)

3. St r u c t u r e s

• Structural des ign

• New materials
- composi t es
- aluminum technology

~Sie Glos sary at the end of this section .

_ _  
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1 . F i i ~~l s_ t c - s - s -n tr s -_ c l s

- Fly liv is-i rc A

- Li v by I i ght *

- \ c t i v s -’ s-on t r s - i ls *

r is - Is -’ snoo h i m i g
— s- t i ’l1 s_’ l ii rs -u 1 s- I s- imjn i ng *

3 ~jc -l - s-~ ic - li .

- F l i gh t p r c - fi ic - s or tr aj ectori es

— ter uum i ns - i l

- enrout e’

• ~~V c s - tC  i u~-us-. of a it - c u- s-_ c t’t

- G r s _ _ c u m n s _ I  in s - tm _ c s _ u  i m u g .  I 
-

Ii i t  F rs-’ si_ c c - ct to lie s-’v u l eLu t i c - i l l  c f i m ’~~ us - t s , i t n’ .u s not es-I
tb _ cs - i t SCC’s-’lJ I g rs -~n - s _ t t s  I n s - t v  I mng mmm v s-u v er s e  i m_ c t c-N-us t S i~s-_ cu is _ I he
u n v s - _ c I vs -’s-I . l’i_cese i I_ cc 1CIs - I s-’

• Passc - u _ c g- m -s

- SIn i ~ p e r s  or rs --ce I \- ers of c-mt i-gs -_ c

• Pi ~e)t -s-

• \i u - t e flic - conti - c’Ilcrs

- I i t i  i m l e ’ c u _ c c - v s - I t s - _ cr -i

- -\ i u - n - u s- m - t m s - u n n m u e- e u- s

- I, c- ‘mn - us _ i n _ c it V jun t s_ ’ r s- - u s t s

F u r :  i_ce’ t- -
~n - s -’ rt’ . i l _ c  rs-’s - ts _- h _ c in g  s - I c c - i s is-i mn s c on c e i -u i i mn g t h e  t r

s - u c - c c -p tunc e ’ o t~ ms - _ c  N’ em_ c e’ rgv  - c- fl ic c-nt .1 il-c - i-s - u ft ou i~ ’s - c -c-s_iu e-c-s
t i n s-’se ’ g r s - s - i~- u s  i i  II he’ c - c s - i ns - c - r ues-I i s - i  ti i Om ie s-_ c_ c - find - c’ of ti n s-’ follow-
ing f ac ts -_ c r s :

• R i d e  s-jual i t \ ’

• I c - c _cm _ c s -_ c m ic - s

- cos t

L 

- t1~_ ce ’ S av i n g s

~~~~~~~ ~T~~ so ry s - it the end of thi s  section.
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- Performance of service
- d e p e n d a i _ c i l i t y
- c o n v e n i e n c e  of use

- scheduling

• Ses- itin g

- s-ic-commoda tion s

- c a p a c i ty

• Am enities.

It was also noted that the elements of human factors

i n v o l v e d  in t h i s  p rocess  of a c c e p t a n c e  e v a l u a t i o n  ar e  in
t h e m s e l v e s  a d i s c i p l i n e  in which technolog ical as_ lvm t u_ cc es are

occurring and likel y to contin ete to occur . ‘l’hus i t  too m u s t
r e c e i v e ’  c o n s i d e r a t i o n  in  a m a n n e r  s i m i l a r  to  t h e  f i v e  a r e a s
i d e n t i f i e d  a b o v e .

Having defined the scope of the effort , a me t h o d  of
approach was nex t outlines -I as follows to conform with t h e
genera l objectives of the workshop:

(1)  E x a m i n e  t he  s t a t e - o f - t h e -a r t  i n  each _ c  t e c h n o l o gy
a r e a ;

( )  De f ine  i n m or e d e t a i l t h e fuel efficiency implica-

t i o m i s of t he  v a r i o u s  s p e c i f i c  d ev e l o p m e n t s  in
eac h_ c area;

(3)  E s t i m a t e  the  p r o b a b l e  impac t  t h a t  each w i l l  have
on r i d e  ~ua1i ty and acceptance;

(-I ) P r e d i c t  the t i m e  f r ame  for  p o s s i b l e  s - m p l e i n e n t a t i o n
of these deve lopmen t s;

(5) Identify future research needs.

‘Ihe remainder of the report will summarize the appli c s -n -

t i o n  of the  f i r s t  four  s teps  of t h i s  a p p r o a c h  to each a r e a
in turn , and w i l l  c o n c l u d e  w i t h  s e c t i o n s  w h i c l _ c  i s - i l l  i l l u s t r a t e
the i m p l i c a t i o n s  of fuel efficiency to the future development

of a i r c r a f t  t ypes  and s u m m a r i z e  recom m endations for the over-

all research needs which now exist.

‘(1

____ .•—-
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3 .2  AERODYNAMICS

Improvement in fuel consumption through developments

in aerodynamics can he realized throug h any of the follow- 
- I

ing  p henomena : j
• R e d u c t i o n  in drag
- Increase s in lift-to-drag ratios (L/D)

• Change s in life curve slopes *

• Changes in wi ng loading

- Changes in operational speeds

• Changes  in o p e r a t i o n a l  a l t i t u d e s .

Let us f i r s t  examine the i m p l i c a t i o n s  of each of these
in genera l  and then  a n a l y z e  some of the  s p e c i f i c  deve lopments
w h i c h  are  concerned w i t h  one or more of these a r e a s .

Reductions in drag and increases in LID ra t ios a l l o w
operations at a g iven sp eed and al t itu de wi th r educ t ion s
in the r equ i r ed  thrus t . This  re duc es fu e l consump t ion and
a l so  to some ex tent  engine  n o i s e .  The a t t e n d a n t  improvement
in ride quality would probably be small.

An increase  in the  l i f t  curve s lope w i l l  a l so  inc rease
response to g u s t s .  The r e l a t i o n s h i p  w i t h  comfor t  is
esse ntially inverse with an increase in lift curve decreas-

ing the comfor t .

Reduc t ions in wing loading wi l l  rela te direc t ly to
poorer r ide qual i ty , in as much as l ig h ter wi ng loading
results in more susc eptibility to gusts. —

Changes in op er a t ional  speed also have a d i rec t r e la t ion-
shi p to the gust response.

Changes in operational altitude will essentially change

the gu s t environmen t in which the a i rc ra f t opera te s - the
lower the altitude the more severe the gusts , and therefore
1 s - s _  poor er t he r ide  qua l i ty.

G 1 ossar s-r
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Let  us i_ cow examine several speci fic desi gns which

mir e ’ either w e l l  t e s t e d  and rea d y fo r  appi  i c - s - ct ion  or in t u e
i - s- - s c - a r c - In  m i ns - I d e v e l o p m e n t  s t a t e .

3.2.1 ~~j~s-~r cri t ic-al W ing

This dc-v ice , s_ \h ich is currentl y in use or _ c some t y 1_ c e s
of a i r c r a f t , p r o v i d e s  fo r  a h i g in er  a s p e c t  r a t  io~~, t h i c k e r
w i n g  wi _ c i c - i _ c  o f f e r s  a marg ina l a m o u n t  of f u e l  s a v i n g s .  Tb _ ce
f e e l i n g  i s  that future desi gns mm i v i_ cave aspect r a t i o s  as
b_c i gh as l~ or 12 vs. the normal 7-8 . 1 hi gher lift co--

el ficie t_ c t is o i_ ctaim _ cc d s - ut mm iximum LID , and hence an increased

s e m i s i t i v i t v  to g u s t s .  Some t y p e  of g u s t  alleviation (sweep

or  s - i c t i v e  c o n t r o l s )  w i l l  i_ c r o b a h l y  he r e q u i r e d  to m a i n t a i n
c u r r e n t standards of r i d e  q u a l  i t s — .

3. 2 . 2  Vs - t riable Cmim i_ cer Wing

T h i s  is a new d e v e l o p m e n t  unde r  s tudy  at N A S A / L a n g l e y .
The concel_ c t is to be al_ dc to continually vary  b o t h _ c  t h e
Ic -m is _ I im i g and trail ng wing edges during flight. In t h i s

manner ti_ ce wing m s-tv he oi_ ctimi:cd s-it every point in flig h t

f o r  t h e  m a t c h _ c  b e t w e e n  d rag  r e d u c t i o n  and l i f t  d i s t r i i _ c u t i o n
on t i _ c e  w i n g .  Rc sult m nnt fuel savings should rein about 2 or

3 _ ce rc ein t . i’hero will  probably he little effect on ride

qua l  I ty, hu t t he  v i  sua l  c h a n g e s  to the  w i n g  in fl ig l_ ct may
generate some image problems among c e rt a i n  t y p e s  of passen-
ge r s .

3 . 2 .  3 O t b i e r  Drag  Res - l e t c t  ion Tech _ c m~igues

A m a j o r  a rea  fo r  drag  r educ t  ion  is interfere u_ cce s-irag *,

and i m p r o v e m e n t s  in f u e l  economy at  a g ive mi  speed m m c\ ’  r am i g e

f r o m  2 oi 3 percent in transports to somewhat  h i g i _ c e r  v a l u e s
in g e n e r a l  a v i a t i o n  a i r c r a f t .  Fro m t h e  acce ptance oint of

*Sec r , l o s s s - u r y  at the end of thi s se ction.
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The above c o n s i d e r a t i o n s  are  s u m m a r i z e d  in t a b u l a r
form in Table  3- 1 , w h i c h  a l so  i nc ludes  e s t i m a t e s  of the  t i m e
f r a m e s  on w h i c h  the  e f f e c t s  of t he  t e c h n o l o g ies nu ig l_ ct be
e v i d e n t .  I t  i s  d i f f i c u l t  to p r e d i c t  t he  a c c e p t a n c e  of

developments in airfoils because it depends on how they are

used operationally, how they are combined in the configuration

design , and whether or not new control practices are used.

3.3 PROPULSION

The discussions centered around five major technology

areas:

• Improvem ents in turbo fan engines

• Iniprovements in turbo prop eng ines

- New fuels

- B l o w i n g  t e chn iques
Helicopter drive trains.

3 .3 .1 Turbo Fan Engines

Improvements in fuel efficiency are seen in two types

of developments , each oc curring in a different time frame.

In bo th  cases , the  changes  are not expected to have any
no ticeable effect on ride quality or passenger acceptance.

a. Near te rm improvements  ( w i t h i n  a p p r o x i m a t e l y  the
next five years)

Fuel consumption will be improved about 5

perce nt b y a number  of smal l  impro veme nts i n
components. It will be possible to incor p orate

these improvements in existing engines i_cy retro-

fitting .

b. Far term improvements (5 to 10 years)

A new generation of hi gher by-p s-nss ratio *

SSee Glossary at the end of this section.
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TABLE 3-1 . THE EFFECTS OF ADVANCES IN AERODYNAMICS TECHNOLOGY

TiME FRAME RQ P14 Cs-A FS

AIRFO ILS MED U U - M

LAMINAR BOUNDARY LAYER CONTROL FAR ri N - P

HIGH-LIFT DEVICES NEAR P P - -

VARIABLE CAMBER FAR - - - 11

COMPUTAT IONAL TECHNIQUES NEAR P P P i~
I

DRAG REDUCTION TECHNIQUES MED P P - M

P - POSITIVE RQ — RIDE QUALITY
N — NEGATIVE PA — PASSENGER ACCEPTANCE
- - NIL CA - COMMUNITY ACCEPTANCE

M — MARGINAL FS — FUEL SAV I NGS

U - UNCERTAIN

s_i
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(~~-1ti ) engines appears likely which would incorp-

or ;s-tc -i f u e l  use  reduction of about  15 p e r c e n t
ove r the best desi gns of today . These improve-

ment s ic - ill he obtained throug h an increase in

engine operating temperatures , increase in pressure ,

and throug h changes in internal designs. An examp le

of t h e  latter would be reduced clearance at the

b las - s -e t ips .

3 .~~~~ i;n~~~p rc s - s - s - \jrc-raft

The potential for fuel savings here is very great , b u t
t s - c - _ c s - - u  s--s- re also potential ride quality and acceptance problems. H

T Is -c - cu s - r r s -  t rcsea c-i_ c on turboprop design is ain c-u~ at pr os - luc ing
:s- i- u r c i -u aft up t o a 2 5 ( ; , 000 lb .  w e i g h t  w i t h  load capac it y of
S0-2~-u 0 pa ssengers and capable of o p e r a t i n g  in t h c  ~ ach 0 . 8
rs - s - np ’ s - -. Thus th e~’ i’-ould he comparable irs- speed , r ange  and
cs-s -; - u a c i t y  _ c s - i t h  a l l  hut the very largest of today ’s turbofan

- us - i m - c- r s - s - f t  -

a. Fuel saving s

S t u d i e s  by a l l  the maj or a i r f r a m e  manufacturers
have shown that t he  p o t e n t i a l  e x i s t s  f o r  a 1 5 -2 1 )
percent fuel saving s over the most advanced design

~s-arhofan s discussed above. In comparison n-.ith a

current technology aircraft such as the DC-9 , the

poten tial for fuel savings is between 40-50 percent

even though the turboprop eng ines prob abl e s_ c - ill

carry a weig ht penalty. The fuel savings is also

dependent on the mission. For examp le , turbo-

props excel at the shorter ranges.

b . Rid s -’ quality and acceptance

The b a s i c  p r o b l e m s  are t h o s e  of n o i s e , both
interior and exterior , and vibrati on. It is
i n t e r e s t i n g  to n o te  t h a t  the  a i r f r a m e  m a n u f a c t u r e r s

36
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• Super p ! s - i s t i c - f o r r n e s - I - d i f i u s i o n - h o n s - l e d  t i t a n i u m

i s  s - s - I so s-i possibilit y

- Bo t h of  t i _ c e  a b o v e  cou ld  l e a d  to  h i g ls_ c- i- s - t 1 lc _ c;~
-u

s - s - h i s --u o p e r a t i n g  s t r e s se s .

3. 4 . ~ \ pp I i  c a t  i c - i s _ s

UI _ ce iuntrodu ction of new materials into p r o s - I i s - c t i o m i  i s - i l l

s- Is - p e t s _ s - I  is-porn the c o n u p o n e s _ _ c  t bc-i is_p replaces -I. Some examp les arc - :

A c-rod ymn ann ic fs - _ c irin lgs * (now being done)

Pr imn arv struct u re (s-_ cpproxirna tely 199(1 t i n s _ c -  f r a m e )

E n t p h s - u s i s  w i l l  he  on t a i l o r e d  s t i f f n e s s  r i _ c s _ p s  to
h o l s t e r  f l i m n s v  a i s _ - c r a f t  m e m i _ c e r s  and on use in is _ i c -h
aspect-rs - s_ tio wings. Also fuss - s-lag e app licat ions

E n g i n e  c - o s _ s - is, naCelles * , et c .

3. 1 .3 Ps- s_ el Ss-iy~ p~

The potential ss- s_ vin g in fuel due to InCW m aterials is ,

of coin- sc- , d irectl y rel at es_ i to weight rc -ductio _ cs _. However ,

the pr s - _ ci _ c i c - rn  h e r e  is that many’ n t a n u f a c t u r e r s  and c -u s  to mi _ ce rs

s _ r s -  c u r r e n t l y  i n t e r e s t e d  in  see i n g  t Is_ is w s -- i g h t  reduction

t r a n s l a t c - d  i n t o  improved  p e r f o r m a n c e  c I s _ : s - r a c t c i ’ i s t i c s  suc i s _  as
inc_ c-eased i_ c a v l o ad , range , etc., resulting iis _ little change

in t h e  g r o s s  wei ght  of the aircraft ,

3 . 4 . 4  ;\cceptancc’

There  are  s e v e r a l  g r o u p s  i n f l u e n c e d , each _c s--u i t h  t h e i r
own concerns.

a. Bu i l d e r

• There is s-i general Is - ic - k of ex~ crience with the

new ms -_ c terials; this leads to development costs

to acquire a data base , develop dc - sig _ cs _ methods,

determine certification proce dures , etc. e.g. ,

fat igue.

*See T~
T6’

~~arv at tine end of t i s_ is section.
-Il
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ti mi cs - ’rt s - s - i n tic-s os-- s-s-i’ n T i s - l _ ciu fs - s - ct u ri s _ n g costs.

- I s - ic Is--u of il_ cs -i Ill t cs-In s-i s- s_ s--u s--u x i s - s - - u r i c -mic e I s- s- s- s- s- I I ng to

s_ln c s--u i’t s-s - i u s _ t i c s  os--er sti’ c_ cc tu i- s-s_ s--u is- s -_ c i’T s - _ c n t i C s .

i_c . U s~~~~~j i i r i i m n -uc - )
- I-u l n cer ts -_ c i l _ ct i c - s  o v e r  iun s l s _ Cd- u t  i c - It  r- c - s - j s - s - iu -s-a’is-s- t t t s ,

~s -t:s - j l s _ ts --u fl s - s - flcc - costs is _ _ c c1s - i s _ Ii us_ p pd ’ m -u SO t l l C l  ~~~ i c c t i s- _ c is_ ,

trai l s_ i n s _ c - , s - ’ t C . ,  s-ire not w e l l  s_ i n d c -u t s t s - s - c s -s - t ,

c - , Cs - s_ ston ier (~_ cs - i s se pj~s-- u u-)

• Gems _ c- u’ s-i I inn s-s_ ge — s-_ c l i t  I he n’s- gs-i r s_ Ic-d as a u n c - w
adv s- i us _ c e s - I s-i irc r s - s -i’t - or s- s- s s-u ‘‘ s - _c Is - s - st ft s - u i rpla m _ cc? ’

- Noise - noise t rs - u nn sun jss i omn ms - s-v i_cc -s-_c fs - t ct or

i_ c s_s- c - au se of tin i rs _ s - s _ s --v sc-ct  ions i ms_ pa n e l  s ms -u ’ I s _ s - s - s - s -
to ps-s- v some I s - s - - u s _ is - lit v fo r  no i sc -u -us- s _ u p u - s- - u s s  ic _ c s_ n

• V i l _ c u ’ s - i t i ous_ --u cs -_ cu Is - I i_ ce  sc - is _ _ c c -wI ts - i t hi c- he r  i_ c s -s - c s - s - u s e
i u s _ t s-’p r s - i t e s_ I f s - s - l _ c r i c s - i t i s - _ cms _ u s - i t i _ c  cs-in c - s i t e s  o ff s _ s - - u s _-s

fc i ~er  J o  i s - i t s  (or  I _ c s - _ c t c m n t i s - i l s - Is - i ll _ is- i _ cs _ p .

5.-u1 . S  Imp leu_ c_ cents - ’tio n

I m p l  s-s-ms - s_ ems _ tat ion w i l l  clepens_ I s_ il_ co in ths _ s - s - s -h I l i t  ~
- to sujs-p 1 y-

t h e s e  nes-c r s - _ c a t e r n a l s  j r _ c  a c - o s t - e f f e c - t i s - ’s-’ m s - m is_ c - i ’ .

To a degree , I _ c r o a d - h a s c - s - 1  s_ u s a g e  of ls_ c-uw ms -s - ts -’i ’ials w i l l

depend upon _ c  t h e  a b i l i t i e s  to  i m p r o v e  s t r s _ _ c c - t s _ s _ i - a l  s - I c - s ic- mi
t e c h n i s-j ues , suc i_ c as

-\ut oms -s- t ed  mc ’ t ln os - Is to  pc-rn i t  s- s - s_ s - i l u s - s -t i s-s_ in of more

p a r a m e t e r s  e a r ly  in  t h e  s - ic - s  ig m s _ S t a g e s .

• Ms_ s - It is_ l i sc i p i m a ry  prop ’s-ms w Is_ ic -h s-c ill ps-’rmi t pvc -u i i ’s-t i -

n a r y  des i gn t r - u is - l e - c_c (C st s_ u s - i i c ’s - - u .

- R e d s_ s _ c -  lun g c om i_ c o s  i t e  st vs_ s_ c tut’a 1 s - I s - s I gm s_ to ‘‘hans-h lnoc_ c k ’

n _ c e t  hods so t h a t  s - l i  rc -  r a f t  cou ps-i n i c - s  c an  ;tp p lv t is_ c-_ cit

e x t e ns  i v c l v .

The q u e s t i o n  of the vehicles to w h i c h  new m at c-I ’ i s - l l s
m i g h t  he appl  l ed  d e p e n d s  upon t h e  ap p i  i ca t  s - O h S - Tls - s -’rs --u s - s -re  

— -u—.r--u-’ - -
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t h r e e  s_ s - i s - s -~~or c l a s s e s .

s - i . Retn’ s - _ c —fi t s - s - ircrs - tft
\‘c-u ’v l imit e d . On current aircr aft , it is

u s u a l l y too cos t  l v to  c - I s _ a s _ s - ge  m a t e _ c i a l s  in  s - mn
existin g desi gn.

b . li erivs - i tis - ’ c - s -m ircr a ft

Some is_ ote n tia l exists for special ap~ lica-

t i o n s .

• Lockh eed i s  c h a n g i m s _ g  f r om a m i x of  al u m i n u m  a n d

fibcrg l s - s - sS to Kc s-- l s-s-r/epoxv s-n l e a d i n c -  ed ge a n d

tr a ilin g edg e panels , arid sonic fairings on long

range L -l0ll- ~~00 aircraft.

Dots -c-l a s  is considering al_c ’ ii cation S in control

s u r f ac e s  f o r  s-Icr i vs - _ ct i ve  DC- 10 .

c .  New a i s _ ’ c r a f t

Poten tial is good. For exs-s-mple , proposals

f o r  t h e  B o e i n g  bT c a l l  f o r  abou t  4 , 2 0 0  ibs , of

compoSit es.

3.4 .t’ Summary

A summary of tine effects in structures is shown in

Table 3-3.

3 . 5  F L I G H T  C ONTROLS

In  t h e  c o n t e x t  of to day ’ s proven a p p l i c a t i o n s  and f u t u re
p o t e n t i a l , f l i g h t  c o n t r o l s  offer both a possi l s_ ility for in-

creased fuel efficiency amid a definite improvement in the

motion components of ride quality. These benefits can accrue

ei ther dir e ctl y , th roug ls_ such means  as motion and vibration

alle s -- iati on to improve ride quality, or through e_cs_ergy-

management systems. Fli ght controls can also hel j_c in an

indirect sense by compensating for ride quality defici encies

43
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C s - l i _ c Is - _c ’ s_ is es-i t o i s _ s - s - I s - m s - s - v s --u i s -i t i p s _ s _ s- - u I 1 1 s - c

P1 i c- hit c c - I _ c t VU I s f - u i  1 1 is _ s - i s j c s - i 1 1 v is - _ c tin rs --u c s_~s - it s - i ’  s-~ r I cc

m s - - u s - - c- rc li _ c l c- , s s - i ’ s - s - s _ s - l t s _  st i r  ( s - s - c - s _-u , s - s - mi s - I  I r r e v em -u s is- I s - ’ . -u\ ui t h i s - I s - c - s - i

i c-n c- i s - cl _ cs - i t n_cu s- p i _ ct b c-u s- -u x I_ cc - c’ t c-s- I in _ c c s - i s - h s _  j s s- s _ s _ it I l i _ c c’s-I i _ c s --u- Is - s -s_c .

3. S. I Rs - - u vs -- u rs s - is - Ic’ Cc-u t roI~

i \ s - u l f l h l  I s -s-s Cs --u s s i _ cs - i C I

i s - s - i  v i e D  35 ~3 ’

R i s - I s -  s - I s - i - u i  I i t  s- \s _ i t s- _ c p i I ( s _ I  I s - _cc-p s s-_ c I t in is - s - i _ c c - u ’  s- I s - i t ’ s - s - s - i

I c -- u _ ct ’s c c-m i p us - _ cs- i s - i  s- S c _ c u l l s - ’  I ’ l s - I s -  i i t i 1 s -  i c -  s- s- ’ i f l s - ’ l _ c

I:s _ is --u I c’s-- s- s - s _ i s - _ ci s __ cV : N i I .

F’ h’ s- _ I s - I c-us _ i : I c-u cs-i I s - s - ic I_c c-f t i s _  f - us - cc s_ m s- ca I Is - s - i s - S t i s - j I s - _ c t s- i ti _ cl is - s - u - u

s-) p s - - u s- I - u i  I -u s - s - i l _ c s - i  s - c l u e s -- 1 .
4
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- -
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Lear s-iv i~i “Put s _ s - v s - i”

R i d e  qs - i s - i  I I t~~- s- P i c -mi i 11 cs - s - m i t ihn h s _ rs - _ cs - ’s- ’mth s- - u m _ c t s - i t I s - i  i m u s - h  i c -u

i -s _ i c I c - cs - s - m is - s -it s _ v : S I p m _ c  s_ i’ i c s - i t _ c t I _ c s - s - i s - I  s - u I is - ’ ~ i s - i 1 s _ s - s _ m u  i ~ s _ s - _c s -s s I I’ I e

s-s- in s -I rs_ ’s-It s-c t ion is - u s- ’Ver s- i I I -l s _ h l _ c t s- is -c - s - p i t t

s - _ c f s - il _ cc - tn t S p c - vs - c l _ ct s - s os - s -s -- ct es - i , lu _ c - c s - -u

s- otm I s_I he m’ s-’ IF c s -ct es- 1 in _ c _c it is - c - ~ i n u s - r s-’:u Sc ’
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Ride d ualit y : No effect

Fuel economy : Will reduce system i’s--ei ght by

eliminati n g direct mechanical

links to control surfaces.

Problem : Acc ej_ctance by civilian users and
authorities must be secured. -- u

d. Fly-b y-l i ght

Example: Under development , hut has been flight-

tested on tine YC-14.

Ride quality: No effect p

Fuel economy : Will reduce system weight even

more than fly-b y-wire , and is more

reliable.

3.5. -I Sumns-ary

The results are summarized in Table 3-4. Essentiall y ,

the use of fli ght controls requires little energy for their

own operation hut can cause si gnificant savings in aircraft

- s- 
weig ht , s_ ci nic l s_ could be translated into fuel economy . They

al so o f f e r  si gnificant economies in the  a reas  of m a i n t e n a n c e
and aircraft life through applications in load alleviation -

and flutter suppression. Fli gh t controls can he used to

automatically optimize operational parameters and thu s

provide direct energy management which should have a signifi-

cs-s_nt effect on fuel economy . Reductions in vibrations and

motions could be improved by a factor of 10 , leading to much

better ride quality.

Most tecis_niques are availa8le tods -ty to design tis_ e fli g h t -

c o n t r o l  sy s t e m s , but  increased app li cations _ is dependent on

t h e  a v a i l a b i l i t y  of advanced  c o m p u t a t i o n a l  t e c h n i q u e s  i m s _ v o l v i m - u s -g
multi-technology or inter-t echnolog y ap i_ c lica t i oms _ s to overall
aircr a f t desi gn. Most of the major adva s-nces will take 1 0 - I S
y e s- i r s  to imp lemen t  in f l e e t  a i r c r a f t.
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TI~E FRAME RO PA CA ES

REVERSIB LE CONTROLS NEAR P P - -

SEPARATE SURFACE CONTROLS NEAR P P - M

IRREVERSIBLE CONTROLS FAR P P - P

ENERGY MANAGEMENT NEAR - P - P

P — P O S I T I V E  RQ — RIDE O UAL ITY
N — NEGAT I VE PA — PASSENGER ACCEPT ANCE
— — N I L  CA — COMMUN IT Y A C C E P T A N C E
M - M A R G I N A L  FS - F U E L S A V I N G S
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3 .6  O P F R A I ’ I O N P

I ’hj s  i s  a h s _ i g I s _ l y comp l e x  s - _ c r e a  i m _ c v o l v i n g  all t h e  s - s - ct i vit i e s

of tine s - s - i rcrs - _ c ft from the time of engine start at ti_ ce origin

pate to c- u_ c c- is - _ ce cut-off s-_ ct ti _ cc ’ s - ic sti i_ c at ion gate. There is i_co

dos - s - I_ ct ti n s-_c t Is_ s-el eco m _ c o rm _ cies can he re s- i l i z e s - 1  b y m i m _ c i m i  i n g  s-ic- i s - i v s

s-s - n c c - u n t i- r c s - d  s - i t  es-i c- In s - s - c t iv it y as - s_ cl s - s - iso by providing t h e  i _ c c - s t

p o ssible fli g ht trs - s - jectori e s s-s-nd profiles from take-off to

i s - s - i _ cs - I j r _ c c - . However , at t i _ c  is ti n _ ce , there is i n s s_ i f f  i c - i  es -_ ct ds - s - t u

c-c- u s - n e rzs- liv s- s - v s - u i la in Ic to m a k e  s- s-n qu s-_cn t i t a t  ivc ~ r Ccl  I c  t I os - s _ s of

t I _ c c - p o t e n t i al  f u e l  s a v i n g s .

R i d e  s - i u a l i t v  as - s_ s -I a c c e p t s -n n c c  e n t e r  the  p i c t u r e  1_ co t in  f r o m
t b-s- c view p oints of the ps-s-ssen ger anti tine co m m s_ i_ c_ c ity. Ger_ c c - u rs - s -I-

I ~
‘ SpC - ui  Is- is - n c - , d c - i  s- ivs I r i s - s  trs -it e the passenger s-s - i_ cs _ i r e l _ c _ c ’ e s c - u _ c _ c t

s c - r i  ous i m p a c t s  on t i n e s -  co m _ cv c - u i  l O I s _ C c  s - s _ n d  s_i c - p c - m s _ d a b  i i  i t  v of t h e
se _ c - s - - i c e , i s - _ c  s - s_ s -I c l i t i o i _ c  t o  t he  d i r e c t  t i m e  c - i s - s - m s -s - n t  s_ chic - h i s  o f
u t m o st  i m p o r t a n c e .  1 - u i _ ce - u passenger comfor t a s p c s - c t  of s - - i s - is - -

qt s - s - s -  i i  t - _c - s s - s - ffc-rs when  s -u i r c r a  f t  s- i r e  r c - q u  i red to c-p s-’ _c’ s- s - t is- s- it

i s - u s-_ c a 1 t I t i s - c i s --u s or in a s - ly o n- s- co s_ yes -i thor si tw i t i o n s  f o r  cx t c - u n s - I c-u s-l
per i os-1 s-c o f  time. Los- s--u s - i l l  s- tus-le s- s - s s-s--u s-’ 11 as c - ro t s - n _ c s - I  s - i s -- D i v  i t i e s
i_ cave  s - s - m n a dv c -  s-- se e f f e c t  on _ c ti _ c e d :omrnu s_ s_ i ty  t i _ c  r s - s - m i pii i _ c o t  i _ c i_ co i so
ar_ cd p o l l u t i o n .

From th n is brief in _ c t s_ -os -duc t is - _ c m_ c i t  i s  clear ti _ cat t i ne _ c - c -

s - i r e  cons  i s- Iers -_ ch Ic c on _ c t  r i l _ c s _ ut ions s_c b s _ ic - i _ c cc-ni i_ ce ms - is - li’ i n _ c I s - c - t i _ c

fs-ue l economy s-il_ cd passc’ n_ cger /comm s_ s-n i t  s - i c c e p t a m _ c c - s -  t h s- ’oug i _ c
i r i s - ps - s - _ cs- e m e n t  s in _ c operating proces -lurer . T bns - - u re  i s  m i s - c - h _ c  s_ cork

b e i n g  s-lone is - n c c - r t a i n  ses--t o rs , h ut  t i _ ce  i m p o r t a n t  p s - s - s - m t i s
thi s-i t t u e  s_s-- h o l e  area of o per a t  i o n s  is  ss - s - I _ cj c - c t  t s - _ c  s - n i’ s - i t  h s- s-

ss -- v _ c - u r s --u s e t  of c o m _ c s t r a i n t s .  Some s - s - re  m a t s _ i r s - i l , suc h s - is
u cs -- u s - i t h e r , t e r r a i n , w i n d s , s h e a r, h u m a n  f a t i g u e , e t c . ;  Sc_ is_u -u’

s - s - r e  e c o n o m I c , ss- ic hi as e x i s t  ing  ru r _ c icay cs - in I i g u r s - s -  I i o n s  , i _ cc - es - I

fo r h~ gh c -st possible capacit y utilization , s - s - va ii s - i l _ c i l i t y  of
ga ts--us s- un _ c s - I r a m p s , e t c .  Some s - i r s - ’  t e c h n i c a l  su cl _ c  s-_c -us- i ’un ws -_ cv
s p a c i n g ,  appro a c i_ c  p a t h _ c s  and s p a c i n _ c g , touc h s_ I own p o i n _ c t s , _ c - u ( c . :
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some s-ire institutional such as noise abatement , pollution

control , is - s_ nd use , e t c .  P e r h a p s  ti _ ce bes t  s-ca\ - to approac i _ c
t h e  r i d e  q u a l i ty  and fue l  eco u s_ omy i s s u e s  a s s o c i a t e d  s _ c i t b n
o p e r a t i o n s  is to e x a m i n e  s-chat  is  b e i n g  done to  improve
p e r f o r m a i s _ c e  w i t h i n  ti _ ce v a r i o u s  c o n s t r a i n t s .

3 . 6 . 1  Wake V o r t e x  A v o i d a n c e

The s t r o n g  wake  v o r t i c e s  g e n e r a t e d  by t h e  l a rge ,
heavy jet aircraft require increased separation of aircraft

in the approach _ c , landing and take-off patterns , particularly

when s-u diverse mix of vehicle sizes is involved. This

reduces airport capacity, causing delays which result in
adverse acceptance features and increased fuel consumption.

A task force studying ei ght major airports recently H

found ti_ cat the capacity loss clue to the increasing number

of l a r ge , heavy jets in the mix may reach as much as 17

percent if present day separation standards as established
by the FAA are not reduced.

It is hoped that reductions in the separation distance

can soon be routinely achieved through improved technology

for detecting and predicting the presence of high-energy

wake vortices.

3.6.2 A i r p or t Desi gn

T e r m i n a l  a i r s p a c e  c a p a c i ty  is l i m i t e d  i s - v the  p h y s i c a l
layou t of the a i r p or t , and by ti_ ce a bility of the Air Traffic

Control (ATC) system to meter and space aircraft for safe

o p e r a t i o n s .  Severa l  m o d e l i n g  t e c h n i q u e s  arc c u r r e n t ly  be ing
inves ti gated to determine the maximum number of aircraft

that can b_ ce handled by a given facility during specifies - I

time periods under conditions of peak demand. These tech- 
—

niques will predict delay times under varying run s_ cay and
taxiway confi gura ti ons , and provide planners w ith _ c reliable

SO
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n ue a i _ c s f o r  t i s _ e s -  s - l s _ e a s u r eun e_ c n t  of a c c e p t s - s - n c - c  r a t e s .

The is_uo s-Iels permit computer ana ls - -sis of improvem ents
to existi n g f a cil i ti es to s - s - c l _ c i e v e  1_ ci g h _ c e r  s i t e  cs - s - pacit ’s-- .
Possib le improvement s includ e:

d u a l  — l a n e  r s - u u n _ c s --u s - _ c y  operations

s c - p s - i r s - _ ct i o n  b e t we e n  c - p c _ c - s -ut i o n s  on p a r a l l e l  run s_ s-u a~’s - -

res-lucing lon gitud i s - _ cal separation standard s
co n struc t i o_ c_ c changes to satisf y all-weather opers - s-ti n g
r e s -j u i r e s - f lc ’m _ c t s
1_ ci gh- sr_ cc -es-I tus_ ’noffs

3.6.3 W es-_ ct he r

It is s -_ cc - c c - ssary to pro v is _ le s-_ c c c urs - n t e, t i m e l y , s - s - ms _ s - I
o p er s -s - t  ions-i l i s -.- meanin g ful s_ s - es - it ls_ er ims _ for ma t ion to tine u s e r s .
Sp ec -is-s-i em ph asis si_ could he placed o s -_ c the ide s - s _ ti I ic s -_ ct ion
and descr iption of hazardous heather situa tiou_ cs. Major
i_ c n _ c prov e m n ent s  to today ’ s s y s t e m  w i l l  i n c l u d e :

s-i . Improves_I radar detection , identific ation s- _ cu _ c d
t r a c k i n g

h. Inc _ c -es - s- se is -_ c the numb er anti f re q t s - e rs -cv  of s u r f ac e
o b s e r v a t i o n s

c. A u t o m a te d  c o l l e c t i o n , p r o c e s s i ng  rs-ntl distribu tion
of pilot reports

d. Red s_ s-ct ion is-i dcl ivcrv time of operat ional is--
criti cs -u i weather reports to pilots as-_ cd contro llers

e. Ts - u i i oris - - u tg of s_ c c - s - s - the _ c - s - Is - i t s - i to re_ c_ cs_ icr it more
s u i t s - _ c h i c  for  ti_ c e use r

f. Presc’~~ts - _ c - u t ion _ c of real time hazardous weather to the
con t rol  I c r

g. Improvem ents t0 accu racy of aviation nceather fore-
casts through qualit control.
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3 . 0 . 4  N o i s e  A l s - a t e m e s - _ c t

\ i rcr s- s- ft n_ co i s - c e s-intl 501_ c i c boom i s- us -pose  c - r i  t i cs-i l coin -

s t ra int s o i _ c t h R  gs - ’os - ct h  o f  c i v i l  s - s - v i a t  i o n _ c . ( c-ms -n un I t Y

oh s - i s - s - c t  i on t o  s-_ c i rc r a f t  i_ co i s o  h _ c s - _ cs b r o s _ u g h _ ct  on _ c :i I r i _ c s - _ cr t r c s t  _ c ’ i c  -

t is -_ c m _ c s  i s _ s _ y e  Iv  i m c- i s_ i c- I_ ct cu_ c’fes _ cs , a i rcra ft t y p e s  s _ s - s s - s - g s -, pm - i’ Is - -u r -

cs - n t  i s - s - I  _ c ’ u m n _ c c s - i v  u s a g e  a _ c _ cd  l i m i t s - i t i o n s  nm _ c ex e s - an s  i on  of  ex i -us- t I i_ cc -
s - i i r p o _ c - t s .  - u f h e s e  r e s t r i c t  i o n s  r e s u l t  i t _ c  t h e  i i _ c c r c s - u s s -- s- I
‘‘ s t s - s - c h i n g  s_ s - p’’ of  s - s - i s _ -c _c’ s - s - ft am _ cd g e m s _ c r s - s -l c o s - _ c g e s t i o m s _  on _ c s - _ c i r p o n ’t
r s _ s - s - n w s - s _ y s  cl ii i- 1mg t I _ c c’ s - b s - s - v , s_c s- u s t  l i _ c c -  vu i t s - s - u  I _ c l  e Inc I . (~s - m i c rs - _ c 1

ohs _ I s - - ct  i v e s  of t i _ c e F e d e r a l  A v i a t i o n _ c  Ad a _ m i s t _ c ’ s - i t  i o m _ c  ( F - u-V’s- -u) -
-

s-_ c _c- cs- t o  m i  i_ c l _c_cs - i ze  t i _ c e c -us _ v i r o _ c _ c m e m _ c t a  I i m p s - s - c t  o f  s - i i s - - c  r s - s -  f t  i_ co i s- -us- c

s - s - I _ cs - I t i _ c  s - b e _ c e  l op  pres _ l  ic  t i o u _ c , r e t h u c  t i o u _ c  as -s_ cl c e rt  i i i  cs - _ c t io i s_

c r i t s - ’ r j s - u  I s - _ c s _ s - ill :_ circra fi .

3. s--us- . S Cos-nnm uus _ ics- it ion s

Ihe I) iscrs -- t s-s- A ds_ Iress Bea cs-s-m_ c System ~DABS) s - i s - i t s-i I i m n k

w i 11  prs - _ cs-’ i s - I c a h i g h  c s -u p a c’ I t y ,  c-ro ts-s-is-i/a iz , / c - r ots - u _ cs _ I s_i s-i t s-i i i m s _ k
b e t s _ c s-- s-s- i_ c A i r  T r a f l  ft Co m _ c t r o l  ( \ l ~s-’) f s - i c  i i i  t i e s  s - in n s - I  i_ c i ’o i_ cs - ’n’i \’

s-’quipped a i rc r a f t  . T h i s  p r o du c t  i v  i t v  - or i entos -l cc-i~_ ci~u s - mi i cs - i  -

t ions link wou is _ I be use s-i f o r  dci i very of A l C  c lea _ c ’s - s - u s _ ce - us

I n f o_ c ’ m s - s_ t  i s - s - i _ c  s - is - _ c s - I a s_ b y i ss-n r i c - s  . :\s -t im l_ c_ c ’ov cm eu _ ct i s - _ c art s -s -_ c ms _ s - u s- I c - s - i  -

t i c - n  ( R N - \ V )  cap s - s - i _ c _ c l i t - u-u - s i _ c o u l d  r e s u l t .

3.6. b T e r n _ c s - i n s - _ cl -u \re s- u Ns - _ c vi~ga tio _ c _ c

Two as _ nj  or i m p r o v e m e n t s  iii AFC in tb _ ce term i s - _ c s - n i s-u r c s - s - i  s-i s_- c
po s  s il _ c  I c  tb _ c _c’ s-_c s_ ug h_ c t h e  e x i _ c a n s _ l e d  u s e  of t ins - ’  s - u n’ea u _ c s - s - v i c - s - i t io u _ c

s y s t e m  ( c - N \ V )  s - u _ cs _ i t b _ c e nms _ ic s - ’ows - _ cv c-u is - ins - d i ng s’stem (MIS). Bc s_ t ln
shots-id ia_ pr os - -ut-u ss -_ cfet~ s-n m_cs-I reduce s - I e l s - i v s  s - s - n _ cs _ I  h _ cs -s - _ c s _ c e  cs - s_ I_ c t i i b u t e

t s -_c ins _p rov e s-h s - s - ccs -’p t am _ c Cs -’ s- s_ n il I s_ s - c l economy . s-

T h i s  i s  s - s - x i s _ c c - t e d  to i mp r o v e  t h e  e f l ’ i c  is - ’ i _ cc v
of A I C  opers -u Di on s . I t  s_c i l l  r c s - du c e  t h e  cs - _ cs - _ ct rol  icr’ s
work—load is-v rd ie s - - i n-i g ti _ cern of t b-i c- s __ cc - es _ I  t o  p r o v i d e
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rad s- s - r v cct oi - comms -s-nd s. -u fl _ ce i n t eg r s - n l s u l_ csyst c - m s
s - _ c f  R N - \ \ s -  s _ s - i l l  p _ c - s-s_ v ide the s -u ircr alt w i t h _ c  suffic i c - n _ ct

i s - s _ f o r m a t  is - s -u _ c  t o  l iv  f r o m  one d cs i g u i a t c d  s_ cs - s - v - p o i n t
t o  s - s - i _ c o t i s _ e r  w i t i s _ i mi t i _ c e  tc- ri s__ cin s-s_l s -_ c res - 1 s_s-- i t h i s _ u t  i s_ c i l _ c c -
to I s - b i_ cy t b _ c e  c o n t  _ c ’o l i c_ c ’  w i _ c c - u _ c  to  tu _ c ’ m _ c  . I t  s_c i l l  s-_ c i s o

rd ic -y e ti _ ce control icr of ps -n _ c ’t of his trs - s - ckim _ cg

s- ’e s -ju i r o n _ c e n t  I s_ c - c a t s - sc  of ti _ cc improved be hs - _ cv  i o r  o f
t h e  s - i i r c r s - u f t .

h .  M I S
--u--u-- p

Ti_ c i s  sy s t e m  cs - _ cm _ c be i _ c _ cs  t a l l  es-i s - s - u s _ v s _ c l _ c c - r e, h u n t

is ps - n rt ics _ ul s - ur l y help ful jr_ c b c-at ions wi_ core tin e

currently is -sc -s - I i m s _ s t  r u s - m e n t  l a n s - l i n g  s y s t e m  ( 1 1 5)

w i l l  s -_ cot  o p e r a t e .  Im i_ cro ve d  p e r f o r m a n c e  of  t hi s
s y s t e m  s - s - i l l  I _ c c  s - s _ v s - s _ l i a b l e  i n  t i ne  f o r m  of s - s - mi
i u s _ f i n i  t e l y  v s - i r i s - u s - b  ms_ i l t ip l e  g i  is -i c s l o p e  ar _ c d s-i
curved - s- ip js_ ro a ci_ c ca l _ c s - s - is _ il itv . T h e s e  f e a t u r e s  s_ c i l l
red s_ s - cc  ti _ c c nec -cl  fo r  m a n e u v e r i _ c s _ g  to  o h t s - s - i n  1_ c o s i t  i o u _ c

in tb _ ce las - _ c s - i i t _ c c- s equence  and p e r m i t  u t i  1j : _ c t  io u _ c

of approac h_ c paths _ c c i t l s _  a_ i  i_ c i_ c s__ c al n oise in s_ pact , d i s c
of ru_ cs_ ways previously ciosed because of noise

s-u h a t e m s -’s -_ ct n’cs t r i c t  ions _ S  ma ’- he p o s s i b l e

3 . o .  - 1 % _ c m _ c s _ i  S h e a r

I’ I _ cr c - c  I o t e n t  j u l  m s _ e a r -  t e r m  s o l s _ s - t  i ons  to s-s-v i s - s - t i o u _ c  I s _ ro l _ c l ems
c r c - s - s - t e d  h _ c y h a z a r d o u s  l o w  l e v e l  w i _ c _ c s _ I  s hea r  s - u _c’e i s _ e u _ c c -  i m _ c v c -u s t i -
c - - us -  t e d .  Tine include: development of a g rou m_ cs - I - l_ case s _ I  l os_ c
i c - s - - e l  W j r n c i Shea _ c -  -u~ I e _c’t Sv s t e ~ t o det e c t  shea r  is - _ c t ine  t cr m i ms _ s - _ c I
are s-i , deve 1 ep a_ e u_ c t of :i u s - i : s - irs - Ic _ c s _ us  Icu u _ cd Sines - _ c r A s -dy I s s-_ c s_ ’v Service
( i t _ c  c oop er s -_ ct iou _ c  w i t h  ti _ c e Ns - _ c t j o _ c _ cs - _ cl ‘s - ie s - s _t hcr S e_ c - v i c e )  to s - s - i c _ c t

1_ h o t s  wi _ cc - _ c _ c  s t r o m _ c g w i n d  shea r  c o n c l i t i o r n s a re  g o i i n g  to  a f f e c t
s - u I rpor t opers -u t ions . and t i _ ce  t l e v c l o p m e u s_ t  of av ion _ c  ic d i  sj _ c  is - s - vs

to  s - i S S i s t  P i l o t s  in  cop i ng _ cs - i t i _ c s l _ cc s - ur s_ his - ring s-_ cpp _ c ’os - s- ches to
tI _ c e air port.
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3 .6.S Scl_ ccdu ling

1_ c c o a_ nj  or grou _ c _ cs _ I  d o r i s - - c d  a s - I v a inc c - s as_ ’c u n s _ l e r s _ c s - _ cy s _ c u i c - h

s i _ cou l s _ i  re d uce t i _ c e  a i r i s_ o n ’s -_ c e d e i s - s - v s  o f  s - s - i  u - c r a f t .  - u i - u i _ cc  f i r s t

is  a c e n t x - s - s -I f l o w  c o n t r o l sy s t e m  _ c c i _ c i c h  s _ c u I l s - s - s - s - n s - i c - s - s -  the

o v s - s - r s - u l l  p a t t o n _ c  of a i r  t r a f f i c  I t o _ c c . I - u i _ c c -  o t h c - _ c ’ , v h s _ i c - I _ c  w i l l

cs - _ cs - s _ t i -i t _ c u t e  to t i _ c e  f i r s t , b _ c s - I t w h i c h _ c  c a m _ c  he uses - i  sc-~_ cs - _ cr a t e l y ,

is a t e u ’ m i n s - s -l a_ c’ s-s -s - u  n _ c c - t o n -  i s-n c - s - i s - _ cs - i s i _ c s - i c - i s - n c -  c s - s - p s - u i _ c s _ I  i t y .

s - u , Ce r_ ctr al F l o w  C o s - _ c t r o l  Sy s t e m

‘h i_ ce o b j e c t i v e  i s  to  i s - s - s - l a _ c s _ c e  t b _ c c -  v o l u m e  o f

t r s - s - f l i c  s_c i t i _ c  t b _ c e  s - s - v s - s _ U s - s _i s - i c  cs -u p s - s _ c i t y  of t i n e  t r s - u l f i c -

han s-Il ing resources in a vs-s-v wi_c I cl _ c e s _ _ c s - _ c l _ cl cs ti _ ce s-i ii’ -

c-raft to reacin its s _ Lesti _ c _ cs - s - tiom s _ _ c citi _ c minimum c Ie l s - _ c y.

IV i_ cen s-lemamn s_ l or_ c s - s - j r traf fic control resourc es-c

ex c - c -es-i s t i _ ce  c - s - s - I _ cs - i c - i  ty  to i_ cs - s -s - id le  t h e  s- ieun s--i m s _ s _ I , t hns - ’
f l o t s -- c o n t r o l  I s _ s _ u n c t i o n  cs-i n I_ce invoked to s - s - cbs _ ic - y e

p a r  i t  v is - _ c  t b _ c e  m s -u s s  m ov e s__ c s - e s - n t  of  a i n c _ c - s-u f t  i ’ine

5 s t e m  is bein g s_ I c - s -c- lo p s --u s-I s-is am_ c s - s - u t _ c m s _ u s - u t e s - 1  s - n i  r

traffic - p r e s - i i c  t i o r n / m s - _ c n a g c m e _ c _ ct sy s t e m .  I t  ici 11
regulate ti_ ce flow of air tn’ affic - to s-s_ is_ s -I from

a i r p o r t s  or _ c an o r i g i n - d e s t i m _ c a t i o n  basi s - c , a l l o w  f o r
grow_cs-i holding dela y s , and min in_ c i:e s-u n _ c o n _ cc-

s-del ay s .  Is - _ c o t i s _ c r  w o r d s , i t  s - c u 1 p r e s_ l  ic t J _ cro l _ ccs -
t a k e - o f f  t i m es f o r  a i r c r a f t  s - u t  a sp e c - i  f i c  s - _ c _ c - i c -i s - _ c

to go to specific desti u_ cations ‘s - c iti s _ minimum air-

bor ne dela ’-u’s.

i_c . Tcrm i s-_ cal Area Meter i ng as -_ cd Sp s -_ c c im s _ g (M ~ S)

This is am _ c s - i uto m atio m n program d c si gs -_ c e s - I to

i n c r e a s e  ti _ c o a i r p o r t  c s - s_ pac -  i tv  w i  t i _ c r ’s_ ut i a _ i s - s - _ c  i n i n g

ss - i fct~- . Tb_cc incr e s-s-sc ~ l Ii b_ ce s - ic - is _ i c _ c’s-s-s-b is-v pu -u s-s - s - s - - i d in _ c c -

more  cons i s t e n t  i m s _ t c - r - s - u r _ c ’ i v s - u i  s O s - s - c  u _ c c -  of s - s - i r c  r s - u f t

t h u s  a s sur  I s - _ cg as -n i i _ c c r c s - _ c s c  is - n n’u u_ c w s-_ c y U t  i i i  ::s_ t ion _ c .
Ti _ ce a u t o m a t e s - I  M i~ S f u n c t i o l _ c  ms - us ’ a l s o  p rove  is -c-ne-
ficis - _ ci i n  other areas sucin as overall res -luu ct ion is -n
a r r i v a l  d c l s - _ c v s , c - q u i t s - s _ i s - I c  s - l i s t s _ - l i _ c s - u t  i s - s - m _ c  o f  s - l o i s - s - s - - us ,
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s - s - r id  s - u l s - s o u ’ p t  l o t _ c  o h ’ s-I ts- h s - s - \ S

5p - us - c i f i c s - s - l l~~, M ~ ~~i I l  l_ c s - s -r (os - ’m t h u s --u fo i l s - u s - —

i uu~ I s - s - i s _ c t  i s - _c s __ cs

( 1 )  C s_ s - i _ ct rs-_c 1 t h _ ce f i r ’ s - c  of  t rs - _ c If  ic i n t o  t i _ cs - ’

t c u ’ s - u s - i _ c _ c s - s -i
( 2 )  Pc - t o _ c - u s _ s - i n _ c e  i s - s - mid  l ug  ors - l e_ c’  I s - s - s - s o s - I  or _ c t i _ c e

u _ c c - m i s - s _ s - s _i I s - s - _ c s _ s _ d i n g  t in_ ce of the s- u i rc raft

v l s - c s  s - i _ c t i _ cs -s- mix

( 3 )  F s t s - u i _ c l  i s i s _  s c hn e t lu i c ’  t i m e s  s - it y a m - ic -us
p

cl _ c s-s - c - k  i_ co I n n t s  to a s s u r e  I_ c r c -I _ ce_c’ sps -n s- u _ c c -
( 4 )  -u\ i d t i _ c c  c o _ c s _ t r o l l  en is-v g e _ c s _ e n s - _ ct in_ c c -

reconnm cns_ies -i coma_ au_ cs_I s to ss-i t is fv t i _ c e

e s t s - n b s - l i s h e s _ I  s c h ed u l e s .

3 . 6 . 9  G r as _ ins - h -u t r i  at ti _ cc h’ is- _c’ ’n i _ c _ c a l ’

1-u i i i ’ r e i _ c t l v , t i _ c e  c - r os _ _ cs - s _ s - I  c - o m i t _ c - c - i  o f  a i r c r a f t  s - i t  t o _ c - a _ i n s - s - i s
i s  b _ cs - us - _ cd I c - s - I  s d _ c s - i r s - i  t s-- u i  ~ f _ c - o n _ c  t b _ c e  -\ I C .  Thus  , w h en t b _ c e  p i l o t

g e t s  c - l o s - i rs - us - _ cc - c  f _ c ’ o m -‘s - I C  f o r  d c i _ c a r t u r c  t s - s- i s _ i s  i i _ c t e i _cs - ic d
s_ i s-s -st i t _ cs - u t io u _ c (e.g., from _ c_ c ti_ ce flow c- os -_ ct rol svst c- s_ n disc usse s-I

s - s - i s - o s - - c - ), h i s  s - u c c - e s s  l i - c -un c - s - i t s -’ to  r u _ c n _ c w a y  i s  c s - _ c _ c s _ t _ c ’ o l  lo s- i  s s -s- i _ c s - u r s - s - t d l v.

I-u s-u t c -c t - u i x i q us - ’ s - s -c s  s _ I t s - _ c’  i n _ c c -  pe s-u k i s _ o s _ i r s  s - i t  I _ c s _ i s v  s-i i r p o r t s  s- s- s-’ s-’
co t_ cs _ mo n_ c e xpe r i e nct - u s. I’i_ ccs-sc u_ co t s - _ cm _ cl )’ r o s s _ _ c i t  i l _ c  _cc s - u s t c s -s-l I s _ s - s -s - i  s - s - i _ c d

i r _ c c o n v e s - u i e n c c ,  o r  s - l i s c o s _ _ c iI’o r t  t i _ c  ti_ ce p s - s - s s c l n g t s -r . I s-ut  s - s _ i s o  cs -u i_c

i t _ c t rock s-ce  un _ cs - cs- i c - c - a_ c ’  j _ c s -s- r t u r l _ c s - _ ct iou _ c s h i s _ t o  t hi s -’ (Ic _ c s_ c c - o u t  s - c s -  1

sy stem , thus c on_ cm os_ s -m s- I i t_ c c - i ts is - rod s -I c-ms s -s - s -_ c s - I r e s _ I t uc -  i ng  i t s  s-s - t’f e c —
D i ve t_ cc -s s.

i. i t t  1 s-s- work is cu s - rr em _ ct lv i_ ce i m_ cg s -lois _ c’ l u _ c  t b _ c l s s - n r c - s - u  . Os-_ cc

i rois-is- ’s-n is ti _ cat it is s-_ ct tine i s_ s _ te n s - s_ cs -- b ets _ c s-s - c u _ c t raffic

cor_ c t s-’ol fu_ c_ c ct ions an _ cd  s- u i _c- i i l s _ e / p s - _ c s s e u n g e r  iinter act ions , vh s _ ic - I _ c

s-u n c -u c o n t  r o l  l ed  Is-v t h ns - ’  s - s - i n  i n _ c c - s .  h owever  , i t  is rs-s-coun m cm_ cs -le d

s -us an s - s - r c a for further stud regarding is-oth ti _ cc scv c_ c- i Dv

of t i _ cc ’  ft_ cc-u i s-u s e c - s - s - i s _ o m i t s -s i m s _ v o l v s -s- s_I s - _ cm _ c s - I  f t_c_ c’ t i _ c e  s_ I s - s - v s --u l o p m c r s _ t
or p r o c - c - s_ l u  r i - u s to ci im is - s _ ate g ros - s- s-ns -d queues - Ti _ c c - I s - s - i t s-s- r s-c i l l
u n d o u b t e d  l v  imp inge s - u po n _ c p s-_ cs sem _ c g s --r is-o s-i s_- s-1 i s_ ng s t _ c ’ s - it cc- I c s-s-
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3 . 6 . 1 0  Summ~~~~
The results of the discussion of  t h i s  top ic are

summani:ed in Table 3-5 .

3.7 1-IUMAN FACTORS

As evidenced by the report of previous workshops conducted

by this committee , there is a large body of knowledge avail-

able concerning the passenger ’s response to trip charactis-

tics. It is well known that overall acceptance is based upon -‘

response to several parameters , generally in the following

order of priority:

Safety

Dependability

• Time There can be interchange
Convenience depending upon the specifics

• Comfort of the situation.

Cost
Amenities

Ae sthe t ics ,

It is also known that decisions of passenger acceptance

are influe s-iced by such attributes as

Expectations

A t t i t u d e

Ma rke t ing
Competition

Imag e .

Q u a l i t a t i v e l y ,  the  s i g n  of the e f f e c t  ( p o s i t i v e  or nega t iv e )
is known hu t  much n_ core work needs to be done to devel op
q u a n t i t a t i v e  r e l a t i o n s h i p s .

Returning to the parameters , tho se wh ich ar e involved
wi th the ph ysical interaction between the passenger and
th e vehicle are generally referred to as the ride quality
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T\B i-u E 3- S. E I F I ~C I~~ ~ b N i l _ c  I)EVELOI ’~1I N I S  I N  O I ’ [ R - ~T i n N ~

T IM E FRAME PP P~ CA PS

WAKE VORTICES TIED - - N P

AIRPORT DESIGN NEAR - - - P
WEATHER NEAR-MED P P - P
NOIS E ABATEMENT MED-FAR - - P M
CON1MUts-IICAT IONS FAR - - - P
TERM INAL AREA NAVIGATION MED - - P M

AIRPORT SURVEILLANCE MED - - - P
W IND SHEAR NEAR P P - -

SCHEDULIN G NEAR-MED ? ? - M
TER!’~INAL GROUND CONTRflL MED-FAR - ? 

- P

P - P O S I T I V E  RO - R I D E  Q U A L I T Y

N — N EG A T I V E  - PASSEN ( ER -s-s -CCE PTA NCE
- - NIL CA - COMMUN ITV ACCEPTANCE
M - MARG I NAL FS - F U E L  S A V I N G S
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u s - f  t i _ c s-’ s - - u s - - i s - i c -  I c .  - u F Is - s -- u - u- s - ’ I ns - I s - l v  c - u s - is - - u s - is - h- u s - -s - It ic - n ’ • c i  I h er -
~ s - s - c -  I v

c - s --u i s - _ c  c- s __ c s - i _ c l ’  i _ c _ c a t  i c- in , c - I  such _ c I s - s - c -  I c - s - s  s - s - s

\-u i I t  i c - s - u s

• Nu s - i s--us- c-

• I s- is - s -h ) ’ i’ s-u I s - in s --u

- I’ n’ s - ’ s s u i rs -’
• ~ t - u u t n _ c _ c c -

S h s - s - I s _ c -, s- s- I c

F s-c t s - - u s - s _ s  i s--u s- - s_c s _ _c u - u k Is _ s - s - s Is- cs - c - i _ c s- I c - i s _ c’ i s - _ c  t i _ c I s s - i s_- s - - s - u  - us - i_ cd qu it _ c t I —

s - i t  i V s -  s - I s - O i l s --u I s  i c -  I s - i t I i _ c c - t i s - s --u pin _c’s i s - s - i  I c s - i s - s - - u  il’ s - _ c s - s - fl i t - u i _ ct s - s - i s - s - I - s - s _ s - I s - i  s- s - c - I i s - - s- -u

s - s - c - c l _ c on_ c ss -- s s - ut’ s- -u s - us - - us - i i I s - s - h  I s-’ (a s- ’ s - i SS  c- S Stil ts -i _ c t , s _ i s - - us i c l _ c  s - u i _ c s - i  I i s - s - i l  c 
p

o 1 Is . I s - _ c  s-~eii c s - s - i  I , n ’ s - s  pc - i_ c s s- s 5 s- ’s -ifl t u i s -s --u k s - -u s - s - - us - I t o s _ cs - i  r s - I  I i u i c c -

s c - ps - u  r s - s - t e 5s--u t s of s t  i us - s - i I i : s s - s - s -  t li _ c c - , s- is - u I I t s - is - s - is - _ cd s - _ c o i ~ s- -u - I l l s - -u

I s - u s - ( c - s -  s-~ i t I s _  ( h e  p o s - s - r c - s t  c h s - u i s - n c t s - s -_c ’ n s t  i c - s  Ic - s -  s - u c - i v s - - n s _  r i d s -

e n _ cs - n r i _ c m _ c s - s - i s -- u i _ c t cc - im n js -  i s -  c - I _ c ’  s _ i s - _ c s - t n  I t _ c s - I t s -- u s  I I s - c  s - s - c c - s -s - i _c I s - l i _ c c - s --u ,j s - s - s _ ic - i n s - s - i s -I .

G s - s -  I s - Is -- I s _ s - s - s -- u s  Io n -  t i _ c s - ’  s - i c c -  s- -u p  t s - i l _ c  I e I cs - v  c I s u s - f  us -s-_ c t i s - s - i _ c  s - s - s - s _ c l  i _ cs - s - _c s s-s-
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3 . 9  GENERA L SIMvIARY

Since the preliminary focus of the workshop was on

fuel-efficiency, Tab1e 3-7 was prepared to summarize the

major contributions to be made to fuel savings by techno-

log ical adv ances , and to reflect their impact on acceptance. 
rAs in the previous table , a basic issue can be seen in

that taken individually, only the improvements due to opera-

tions control technologies will have a positive effect on

ride quality and acceptance. Clearly compensations and

trade-offs may have to be made - and it is quite pcssible

that these may detract from the maximum otenti -il for fuel

economy.

3.10 RESEARCH NEEDS

The group defined ten research areas which it felt

were the most important for the potential achievement of

the dual goals of increased fuel efficiency while not

detracting from ride quality and acceptance. These are

l isted be low. The reader should be reminded that these

are not in rank order; all are judged to be of great

importance to the issues under study.

• Methodology and software for predicting noise

transmission early in structural design

• Collection and analysis of fuel use data to

determine the savings potential to be realized

by reducing the operating constraints

• Identify methods of A/C fuselage design to attenuate

propeller noise propagation into cabin

Define human response to low frequency (100-200 hz) noise

Determine limits of high density seating

- Determine reaction of passengers to reintroduction

of propeller aircraft instead of more lets

- Understandin g redundancy management for irreversible
controls

62
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F lv -h v- u ci r e - A c o n t r o l  s y s t e m  in w h i c h  t he  l i n k s  between
the conti’oller and the control surfaces are accomplished
ci cc t r i c a 1 lv .

‘llard” stability augmenta tion system - A control systeun

which allow s the aircraft to operate beyond its normal
limits of performance .

I n t e r f e r e s- i c e  d r a g  - Fhe drag which results from the inter-

action of flows between the components of the aircraft.

Lift-curve slope - A measure of the variation of lift with
a n g l e  of a t t a c k .  -!

Nacelle - The housing of an airci-aft eng ine .

Redundancy management - The p r o c e s s i n g  of s ig n a l s  f r o m
r e d u n d a n t  s y s t e m s - u

Structural damping - Decay of v i b r a t i o n s  in ti_ ce s t r u c t u r e .  
- 

-
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4. GROUP C 
- -

S H I F T S  IN INTERME 1)IATE RANGE (100—500 M I L E S )  TRAVEL
FROM AUTOS TO PUBLIC TRANSIT

4 . 1  I N l R O I ) U C T I O N

T h i s  g r o u p  was concerned with developing a program

of r e s e a r c h  to d e t e r m i n e  whether energy can he saved by

d i v e r t i n g  peop le who make 100-500 mile tri ps by a u t o  t o
p u b l i c  t r a n s p o r t a t i o n .  f i _ c i s  i n t e r m e d i a t e  r a n g e  t r i p  l e n g t h  

p

was chosen for analysis because the automobile dominates

t r s - iv e l  b e l o w  100 m i l e s , w i _ c u e f o r  c i i s t a n c e s  a l_ cove  SOt )  m i l e s
ti _ ce  a i r p l a n e  i_ credo s - is _i i _ ca t  es . C u r r e n t  l’s- - , abou t  85 p e r c e n t  of

trips over 100 miles s-s- r i- made b private auto , another 10

p e r c e n t  by air , w i t h  t h e  r e m a i n i n g  5 percent divided between

bus  and t r a i n .  h o w e v e r , buses  and t r a i n s  a re , to a l a r g e

e x t e n t , b e i n g  used  b y the  e l d e r ly  and young , ti _ c e low incom e , -u

and t h e  c a r l e s s .  A m a j o r  c o n c e r n  of Group  C was  the

l a r g e  c l a s s  of r e l a t i v e l y  a f f l u e n t , m i d d l e - a g e d  t r a v e l e r s  -u

who dominate the auto driving sector . Much  of ti_ ce s-lisc cussion

focused on w h e t h e r  way s can be found  to  make buses  and t r a i n s
appeal  to t h i s  group and w h e t h e r  a s w i t c h  in mode w o u l d
actually save energy

The group identified three major areas where research

is  n e e d e d .  F i r s t , d a t a  are  needed  to d e s c r i b e  t h e  t r a v e l

behavior of peop le  ma k i n g intermediate length trips and

also their decision process and awareness of travel s- s-lterna -

t ivc-u s . Second , research is needed to describe the character-

istic s of groups of users ths - s-t are likely candidates for

changing travel patterns. In addition , an effort to fit_ cd

effective promotional strategies to appeal to these groups

is important. Fina ll y, research is needed to make the

design of new systems s-s-nd modif ic ;s-tions to exist ing systems

appeal to a wider range of user gro u ps .

L 
- - 
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l ie  f s_s - It s - _ c _ c s - i s - _ c c - si~c t  s - o s - _ c s  d s -s- s cr  i l _ c c  t i _ c e  re si - s- u s-’ch s- s - I’s_s -s - is is - _ c 
- 

-

s-i s - s - t a  I 1 . i c - i ’  s - - u a c l _ c  t Es - i - i _ i-u i s  s- u s - s - t s - s - t enu s - ’ s - _ ct of  t he r o b  Is - - u s - n,

s -u s-I s - s  s- I’ p t  j o t _ c  o t I’s--u se s - u s - - u s--u l s _ 
~ s - c l s-’s- t 5 , s - s - s - _ cs _ i  , is - _ c some s- .s- ~ s_ -u s , s - s - s - u

s- s-I )Ps-’OI)s- is - s - ti-u s-n s - ’ t l - us-s -_ cd to he u s e d

TRAVE l-u BFUAV iOR -u \N1 _ c DEC 1 SE UN MAi~ INC

p i-oh li- u rn . - -

O s -_ ce a t~ t i _ c s-’ s -n s - s - j or  s-I 1 f f  F cis- i t  i s -s-s t i _ c s - _ ct tI _ ce grs -nmj s- faces_ I —

t I _ c s - ’c _ c tugh s - _ c s - s - t  t i _ c e  us-ork shop s-cs - u s dc - s - -elo ping is -s-searc h is - Ie s - s -s in s - s - n

s-m re s-s- is- I_ ceri - so I i tt ic- u sc-I is _ i s_Ia ta is cur _ c-eu _ ct lv s - s - s - - a i l s - s - i _ c Ic . 1~e

do ti c_ ct ks -_ cow i_ cow ls-eol_ c is --u s- ire s-nak I ng ti- i l_cs , espi -uc is -i [ l v  t s--u i ls-~
it _ c W i _ c  s - c it more ti _ c s - s - ri os -_ ce s-is -os _ Ic is c u s e d .  li _ c s - is _ Is - l i t is - _ c s - i , t i s - e n s -  s-s-ri’

vi r tu s - s - l l\ tic _ c s _ i s - i ts - u on i_ cow p s - s - c -I _ c u s -  make Is- - Il) s_ icc is it _ cs-_ c s s - s - s - is - I

whet her t hey s-u s - c  s-lw s-u r’e of t u’ s- s- y e 1 al tei-na t i vs _ s -s . F j i _ cs - u l i v
resear ch_ c t s-_c improve s - I s - u t  a c - s - s - ti _ c e _ c ’ i i_ cc- t echn  I s_ lu s_’s t s-_c s-i s - _ c _ c u I c’s-is-en t
qcs -es t i s -s- s - _ cl _ c s - i  ii’ s_- u s  i s  n e e d s_- s _ I .

- I .  1 P r o j  s_ s -ct I: T s - u x o n o n s - ’- o f l n t e r s - n e s _ l i a t e  i , ~ t i _ c  T r a y s -- I
Behavior

fl most f r e s _ i u s - s - i _ ct I v  c l I e s_ i  soui’cc- c- t’ d s -  t s - s - os - _ c it _ c t s-S I -  —

mediate i’s -ui _ c c - c t r s - u v e l  is -c- u i _ cs - s -v is - _ c r is  t i _ c e  N a t  i c - s - _ c a l  i rs - is - - us_ ’1 S u i ’v i -v

~N i S )  of  I 9 Cori s_ Is - iC t c s_ l by t i _ ce  B u r e a u  01’ t i _ c e  C en s u s  ( 7 )

I’i N US ijulet’ it s-s_I s -m i _ c l _ c _ c - O x is-nat e l i - u S , s-~M ( )  i t _ cs - l i s--u i d u s - s -  I s  s - s - l~s_ s - ut
tri p s s-_ c f more  t i _ ca t _ c  101) m i l e s  t s - s - k s _s- n s _ l u r i n g  t h e  n r c ’s - l o s _ i s
y e s - m r .  Is-here s-s-i ’c sevc- u rs - s -i i_cr c-is-l cms w i  t i _ c  s- s- s i rs _ c - t i _ ce  N I S  t o

is- s - _ cs _ Ics -s - - u s t s - s - t _ c s - I t r s - s -v el hei_ cav ic - i- :

• i n f o r m s - i t i on  i s  p r o v i d t s -s_i s - _ c l _ cl )’ s - s - bc _ cs - i t  t h e  l c _ c i _ c g e s t

s e g m e n t  o t’ t i _ ce  t i- i p. 11 soms_ ’s_ s -i_ cc ’ s - c s - u 1 k s - d  t c s- u
sui _ cw s-u v stat ion • took ti _ ce subs -s-s- s -v t o  ti _ c c’ s - m i r i s -c s - I

I I  is-ic 110 m i l e s  , s- s - s -_ c s - I t he i_ c t c_ cc - k s-i bus t o  i_ c i s

des t i nat i oi_ c , th e t r i p w o u l d  i_ c e cowu  t s-- u d  on l v s - Is

s-i t r i p  is-v s - s - j r .

—



iiie i s-ui in otni ’r s-s- i- ens sues-i as c-vera I I red s- s-ct os-i i s - _ c

a r i - i v a l d e l s - s - v s , e q u i t a i _ c l c  d i s t r i i s - s _ m t i o s - _ c  c f  s _ k s - I s - s - v s-u
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Da ta s-_ cb ou t i ns_ I iv id us - _ c I s or hous eholds ca l_ c r_ cot he

ex tracted from NTS. Because of ti _ ce restrictions

of t hi’ Priv acy A ct , i- c ss-’archers are is-roy j s - I s_ s - s- i  i-us- j  t i _ c

dat s- u o s-u I _ c - u a b o u t  the state or coun t y where the t i i  p

originate d . This makes it irnj _ co ssi hle to ;s - c - u ur a t c l v

c o u p u t e  t r i p s- l is ts- s-ric e for individual trips.

3. The NIS sampling I_ cr oc ed s --u irs - s -s ms -s-Us- c t h e  p r o l e e t  i o n s

to the whole pops - s - Eat ion q u e s t i o n s - t i - u  u s - , l i _ c  s - s - d d i  t iou _ c .

t h e _ c - c a r e  c o _ c _ c s i st en t discrepancies between NT S at _ c s_I

indus try surve-s- -s  . Fo r exam p le , su r v ey s  of t h e

number  of  t r i ps t a k e n  b y t r a i n  s-i l l s_ l O St s - ulws - _ c ) s show

a 1_ ci gi_ cer perc entage thai _ c the N T S fi gures.

4 .  The q u a l i ty  c o n t r o l  of t i _ ce  \ - u F n d a t a  i s  poor .  For

example , in one su l_ c s a rnp le  i s - i c l u d i n g  s - s -bou t  15

p e r c e n t  of t h e  d a t a , t h e r e  art -  13 ca se s  of  c h i l d re n

u n d e r  t en  y e a r s  o ld  t r a v e l i n g  a l o n e  by c a r .

S. Ti _ c e d s -_ c t s - u b a s e  l a c k s  i n f o r m a t i o n  on m a ny  vs - _ c r is - s - h l e s

which are known to  I-us_ ave  a s t r o n g  i n f l u e n c e  os-i
mode  c h o i c e .  T h e r e  i s  no i s - _ c f o r m a t i o n  on s - i u t O

o w n e r s h i p or a c c e s s i b i l  i t _ c  to pu l_ c I Ic t r a n s p o r t s - i  -

tion terminals. -u l - u h _ cere is no informa tion os __ c ti_ ce

cost of travel or ti_ ce time spent in t r a n s i t.

Method.

The most realistic procedure would i’s--u to cons-luct s-i

survey at ti_ ce individual or hou se h_ co ld level. Because of

the volume of informa t ion needed , d a t a  g a t h e r i n g  s h o u l d  I_ ce

r e s tr  icte d to s-i p a i r  of cities or s-u coi-rido_ c- . The survey

m u s t  inc  i ts -dc clues t ions a b o s _ u t  ti _ c e fo l  low I s - s - g

1. A l l  of  t h e  s e g m e n t s  of the t r i p anti the trs-insfer s

bc _ c set-ui ti_ cern

2 ,  Pa r t i -  s i : e , t r i p  pUr j _ co s c - u , le n g t h  a r _ c s _ i cos t  of t r i p

(_cS

_ _ _ _ _ _  - ,



s _ _c f  ti_ ce fus-’ I s - I s -  sect s- is - Os -u s - s - s - - u-us- 
- - - - I I

or 1_c i-oces-Iures to ci imi s -_ cate ground  qu eu c S .  i h e  ~s - s - t t e I  s - s - i

uns_ loul_ ct es-I I v  im is- i s - _ cg e  UI_ cot_ c I_c s--i s ss-s- i_ cg er I_ cc - s- irs _ It i_ cg st r-us - t cc- ut - S . 

--u--u -- u - - - - 
— 

-u-u- -

3. I s_ -s - s - s - cgt’ _ c i - u f_ _ c
~ ch s - u r s - s - c t s - i ’s - s t i c s  of t s --u s - s - v c l c s -~ - ~ s-ucls -

s-i s i i _ c s - s-ane • .1 s - i  , t _ c p i s- o s- s - s _ u p  i c _ c s - s _ s -s - s - _ ct , u s - s _ - u i  s - s - v . u 1 1 -

i l _ c  1 1 i t  \ s_ s- t s - s - t i l e s  -

- ..  2 P s - s --u - e s -  I I s- \ s - s - s - u  I v- -u u - u s -  o f 1 i s - _ c s - s _  l s -- u s -  let-u j S  i s - s- s - I I - u s _ k s - - u s - i - u
s - i  \ s - s -  .s _ i s- s - s -- u s s-~ ~ -u rn i t s - s - s - S

Ut ’ s _ s - u s - o r E  t I r s - u t l I s - I S  I s - c s - s -n f s _ us - s -J~-d s - v DC s -s - - u s_ - u n t I_ c s --u s- s t

s- - u s - i V i-u s- r 5 , t I s _ c r c  i s - , s _ S i _ c t - e n  s - u s - i  I s- o s - _ c s _-u s - _ c s - i  i is- s-us- I s - I s -s- su n s - -u c ~ of  t h i ’

t t I s _ s - s - I -s o u~ in te r _ c _ cue s _ i - us - t e r - u u s _ s - c - is- s _ s - _ c  is- s- -u 1 e s - s  - i s - hi s roes --nt I v

cs-s -s - _ cp l e t  i-u s- I 5 s_ is - i V S - ui 5 Cs - )I_ c s- 10t t is- s-I for t s - s --u U f f 1  c is- c-I i s - u  s-~~i~ s- -u s- r s-

i c - s - _ c  E c o s - _ c o r n  i s - :  A s - s _ s - u  I v s  1 s ~S)  a n s _ I  c c - s - _ c s  i s  s- s- s - 1 ci s- u h orn s_-u i s - _ c : s_ -u r v  i s -- u s -

i_ c s-u t t -os-- cus s -s- s_i s - s - _ cs - t I_ cc _c’ es pc u s - I s_s -nt ‘ s in  st  a s - — o h  L I e  t r i v  c- u 1

s- u s- ’ s - s _s- t I s _ s - s - i _ c  100  m i t  s--s  - U hs --u V cs  p s - _ c s - s - d i n t  s s-cc v- c  s - u I Su) s-I s k e s -’t s- _ c b s _ _ c u t

t s - s _ is- 11 ’ k s - _ c s - _ c _ c s - 1 i s - i  s-~ i
s- o t t I ’ s- s - v s --u 1 it s_ s- i’ s - s - s - u t iv  es • s - us - is - i s_dr V t he  v s-u s-I

i s -’ t use t h a s  s_ -u s - s - It n _ cs - s - u t iv  s- -s . Ih i r es U I t -
~ s-_c u s _ -u s s - s - n s-- s_ s - v

showe s-I ti _ cs - it is - I c - ens _ -u v - ui I , t he  re~~p o s - s - s - E c u t s u s-ore k s - s _ c - u s -  I es-Ic- s_ s - _ c l _ c l s_ s-

-u s - s _ s - t  s- - s - s - _ c  is- I a It s_ - u _ c ’s - Is - ut i s--es . Ov er  s-~0 ~s- s_ ye  e s - i t  k _ c _ c s --s wi_cs _ s- s_- c : he 
s-

s-_ c s- - s_ r - s - s  -u s - is s _ c s - I t  i os -i u c s - u s  I s -c s - it es -I s- i rs _ s - I (_ c i s -one cut k a c_ cc u s - lu i s-

E s_ -u t rs - s - in st s - i t  i s -’i_c s-s- s - us , Is- s _ s -’s - s - s - u s E s _s- s-I s _ s - Is - v t l s - s --v s - l i d  rio t s - usc

ti _ ce i-u s-us or t r s -  is - _ c • s-s- v s- -u r 4 ~ c - s _- r e  cr s_ t c i t  s-s-d s - is _ cs -s- n y c s - i i one is- s _ i _ c

s c’ve i’ s - i I ic i s-tm s s-is I E s-’ r ca  sen , i s - i c  i _ cs - s - l u _ c _ c c - i i_ cc y e s - _ c  ~ s- - s-I r I c- I I i n s - -u

s-~ ’~~ r 1 c - c s - u t i c - s - _ c  is-f St s - ut i s - _ cs - s _ s , s - s - s - _ c s  s - u t  i s E s - i c  to t’V Sc es - - s-I s __ c l i S  • s - i s -- i s _ I

the s_ eqs _ s - i ncus - u-us--u s - u t to ti - s - s - s - is for i s - c t _ cs - ecu _ c v e i_ c ic is _ - u s - I h e ss --u ri -sil l 1 s

s - I r e  c o t _ c s  I s t  en t us-- i t  ii s-i c o c c i _ c t  s -- is -- it It s- t_ cw i s_ I c t e Ic  c- I - c s - _ c s _-u s-s- s - ui -u _c’ cv

c c - u s - I n c  t e s - l  i _ c y  AM I E \ i - s- w l u  i c l _ c  s i _ cc - ice s-I tha t ti- s- s _ s - - el s - v s  who s - uses - I

he is - s - s - s - it os I s - s - _ cs - u - u s - I ’s - c t i  s - p s  r- s - s _ t e s _ I cot iv e_ ci ic _ c s _ cc s - s - s  t he s - i s - s t
i rs - s_ pc s - t  s - s - s - _ ct i -u

s - s - c  t a _ c ’ . U i _ c e  su i i - v c v  s -u 1 s s -~ i s - _ c s - l i e s - I  ed t i_ ce i us - s -n o s- ~u s - us - s-

s- s- I s_ s-c s__ ct _ corn)’ t i _ c  b u s - s us s-- u t — s s - s - s - _ cs _ i ti _ cs - ’ at_c i i it \ t s -’ _ c - u s_ s- I , s_ x s - i _ cit n- it t ho

i 
~~ s- s- ti s - i it _c s - s - s s- -s - - s . I~c-u c i s -’s -u i’ l I s- tic’ s-~s- i ni _ c s -re ct’ t Ii I s ’ ps-e s- I

s - I - ui t s- i in s-s-i ’s- let’ to us-_ c s_ Iei ’s t s - _ cs - _ c s _ I t i i _ c ’  s - I s - s -  i s is - s - s - _ c — s _ _ c s - i b i s _ I c -

\tcs- t hi_ c s_ i

-\ s-u s- i -y e  s- - u t s-1 s- s- t .i in s - i s _-c I is- us _ s-n - rn _ c s -k i t_c c- a _ c _ cs - I s - i s - . s - rs _ - s - u s -s - s s s- i s - s - I
c o _ cu d be s--os-nh it s _ c s - I s-s--u i ti _ c t h e  s s - i s _ v e y  o s - _ c I_ c a s i c _c n - u s- s- s- -u i h o  i s -  i s - ’ s-

li t h e r s - c - I _ c  s - i q s _ s - s _-u s t i s - s -nn s - s -  ire I s oft s- - u s - - u  - u s - ct I iuc s- i-s t t c’s- s- I is-s-i ’

s-_ c t)
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the veh icle are generally referr ed to as the ride quality
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js-ru Is - it _ c c - s - i t _ c s _ Is-s- s - - u 1 - c i t _ c c -  s - u t  t I I s - i s - is _ s -s o_ c the lets - i i l s  of s_ le t -u i s i o n

is - us - _ c k I s - s - c -  . So ns-s--u us -sefu I i s - _ c  f o r m s _ i s - u  t i e _ c _ c  can  i_ c e oi_ c t s - s - i  s - _ c es _ l  . The

s __ cs _ c t  i_ cods to he s-lo ser iI _ ci’s-I i s - s - - l o u t  s - s - n  1_ ce u s e d  to  s u p i _ c 1 s - ’ u n e n t
the S U s - - u v u v  d a t a .

1 . 2 ,  3 Pro i s - c t  I I l _ c  U s s -- of  N on- S_ curve _ c -__TecI_c s - _ cijp’s

i c h i l e  intes - vi e s _ cs s-s-nd q uest ions - i _ c s - is -- es cs-i n h _ ce s -r s -- u s - ’ \-u u s e f u l  s- -

tools f o r  p ath _ c o ring s-Is -i t s-_ c on t r s - _ c v e l  hei _ cs - i vior a _ c _ cs - I  s_ l e n i o g r a p l i i c

ci _ cs - s - s-- s - s - c t e r i s t i c s  of  t r s - _ cs- - u s-- l e r s , t i _ c c ) -  s - s - IC s-_ cot p r irt i cu i s - irl y

s_s - I f s _-c t  i v t - u  s - i t  r e v s - s - s - mT ing u s -_ cs - Ie r l v i n g es -_ c_ cot io u _ c s - _ cl _ c e s i _ c o n s e s .
t s - I o r e o v s _’ u - u , i t is s-li I f s - c u l t  w i t h  such _ c t e c h i _ c i q u e s  to  p r e s - l i c t

p e o p l e ’ s r e s - s p o r _ c s e s  t o  p r o p o s e s - I  is- c ut s vst ei -us c-_ c - s-_ c ios - i i I i c a t i s _ s - r _ c s
to cxi - u s - t ing S s t e r n s .  T h e r e  s - i r e , however , p s - u s - _ ci s-_ cg and si t s - is - s -i s-u —

t i O f l  t i- u C i_ ct _ c i i j s - s - e s  rd _ c i cl _ c c s - s - _ c _ c  i_ ce cs-s e s_ i i s - _ c  t i _ c e  s e s-s- r s_ ’ s - u5 - I s - i V is - i c-
ins -I  iv  i s - I t s - a  I s  os-- c - r o s _ s - j _ cs of L i_ c s _ I iv  i - - u i u s - i  I s j _ c1 s - s - v t s_- s - u v c l ilec i s  i o n  —

ps-us -ti es or  i_ cs - i rt i C i 1_ c s -_ c t t’ i n  s i uri ulat i o n s  of s\-s tci_ cs-s cs - it _ c oftets-

p r s _ s - s - - o k c  thes -im i n t o  rev-ca i i  s-_ c c - ti _ ce i_ c’ s- i tt its _ tiles s - s - s - _ cs - I s-i s_- c is l o s - _ c
procs --u sses. These tech s -_ c i queS cs- s- s -_ c 1_ c e c- s - u rt icu i s - ir ’i v t-u 1-u feot I y e

s-th en the _ c- a r e  uses_ i i n  comi _ c is-_ ca tio n w ith _ c surs--cvs . For example ,
ols-serv is -_ cg ti_ ce behavior of ps-’opl e p I s - u )- u i s - _ cp s-i gas-ne c_ cs - ti o ftes-i

s - _ c s -s - v  i d e  i n f o r n _ c a t  ion  a l _ c c - s _ ut s-c l_c s-i t qu s - e s  t i os -_ cs to  a s k  i s - _ c  a s - s - s _ s - _ c’V o\-u

and how to word t l _ ccm . is - _ c s -_ cd s_ II t Ion, ti _ cis i’est- u s- s - rc h is as -s-e dt s_ I

to  s- -u s - i l  i s _ i s - i t e  su _ c ’vc ’-u rs_’sul ts , is- i s - i c e  t h e  r e l s - m t i o s - _ c s h _ ci i_ c l _ c e t _ c c c t - un
p e o p l e ’ s s t a t e s - I  i s - _ c t e s - _ c t  ios -_ c  s - is - _ cd t i _ c e i _ c - u  s ul s - sc q u en t  1_ c eh _ c s - vi o i - is

less t i - is - m n perfect.

Met hi_ c s- i.

- u l - u h e r i’ a r e  c u r r e n t l y  pr ’ oje s_- u t s  s _ i _ c _ cs - Is_ s - _ c- i ts - i_c- s - i t  t i _ c e  i _ c ’ a n s p o i ’ t a —

t i os -_ c - - s t  s_ s - u - i s Cen t ci- s - l i _ c s _ I t !s _ s _~ G e t _ c s - i r a  1 Mo tot ’s R c - s e a _ c - c h  Ls - _ c l s - o r s - s -  —

t o t - u i t - u s  i n v e s t  i c - s - _ c t  u _ c c -  t h e  r e l a t  i o n s h i p b e t w e c s - _ c  i n t t ’ i i t i c - s - is
s - s -ni l  h e l _ c s - s - s - v  j a r .  l b  i s  t s - p c of ’ i ’ e s - - s _ es - s -  r c E u  h a s  l o n g  i_ceo _ c _ c s-_ ce ed e s_ i

e i m p r o v e  c o n f i d e n c e  i s _ _ c sl ur _ c c)- Find i s-_ c c - s . Ti _ c s - s - s - i s - i  i t i o n  • os - i s - ’
of the s-na or problems for trs - s- rs - sport s - it ion Is- 1 s-_ c i _ c i _ ce s - s is td s -_ ct
1_cools-it ’ often i s_ s - s - vc d i f l i c u l t -  d e s c r i b i n g  how ti_ c s-- u_c-u i’s-nEc

11 _ c
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transportation decisions. Asking consumers to keep travel

diaries can often provide insights into decision-making

processes.

4.3 MARKETING AND PROMOTION OF TRAVEL ALTERNATIVES

Problem .

The group discussed at length methods to promote the

use of public transportation in ways that would appeal to a

wider range of travelers. It was agreed , however , tha t
before promotional strategies are developed , ma rketing

s tud ies  are needed to i d e n t i f y  the groups that the promo -

tions will be aimed at. For exa mple , a fa m i ly of f ive  wi th
a lar ge van goi ng on a 200 m i l e  t r i p  d e s t i n e d  fo r  a ru ra l

area is not likely to be influenced to use a train. Initial

marketing studies are needed to separate or segment travelers
into group s tha t are more or less li kely to cha nge modes .
Special appeals can then be targeted to groups that have the

greatest likelihood of switching .

4.3.1 Project IV: Identification of the Market for Public
Transportation

Can users be segmented into groups that are likely to

change modes versus those that are unlikely to change? If

so , what are th e r e levan t v a r ia b l e s  inv o lved in ma rke t

segmentation? Possible bases for segmentation include:

1. Av ailability of alternatives

2. Fre que ncy of t rav e l
3. Prior use of common carrier

4. Demograp hic charac te ris t ics such as income and
au to ownership.
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Me thod.
While ma rke t ing informa t ion is essen t ial before

promotional strateg ies can be developed , it will not be

cheap or easy to obtain since it re quir es a large scal e
survey and some kind of follow-up study to see who has

switched modes. A ch eaper but less useful research strategy

would be to identify groups of users who are not likely to

switch and then eliminate appeals aimed toward them .

4

4.3.2 Project V: Development of Strategies to Promote Use
of Public Trans por tat ion

Wi’-uile there is a large research literature on promotion

and adver t ising , li ttle of it is relevant to transportation.

Once it is dete rmined which groups to appeal to , it is still

not clear how best to appeal to them . Is it effective to try

to enhance the image of a mode to potential users? How

impor tan t is i t to provide  p oten t ial u ser s w it h in fo rma t ion
on serv ices and schedu les? This is one res earch area for
which funds may be d if f i c u l t to ob ta in .  Since interci~ y

transportation systems tent to be privately owned , f ede ra l
monies cannot be used to promote compe ting modes on an 

- 

-
~

unequal basis. These funding and management problems will

have t o be ov e rcom e b e fo re pro jec t s can be ini t ia te d.
Perhaps TRB or some other non-government agency can fund

research i nto the effec t ivenes s of promo tional techniques
and encourage compe ting modes to coopera te in a projec t tha t
will benefit all parties.

4.4 USER-ORIENTED DESIGN

Problem .

The group spen t a consid erable amount of t ime a n a l y z i ng
the  i m p e d i m e n t s  to i nc reased  use of public transportation for

intermediate range travel. It was agreed that there are at

-— - — ______ 
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da -us- - b e t w e e n  the  two c i t i e s .  At  ti _ c e end of t h e  d e n _ c o s - i s t r s - ut ion
period , ti_ c e sFOL was operating at 01) pet -cent c s -_ cpacitv , and

35 percent of the users had previou sly used their cs -irs for

the trip. The interestin g aspect of t h i s  service for ti _ c e

present discussion , h o _ cce v s - - ur , i s  t h a t i t  i s - _ c c l u d e d  s-u d e d i c a t e d

ground  l i n k .  M i n i - b u s e s  running from downtown locations to

t he STOL - i s -o r t s  w o r e  c o o r d i n a t e d  w i t h  j _ c l a n e  departures s u c h

that the plane always waited for the bus before it left. A

sing le fare covered both the flight s-s-nd c -rots -nd links , lbs -us ,

the users knew t h a t  once t h e y  made it to the is-us , the were

guaranteed a seat c-n the plane . This feature turned out  to
be one of the most attractive aspects of ti_ ce se rvi s --u c.

Another example of a se _ c-vice for ins-proving a v s - s - i l a b i l i t v

that was discussed by the group  w a s  the “rendezvous rail-

road .” This concept involves s-i train s-nov i s-_c g along a route

without making all station stops. Feedei- cars s-vs __ c s - _ Id b_ce

dispatched to and from the station to link with ti_ c e moving

train and transfer people and cargo , w i t h o u t  d e c r c a s i s - _ c g  ti _ c e
operational speed of the ms -s-in vei_ cicle h)’ stols-Is-ing the entire 

I
train to load and unload ~mal1 numbers of passengers. Less

populated areas receiving infrequent train service under

the present s\-stem mig ht become accessible to us-ore frequent

service s--ia the feeder vehi cii -u s , resulting in s-_c potential

increase in ridership witho tu t loss of speed or es _ _ c e_ c - gy. The
distribution of demand for rail service would determine

whether this or a more conventional style of operation is

a p p r o p r i a t e .

4.4.2 Project V II: Service Segmentatio n

The 1s -Y’2 NTS showed  ths - i t t i _ c e  m o s t  f s - - s- -u qu ent  t r i p  m a k e r s
were people  b e t w e e n  the ages of  35 and 55 . as - _ c s_ I t h a t  t i _ ce
number of t r i p s  i n c r c s - m s e d  d i r e c t l y  w i t h  i s - s - c o m e .  I’ r o i c c t i o i _ c s
of popula ti on f igures indicate that the big gest increase

over the next 20 ) -cars w i l l  be i n  the  number  of  peoj s- l~ s-v h s-_ c s-i r s_- u

7-ui
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35 to 55.  T h e s e  a r e  t h e  peop le  who are  now u s i n g  t h e i r

autos to make t r i p s .  U n l e s s  publ ic  t r a n s i t  can be mod i f i ed
to appeal  to thes e p eo pl e , the proportion of travelers

us ing  the i r  autos w i l l  increase  even more.  M u l t i c l a s s
service may provide a means of increasing the use of pub l i c
modes.  Resea rch  and demons t ra t ion  in t h i s  area should be
encouraged.

Method.

An exampl e of this type of service is current ly being
demonstrated in Canada.  A “ luxury ” bus has been introduced
between Mos - i t real  and Quebec C i t y ,  fea tur ing  a hos tess , meal
service , three abreast seating , a telephone , and a res erva-

tion sy stem . Four buses a day run in each direction. Use

of the service has been good , especiall y by busi ness travelers.

The bus company has purchas ed two more buses and expec ts

r idership  to continue to increase .  Funding needs to be
provided for s i m i l a r  demons t r a t i ons  in the Uni t ed  S t a t e s .

4. 4 .3 P r o j e c t  V I I I :  Serv ice  Management

In the past , our understanding and data regarding
travel  choice  have been de r ived  from responses  to t ranspor ta -
t ion  improvements such as the i n t e r s t a t e  hi ghway sy s t em , which
.t ave enlarged the area w i t h i n  which  i n d i v i d u a l s  could t ravel
to ob t a in  b e n e f i t s  at the t r ip ’ s end . The t r a n s p o r t a t i o n
a l t e r n a t i v e s  now be ing  cons idered , however , have as t he i r
ob j ec t i ve  improving  se rv ice  to e x i s t i n g  developed areas and
saving energy. Th erefore , we need to increase the qualit y

of s e rv i ce  of e x i s t i n g  t r anspor ta t ion  systems . One obvious
area where research could have an immediate  payof f  is in the
improvement of passenger  communica t ion  and i n fo rma t ion  a i d s
such as p rov id ing  s c h e d u l i n g ,  rout ing , t r ans f e r  an d fa re
i n f o r m a t i o n .  The form of i n f o r m a t i o n  can be as s imple  as
higher quali ty printed matter and b etter si gnage , or a s

--u ~~ - - --~~~~~~~~~-u 
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c o m p l e x  s - us  a c on s-p u te r  t e r m i n a l  w h i c h _ c  cam _ c p r o v i d e  an i s - s - i ! i v i s _ I u -

ali zed briefing to a p a s s e n g e r .  Improvements is-_ c micro-

cotuputci’s wc-uls-i s-_ c_ cake ti_ c e latter fea sihls _-u . In ads _ lit ion to i - u
p i-ovid ing passengers with s-s-ceded information , autorna ted

terminals could  also reds-s-ce personnel c o s t s .
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Be tw e en  I n t e r c i t v  P a s s e s -_ c c - e r  T r a n s j s - o_ c’ t s - i t i o n  and t h e
Socioeconomic Characteristics of M etro p o lita s-_ c Areas ,”
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5. GROUP D

IMPLICATIONS OF INCREASED SIZE DISPARITY FOR GROUND TRANSPORT

FREIGHT AND PASSENGER VEHICLES USING SHARED GUIDEWA Y S

5.1 INTRODUCTION

Since ground transport modes represent a varied group

of vehicles and surface types , it wa s agreed by the members
of Group D that three sub groups should be f o r m e d :

Subgroup D - l :  R a i l
Subgroup D - 2 :  Hig hways
Subgroup D - 3 :  Advanced Concepts *

Both the r a i l  and highway groups focused on c o n v e n t i o n _ c _ cl
t ranspor t  s e rv i ce s ;  the advanced concepts group c o n f i n e d
i t s e l f  to technologies  that are not yet in revenue s e r v i c e .

Becaus e of the obv ious dif fere nces be twe en the thr ee
subgroups , most of the time was spent in independent meet-
ings. They did , howeve r , coordinate their activities

t h r o u g h  shor t  j o i n t  sessions and interchanges between the

subgroup chairmen throughout the conference.

Al though  the report of each subgrou p is p resen ted
s e p a r a t e l y ,  the genera l  o b j e c t i v e  of each group was the
same. Specifically the goals of group D were to:

1. Iden t i f y  the mo ti va t ing factors leading to increased

v e h i c l e  s i z e  d i s p a r i t y ,
2. Identify the effects of vehicle size disparit y on

v e h i c l e  guideway maintenance ,
3 .  I d e n t i f y  the r e s u l t i n g  r ide  q u a l i t y  and level of

se rv ice  changes ,
4. Idontifyt he resulting tech s-_ cological trends (e.g.,

the  des i gn of l i g htwe i g h t / h i gh-speed passe n ger

* The members of each  s u b g r o u p  s - _ c r c  si _ cow _ cs - i n  Se c t i o n  5 . t _ c .
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rail  cars vs .  heavy axle load locomotives and
frei ght cars; the increasing use of heavy axle
load tractor trailer and double bottom trucks
vs .  li ghtweig ht passenger veh ic les ;  the design
of advanced concept vehic les  to reduce guideway
stress loads; rail and highway maintenance stand-
ards and costs , e t c . ) .

In addition to these common goals , eleven speci f ic  areas
of mutual concern were ident i f ied .  These acted as a start-
ing point for the discussions of each of the three sub groups
in their separate meet ings :

1. Safety
2.  Cost accounting
3.  Unit  loading discrepancies
4. Failure cr i ter ia  and material  research
5. Regulation and enforcement
6. Trade-of fs  between vehicle and guideway specifi-

cations
7. Vehic le  and guideway mainta inabi l i ty
8.  Operating vs. ini t ial  costs
9. Passenger acceptance of shared t raff ic
10. Signaling and operations (and communications with

operators)
11. Transport of hazardous mate r ia l s .

An attemp t was made to establ ish a systematic re la t ionship
between these factors as shown in Figure 5 - 1 .

The reports of each sub group fol low . They consis t  of
the description of a ser ies  of research areas which are
generally presented in the following format:

Statement of problem

Research area goals

Sta te -o f - the -a r t
Evaluation of pay-off vs. risk

Proposed approach

78
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Probs - ib  le  h -s -r d of e f f o r t  ~w i_ c es -_ c pos  Si b l e )

Time fran_ce ~w I_ ces - t possible)

In  s e v e r - s - i l  r e s e a r c h  s - s - re _ c s -s , i t  i--u - u s - _ cs not possible to evaluate

a l l  of t h e  i t e m s  i n  the p r e c e s - l i n g  f o r m a t ;  t h e r e f o r e , o n l y
those  i t em s  t h a t  c o uld  he e v a l u a t e s - I  s- ire p r o s e _ c i t e d .

5. SU B - G R O U P  1) - i :  R A I L

5. 2 . 1  R e s e a r c l_ c  Area  l i - I . 1 s -  Fr~~i~ j _ ct V e h i c l e / L o c o m o t i v e
Tr~~~~~~e s ig~

Prots- len_c St a t e m e n t

fl eas - - v f r e  i c- i_ ct v e l _ c i c l e s  s--.- u i t l_c h i g i _ c  a x l e  l o s -_ cds  c s - s -use  h i g h

dynamic loads os-_ c tb _ ce track , particularl y s-luring entr i- to

ar_cd exit f rots - i c u r v e s .  These  dyt _ cam ic loads  I cad to s _ leg _ c -s -i da -

t ion of i s - c - t i _ c  tb _ ce  t r a c k  s t r u c t u r e  a s - i d t h e  t r a c k  s - s - i  i~j_ ct_ cs -ent . s - - u

S u s - u la _ c’ effects occur from dynamic loads imis-osed Lv empty

f r e i ght  vel -u s - i c i  cs w h i c h  t e n d  to Thus-_ct’ ’ at i_c ig l_ cer specs-Is , s-u ris-i

rock  and r o l l *  at lower  s p e e d s .

Goals

‘ro i m p r o v e  wi _ c oo l 1s-r~ Ii i c-u and truck  des i c-us to p_c’ov ide

reduced s-l ys -_ cami c vei’t ical s- s - s - _ cd lateral ic-ads on tangent s-i s -_ cs _ I

curved track.

State-of- _ti - s- c-Au- u t

There arc sever s-s-I tru ck des i c -n 1s - r o g r s -u m s  c u t - r e x _ c t  l v
spon sored by the Fes - ic ra l  R a i l r o a d  A d u u i i n i s t r a t i o u  ( ERA ) a s-id
t h e  A s s o c i a t  ion of  Ai s - _ c cr ics - s - u _ c  Ra I i r oads  (AA R , e . g .  Truck Dc-u -
s ign O p t i m i  za t  ion Program (TDOP) * T he s e  p s - - o g r a m s  s - i re  a i s-_ cued
p r i m a r i l y  at im ~s - r o v i r i g  d y n a m i c  p e r f o rmance and m a i s - _ c t a i n -
a b i l i t y  and h _ cs - y e  not s t r e s s e d  the r c d u c t i o s - _ c  of  t i - u s - uc k los - i s - i s .
They have a l q o  c o n c e n t r a t e d  on f’r e i g ) _ c t  v e h i c l e  t r u c k s  s - Is
opposed to  l o c o m o t i v e  trucks. For example , t h e  r a d i a l  t r u c k
des igns  p ropose s-I t o  date  are cxc I u s i v s - - u l v  for I r e i g h t  c s - i r s .

U S0 0  G l o s s a ry  s - i t  t h e  end ol ’ t h i s  s e c t i o n .
80 
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Pay-off vs. R isk

The pay- off is reduces-i vehic le and t r s-u ck maintenanc e

costs , hi ghe r speeds , i n c r e a s e d  s a f e ty  at _ cs _ I i s - _ c c r e a s e d  o l s - e r a t  -

i ng  e f f i c  i en c v :  i . e .  , t he  ps - s- v -off is v e ry  h i g h .  T I_ ce t e c h n i  -

cal  r i s k s  a re  m o d e r a t e ;  some fundame s-_ ctal theoretical work

i s  r e q u i r e s - I . The m aj o r  r i s k  is - _ c imp le m e n t s - u t  i on  i s  e c o n o m i c ;
e • , will the vs-_c ii roads perc eive t h e  hi-c-eli ts  tis- i~ irr_c_cnt ti_ ce

cos ts~

Pro~ osed App ros-ich

-ufhe recommens_les_l a p p r o a c h  is a comb m e d  w h e e h / t  s-’ s-i ck

suspension desi gn program s-uim ed s-it i-educing wI _ c eeh /trs -_ c c k

dy namic t o _ c s - s - i s .  r h i s  w i l l  i s - iv o l v e  t e s t i s - _ c g  c o m b i n e s - I  w i t h

improved p r e d i c t i v e  a i _ c a l y t i c a l  t o o l s .

L e s- ’ s-- u l  of  E f f o r t

30 labor— yes -irs.

Time F-u rn_ c_ c_ ce

3 \0s- i i’S .

5.2 .2 Rcseardh Area i~- - i . ~~~~ 
-u
~

-u
_c-u

~~~~~~~~~ Roses-u i-c l_ c

P v c - b l o t _ c _ c  Stat es-_ c_ cc-ui_ c t

The grea t  s-li spars - t 
~

- due to s - li f b roncos i s - _ c s-I s - s - si c - s - _ c, lo s-is -I -

ing and c - per _ c ut ions w h i c h  c x i  s t s  b e t w e e n  passenger  s-i n s_I 1’ r e i g i_ ct
sy s t e m s  has c r e a te s - I  tb _ ce s -_ c e ed for n ew ma i t _ c t e s - _ c s - s - n c e  r equ i re -
m e s - _ c t s  for  t r a c k .

G o a l s

1. E s t a b l i s h  l i m i t s  for  t he  loads  imposes - i  on t h e
track s_ I_ cu e to tb _ c e s-Ivrs -am ic interact io u between

v e h i c l e  and t r a c k .
2 .  Develop des s -c - i _ c r e q u i r e m e n t s  for  v e h i c l e s  s - s - nd

t r a c k s  wii icb - s -  i s - _ c c o r p o _ c ’ a t e  tb _ c e i i _ c t e r s - s - c t  j o _ c _ c  t i _ c a t  (‘ i_ c c
imposes  on ti _ c e o t h e r .
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3. L is -n i t s- ei_ c i c I c  ope c_ cs - t i o u _ c s wi _ c  ich i us-pose g u s -’ s - s - t i I ’
lo s- is _ Is ti _ c _ cs -s-_ c s - i l l owes-i i s - v t h e  e c o s - - us-om i s _ s  o f  t is - u s -- k
s t i - c - c t  u u i ’ s-na is - i to i_ c _ cs - li ce.

Sts - i te - s - ) f- t I _ cs_’-Ai’t

i-uhe fo I loic i u_ cg act iv i t ies  i’ d _ c i t e s - I  t o  ti _ c is t- s-’ss-- u_c s - r elu s- s - s - - e s - i

s- s-re c_ c s - s - ’s- ’es-_ct l v  in is- s- - og i- s-s -s s s - ut  v a r  i O U S  5 t s - i g s -s - s  ( ‘I  s--u s_ s - s -j i l l ii ’ t i cii

i .  -u F D OP 1ru s- k Is- es i~~s-u O pt  i m i  :s - s - t l o s - i  P i - o g u ’ s-irn )

2 . Vehicl e n i o s _ l e l i n g  efforts

- Model s-Ievelopmen t

— \ - l_ c i s --u Ic tvj s- i ng
— C l_ c_ cu _ c ’s -s - ct c s - - u i :s- s- t i o u _ c  of ti _ ce ti- u s- s - s -- k s - i s  s-i s - s -s -I _ c l c i s -’

i t _ c l - unit

S . Ms-i is - _ c t s-s -n _ c l i _ cs - s-s — 0 t~ 
— _c s - s - i --u st us-I i es

-[ . I inprove s-i t s - s - s - ck st i ’s - s - s --u tui’i’

- s - s - st test i i_ c g~
- I r a c  k s t  t i _ c  es S s - i s - u s - I  I s -np e s- i  s-s - t ics - -u  ms _s - s - u s c - r e n d s - u t
— [ v _ c s - l u _ c it is - s - s - _ c  o f  ne_ cc -~t s-’ uc tu u ’e s  s - _ c s - i s _ i  s- -u s-s - us - p c - i _ cdt _ ct 5

- L in _ ce s I  us -- c v  - u s - i _ c s _ I  t l i i ’ s o f t  s t a b  1 i s - u t  i o u _ c  m e t  1_ c o d s

5. PR:\ O f f i c e  o f  S_ cs - I e t v  i- u s - s - i l _ c s - _ c it j o t _c
- G e o m e t r y
— R a i l  ti _ c s - _ c  ,

Ps - s - v-off__v s .  Risk

l’he s - s -x pe c  to i l  ls- s - i y —  o f t ’s s- i re  i_ c I g l_ c , P~ s- ’t i euI s - u i- Iv s-is u _ c o w
t rack ma iu ut e na i_ cci-u s tat s - s - Is - s -i’s-Is s - ire i s -S t _ c _ c b s -I I shes-i . Ps - ic ts - s - t lie
v _ c s - r i _ c i t  i c - s - _ c  in vo l_ c ie is _ s -s s- s - i _ c s - I t i i c k  I i  t’e c _ c c  I s _s - s  , t i _ c s - ’  r I s ’k i s
cons is-Iered un os -lers -ite.

Pr oj s - os c s_ I  :\pps - ’oacli

I . I flV c s- its - ,r v ti _ cs - ’ s t _ c s - to o I t is -c t u s-ick s - is s-I f_ cs - s - s - ct I o s - u of

i t s  s-s-i a is - _ c t e u _ cs - i c - c c  eve l e .
2 ,  Dove lop met  i_ co s - lo l o g  i es t li _ c _ c t porn i t  i s - w e t _ c t o i’y is-v

ir_ csp oc t i c - s - _ c

3. lmp s - o s - -c cs _ s - st as-- cs - s - s - s - nt it _ c c - m s --u’ t I _ c c - s _ I o l  og i s -- s ic _ c’  t i’s - i s _’k
rd _ cs - u s- i i i  tat ion

~See G l o s s a r y  s-ut t i _ ce or _ cd of t h i s
s e c t i o n .

_____________________________________ —- u — — _________ 
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4. 1)evelop js-roper cc-st accounting for track degrada-

tic - i_ c induced by vehicle loading cycles.

5. R e s t r i c t  v e h i c l e  d n a u n i c  l oads .
~~~ . D e v e l o p  new t r a c k  n u a t e r i a l s .
-

. Exp ans - 1  c o m p o n e n t s  r e s e s - i r ch.
8. Improve designs for weak s- s - re _ c_ cs of track

- Spirals ( e n t r y  ar _ cd e x i t )
- Turnouts  and o ther  t rack  work a reas
- B r i d ge a p p r o a c h e s .

5. 2 .3  R o s e _ c s - r d _c A rea D - l . 3 :  R a i l  Passes -_ cc -pr v i i
Problem Stateuuuen t

Rea l  w o r l d  economic  l i m i t a t i o n s  demand  t h a t  r a i l  sy s t e m s
run on less ti_ can i d e a l  t i - u s - u c k .  L a t e r a l  l u r c h i n g  as e x p e r i e n c e d
today is unacceptable. Maintainabilit y is not currently

included in desi gn goals. Regulations currently restrict ti_ ce

use of certain technolog ical developments (e.g., tilt system s).

G o a l s

To provide improved ride quality and level of service

w i t h  e x i s t i n g  t r a c k .

S t a t e - o f - t i_ c e - A r t

Passive suspension systems p r o v i d e  r e a s o n a b l e  r u l e
vibration environment _c--u- it l u longer trip times. Tilt systems

are  a v a i l a b l e  w h i c h  p rov ide  h i gher speeds on c u r v e s  and
hence reduced tri p t imes;  however , current r e g u l a t i o i _ c s
r e s t r i c t  the use of these  sy s tems .

P a y - o f f  vs. R i s k

h i g her  p a s s e n g e r  a c c e p t a n c e  and l o w e r  m a i n t e n a s -_ c c c  c o s t s
should provide a good pay-off .

The _ c -u isk of technical development is low . However , ti_ ce
uncertaint y of benefit (from increased uti l i :ati ou_ c) s-r -uc t h e

$3
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cs - s t s - is - s - iks --u
~ thi -u r I sk of acts - s -al 1 v a d _ c  i cvi ng i m p  1 e s - s -_ c en t s - it i on

high.

~~ j~j~s-~~~ d ~‘ijj~r c-ac i_c 
I -

1 . I ) c v i’lOp  i t _ c c - c - v _ c ut i ve  s u s p e n s i o n  des i c-c-s . e. g .

radial s-ixl e truck , e tc .

2 . Remove ted_ cu_ c i cal s - i _ c _ cd i c-st i tut ic - i _ ca l  h _ cs - r u’ I ers to

higher srceds c-u_ c cu_ c-yes.

3. Reduce life-cycle costs by d e v e l o p i n g  analytical

tools au_ c d t ec i _ c _ c _ c is _~ues to assist in  control of

s-na inten ar_ cce s- s-i_ cs - I by impi’ ovi i_ c g ti_ co spec if icar ion

i s - i n g u a g e  f o r  e s - i r s  as-_ c s-i t r s - _ c i n s .

5,3 SUB-GROUP D - :  HIGHWAYS

3 . 3 . 1 Re si - s - i u -u~~h Ar e_ c_ c 11 -2.1: Est al s - l i s hm eu _ ct of a National Ro_ cu d

~~~iT~ r m _ c inee  S t au _ cJ a r s - I

P r o b l e m  S t s - i t e m e s - _ ct

Current lv , the motor veh icle manufacturer must desi gn

v e h i c l e s  l u _ c  t h e  a h s e u _ c e c  of sp ec it ’ie  road s-cay p e r fo r u i _ c a _ c _ cee
cr iter i_ cl , e.g. roug hu _ ce ss , s u r f a e s - - u  r e f l e c t a n c e , s u r f _ c s - c e

texture , level of maintenance effort , level of traffic

s e r v i c e , e t c .  On the o the r  has - id , roadway  b u i l d e r s  1_ cave
l i t t l e  a s s u r a n c e  that v e h i c l e  manufac tu re r s  w i l l  not intro-

duce new vehicles which will cause t h e roadway to become

o b s o l e t e  in a r e l a t i v e l y s l o r t  per ios - 1 of t i m e . Ti_ ce e f f e c t
of vehicle characteristics on roas -iw_ cuy per forms -s-nec. other ti_ can

a x l e  w e i g h t , h a s  no t  b e eu _ c  e s t a b l i s h e d .

Vehicle limitations have ti ’aditional lv been ests -ubli shed

on the basis of economic co s -_ c str a ints other ti_can i’o s-_ cs-lwav

condition and , most like ly , will he set by similar crite _ c’ia

in the future .  A t t e m j s - t s  to establish perfo rma s-_ ccis- sts -indards

for roadwa~’s, (specificall y , maintenance quality l i s - v e l s )
have been sporadic and no n- u_ c_ ci form .

Si
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:\ts- s-i~~p r a i s a l  s - f  t h e  c o n d i t i o n  of  t h e  u _ c a t i o n ’ s r oad

s v s t e s -n  h _ c s - u s  n o t  i s - con  is - is - is - i c  s - s - i _ cd h i ghway a u t l _ c c - r i  tics are i_ cot in

s-i is-os i t  l o t _ c  t o  ‘r e d i c t  t h e  l i k e l y  s t _ c i t e  of  r e p a i r  of t i _ c o
n a t  i o s - s - ’ s r o a d  s v s  tens -  s- it s - s - n v  future d_ cut o , or the effect of

s - ur _ c~’ i s - _ cc  re’nen t s - i l  i s - s - c r e a s e  or  dcc r e a s e  in i - u i _ c s - i c - t e n s - is- _ cc e expei _ c d i —

t s-irs --u

G o a l  s:

Cons-ic-ct roses - s -_ c -c l_c leadis -_ cg t- -u t i _ c e es t ah i  i sh m en t  of ro _ cis - I
p e r f o r m _ c s - i _ c e o  s t a s - _ c d a i d s .

S t _ c s - t o - c - f - t h e - A r t

Measurin g ins truments s- i re avs -i i l a i s - i c  ( e . g . ,  r o i i g h c m et e r s ,

d e f l e c t o s - _ c i e t e r s  , p I _ c o t o g i ’s - u p h i c  su i -v e v  v e h i c l e s , s k i s - I  t r a i l e r s ,
_cc e i g h i n g -  i s - _ c - s -n o t i o n  s c a l e s~ to conduct surveys of the qualit y

of  i _ c l  g ius - _ c i v s  . H o w e v e r , t i _ c e  t e c h n i ques  h a v e  b e en  p r o v en  on
l e s s  t h s - t s - s -  a n _ c s - t i c - i _ c _ c s -I s c a l e  and s - _ cot  i n  s- u c o m b i n e d  p r o g r _ c i m .

C o s - _ c s e s -~u e i _ c t 1y ,  v i t a l  s - I _ ci t _cs - i s  u _ c o t  a v a i l a b l e .  .1 m a t h e m a t i c a l
s i m u l a t i o s - _ c  o f  s- u s m a l l  m a i n t e n _ c s - n c e  d i v i s i o n  was  a t t e m p t 1 s - d.
unsucces sfull y , by t i _ ce  N a t  i c - s - _ cs-i l Bureau  of  St a n d a r s - i s .  A
s i mi is - u r ens - I c _ c s - s - - c - _ c  i s  cs -ui’ r~ n t 1y  us - c - dc i - u s - c s - d y , f o r  as -_ c even sm _ cs - I i c r
m a i n t c i _ c a n c e  d i v i s i o n , a t L o u i s i a n a  S t _ c i t e  t J ui i s - - e r s i t v .

Ti_ c e s _ c~m s - i  i u _ c g  cou _ cc  ep t  i s - as been t e s t  -u s- s_ I os -_ c s- i l i m i t  es-i is -s - is i S

(1) in the kAB* Studs’ (conducted by coope ra tli_ cg states s- i_ c_ cd

t he T r s - u s - _ c s p o r t a t i o n  R e s e a r c i _ c  Board ) , ( 2 ~ Is- v t i _ c e  Ohio Deis-art -

m e n t  of T r a n sp o r t a t  los - i  f o r  t i _ c e  purpose of a l l o c s - i t i n g
ma in t -nance  f u n d s  . and (3 1 by t i _ cc  P en n sy l v _ c _ cu_ c i s - i  l)ep ar t in e i_ c t
of T r s - i n s p o r t i t i o n  wh es -_ c i t  e s t s - u b l i s h s -s- d a m a i n t e n a n c e  ms - is -_ c _ c _ c c - c -
m o s - _ ct  sv s t es - i_ c .

Proposed Apjs-reach

PH \S[ I

.\ researc I_c t can , eq _ c s -  ipped s-c i ti _ c s- nc _ cu s _ cu _ c’ ing inst i’s-in_ cs-n t s
w i l l  d e v e l o p  a s t r a t i f i e s - I  sc - m i s - i c  of road _ c - u.s - i s-- s e g m e n t s t o

*See G l o s s a r y  at ti _ c e end of t h i s  s e c t i o n .
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4 e s t a hl i s h  measurement site s and will t r a i n  s t a t e  teams

to assist in data acquisition. (Although state teams will

be involved , an assessment of the relative maintenance

quality levels between states is not the objective of

this phase.)

Level of Effect

At the national level - 10 labor-years.

Time Frame (Near Term)

Less than five years: two years preparation and

soliciting state cooperation , two years to conduct

the stud y.

PHASE II
The data developed in Phase I program will be used to

model system performance and evaluate different strateg ies

for operating the nation ’s hi ghway system . Such items as

the effect on hig hway maintenance of different vehicle mixes

(large vs. small); incremental levels of investment; different

maintenance strategies , (e.g., breakdown vs. preventive

maintenance and the differential costs in terms of energy

con sumpti on); differ ent vehic le configurat ions ; differ ent
service levels; (e.g., requiring trucks to park under some

storm conditions or limiting the number of vehicles enter-

ing the traffic stream) would be studied.

Levels of Effort
100 labor-years?

T ime Frame
Med ium term - five to ten years.

Pay-off vs. Risk

An appraisal of the state of the nation ’s highway
system can almos t certain ly be accompli shed , and per iodic
measurements , on a sampling bas is , will almost certainly
provid e information on whether conditions are improving or
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An ~ipp ra i sal of the condition of t h e  nat ion ’ s road

s v s  t em has not been made and h i ~hwav ant hon t i es a N’ not i n

a posit ion to predict the Ii kel v ‘~tatc of r epa i r of t he

na t ion ‘ s road svs tern at an\’ lut ure dat c’ , or the  c i  fcc t of

any inc rement al inc rease or dcc rca se I n ma in t enaiice expend i -

ture

Goa1 ’~:

Conduct research leading to the (‘Stahl ishment of road

pe r t o  m a ne  c standards

S t a t e -  of -  t h e - A r t

Measuring instruments are available (e .g .  , roughomcters ,

d e f l e c t o m e t e rs , p h o t o g r a p h i c  survey v e h i c l e s , s k i d  t r a i l e r s ,

~e I g h i n g -  i n — m o t i o n  s c a l e s )  to c o n d u c t  s u r v e y s  of t h e  qu a l  i ty
of  h i gh~ a v s .  h l o w e v e  r , t h e  t e c h n  I qu e s have bee n p rove n on

le s s  t h a n  a nat i ona 1 sca Ic and not in a comb i nod program .

Consequen t lv , vital d a t a  is not a v a i l a b l e . A mathematical

simulation of a small maintenance division ~cas attempted ,

unsucces sfull y , by the Nat ional Bureau of Standards. A

s i m i l a r  endeavor  is c u r r e n t l y  underway , for an even sm a l l e r
m a i n te n a n ce d i v i s i o n , at L o u i s i a n a  S t a t e  u n i v e r s i t y .

T he sa inp i  i n g  c o n c ep t  has be en t e s t e d  on a 1 i r n i t e d  b a s i s :
(1) i n  the KA B * S t u dy  ( c o n d u c t e d  by c o o p e r at  j u g  s t a t e s  and

the Transportat ion R e s e a r c h  B o a r d )  , ( ~) 
by the Ohio liepart -

ment of Transportation for t h e  pu rpose  of a l l o c a t i n g
ma i ntenanc e funds , and ( 3) by the Ponnsv Ivan i a flep a r tment
of rransportat ion when it estabi i shed a maint enance manage-
men t  sy s t e m .

Proposed  i\pproa

Pl I . \ S E I
A research t Cain , equi pped w it h inc a sur  i ng i n s t r u m e n t s

will develop a stratiNed sample of roadway segments to

*See Glossary at the end of this sect ion.
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~~1rp
dee Ii RI ng. Hi i s t U  t o  riii a t i o n  w o n  Id a i d ve hi Ic Ic de s i g n e r s

in ~ rev Id t ti g veh ic 1 es t~ h i c h w 1 1 per tu rin ad~ eua t i~ y on t l ie

nat iou ’ s road system.

i t  a t i on au  t h o r  I t i os ic i I I a I so he i i i  a urn S I t ion

t o  es tab 1 I s hi lund i nu~ I cvi i s anti i’ s t a b  1 i s l i  ma i i t t  ch a n ce

regu I at i otis w it h con Ii denc e.

t h e pa - o ff 1 s hi i g h i a tid t h e  r is k of ía i I ii re I s I ow for

P h a s e  I , but t he object i y e s o I Phia se I I m a y  not be at I t  i nab 1 e

S. 3. .~ Re s  c a r e  hi Ar ea I ) — . : Pc r lo r m a n c e  St a n d a  rd s a nd  U se
R.c st rt t : t 0 t1 ’~ k~r la r ge 1’~~ ’~~~ i t ~~ T h r r v i n ~ V~1H c I es

P r o b l e n t  St ateme nt

‘ t h e  economic pressures for i n c  reases lit t hit ’ labor and

ca~ I t a t  p r o d u c t  i v  i t \ ’ of hi i ghwa \ ’ t r a n s p o r t  , iii con _w n c  t i O f l

uc it hi h e ight and uc jUt h eoui st ra in t s on cargo compartments , m e a n
that p rod ute t i v i t y ne rca Se s a i  c s vnonvmous ~ i t  h i t ic r c a  ses

in t he n u m b e r  of  t ra I t o  rs haui 1 ed by a s I ug 1 c t r a e  t or. Iii

o t I t e r  w o r d s  , subs  t a i t  t i a I inot i v a t i on cx I st s for dcv c lop i ng
a n d  a u t h o r  i i ng t he u s  c u ) I ‘‘h i g h w a v  t ra i l l s • ‘‘ S i f lee the

I)I •s
~~~ of a r t i c u l a t e d , p n e u m a t i c — t i r e d  t r a c t o r - t r a i l e r

sy s t e m s  U Ic t a l e s  t h a t  the dam ping o f  t h e  osc i i  l a t o r v  modes

o f  titot iOn 0 I t hi e se sy st em s dec r ca ses w i t  Ii a u  i ti c ro;i so 111 t he

n u m b e r  o f  1 I ii ked a r t I cu ha ted masses a tid iv i t h  I t i c  rca seth speed ,

t t o 1 101% 5 t t a t  road  u s e  I auc s and pe rfor rn a n c &’ S t ai t i t a  rd s  ii i

d i r e c t i o n a l  s t a h l  I it s’ and r o t  l o v e r  i r n m u u i i t v m u s t  he dev eloped

and  coo rU I h a  t ed  so as to 
~ 
rese rye t lie o p er a  t i oi i ; t  I i i i t e~ r it y

of  h i g hiu ~a v t ran sport i t  i nut . I~xper I cue e shows t hat I he ‘‘h I ghwa v

t ra i ns ” ii common u se  toda  v a c c o u n t  f o r  a d I s p rop o  r t  I cnn t t’

sh are of t t a  I i i  c blockage , even out the hi i g h i e s  t q u a  I it v por t i Oils

of the road net w o r k .  The ox i st et i c e  of  t he i ac ki t i I lug p henomenon
t o g et  h e r  w i t h  th e I O w e r  l e v e l s  of ro l o v e r  i nirn u n it v exhibited

by I a r g o  t r a e  t o r —  t ra i 1 e F sy s t e m s  , con s  t i t Ut es au i nc reased
potent t a l  t ot u p s e t , a t r a f f i c  disru ption w h i c h  is F u r t h e r
aggrav ated by the U il l i cu It v of romov I ng larg e , ups e t vehicl es

from t he t rave I I cit wa  v .

— A .. .A , _.~__._ 
— _______ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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i t t  ye ‘ t i gate the t ma do — oft ’s bet ween veh  i e ft do i gui and

u’~ o restrict i ’n’~ as  a m ean s of pr eset-v i ng a m i i i  imum s t  :i t i d a  rd

of t raf I ic  i nt eg r i t  V a rid Ii i ghwa~ c a let v

State- of— th e—Art

The p h v s  I c s u n d e r  Iv i ng t he braking and ‘
~ t ocr i ug b e h a v  le r

of c ommercial freigh t—carr y ing vehicles is be coming i n c r eas i ng
l v wel l unders tooti . In add i t ion , t lie vehi i ci c dvnanu ic s I it er a -

t nrc den I I ng w i t hi the p rob 1 em of ro 11 stab i I it ~ ahiti ro Ii over

i ‘~ g r o w  i ng and , i n  t he not  t o o  d i  st ant f i t  t u re , it can be

an t i c  i pat ed that th e mechan Ic s of t he ‘
~ i ug he - and mit I t I nu t it

fre i ght — carry I ng motor vehi ic h e wi 1 1 be reasonab lv wet I i n

hand . On the o ther hand , both nec idont da ta and exposure 
- ‘

da t a are genera 1 1 v no t  av a i lab le to i tid i cat e t he ext ‘nt to whi ichi

fri i gh t - c a r  rv  I ng veh i c 1 e~ of  di I Ic rent the s gns and con f t g u m
t i ori s ar t ’  over — i nvo I y o U  in Inc i d e n t s  that cause prop ert v

damage , personal i n j  urv , and the d i s r u p t  i o n  o t t m i  t i c  . In

part i Cu 1 a r , data are not ava ii ab It’ wh i cli revea 1 how muc ii

traffic disruption r e sults from incidents in  w h i c h  l a r g e
comme re i a I vch ic los b lock the rave 11 ed was’ pr i or  t o t he i i

remcv a I

h’ rt ”j osotl Aj )Ji r oa t- hi

R e s e a r c h  T a s k s :
Dove lop an app rop r i ate samp 1 I ng sc h em e  f o r  obse  i v

I ng the movem ent and di s rup t ion of t m a i l  i c  as  a
result of  ace  I d e n t  s , i n  ~et ie r :i I . and t ruck i ng
; i ce idetit s • i n  p a r t i c u l a r .

I nip I ement th I s sc h ieme auitt coil et’ t dat a d e fining t he

losses i n  mob ii I t v a n~I t ran ‘~por t at ion output that

r e s u l t  . 
V

3. Dev i ’ lo ,, a scheme for t rails forming the observed

h i t  ci’ t’tlt) t I on 0 1  1 Ni If ic (colt t a i ii i r ig h o t  Ii Ire i g h

a nd l ersona I transport a t ion v eh  Ic I e s)  i n t o  do li a r
c o s t s .

- V -—
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4. Iden tify the manner in which road-use laws promu l-

gated by the various states determine the final

confi guration of large freight-carrying vehicles

w i t hou t s imu lt aneousl y requiring that these con-

f i gur at ion s m eet cer ta in min imum per formanc e st and-
ards.

5. On the basis of hypothetical pe r formance  st andards
for (a) dir ec tional stabil it y and con trol , (b)
brakin g, (c) rollover immunity, determine the

alternative methods for achieving these performance

standards and evaluate their relative cost-effective-

ness and the resulting benefit/cost ratio to hig h-

way freight movement .

5.3.3 Research Area D -2.3: Impact of an Increased Size and
Weig ht Disparity on the Safety of Hig hway Op era t ions

Problem Statement

The desire to conserve fuel and to incr eas e the p roduc-
tivity of freight transport leads to a growing dis par i ty in
size and wei ght of the vehicle populat ion us ing the exis t ing

hi ghway network. On the basis of current experience , it seems

reasonable to hypothesize that the safety level of hig hway

transpor t will be nega t ively affec ted by this size and we ight
trend. Accordingly , s tudies should be undertaken to ident ify
and quant ify the various ways in which thes e siz e and weigh t

differenc es make demands on hi ghway design, traffic control ,
and vehicle de sign.

Goals

Iden tify the various mechanisms by which a large varia-

t ion in size and we ight leads to a grea ter potent ial for loss
of con t ro l or a grea ter probability of injury (or fa tality) F
in the event of a collision or crash. Anal yze the mechanism s
in order to develop guidelines for vehi cle and highway
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i’d .\j j  r o a c h

( I v o n  a sp o t  i i I c  1 i’ve 1 o t’ roati roug hnt’ ss ( a s

~, r odu c  eti b v t i - a It ’ I c and  t’tiv I roninen t a 1 causes)

a no sma I It ’ i’ pass euge t’ t’eh ie l o s  ( a t  t he low end
0 t’ t he s I ~‘c and  we i g ht spec t rum ) Ii ko it ’ to suffer

s I ~n it
’ ica ii t lv i n  t h e  ii ’ r o a d - h o l d  j u g  eapab i i i  t v?

Can t hi i s d e c r e a se  he thua nt j I jet1 antI en 1 en I at ed on
the has i s of  p hys  i ~

‘ s a u i l i 5 I t j)05 5 ib  I t ’ to con  —

I i  run Ut is v-a I en I a t  i o n  by u n e , i u t s  01’ ace I dent da t a?

. . Ic i l l  t h e  i tie i- ea sed sen s it l vi t v of s m a l l  , l i g h t

c a r s  t o  r oad  u’oug h t i c s s  ( t ’ o s u l  t i n g  i n  r e du c e d  r i d e
t h li.t 1 i t  vi pt’o~1uci’ a s I gut it ’ ican t i m p a c t  on t he sa fetv

r e c o r d  h i u t — S i r ig i i i ’ i’eased o p e r a  t o r  f a t  i gut’ u~ i th
a c o r o l l a  rv loss i n  i r Io t ’m anc e eon  t ro 1 and a I ert -

ness.’ W 11  1 th e voh I c  t o  c o nf  i gur a t ions t h a t  v’v o l v e
f r om the obj ect I y ~ of mak I rig t rue k i ng more prot iuc t iv e

r o  sti l t i n  a dog r a t t ed  env I ronm ent for t he Ire  i g h t  —

vehicle o p e r a t o r  s u c h  t h a t  h i s  c o n t r o l  perfoi’mance

I s reduced ’,’ If so~ how can Hi is t r end he o ffse t by

des i gn p t - a c t  ice anti what are t lie dc I t a r  i nt - v’s t mon t s
r equ  i red to recoup I os st’s i n  t r u c k  r I tie qua lit v
c a u se d  by t ies  i gn lot’  i n c  rca sed pt’oduc t i v  i t  v

3. IVha t  are the r e l a t  t o n s h ip s  b e t w e e n  i n e i ’ case t l  v e h i c  I t ’
S 1 :e and we i g h t  a t i d  the I n c  rca se tl pot  on t i a I tom

rutt in g  and s u b s e q u e n t  I n c  r e a se  i n  t h e ’  spi ;t s li and

s p r ay  g en t ’r a t e d  dut ’  i n g  set road con d It ions ?
4 .  H ow w i l l  a t r a l ’I i c  m i x  c o n s i s t  l u g  o f  a v e h i c l e

1)01)111 a t  i on e ha rae  t t’ r i ~ed by a b r o a d ’r  ii i st r I bu—

t ion of (a) si :es anti wei ghts and (b) accelera tion

p e r  t’orinanc e levels , influence hi i g h w a v  o p er a t  lout s

headw.nt ’ ma i n  t en an c e  , pass  i ng , o u t  rv into the

t ra If i c S t  r eam , e t c  . ) 1% i l l  t ii 1 s i n  t. 1 u e n c e  Oil

opt ’ r a t  I Ot i S  1)0 ne gn t iV t~ t rout a sa fet V P 0 i tit ot V i e W

and  • i t ’ so , can  t h i s  i n f l u e n c e  be q u a n t i f i e d  f o r  t h e

__ - -  
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b one fit of t r a f t ’ I c  ~. o u t  roll el’s and  t lio s e per sont i e I
c h ar g i ’d w i t h  t h e  task of  es t ah i I sh lug opt’ra t ion al

c O h i S  t V~i h i t  s an t i  p o i  I c  i es?
l’o w h a t  deg roe ar e he e ra s h iwo r  t ii i tic ss o t’ t he ‘— ma li e s

cat ’ s i n  t h e  V e h i c l e  population and the design of

h i  ghwav apput ’ t enanc e~. as i u t  ended t o  eon s t m a i n
e r r an t vi ’hi j~ it’s c o m p r o m i s e t i  1w a g r o w i n g  s i  :e

d i ‘~p at ’ i t v  and  t~t’ow jug w e i g h t t I l 5 p L t 1 t V ~ 1 )  what

e x t e n t  do p r o s p ec  t i y e growth in s i :e and we I g ht

d i spat ’  i t  v and i t s impact oui c o i l  i s  I O t t  t ’ t ) I l  SoqueTici’s

p r e s e n t  a r g u m e n t  s and j u s t  i f  t e a t  i on f o r  seg r eg a  t I ng

the mo ve n teui t of f r e i g ht  — and 1 L s s t s n se t~_ c a r ~ \ tug
vi ’ h i c I e s

~. . 3 . 4  R e s e a r e T h  \ i ’ea Il - .4: t)eve lc . I~t u i  t a b l e  l o r m u l a s  f o r
~- t ~~~I n f o r . me n t  ( o t ~~~~ t nv __‘~p d u~~T~ i i t

Prob 1 em St a t ‘mt ’Ti t

F u n d s  lot’ t h e  con st  rue t i o n  and ma i ~i t  e nan c  ‘ of h i  gh w a v  s

d e r i v e  from t h e  charges that are imposed upon hi ghwa~’ user s ,

As t h ’  s i e and we I ght ~ i spa r  it v of Ii ig hwzr v veli i c lo s v’o T i t 1 T RiO S

to I tic reast’ . qu es t i o n s  of equ i t ab  i i i  t t a r i so . Sh o u l d  use  I’
c h a r g e s  refl e ct the degree to w h i c h  us lug the v e h i c l e

d e pr e e  in to ’— the exist tu g cap i ta I investment in hi ghwavs , or
s h o u l d  t h e s e  charges also r e f l e c t  the di f le r eti c t ’ in cap i t a l
tu v i’stmon t necessar y t o  a c c o m m o d a t e  t h e  V e h i c l e s ?

to what extent should the costs of r e g u l at  i n g
and enft- r e  i n ~z t r a  f f  i t ’ r u l e s  and op e rat  i o n s  be e on s  idt ’ r t’~1 f rom
the ~t aud pc ’ m t  of  otlti i t  ab t l i t  V 45 w el l as  sa fe tv aliti t r an s  —

po r t 
~~ 
roduc t I v it v

i~o n i  s

fl~~vt ’lü 1i equ i tabl e formul a s for u se r c har ge s  t o  re f lec t
the e x t e n t  to wh i ch vehi t e los (J if t’er l u g in  s :t’ * we I g u t  . and
p e i ’ i o n u a t i c e  t’ ha r a c t e r i s t  1’ s) in f lu en ~ c t h e  i n i t i a l  investment , 

~VV - V V ~~~~~~~~~~~~~ 



I
t he r a t e  at wh I ch t h e  I n v e s  t m e u i t  I s dep roe i at eti , ant i  t h e

c o s t s  ,i ssoc I a t  v U  i. it Ii t ma f i l e  x’egu 1 a t  i o n  and  o t t fo rc eu n c tit

5.3.5 Resear ch Area I i— ,. 5: ( 1vi’r lo ad D e t e c t  t o ut a n d  I V ! t  l o r c t ’m e n t

P r o h  t e r n  St a  t e m e nt

A c c u r a t e  and c o m p r e h e n s  i y e m e a s u r e m e t i t  of truck we i ~ ht  s

is e s sential to (1) e s t a b l i s h i n g  t h y ’  i n f l i t e n c i ’ of  loads on

pavemen ts , ( )  conduct i n~ p a v e m e n t  m a n a gemen t p r o g r a m s  , and
- V ‘ -( ~ ) in su r  tu g that hig h w a y  costs are Ia i r I v :tpport i OflO t ! to

h i  ghucn v users and n o n ti se r s  . H o w e v e r  , cu r t ’ct i t mca  suremeut

and e n f o r c e m e n t  t ccliii i ques , . . , w e i g h I tig ‘ v eh i c 1 es i i i

m o t i o n , ’’ p o r t a b l e  s c a l es , f i x e t l  s c a l e s , an d  the u s e  of I)ri dg e S

as s c a l e s  a re  not  at i equ a  t o  t c ’ t he t a s k  at  h a n d

.\c eot’~1 i ng  lv , t hi is w c t -ks h o p  Ia 1 1 \ su u ~p o 1’ t s c u i  r u’~’ ui t

of  f o r t s  by  s t a t  e an t i  lot1 ci ,i i ~tu t Iwi’ I I O S  t 0 I rio !V O V O ~ v em —

1 oat l  m e a s u r e t n e ti t t cc h ti i qu es  a od cii  f o r e  em en t  of  fo  u’ s . ~or k—

shop  p e r s o t in e l  , h i o w e v e t ’ • 
b~’ I t c i i ’  I ha t lie pt -oh tern is Wi’! V

k n o w n  ant i  i s  c u r r e n t  I v t o t  e i t I tR~ at i o q u , i  t o  it en t i on , *

I iie h i s  ion of t hi i s i t o t ut n hi’ rope r t Si’ i’\’ t ’s  o h it 1 i c i t e  o u r

support for thi t’ r o s ’a  r e h  t h a t  I s go t u g  oti i n  t h i s a r ca  V

5. 4 SIb B — (‘IROIb P 1)— 3 : V\I ’~\ \ \C  hi ) i ’
~)Ni,

’ FP T S

~ .4 ,  1 R e s e a r c h  
~~~~~ii~~~~ V:~~~~ 

3. 1: Opt ’ r a t  l o n a  1 at i d h c o n o m I c
Cons e rat  n o u t s for Ded i cat ~JJ l an e s  1~or Cotnrnon Ca r r  I t ’ r
N~~~ei~~~ r a n ~l ~~~~~ ‘h t Th’afl~~e

Problem Statem ent

One solut ion to the pr ob lem of hv’avv trucks and buses

m i x e t i  w i t h  s m a l l e r  c a r s  i s  t o  r e s t r i c t  t h e s e  v e h i c l e s  to a

d e d i c a t e d  la n e .  This g i v e s m i s t ’ to a host of tlue st ions:

1 .  H ow do you r e s t r a i n  d r i v e r s  f rom c h a n g i n g  lanes?

*fl(~1 Cos t  Al loca t  ion  S t u dy , PUb l i e  Law 05 5(1(1 , N ov  , h , I 9’S
Federal Aid h i g hway A c t  0 1’ I 9 ” ~~, S e c t i o n  1 t 1 .
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I s h e r e  ,t t tv , t d \V  ant a g i ’ iii p r o h t  i N i i uit ~ c a r I t’~oi

t hi’ I t’Ut ’ k I t u n e

5 Sh ea  I U t h~’ r~ be a si’ p~t r , n  t I itv ~ Hi u ’ r t’ r N e t  i* con  I l i i ’
u ’ l it  k 1 ti l t ’ a tid t hi ’ c t lie r I a i t t ’

4. Con Iti th e t ’X ~~ l u ~ i t t ’  l i n t ’ hi ’ u se d  for h t i i ~h i -  ‘-p~’ed

‘ases dii r tu g t b i t ’ ~1a a n d  I a  r e e  r u e  ks  at ut I

Ri’ sea uc hi u s r y’~~ k t t O  U t o ro i t di ’ r ,t I i on ,t I a it ‘~ i~ c r s 1 c li e ~

~ I1& ’St t O I l S .

S t a t e - c t ’ ’ th e .\rt

~Ia n’ o t ’ t he o t L b  I ‘m ’ S o I h ,i rr I ci’ - ‘-e pa  rat ed la th ’S ha t c

been i n i l V i ’ i i t ’d Nv hi ’ F e d or a  1 l i i  ~ hw av \Jr lii i st i ,i t ion LV
t V V i \  \

in t he I r ad I i’ s t) I ni t t oi ;i . i t t’tI hi j :~ h i w a  v t a u t ’s for lie a ’- c of

s p O t  i a I I i’ t h t l  I PP~~U pi’ i v a t e  c a t ’ s .  r i , i  t o m  U t  l i i  c i t  I t  i j

hat n u t  l ie f o r m a t  I out  c I a s i ~t 1 ~
‘ 1 auto Nv , t  ‘a mu - i c r  • t l ie  m y ’

i s tic v ’oportuu i t v to ons s a s I n  1 i t ’d it ’ll Ic I c .  R e !  t a N t  I i t  i

an d  t ti’ — p r _ ’ t t I Oil i’ v ’~lU Ii t ’nt ’t l t “ I tiC t in t ‘~o ~i i - n t ita t u t a h  1 1* t Ii t i t ’

I a n t  o t t a f t ’ I c  I I  ow . t t i g  at ld  t t o t t a  I I , t u i t ’s i i i  e t c h

U I u’ i’C t i on f or  r- t ss uii Z t ’o e t n i c  ~ pu ~~ Ii’ i t  I V t ’ lv i’\  ~~‘ t1 S I V  C J I l t )

d i  t’ t i c u l  t i t t  t ei’ms ot l a t i t i  1 . 1 . 
V

[‘lie h iNt \ ef fo rt s w ~
‘ me 01 i m a  u’ u I v foeti s o d  o u t  p a s s  or ~~t ’ r

t’ vn~ U I r’t ’mett t s . \ me me i’ec out st ad \ Nv t he i tnt its p c t t a t i ot t

S i s t  em ’s Cent t o t ’ I n v e  ‘- t I g,n t ott c \ t
V t u ~ u i e [autos lot’ t lie lu St ’ of

mul l ip l e- b otto in tr u t k s . It w a s  f ou n d  t h i t  t h e  r o l  i n h i l  i t v

P t o N  I em e. , • s I a I I i’d v t ’ h t  c L o s  1 wa s not .ns S t ’ V v ’ i t ’ as  t ha

u or pa s senger v o l t  u c li ’S fo r t w o  u-en sons

I ~~~~~~~ 
~
‘ 

~
- v o h  ~: I i’s a r e i vito ii 0th

(‘hero t s melt ’ cont i-c I cv or t h o s e  i eli m c  1 i’s s I t ic e

he’ a i- c coo  ma t e d  Nv a I itn it ~‘d nuimh ’t’ u’ t’ I ccnipat i ie~Z

Some c I t he t ’ct ’no rn  i t p a ’- of 1’s I c r  t he t i’tneke r In t eu ’ rns  o f

Inc ron set) v’ i O t h i i C  t i V  i t  \ i t t ’ t ’ t ’ d i  sc us sod i ui I he U 4 C St ud~

\ t ied I eat i’d gin I dew a’ is Ii I cli I i i s v ’d t c c ,i i~ u
’’ l u ’t’ I ch i t ,n I

ut  g h t  at  m o d e r a :  ~
‘ sp& ’ t’ds (. ~~~ m . p .hi . 1 t

V o u i U  be ased l o t
hi i~ li — spet ’d b i i s t ’ s (SI )  - I t~) ~~ p.  hi . 1 dut’ ing the t 1 3 \  . 1’) t’O(R~Il

1 1
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t ho u s e  o t a liO t iC O l t t a c t  susp eui s ion , sue hi buses con 1 U opt ’ r a t e

at oven hi gher speeds.

1;o . i I

N e t  c u r t  in c  mel jab i i i  tv levels for large truck

corn !’ m a t  i oui s opcr :i t it tg on s i n g le -  l a n e  gu i d e w a v s  . V

2 , De torm inc a c c e p t a b i l i t y  to  t h e  trucking in d ustr \ ’ L
of  o p e r a t  i o n  i n  rv’s tr ict e d guid e w a vs au i ti /or line-

ha u l opei’at ion at  ni gh t o n l y .
3. I :xp l ore v a r  i ous 1 a u t o  - cool i gur a t i o n  opt ions (1 .

h a r r i e r s , b uri e i i cables) for electronic g u i d a n c e ,

t rue  ks and bus e s op ema t ing t h roug h o u t  t h e  d ay , one-

wa Y operat i ons , etc.

Con s truct ati o v e ra l  1 cost- a c c o u n t  itig p roce d u r e
w h e r e b y  di ’s 1 ma h i  I i  tv of the a b o v e  al terna t i ves
c o u l d be a s s e s s e t h . T h i s  account  ing s h o u l d  e x a m i n e
t h e  c o s t s  a s s o c i a t e d  w i t h  p r o v i d i n g  t li ’s i g n a te d
l a n e s  c a p a b l e  of support  ing t he se  h ea v i er v c h i i c  les

N v  - o f f s

V 1 . A p r e s e r L t a t  i o n  of t h e  c o s t s  and  b e t i e f i t s  of v a r i o u s

a l t e r n a t i v e s  for  r e s t r i c t i n g  t r u c k s  and b u s e s  to

e x c l u s i v e  l a t i e s .
2 .  A d e t e r m i n a t i o n  of  the most l i k e l y  l a n e - c o n f i gura-

t ion a It erna t i yes wh I chi icoii I d I cad to  n~ rca to t ’

foc u s for fu tu re  r e s e a r c h .

Pr io r i tv

V a r i o u s  members  of t h e  t r a n s p o r t a t i o n  com m u n i t y ,

i n c l u d i n g  the Sec re ta r y  of ‘l’ r a n spo i ’ t at ion , have broug ht
up the  no t ion  of r e s t r i c t i n g  la rge  t rucks  to cer t a i n  l a n e s
or c o r r i d o r s .  I t  i s  e s s e n t i a l  that  the b roades t  p o s s i b l e
range of o p t i o n s  for  a c c o m p l i s h i n g  t h i s  w i t h  the l e a s t  harm
ant i / or  maximum b e n e f i t  to the n a t i o n  be exp lo red .

L evel of Effort

This re search task is estimated to he a 5 labo r-year effort.
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i mt I: r ,n

[ i S o  y e a r s

5 . 1.  ,~ R e s e a r c h  . \ r t ’:t 1 ) - s .  2: i v a l u a t ion  of L e v i t a t i o n  C round
T r an sj L o r t : t t  ion  Sv s t e n i  P e r f o r m a n c e  Characteristi c s
?or F u’ c_i ght-Passei ~~~~ Sh ared Cu i d e w a v  S e r v i c e

P rob 1 i_ in St ,t t omen t

N o n c o n t a c  t s u spe n s i o n  - or o p u l  s ion  s y s t e m s  , w h i c h  may
e mp l o y  f l u i d  or  m a g n e t i c  f o r ce s  fo r  l e v i t a t i o n , g u i d a n c e

a n d / o r  p r ( p u l  ott h av e  a n u m b e r  of o p or a t  i o n ; i l  c h a r a c t e r -

i s t i c s  w h i c h  m a k e  thou p o t c n t i : i l l \ ’  a t t r a c t i v e  f o r  app l i c a -  H
t i o n  t o  s h a r e d  ~u i d e w a v  ft’ c i g h t - p a s s e n g e r  op e r a t i o n s .  N ow -
e v e r , a n u m b e r  of potent i a l  p r o b l e m s  e x i s t  w i t h  r e s p ect  to
the s h a r e d — m o d e  aspect , i n c l u d i n g  t h e  e f f e c t  of  v e h i c l e  l oad

on t h e  p o t c e r - e f f i c  1 0 m e v  of  l t v i t a t  ion , ami d t h e  effect out

F r e i g h t  d i s t r i b u t i o n  i m p o s e d  by t h e  r e q u i u ’e m eu l t s  f o r  r e l a t i v t - l v

e x p e n s i v e  f i x e d  g u i d o w V n v s  w h i c h  w i l l  u t i d o u b t e d i  c o n s t r a i n
th e e x t e n t  o f ’ t h e  n e t w o r k .  Add i t  i o n a l  r e se a r c h  s h o u l d  he

d i r e c t e d  t o w a r d  t h e s e  i s s u e s,

S t a t e - o f - t h e - A r t

A l a r ge hod~’ of literature e x i s t s  on t h e  ties i gn of
1 t’V i t a t  j o t  and  p r o p u l s  ion  d e v i c e s  f o r  l i x e t i  gu i d c w a v  S s t e m s ,
The  w o r k  on s h a r e d  sy s t e m s , w h i l e  l e s s  e x t e n s i v e , ha s  led  to

t h e  i d e n t i f i c a t i o n  o f  s e v e ra l  c h a r a c t e r i s t i c s  f a v o r a b l e  t o
s uch u s e .  ‘l ’hose i n c l u d e :

1. Low l o a d i n g s  per  u n i t  a rea  on g u i d e w a \ -  s t r u c t u r e s
b e c a u s e  of t he i n h e r e n t  d i s t r i b u t i o n  of t h e  suspen-
s i on a nd propulsion forces. These loads per unit

area arc an order of magnitude lower than pneumatic-

tired wheels , and two orders of mag n itude low -er

than rail wheels.

2 . The capabilit y of the guidewav to contai n the
vehicle , thus preventing de railment and enhancing
s a f e t y .

96 
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3. The capability for negotiating curves at increased

sp eed r e la t ive to rai l and hi ghway systems , thus

providing the p otential for increased productivity , V

3. The capability to use non-petroleum-based fuels.

5 . The pote nt ial for low noise and pollu t ion.
6. The p otential to produce low vibration levels and 

V

accommodate guideway irregularities.

7. Th e potential for reduction in maintenance costs.

Goals

The rese arch obj ect ives ar e :
1. To assess the requirements for shared guideways

passenger-freig ht service using advanced system s ,

e.g. -

V ehicle desi gn
Guideway de s ign
System operation.

2. To determine the potential for operational

char acteris t ics of these advanced sys tem s to
influenc e the p rodu ct ivi ty and cost of passenger
and frei gh t servic e .

3. To identify and evaluate what kinds and types of

freigh t servic e s ma te well wi th adv anc ed sys te m
char ac teris t ics , e .g. -

The eff ec t of posi t ive re ten t ion of t he vehicle
in the guideway on various safety issues

Th e abili t y to hand le fra g il e f r eight V 

-

The po ten t ial advan tages for handling ha za rdous
materials.

Pay - Offs

This research will provide the basic informa tion re quired
to assess the po ten t ial of adv anced sys tems for providin g

frei gh t-passenger service , and will id en t ify the specific
applica tions which show the most promise.
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Lev eL of Lil ort

:\houi t 3 1 abo u’ - veam ’ s

U m n e l r a m e

The  s t u d s  con I t i  p r o h z n b )~~ V h i ’ eojttj) l e t e d  i i i  abou t 1 $ ut i o n t it s .

S. 4 . 3 Re sea rc Ii V\ t’ea I~ — 3 . 5: P o t e n t  i a I for 1e v it a t  oil C r o u t t t l
T r a n  Spor t  t-~v~j t ems to Ret t ’i i ce  ~~~w ~~ c h i c l e
M ain ton a nec R,~~~u ircment s

Problem Statement

Sevo  ra I I llt])O t’t ztti t i’ i d e  qua  1 i t \‘ an t i  a cc e p t  a n t i ,  I S S 1 t 0 5

u’e 1 a t  i ng to  I r e  i ght a n t t l  pa s seng e i’ v e h  Ic I es us  i ni g s it a  t’ i’J
g u i  dewa ~’s c a n t  be a t t r I b u n t e d  t o  d i  s p a t ’  it l o s  i t t  v o l t  i c  Ii’ ut i i t

ax  I e tOO th S . V !~ h i ,  S i ’ i ss u os  ~l I t~~ot
V t I imua t- t t h e  ti ta l u t  I e t i n u i t ’ 0

rt ’qu I roumien t s of  sh a r e d  go i ilewa ys s y s t e m s  . Wh t 1 l e  a n n  I vs 1 s
jilt ! i en t~’s t h a t  a t i v a t t e e t i  su sp en s i o n  sy s t e m s  ( ntiag I ov , a i t ’
e u s h  I ott ) en u t r e d u c e  nu t  I t l oad  i n g s  by  o r d e  u’s of  magui it udo 

4
( ah s o  in to l v )  ove r  c on v e n t  l en a  I s y s t e m s  and a I so t’oilu ce t he

d i  s p a r  it v h e t w e e u i  Ire i g u t  and  p a s s e n g e r  wu i t  I ond I vig s , t h e r e
ar e  ito ~tii t I i es has  cii en a c t  ua I Un  t a .

Co n 1 s

To i tlent I iv and  a s s e s s  ma i mi t em i anc i ’  r e t j u  I r e m en t  s f r o m
a c t u a l o x p er  I ence w I t hi sev e r a l  ad~V am i c Oil s \  c t  ~‘ms ’~ud t o  r ro ~‘t •

ami d c o m p a re  t h e s e  r e q u i r e m e n t s to co nmn p a r ;ih  i & ~ c o n v e n t  t l e n a  I
sv s t e m s .

S t a t  c - o f -  t h e - A r t

A t  l ea s t  f i v e  e x per  i m e m i  t o  ailva uicod 5\ V s t  ems m I g u t  be
used  fo r  case  s t u d i e s :  t h e  V \ ( s r o t  ra i n * ( F r a n i ce )  , ht~~ l h [ , *
( G e r m a n y ’ ) , 1ISST ~ ( . J ap a n )  , M L —  500* 1. J a p a n )  , an d  P l , \ L V *
((Jut i ted S t a t e s )  . D a t a  i n  some f o r m  e x i s t s  fo r  a )  1 t h e s e
sy s t e m s .  E xist in g  anit p r o p o s e d  c o o pe r at  i v o  I n t e i ’ c h a m i g o
p r o g r a m s  cati be used  to  oh t a in d a t  a on I he fe i’o I gui sv st ems

~S~~~i; Os sa ry t t hi ’ em i t !  o f ’ t hi 1 s s ect  i o n .
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Re f o r e  and a f t  ou ’ gu i d e w a v  pro  f i l e  da t a  for  t lie P’I’AC V have
b e en  c o l l e c t e d  by  t h e  Federal Railroad Administration and
m a i n t e n a n c e records for t h e  v e h i c l e  exist.

P a v V V o I f  v s .  R i s k

‘l ’h i s  i s  a mediu m pa y -off , l ow r i sk project. The direct

p a y - o f f  i s  o u i l v  m e d i u m  b e c a u s e  t h t e  a n a ly t i c a l  r e s u l t s  a rc
log i c a l l y  c o n s i s t e n t .  Nevertheless , r e s u l t s  ba sed on actual

d a t a  m i g h t  p r o v i t i c needed c o n f i r m a t i o n  f o r  p o l i c y  d e c i s i o n s .
‘I’he ro i s  a h i g h i i n d i r e c t  p a y - o f f  in c o o p e r a t i n g  w i t h  forei gn

programs  w h i c h  a re  a g g r e s s i v ely  p u r s u i n g  l e v i t a t e d  sv s ter i
t e c h n o l o g y  - e.g. $50 million annually.

L e v e l  of E f f o r t

Two l a b o r -y e a r s .

V I ’ i Fra m e I
One y e a r .

5 ,4.4 R e s e a r c h  Area D- 3 .4: Automated I t i t e rci t y Rubber-Tired
Freight and Passenger Guid cway Sy s t e m s

Probl em Statement

I V ! U r b a n  Mas s T r a n s p o r ta t  ion A d m i n i s t r a t i o n  (IJMT A)
has  done a c o n s i d e r a b l e  amoun t  of research on a u t o m a t e d
vehicles for urban app lications. However , there are numerous
advanta ges to he seen for intercity app lication , particularly

for shared passenger/frei ght o p e r a t i o n s  on exc lu s ive  l a n e s .
The potential for this technolog y for the moderate spoeti range

:11)1) 1 i ca b le to the in terc it ~’ m a r k e t  s h o u l d  be a s s e s s e d .

P a y - o f f  and R

Technological risk is very low since it would represent

an extrapolation of technology w h i c h  is currentl y b e i n g
i .evi ’lop ed. Pay-off would he moderate in that it would
increase t h e  un derstandin g of in terci - t v transportation options.

- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
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Sub ta sk

A sub ta sk under thi s problem would be the developmen t

of a hi gh-speed rubber tire for use on buses. This would

repr esent a low technological risk for speeds below 130

m~,p .h . and an increasing risk for hig her speeds.

5 .5 GLO SSARY

Rock and Roll - a combined ver t ical and rolling mot ion of the
freigh t car caused by the stag gered 39 ft . bol te d rail in the
U .S. This motion is accentuated at low speeds (approximately

15-20 m.p.h.) and can lead to freig ht damage and derailmen t .

TDOP - Fr e ight car Truck Design Opt imiza t ion Program sponsored
b y the Feder al Railroad Adminis tra t ion . The projec t is curren tly
in Phas e II and is being performed by Wiley Labora tories.

FAST - Fr e igh t Accelera t ed Saf et y and Testing facili ty at
Pueblo CO , test site used for evaluation of freight rail

car and truck.

KAB - K ee p Am erica Be au t ifu l study on ways of reduc ing
li ttering.

Aero train - French air cushion supported vehicle powered by

an aircraf t type turbofan eng ine. Successfully opera ted for
many y ears , curren tly not in use.

KOMET - German magne t ically levi tated vehicle propelled by

ho t-water rockets used for testing magnetic suspension

componen t s a t speeds to 400km/hr.

HSST - Japanese High Speed Surface Transport system us ing

vehicles wi th electromagnetics for lift and single sided

linear induc tion motor for propulsion.

ML -500 - Japanese Magnetically Levitated vehicle employing

superconduc ting magnetics and designed for 500km/hr speed.
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