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1. I n t r o d u c t i o n  

Th i s  r e p o r t  descr ibes work conducted under a  subcon t rac t  f rom Wayne 

S t a t e  U n i v e r s i t y ,  sponsored by t he  Michigan Department o f  T ranspor ta t ion ,  

Bureau o f  Urban and P u b l i c  T ranspor ta t ion .  The purpose o f  t he  subcont ract  

was two fo ld :  ( 1 )  t o  develop a  t r a n s i t  bus energy consumption f u n c t i o n  

based upon r e 1  a t i o n s  h i ps  found i n  s ta te -o f  - t h e - a r t  1  i t e r a t u r e  between bus 

f u e l  consumption and var ious  bus ope ra t i ng  c h a r a c t e r i s t i c s ;  and ( 2 )  t o  

recommend p e r t i n e n t  measures of e f f ec t i veness  which cou ld  be used t o  eva l  u- 

a t e  va r i ous  bus ope ra t i ng  c h a r a c t e r i s t i c s  and f u e l  consumption a1 t e r n a t i v e s .  

These tasks  were p a r t  of a  l a r g e r  e f f o r t  under t h e  d i r e c t i o n  o f  Wayne S t a t e  

U n i v e r s i t y  t o  develop a  bus t r a n s i t  r e a l  l o c a t i o n  procedure, o r  model, 

which cou ld  be used by t r a n s i t  a u t h o r i t i e s  and opera to rs  t o  reduce t r ans -  

p o r t a t i o n  energy consumption du r i ng  t imes o f  energy emergencies o r  sho r t -  

ages. Even tua l l y ,  t h e  bus r e a l l o c a t i o n  procedure would be a  p a r t  o f  a  

t r a n s p o r t a t i o n  energy cont ingency p l a n  f o r  p u b l i c  t r a n s i t  a c t i v i t i e s .  

D e t e r m i n i s t i c  expressions and simul 'a t ions have been developed t o  

r e l a t e  d r i v i n g  cyc les  ( i  . e., v e l o c i t y ,  acce le ra t i on -dece le ra t i on ,  grade 

c l  imbing, e tc . )  t o  ins tantaneous fue l  consumption, so t h a t  t he  t o t a l  

f u e l  consumption over  a  complete d r i v i n g  cyc le ,  o r  t r i p ,  can be ca l cu l a ted .  1  

These and o t h e r  approaches a re  use fu l  i n  eng ineer ing  analyses and v e h i c l e 1  

d r i v e - t r a i n  design, bu t  t h e i r  e f f i cacy  i n  accu ra te l y  desc r i b i ng  v e h i c u l a r  

performance and f u e l  consumption under r e a l  -wor ld  cond i t i ons ,  . i n c l u d i n g  

d r i v e r  behav ior  and o t h e r  dynamic va r i ab l es ,  i s  suspect.  

As a  r e s u l t ,  t h i s  s tudy  focused on i d e n t i f y i n g  comprehensive observed 

data which through s imple s t a t i s t i c a l  meiins cou ld  be conver ted t o  be r e -  

p resen ta t i ve  o f  t h e  spectrum of gross v e h i c l e  weights  assoc ia ted  w i t h  con- 

temporary t r a n s i t  coaches and t h e i r  v a r i a b l e  passenger loads.  

1. Examples a re :  
"Veh ic le  M iss ion  Simulat ion, "  T. S ~ h u t z ,  K. Klokkenga and D. S t r a t t e n -  
f i e l d ;  Commons Engine Company, SAE paper no. 700567, presented a t  t he  
Ea r t h  Moving I n d u s t r y  Conference, Peor ia ,  I 1  1  i n o i s ,  A p r i l  14-15, 1970. 

"The Energy Use o f  P u b l i c  T r a n s i t  Systems," Timothy J. Healy, proceed- 
ings  o f  t h e  T h i r d  Na t i ona l  Conference on E f f e c t s  o f  Energy Cons t ra in ts  
on T ranspo r t a t i on  Systems, Energy Research and Development Admi n i  s t r a -  
t i o n ,  August 1967. See s e c t i o n  2 ,  "Fundamental Mechanics o f  Transpor- 
t a t i o n  Energy Use." 

"Veh i c l e  Dynamics S imu la t i on  Model " General Motors Corporat ion Truck 
and Coach D i v i s i o n ,  Pont iac ,  Michigan, 1974. (Out o f  p r i n t ) .  



The f o l  1  owing sec t i ons  i d e n t i f y  t h e  parameters which i n f l  uence bus 

f u e l  consumption; p resen t  t h e  r a t i o n a l e  f o r  s e l e c t i n g  those parameters 

which appear most app rop r i a t e  f o r  i n c o r p o r a t i o n  i n t o  t h e  bus r e a l  1  o c a t i o n  

procedures; and p resen t  t h e  r e l a t i o n s h i p s  between t h e  se lec ted  parameters 

and fue i  consumption. A f i n a l  s e c t i o n  suggests measures o f  e f fec t iveness 

which cou ld  be used i n  t h e  bus r e a l l o c a t i o n  procedures.  

2. Fuel Consumpti on Fac to rs  

I n  a s tudy performed by t h e  Congressional  Budget O f f i c e  ( c B o ) ~ ,  i t  i s  

noted t h a t  ". . . t h e  energy savings o f  changes i n  an urban t r a n s p o r t a t i o n  

system depend on behav io ra l  responses such as increases i n  t h e  number of 

t r i p s  made, s h i f t s  f rom o t h e r  modes o f  t r a v e l ,  changes i n  v e h i c l e  occupancy, 

and t he  1 i ke. Bus, subway, t r o l l e y ,  ca rpoo l ,  and vanpool tend  t o  be energy 

e f f i c i e n t  on a passenger-mi le bas is ,  b u t  i f  improvements i n  any one of these 
serv ices  draws passengers from o t h e r  energ.y-eff i c i e n t  modes i ns tead  o f  from 

low-occupancy automobi les,  then t h e  e f f e c t  on energy can be smal l  and poss i -  

b l y  was te fu l . "  

"Other f a c t o r s  t o  be cons idered i n  e v a l u a t i n g  energy requi rements  are,  

f i r s t  g e t t i n g  t o  and from p u b l i c  t r a n s p o r t a t i o n  se rv ices ,  and second, t he  

d i r ec tness  of such t r a v e l  on a  door- to-door  bas is .  F ixed- rou te  se r v i ces  a re  

n o t  as u b i q u i t o u s  as automobi le  se r v i ce ,  and much o f  t h e  t r a v e l  on f i x e d -  

r o u t e  se r v i ces  depends on p r i v a t e  automobi les f o r  access t o  s t a t i o n s .  As 

a r e s u l t ,  t h e  n e t  energy savings of a  t r i p  t h a t  uses t r a n s i t  as opposed t o  

t r i p  by p r i v a t e  automobi le  i s  s i g n i f i c a n t l y  sma l l e r  than appears f rom a 

glance a t  j u s t  t h e  t r a n s i t  p o r t i o n  o f  t he  t r i p . "  

" I n  shor t ,  a l though  some qu i ck  ru les-of - thumb can be ob ta ined  f rom t h e  

convent iona l  index of energy in tens iveness  (computed by d i v i d i n g  t he  pro-  

p u l s i o n  energy per  v e h i c l e  m i l e  by t h e  average number of people aboard t he  

v e h i c l e ) ,  a  f u l l  rev iew of energy savings r e q u i r e s  examinat ion o f  t he  

energy used i n  manufactur ing veh i c l es ,  c o n s t r u c t i n g  r igh t -o f -ways ,  and 

ma in ta i n i ng  t h e  system; adjustments f o r  access and c i r c u i t y ;  and al lowance 

f o r  t h e  p rev ious  mode of t r a v e l  of new users."  

2. "Urban T ranspo r t a t i on  and Energy: The P o t e n t i a l  Savings o f  D i f f e r e n t  Modes," 
prepared by t h e  Congressional  Budget O f f i c e  f o r  t h e  Committee on Env i ron-  
ment and Pub1 i c  Works, U.S. Senate, Congress of t he  Un i t ed  States,  September 
1977. S e r i a l  no. 95-8. 



The repor t  de l ineates  nine basic energy components, or  f a c t o r s ,  of urban 

t ranspor ta t ion  and combines these t o  form a hierarchy of four measures of 

energy use in which each measure has an increasing level of comprehensiveness. 

(See Table 1 ) .  "Program Energy" i s  the most comprehensive of the four measures. 

I t  combines d i r e c t  and ind i rec t  energy use of t r a n s i t  modes and ad jus t s  fo r  

the  behavioral response of t r a v e l e r s  t o  r e s u l t  in the  t o t a l  change in  energy 

consumption per passenger mile,  The repor t  contains data and ranges of est imates 

fo r  the  various basic energy components and describes the  s teps  required to  

estimate "program energy." 

The basic energy components in "energy intensiveness" a r e  based u p o n  data 

taken from the 1 i  t e r a t u r e  which i s  aggregate and average. That i s ,  "energy 

per vehicle-ni le" i s  based upon a summary of experience of t r a n s i t  propert ies  

with various t r a n s i t  modes. The data a r e  not s e n s i t i v e  t o  operational con- 

s idera t ions  such as  the t r a f f i c  environment, operating speed, road grade, e t c ,  

The energy components concerned with s t a t i o n ,  maintenance, construct ion,  
and vehicle manufacturing energy do not appear t o  be re levant  to  short-term 

t ranspor ta t ion  energy contingency planning. However, "mode of access," f rac-  

t ion  of t r i p  devoted t o  access,"  " c i r c u i t y , "  and "source of new patronage" 

may be re levant  t o  measuring the  ef fec t iveness  of a bus rea l locat ion  procedure, 

even i f  these  var iables  a r e  in aggregate terms. "Mode of access" measures the  

energy used to  gain access to  the  t r a n s i t  serv ice .  "Fraction of t r i p  devoted 

to  access" gives some indicat ion of access d is tances .  "Circuity" measures 
the  nonproductive miles t h a t  a r e  necessary t o  provide the  t r a n s i t  serv ice .  

With regard to  c i r c u i t y  the  repor t  notes t h a t  ", . . the  typical  t r a n s i t  

t r i p  involves addit ional  miles of t ravel  because of the  need to  gain access 

to  the  linehaul vehicle and because transi-:  vehicles mainly follow fixed routes 

tha t  do not usually conform to  the  most d i r e c t  route  desired by each t r a v e l e r .  

These problems a re  most severe fo r  a d ia l -a- r ide  service  and fo r  fixed guide- 

way systems. Dial -a-r ide services  average about f o r t y  percent more mi 1 es 

than would be required by automobile t r i p s ,  Carpools and vanpools use f i f t e e n  

percent more miles,  while most buses requi re  even fewer extra miles." 

The question of t r i p  c i r c u i t y  i s  exam1 ned in  more d e t a i l  from a methodo- 
logical  and data point of view in a paper3 presented a t  the  Fif ty-Sixth 

3 .  "Dial-a-Ride's Impact On Transportation Energy Consumption in  Small C i t i e s ,  
William R .  Hershey, the  Huron River Group, Inc.,  A n n  Arbor, Michigan, 
January 1977, 



Annual Meeting of the  Transportation Research Board in 1977. In the three  

c i t i e s  examined by Hershey (Ludington, Holland, and  Mt. Pleasant,  Michigan), 

d ia l -a- r ide  was shown t o  be more energy intensive than the  mix of a1 terna- 

t ives  i t  replaced. The difference between energy required fo r  a  d ia l -a- r ide  

system and the energy required f o r  the a1 t e rna t ive  modes produces a  rough 

measure of the energy impact of d ia l -a- r ide .  This impact i s  measured in terms 
of net addit ional  gas01 ine used, which to ta led  approximately 3,200 1  i t e r s  

(850 ga l lon)  per month fo r  the three  c i t i e s .  

The "source of new patronage" energy component ident i f ied  by the C B O  

(Table 1 ) i s  comparable to  Hershey's analys is  of the  energy intensiveness 

of t ravel  mode a1 ternat ives  to  d ia l -a- r ide .  The C B O  repor t  contains data 

from several l a rge r  c i t i e s  of the  mode s p l i t  of passengers from former modes 

t o  preferred t r a n s i t  modes. The report  a lso  contains high, medium, and low 

estimates of access,  c i r c u i t y ,  and source of patronage by urban transporta-  

t ion  modes, nat ionally.  

T A B L E  1 - CBO STUDY FRAMEWORK 

Basic Energy 
Components 

Mei~sures o f  Energy Use 

Propu 1 s i on energy per  
vehicle-mi l e  

Average number o f  in tens iveness 

occupants 

1 Energy i 
S t a t i o n  and maintenance 

energy 

Construct ion energy 

Vehic le  manufactur ing 
energy 

Mode o f  Access 

Line!-haul 
energy 

Modal 
energy 

F r a c t i o n  o f  t r i p  
devoted t o  access 

C i r c u i t y  

Source o f  new 
patronage 

Source: Footnote 1 



3. Fuel Consumption Parametr ic Re la t i onsh ips  

A comprehensive p resen ta t i on  o f  t he  parameters which i n f l  uence bus fue l  

consumption i s  presented i n  F i gu re  1 .  The parameters take  i n t o  account the  

energy e f f i c i e n c y  o f  t he  bus i t s e l f ,  t h e  i n f l u e n c e  on f u e l  consumption o f  

t h e  d r i v i n g  c y c l e  which i s  based upon t he  na tu re  o f  t h e  ope ra t i on  o f  t h e  

bus, t he  t r a f f i c  environment i n  which t he  bus w i l l  operate,  and t h e  load  

f a c t o r .  Not  a l l  o f  these parameters w i l l  need t o  be used i n  t he  bus r e a l -  

1 oca t i on  procedure. For example, increased a1 ti tude increases f u e l  con- 

sumption b u t  t h i s  e f f e c t  ,should  be minimal i n  Michigan. For a four-thousand- 

pound passenger ca r ,  measurements i n d i c a t e  t h a t  be1 ow-two- thousand f ee t  

a1 t i  tude has 1 i ttl e i n f l  uence on f u e l  consumption. Above about twen ty - f i ve  

hundred f e e t ,  consumption begins t o  inc rease  f o r  t he  same s teady-s ta te  speed, 

and d ramat i ca l  l y  increases when steep grades a re  encountered ( i  . e. , moun- 

t a i n  c l i m b i n g ) . 4  The h i ghes t  p o i n t  i n  Michigan i s  Mount Curwood, e l e v a t i o n  

1,980 f e e t  above sea l e v e l ,  l o ca ted  i n  Baraga County near L'Ance, Michigan 

i n  t h e  Upper Peninsula.  There i s  no i n d i c a t i o n  i n  t h e  1 i t e r a t u r e  t h a t  a1 ti- 

tude would a f f e c t  bus and t r u c k  f u e l  economy any d i f f e r e n t l y  than auto fue l  

economy. Therefore,  f o r  t he  bus r e a l l o c a t i o n  procedure i t  i s  assumed t h a t  

t he  in f luence  o f  a1 t i t u d e ,  i f  any, i s  t he  same throughout t he  s t a t e  o f  Michigan. 

Ambient a i r  temperature and engine ope ra t i ng  temperature d i r e c t l y  i n -  

f l uence  f u e l  consumption. I f  an eva lua t i on  o f  t he  bus a l l o c a t i o n  procedure 

i s  des i r ed  i n  which consumption be fo re  and a f t e r  r e a l l o c a t i o n  a re  compared 

on a percentage improvement bas is ,  then these temperature f ac to r s  can be 

assumed t o  be equal f o r  both be fo re  and a f t e r  cases. If, however, an e s t i -  

mate o f  abso lu te  f u e l  savings i s  des i red,  c o r r e c t i o n  f a c t o r s  f o r  ambient 

a i r  temperature v a r i a t i o n s  w i l l  need t o  be employed (C la f f ey ,  1971). 
5 I t  has been w e l l  documented t h a t  automobi les have excessive f u e l  con- 

sumption when s t a r t e d  and run  " co l d "  than when a t  t h e i r  designed opera t ing  

4 .  "Running Costs o f  Motor Vehic les  as E f f ec ted  by Road'Design and T r a f f i c "  
NCHRP Report  no. 11 1, Paul J. C l a f f e y  and Associates,  Highway Research 
Board, 1971 . 

5. "Customer Fuel  Economy Est imated from Engineer ing Tests"  S c h e f f l  e r  & 
Niepoth, SAE paper no. 650861, November 1964. 
"A Report  on Automotive Fuel Economy" U. S. Environmental P r o t e c t i o n  
Agency, October 1973. 
"Soaktime E f fec ts  on Car Emissions and Fuel Economy" Srubar, e t  a1 . SAE 
paper no. 780083, March 1978. 
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temperatures. Table  2-A i 11 u s t r a t e s  r e l a t i v e  " ins tan teous  fue l  economy" 

(MPG f f u l l y  warm MPG) a t  ope ra t i ng  t imes a f t e r  s t a r t  f o r  va r ious  p r e - s t a r t  

soak t imesb i n  the  f i r s t  p a r t  o f  t h e  EPA c i t y  c y c l e  t e s t .  

Table 2-B i l l u s t r a t e s  r e l a t i v e  instantaneous EPA c i t y  MPG values f o r  bo th  

dynamometer and t e s t  t r a c k  opera t ions  a f t e r  soaks of e i g h t  hours o r  more. 

The da ta  i n d i c a t e  t h a t  t h e  f u l l y  warmed-up c o n d i t i o n  and i t s  assoc ia ted 

maximum f u e l  economy i s  reached by the  end o f  t h e  7.5 m i l e  EPA c i t y  cyc l e .  

S i m i l a r  data f o r  t r ucks  and buses a r e  n o t  a v a i l a b l e  from EPA a t  t h i s  t ime.  

I f  abso lu te  f u e l  consumption comparisons a re  des i r ed  before and a f t e r  the  

bus r e a l l o c a t i o n  procedure i s  employed, e x t r a p o l a t i o n s  f rom e x i s t i n g  auto 

gaso l i ne  and d i e s e l  t e s t s  w i l l  have t o  be made. However, t h i s  may prove 

t o  be very  d i f f i c u l t .  D iese l  engines a re  known t o  be h i g h l y  e f f i c i e n t  a t  

p a r t  l oad  and l e s s  so a t  h i gh  RPM. Th i s  c h a r a c t e r i s t i c  and t he  d i e s e l ' s  

h igher  compression r a t i o  may g r e a t l y  reduce " run  co ld "  fue l  consumption. 

I t  i s  known t h a t  f o r  gaso l i ne  engines f u e l  economy increases w i t h  average 

m i l e s  d r i v e n  per  day (AMPD), whereas w i t h  smal l  d i e s e l s  f u e l  consumption i s  

r e l a t i v e l y  i n s e n s i t i v e  t o  AMPC, which suggests t h a t  the  "warm up" pena l t y  f o r  

a t  l e a s t  smal l  d i e s e l s  may be s l i g h t .  7  

8 However, these and o the r  sources i n d i c a t e  t h a t  f o r  normal soak tem- 

pera tu res  and c o l d  soak temperatures (below   OF), l a r g e r  veh i c l es  and ve- 

h i c l e s  w i t h  d i e s e l  engines have b e t t e r  fue l  economy c h a r a c t e r i s t i c s  du r i ng  

t h e  warm-up per iod .  Th i s  i s  t r u e  over  t h e  range o f  passenger ca rs  tes ted ,  

and a1 though no da ta  cou ld  be found i n  t he  1  i t e r a t u r e  f o r  buses, t r ucks  

o r  l a r g e  d i e s e l  engines, i t  would appear t h a t  f o r  l a r g e r  t r a n s i t  veh i c l es  

and d i e s e l  engines t h e  MPG l o s s  d u r i n g  t he  warm-up phase would be cons ider-  

a b l y  l e s s  than f o r  passenger veh i c l es .  One i n v e s t i g a t o r  concludes (Ostruchov, 

1979) t h a t  "a lower ing  o f  soaking temperature r e s u l t s  i n  an increase i n  f u e l  

6 .  "Soaktime" i s  t he  p e r i o d  o f  t ime  t h e  v e h i c l e  i s  i d l e  w i t h  i t s  engine o f f  
before EPA performs t e s t s  f o r  emissions and f u e l  economy. T y p i c a l l y  t h i s  
i s  ove rn i gh t  a t  room temperature. 

7 -  Unpublished EPA Report, Ann Arbor,  Michigan 1980. 
8. " E f f e c t  o f  Cold Weather on Motor Vehic les  Emissions and Fuel Consumption-11" 

N. Ostrouchov, Mobi 1  Sources D i v i s i o n ,  Enviornment Canada, Ottawa, Canada, 
SAE no. 790229 presented a t  t h e  SAE Congress, D e t r o i t ,  Michigan, February 
26 - March 2, 1979. 



Tab le  2-a R e l a t i v e  Ins t ac t aneous  Fuel  Ecor.o=ry 

?finutes a f t e r  Start: 

Soak time, hours 1.05 - 2.10 - 3.15 - 4.20 8.42 - - 
1 / 2  o r  l e s s  1.000 1.000 1.000 1.000 1.000 

1 0.966 0.961 0.936 0.969 1.024 

2 0.562 0.895 0.974 0.952 0.977 

4 0.726 0.846 0.894 0.902 0.950 

8 o r  no re  0.592 0.739 0.772 0.845 0.929 

Miles Traveled:  0.22 0.67 0.82 1.67 3.59 

Tab le  2-b R e l a t i v e  Ins tan taneous  Fuel Econcxy 

PIinutes a f t e r  Start :  

T e s t  S i t e  2.33 - 5.67 - 3.42 17.33 22.87 - 

Laboratory (Dyno) 0.658 8.864 0.934 0.979 1.022 

T e s t  Track 0.657 0.872 0.929 0.972 0.987 

Niles Traveled:.  0.68 2.65 3.59 6.34 7.53 



consumption and t h e r e  appears t o  be a  r e l a t i v e l y  g rea te r  l oss  w i t h  decreas- 

i n g  v e h i c l e  weight. .  ," and ". . . t h e  temperature s e n s i t i v i t y  o f  f u e l  consumed 

by veh i c l es  equipped w i t h  d i e s e l  engines appears t o  be s i g n i f i c a n t l y  lower 

than t h e  s e n s i t i v i t y  o f  gas01 i n e  engines." 

The "opera t ing  c o n d i t i o n "  ( i n  F igure  1 )  which i s  based upon t he  s t a t e  

of maintenance and r e p a i r  i s  n o t  e a s i l y  measured i n  terms o f  energy consump- 

t i o n .  " I n t e r n a l  energy losses"  a r e  i n h e r e n t l y  a  p a r t  o f  energy e f f i c i e n c y  

data f o r  s teady-s ta te  speed. De ta i l ed  i n f o rma t i on  on t h e  f u e l  consumption 

e f f ec t s  o f  " d r i v e - l i n e  age" cannot be found i n  t h e  l i t e r a t u r e .  However, 

f o r  passenger cars i t  was i n d i c a t e d  t h a t  ". . . f o r  veh i c l es  kept  i n  good run-  

n i ng  c o n d i t i o n  through c a r e f u l  adherence t,o good maintenance procedures 

... f u e l  consumption r a t e s  a r e  o n l y  f i v e  t o  s i x  percen t  h igher  a f t e r  f o u r  

years o f  s e r v i c e  and more than 60,000 m i l e s  o f  t r a v e l  than they were when 

t he  v e h i c l e  was new." (C la f f ey ,  1971) 

"Aerodynamic drag" and t h e  f ac to r s  which in f luence  i t ,  as w e l l  as 

the e f f i c i e n c y  of t h e  d r i ve -1  i n e  and t he  de l  i v e r e d  road horsepower, a re  

i n h e r e n t l y  a  p a r t  o f  bus and t r u c k  s teady-s ta te  speed energy e f f i c i e n c y  data 

( C l a f f e y ) .  " R o l l i n g  res is tance,"  on t h e  o t h e r  hand, i s  an impor tan t  v a r i a b l e  

w i t h  regard t o  energy consumption. I t  i s  i n f l u e n c e  by t he  gross v e h i c l e  

weight,  t h e  roadway grade and curvature,  t i r e s ,  and t h e  c o n d i t i o n  o f  the  pave- 

ment. I f  the  i n f l u e n c e  o f  t i r e  c o n d i t i o n  and i n f l a t i o n  pressure on energy 

e f f i c i ency  cou ld  be measured, i t  i s  debatable whether i t  would be use fu l  i n -  

format ion,  because these f ac to r s  va ry  from bus t o  bus and on t he  same bus. 

Unde r i n f l a t i on  can add t o  r o l l  i n g  r es i s t ance  and increase f u e l  consumption, 

b u t  f o r  the  purpose o f  t h e  r e a l l o c a t i o n  prlocedure i t  i s  argued t h a t  bus f l e e t  

maintenance procedures w i l l  ensure aga ins t  ch ron ic  u n d e r i n f l a t i o n  o f  t i r e s  

of t h e  vas t  m a j o r i t y  o f  t h e  veh i c l es .  The in f luence  o f  gross v e h i c l e  weight, 

grade and curva tu re ,  and pavement c o n d i t i o ~ n  on bus and t r u c k  f u e l  economy 

i s  i n  t h e  l i t e r a t u r e  and can be ex t r apo la ted  over ranges o f  values n o t  

covered i n  t he  data ( C l a f f e y )  . 
I t  has been argued (Healy, 1976) t h a t  t h e  e f f e c t s  of passenger weights 

9 on fue l  consumption i s  gene ra l l y  no t  la rge .  I t  has been noted t h a t  "a 

BART v e h i c l e  w i t h  every  sea t  occupied has a t o t a l  weight  o f  n in teen  per-  

9. "To ta l  D i r e c t  and I n d i r e c t  Costs o f  BART," Timothy J. HEaly, proceedings 
o f  the  T h i r d  Na t iona l  Conference on E f f e c t s  o f  Energy Cons t ra in ts  on 
T ranspo r t a t i on  Systems, Energy Research and Development Admin is t ra t ion ,  
August 1976. 



cen t  g rea te r  than i t s  zero passenger weighit. I t  i s  i n t e r e s t i n g  t o  no te  

t h a t  a  4000 pound automobi le w i t h  f i v e  seats has almost e x a c t l y  the  same 

percentage inc rease  i n  weight, when f u l  l y  loaded, as the  BART veh i c l e .  " 
Though t h e  s i m i l a r i t y  may e x i s t  between an automobi le and a  BART c a r  w i t h  

regard t o  percentage added by passenger weight,  i t  does n o t  ho ld  t r u e  w i t h  

regard  t o  t r a n s i t  coaches. For  a  f o r t y  f o o t  RTS-2 coach, t h e  cu rb  (empty) 

weight  i s  25,463 pounds. Wi th  f o r t y - f i v e  passengers ( a t  150 pounds average 

each) t h e  gross v e h i c l e  weight  i s  increased twen ty-seven percent  t o  32,213 

pounds. A t  peak load  w i t h  maximum standees t h e  GVW i s  36,189 pounds, o r  an 

inc rease  o f  f o r t y - t w o  percent .  

The " d r i v i n g  cyc l e "  has obvious e f f e c t s  on t he  n e t  energy e f f i c i e n c y  

o f  motor veh i c l es  i n  genera l .  As i n d i c a t e d  i n  F i gu re  1, t h e  cho ice of 

t r a n s i t  modes w i l l  i n f l u e n c e  t h e  dynamics o f  t r a n s i t  v e h i c l e  opera t ion ,  

i n  terms of speed, acce le ra t i ons  and dece le ra t ions ,  and stops. Though 

n o t  dep i c t ed  i n  F i gu re  1, t h e  cho ice o f  t r a n s i t  mode ( r ou te ,  area o f  opera- 

t i o n s ,  e t c . )  w i l l  a l s o  i n f l u e n c e  t he  e f f e c t  t h a t  roadway grade and t u r n i n g  

movements w i l l  have on bus energy e f f i c i e n c y .  Data f o r  these parameters 

a re  i n  t h e  l i t e r a t u r e  ( C l a f f e y ,  1971) b u t  most bus data w i l l  have t o  be 

ex t r apo la ted  from t r u c k  ope ra t i ng  exper ience. 

The t r a f f i c  environment w i l l  i n f l u e n c e  t h e  d r i v i n g  c y c l e  i n  two ways: 

As road t r a f f i c  volume approaches road capac i t y ,  t h e  l e v e l  of s e r v i c e  de- 

c l i n e s ,  and t h e  speed o f  t h e  t r a f f i c  stream i s  reduced as s t a r t  and s top  

t r a f f i c  i s  encountered; secondly, t he  d r i v i n g  c y c l e  w i l l  be i n f l uenced  by 

a c t i v e  and pass ive t r a f f i c  c o n t r o l s  which may i nc l ude  p r o v i s i o n  f o r  bus 

p re fe rence  ope ra t i on  (e.g . , diamond lanes, remote c o n t r o l  o f  t r a f f i c  1  i g h t s  , 
e t c . ) .  C l a f f e y  (1971) and o t h e r  sources1° p rov i de  da ta  and c a l c u l a t i o n s  

w i t h  regard t o  roadway capac i t y  and volume and t h e  i n f l u e n c e  on t r a f f i c  

stream speed w i t h  a d d i t i o n a l  v a r i a b l e s  such as stops per  m i l e .  

As i n d i c a t e d  i n  F igure  1, a l l  o f  t h e  parameters discussed above can 

be used t o  c a l c u l a t e  "ne t  energy e f f i c i e n c y "  as measured i n  ga l l ons  per  

sea t  m i l e .  Th is  measure can be convereted i n t o  "ope ra t i ng  energy e f f i -  

c iency i n  ga l l ons  pe r  passenger m i l e  by i n c l u d i n g  load  f a c t o r  i n f o rma t i on  

i n  t h e  c a l c u l a t i o n .  

10. " C h a r a c t e r i s t i c s  o f  Urban T ranspo r t a t i on  Systems" U .S.  DOT/U!lTA Report 
no. U:'lTA-IT-66-0049-79-1, June 1979. 
"Highway Capaci ty Manual " Highway Research Board, Spec ia l  Report 87 
Nat iona l  Academy of Sciences, Washington, D. C. 1965. 
"T ranspo r t a t i on  and T r a f f i c  Engineer ing Handbook, I n s t i t u t e  o f  T r a f f i c  
Engineers, John E. Baerwald, ed. P ren t i s s -Ha l l  , Inc .  1976. (see chapter  
8  "Highway Capaci ty"  C.  Robinson, p. 309).  



4. Fuel Consumption Func t ion  

Based upon t he  ana l ys i s  i n  t he  preceding sec t ion ,  t h e  f o l l ow ing  - f a c t o r s  

a re  se lec ted  f o r  i n c l u s i o n  i n  a  f u e l  consumption f u n c t i o n  f o r  use i n  ana lyz ing  

t he  f u e l  consumption impacts o f  va r ious  ope ra t i ng  c h a r a c t e r i s t i c s  of t r a n s i t  

buses. 

( a )  v e h i c l e  weight  

( b )  weight  o f  passengers ( l oad  f a c t o r )  

( c )  speed 

(d )  grade 

(e )  t u r n i n g  cu rva tu re  

( f )  f requency o f  stops and i d l e  t ime  

(g)  f u e l  consumption (s teady s t a t e  speeds) 

( h )  road volume and capac i t y  

( i )  road sur face  c o n d i t i o n  

. ( j )  speed c y c l e  changes. 

Operat ing f u e l  consumption f o r  modern buses cannot be found i n  t he  1 i t e r a -  

t u r e  except f o r  C l a f f e y  (1971) and t h e  CUTS manual (1979).  Data from the  

l a t t e r  source a re  a t  s i g n i f i c a n t  va r iance  w i t h  Claffey, and a re  n o t  subs tan t ia ted  

o r  q u a l i f i e d .  The EPA Labs i n  Ann Arbor do n o t  t e s t  veh i c l es  a t  s teady-s ta te  

speeds. General Motors Corpora t ion  does n o t  have such da ta  a v a i l a b l e ,  bu t  

du r i ng  t he  Summer o f  1980 w i l l  per form t e s t s  i n  con junc t i on  w i t h  DOT and SAE 

a t  t he  Ohio T ranspo r t a t i on  Center and i s  c u r r e n t l y  conduct ing parametr ic  
11 

s tud ies .  I t  i s  n o t  known i f  t he  GM a c t i v i t i e s  w i l l  i n c l ude  t e s t i n g  o f  buses 

o the r  than those c u r r e n t l y  i n  p roduc t ion  ( i  . e. , RTS-2). 

P r i o r  t o  t h e  a v a i l a b i l i t y  o f  GM data, o r  data f rom o the r  sources, on 

t he  contemporary bus f lee t ,  t he  e x i s t i n g  data and re1  a t i o n s h i ~ s  d e v e l o ~ e d  bv 

C l  a f f e y  can be used t o  es t imate  t he  ope ra t i ng  f u e l  consumption c h a r a c t e r i s t i c s  

o f  e x i s t i n g  buses. Though t he  C l a f f e y  data a re  n i ne  years  o ld ,  and t he  veh i c l es  

t es ted  o l d e r  s t i l l ,  t he  ope ra t i ng  c h a r a c t e r i s t i c s  of t r u c k  and bus d r i v e  t r a i n  

have no t  changed s i g n i f i c a n t l y  d u r i n g  t h a t  t ime  pe r i od .  A second cons ide ra t i on  

i s  t h a t  t he  veh ic le-weight - to- fue l -consumpt ion r e l a t i o n s h i p  i s  s t r i k i n g  

(F igure  2), l ead ing  one i n v e s t i g a t o r  (Ostrouchov 1979) t o  conclude t h a t  "under 

c e r t a i n  c i rcumstances auto design parameters such as v e h i c l e  weight  may be 

b e t t e r  f o r  r ank ing  in-use f u e l  economy than the EPA va lues. "  T h i r d l y ,  t he  

11. See Attachment 1. pp 11-12. 



est imated va lues based on C l a f f e y ' s  data  w i  11 be used i n  a  bus r e a l l o c a t i o n  

procedure on a  comparat ive bas is .  Such comparisons w i l l  seek r e l a t i v e  mea- 

sures of changes i n  f u e l  economy performance f o r  d i f f e r e n t  d r i v i n g  cyc les ,  

roadway environment, e tc .  

V e h i c l e  weight  i s  d i r e c t l y  r e l a t e d  t o  f u e l  consumption. F i g u r e  2  i l l u s -  

t r a t e s  t h i s  r e l a t i o n s h i p  f o r  automobi les i n  m i l e s  per  g a l l o n  and i s  based upon 

combined c i t y  and highway d r i v i n g  c y c l e s  used by EPA. 

For  t h e  bus r e a l l o c a t i o n  procedure a  range o f  v e h i c l e  weights  from 5000 

t o  40,000 pounds i s  requ i red ,  and t o  be c o n s i s t e n t  w i t h  t h e  1  i t e r a t u r e  and 

f o r  convenience, f u e l  consumption should be i n  g a l l o n s  per  m i l e  f o r  steady- 

s t a t e  speeds. F i g u r e  3 presents  a  r e a r e s s i o n  equa t ion  o f  v e h i c l e  weight  

versus g a l l o n s  per  m i l e  f o r  gasol  ine-powered t r u c k s  and a  bus based on Cla f fey  

(1971).  T h i s  u l o t  i s  f o r  a  s teady-s ta te  speed o f  30 m ~ h .  Table 3 i d e n t i f i e s  

t h e  p o i n t s  i n  t h e  p l o t  and inc ludes  da ta  f o r  20 and 50 mph. 

Tab le  4  1  i s t s  t h e  r e l e v a n t  f u e l  consumpt:ion f a c t o r s  and r e f e r s  t o  where 

va lues f o r  t h e  f a c t o r s  may be found i n  Claff 'ey (1971).  Table 5 presents  

two equat ions which, taken toge ther ,  form a  f u e l  consumption func t ion .  Equa- 

t i o n  ( 1 )  so lves f o r  g a l l o n s  ( g a s o l i n e )  pe r  m i l e  w i t h  values taken f rom Claf fey.  

Equat ion (2 )  c o n t a i n s  a  f a c t o r  which c o r r e c t s  t h e  C l a f f e y  data  t o  correspond 

t o  t h e  a c t u a l  v e h i c l e  and passenger weights  f o r  buses be ing analyzed, and 

a  f a c t o r  t o  conver t  gasol  i n e  f u e l  consumption t o  d i e s e l  fue l  consumption. 

Equat ion ( 2 )  then so lves f o r  g a l l o n s  ( d i e s e l )  per  passenger m i l e .  

An example o f  t h e  broad range o f  bus v e h i c l e  weights  which w i l l  be en- 

countered when employing t h e  bus r e a l l o c a t i o n  procedure i s  shown i n  Table  6. 

T h i s  i s  a  l i s t i n g  o f  medium and l a r g e - s i z e  GM t r a n s i t  coaches c u r r e n t l y  i n  

use, a long  w i t h  t h e i r  cu rb  weights and gross weights  as a  f u n c t i o n  of t h e  

number o f  passengers. I n  equa t ion  ( 2 )  GWC i s  used t o  c o r r e c t  t h e  Cla f fey  

f u e l  consumption data  t o  a l l o w  f o r  t h e  weight  o f  passengers and t h e  p a r t i c u -  

l a r  bus we igh t  under s tudy.  An example o f  t h e  development of t h i s  c o r r e c t i o n  

f a c t o r  i s  shown i n  Table  7. A bus c u r r e n t l y  i n  use, b u t  no l o n g e r  i n  pro-  

d u c t i o n  i n  t h e  U n i t e d  Sta tes,  has been s e l e c t e d  f rom t h e  GM "new l o o k "  s e r i e s ,  

a  Type T6H 5307. The cu rb  we igh t  of t h e  e i g h t - c y l  i n d e r  v e r s i o n  o f  t h i s  bus 

can be found i n  Table  6. The es t ima ted  f u e l  consumption f o r  t h i s  bus a t  30 

mph s t e a d y - s t a t e  speed can be found us ing  t h e  reg ress ion  equat ion i n  F i g u r e  

3. Data p o i n t  6 (24,000 pounds) i s  t h e  c l o s e s t  t o  t h e  se lec ted  bus (22,050 

pounds). Table 7  i n d i c a t e s  t h e  c o r r e c t i o n  f ' ac to rs  which can be used t o  con- 



Figure 2 



F i g u r e  3 ' 

Bus and Trucks  Fuel  Consumption 
Regression Equat ion  

( 3 0  mph) 

.175 ,  I 

I 
I I 

1 

I 

. I 5  - -  

I 

Ga l l ons  oer  
m i l e  . l o  I 

(gas01 i n ? )  
I 

I 

/ , n -> 

1 I --- 
I 

/ I 

7 - b- 

I/ I I 
-I 

ncT?-- --- 
I I 

I 

.05  I 

/- L *  1 
1 I I 1 I I I 
I 

I 
--- i 

I//--- --- 1 -  I 

, 025  I 

10 2 0 3 0 40 50 

VEHICLE WEIGHT (000 ' s  I b s )  

( 1 )  30 nph s h a d y  speed 
( 2 )  No grade 
( 3 )  No t u r n s  
( 4 )  Good pavement 
( 5 )  No t r a f f i c  



Type 

TABLE 3 

Vehicle Weight and Steady S t a t e  

Fuel Consumpti on 

(20mph) (30mph) (50mph) 
Gal lons  Gal 1 ons Gal 1 ons 

Reference Weight(1bs) p e r  mi le  p e r  mi le  per  mi le  

1 .  Pickup Truck Table  10 5,000 .047 ,047 ,065 

2 .  1964 Chevrole t  Sedan Figure  A-18 4,000 .05 .055 ,051 

3 .  Truck,  2 a x l e  
6 t ires Table 13 12,000 ,059 ,067 ,101 

4 .  T r a n s i t  Bus Figure  A-46 14,500 . 080 ,084 ,738 

5.  Truck,  2 a x l e  
6 t i r e s  Figure  A-38 16,000 .077 ,081 ,125 

6. Truck, 2 a x l e  
6 t i res Figure  A-39 24,,000 . I 4 8  ,120 . I 7 0  

7.  T r a c t o r - t r a i  1 er Figure  A-52 40,000 .200 ,150 . I 9 8  

8 .  T r a c t o r - t r a i  l e r  Table  16 45,000 ,208 . I 6 4  . I 9 5  

9 .  T r a c t o r - t r a i l e r  Table  A-52 50,000 ,230 - - .240 

Source: From Cla f fey  (1971) 



TABLE 4. 

Fue l  Consumption F a c t o r s  

Reference ( 1  

FSG : Fuel  consumpt ion a t  s e l e c t e d  
speed and grade.  T a b l e  13, A-44 

T a b l e  16, A-39, A-38 
16C, 16D, 16E 

CS,, : No. of  s tops  and t r a f f i c  volume. 
C o r r e c t i o n  f a c t o r .  Tab le  13E, 17, A-47, A-4 

A-44, A-45, A-53, A-54, 
A-43, A-39 

C c  : Curva tu re ,  C o r r e c t i o n  T a b l e  13-A, 16A, A-40, A-51 

S : Speed c y c l e  change. Tab le  15, A-42, Tab le  18, A-52 

Cif : I d l e  f u e l  ( w h i l e  s topped)  T a b l e  14, 17, 9 

: Road Sur face .  C o r r e c t i o n  f a c t o r .  T a b l e  13B, A-41, Tab le  16 

: Fue l  consumpt ion c o r r e c t i o n  f a c t o r  G ~ c  t o  a l l o w  f o r  w e i g h t  of  passengers 
and v e h i c l e .  T a b l e  7 ( t h i s  r e p o r t )  

C,, : Conver t  g a s o l i n e  consumpt ion t o  
d i e s e l .  Appendix D T a b l e  D-2 

G~~ : Gal l o n s  ( d i e s e l )  p e r  m i l e  

G~~~ : G a l l o n s  ( d i e s e l )  p e r  passenger m i l e  

GM : Gal l o n s  (gas01 i n e )  p e r  m i l e  

PH : Passengers, Average p e r  m i l e  

( 1 )  C la f fey ,  1971. 



TABLE 5 

Fuel  Consumption F u n c t i o n  

Speed & T r a f f i c  Curva tu re  Speed 
Grade Vol ume Change I d 1  e Road 

& Stops Sur face 

/ 
V e h i c l e  & D iese l  Passengers 
Passenger Fuel  
Weight 



TABLE 6 

GM T r a n s i t  Coach Weights 
( D i e s e l  powered excep t  as no ted )  

Average Average 
Seated Curb Seated 

Type Demi n . Engine Passenger2 Weight Weight 

RTS-I1 102"x401 6 c y l .  
( l a r g e )  48 max 25984 33184 

I 1 6 c y l .  

( s m a l l  ) 

96"x401 6 c y l  . 
(7a rge )  

II 25740 32941 
I I 6 c y l  . 

( s m a l l  ) I I 25220 32420 

102"x35'  6 c y l  . 
( 1 39 max 24685 30685 

I I 6 c y l .  
( s m a l l  ) 

96"x35'  6 c y l .  
( l a r g e )  

I1 24447 30447 
II 6 c y l .  

( sma l l  ) I I 23926 29926 

(Models p r i o r  t o  t h e  RTS:) 

TGH - 
4523 n.a. 6 c y l .  45 max 20235 26985 

T6H 
5307 n. a. 6 c y l .  53 max 21 425 29375 

8 c y l  53 max 22050 30000 

TDH- 
3302N n.a. n.a. 33 max 14360 1931 0 

TDH - 
3302A n.a. n.a.  151 00 20050 I I 

Crunch 
Load 
( w l s  tandees) 

Source: Developed f rom GMC Truck and Coach D i v i s i o n ,  May 1980. Telephone 
communication. 

(1  ) Gas01 i ne powered. 
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TABLE 7 

Example Cal cu la , t ic ln  o f  GMC 

Se lec ted  bus : 

Type T6H 5307 (GM) 

53 Pass., D iese l ,  a c y l .  

Curb Weight 22050# : ,102 gpm ( 1  

( C l a f f e y )  24000# : . I 2 0  gpm ( 2 )  

To c o r r e c t  C l a f f e y  f u e l  consumption f o r  s e l e c t e d  bus: 

, 1 2 0 ~  = ,102 

c = .85 c o r r e c t i o n  f a c t o r  

2 5 9 5 0 # ( ~ )  = . I 1 4  gpm 

24000# : ,120 

.12Oc = . I 1 4  

c  = .95 c o r r e c t i o n  f a c t o r  

c  = 1.04 c o r r e c t i o n  f a c t o r  

Crunch Load ( 4  3 3 9 0 0 ( ~ ) #  " 1.35 gpm 
(79 pass) 

(GVW) 
. I 2 0  = . I 3 5  

c  = 1.13 c o r r e c t i o n  f a c t o r  

(1  ) From F i g u r e  3  : Y = ,038 + 0029x 

( 2 )  " I I " : P o i n t  6. ( C l a f f e y )  

( 3 )  Avg. 150#/pass. 

( 4 )  [ T o t a l  seats  x 50%] + T o t a l  seats  = "crunch"  



vert the Claffey data t o  estimated fuel consumption data for the selected 
bus with different passenger loads a t  a steady-state speed of 30 mph. In 
order to calculate correction factors for different speeds, regression equa- 
tions are presented in Figures 4 and 5 for 20 mph and 50 mph, respectively, 
based upon the data in Table 3. Figure 6 i l lus t ra tes  the 
tions and lines for a1 1 three steady stat 'e speeds. 

A typical t rans i t  coach driving cycle i s  summarized in Table 8. The 
fuel consumption factors that re late  t o  equations (-1)  and ( 2 )  in Table 5 

are l is ted in the l e f t  column. In th is  example the driving cycle i s  broken 
into one-mile segments, the total  bus route being four miles long. Table 9 

i l lus t ra tes  the application of the fuel consumption function equations t o  
the typical driving cycle. Equation ( 1 )  solves for "gallons per mile" 
(gas01 ine) using Claffey data exclusively. Equation ( 2 )  solves for gallons 
per passenger mi 1 e (diesel)  using correction factors and load factor infor- 
mation. Table 10 summarizes results which can be obtained from the solution 
of equations ( 1 )  and ( 2 )  for the example driving cycle, both in gallons per 
mile and miles per gallon. Table 11 presents correction factors for steady- 
s t a t e  speeds of 20, 30, and 50 mph for a range of vehicle weights of 14,000 
t o  36,000 Ibs. 

5, Measures of Effectiveness 
Two general effectiveness measures suggest themsel ves for the evaluation 

of bus real locations and operations t o  conserve energy: impacts on fuel con- 
sumption, and impacts on level of service. Each measure i s  composed of sev- 
eral components, and in some cases they are competitive, i f  n o t  mutually 
exclusive. 

If the energy scenario used for the blus real location analysis does n o t  
place a l imit  on the amount of fuel suppliles allocated t o  the public t ransi t  
sector during an energy emergency, then fuel consumption per se (gallons per 
seat mile) i s  not, by i t s e l f ,  a relevant mleasure. If the objective of the bus 
reallocation i s  t o  reduce in absolute term!; the amount of fuel consumed by 
a particular property, then gal lons per mile or gallons per seat mile i s  a 
crucial measure of effectiveness (shown as "net energy efficiency" in 
Figure 1 ) .  I f ,  on the other hand, the real location procedure i s  employed 
to reduce the fuel consumption of a1 1 transportation modes in the region of  



Figure 4 

Regression Equat ion-20 mph 
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F igu re  5 

Regression Equation-50 mph 
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Figure 6 

Bus and Trucks Fuel Consumption 
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TABLE 8 

D r i v i n g  Cycl e-Exampl e 

( 1 )  T ra f f i c  cond i t i ons  categor ized "A" through "F". "A"  i s  unobstructed 
d r i v i n g ,  f r e e  f l o w i n g  t r a f f i c  w i t h  sustained steady s t a t e  speeds. 
"F"  i s  s top  and go d r i v i n g ,  heavy congest ion and i ncons i s tan t  speeds. 
See Baerwal d ( 1  976) . 

Fuel 
Consumption 

Factors  

S t r e e t  

Level  -of- 
Serv ice (1 

Attempted 
Speed 

Stops 
(30 sec. 
du ra t i on )  

Grade 

Passengers 
( m e  

Curvature 

Road Surface 

S l  owdown 
Speed Cycl e 
Changes 

? 

6 Lane 
CBD 

C 

30 mph 

4 

00 

79 

o0 

High 
Type 

lOmph x.10 
c y c l  es 

0 

4 Lane 
A r t e r i a l  

A 

30 mph 

2 

00 

2 6 

00 

High 
Type 

0 

? 

4 Lane 
A r t e r i a l  

A 

30 mph 

2 

00 

5 3 

1 00 
(1/10 m i l e )  

Broken 
Asphal t  
(1  m i l e )  

1Omph x 2 
cyc les 

MILES 
1 

4 Lane 
A r t e r i a  1 

A 

30 mph 

4 

+ l o  

5 3 

00 

High 
Type 

0 



TABLE 9 

Driving Cycle Fuel Consumption Cal culation-Exampl e 

Mile 1-2 ( I )  G + (CSVFSG) +(CCFSG) + S + C IF +(CRSFSG) = GM 

Mile 2-3 (1) i FSG + CSvFSG)/ +(CCFSG) + S 

Mile 3-4 ( 1 )  FSG + (CSVFSd + (CCFSG)+ S + cIF +(CRSFsG) ' GM 
7 

.195(') (1 .28)(7)(.195) +.045(~)+ .01 +(1.1)(')(.195) = .714 

(1) F i g .  A-44, Claffey. (5) Fig. A-39, Claffey 
(2) Table 9, Claffey. (6) Extrapolated from Table 15, Claffey, 
(3) Table 7. (7) Extrapolated from Tables 13A & 15A, Claffey 
(4) Table D-2, Claffey (8) Extrapolated from Tables 13B & 16B, Claffey 



TABLE 10 

Summary Data 

D r i v i n g  Cycle Calcullat ion-Example 

( f rom Table 9) 

To ta l  ga l l ons  consumed ( 4  m i l e s )  

Average ga l  l ons  consumed pe r  m i l e  : 

Average gal  1 ons pe r  seat  m i  1 e 

Average ga l  1 ons per  passenger mi 1 e : 

Average m i  1 es pe r  ga l  1 on 

Average seat  m i l es  p e r  g a l l o n  

Average passenger m i  1 es per  ga l  1 on : 

Gas01 i n e  

1.615 

0.404 

0.0076 

0.0077 

Diesel  Fuel 

1.018 

0.254 

0.0048 

0.0048 



TABLE 11 

C o r r e c t i o n  Fac to rs  ( G M C )  Based on 

24,000# Truck ( C l a f f e y )  a t  Var ious Constant Speeds 

Selected V e h i c l e  Weight (000's 1 bs) 

b!l 14 16 18 20 22 24 26 28 30 32 34 36 

20 .60 .66 .72 .76 .834 -89  .95 1.02 1.07 1.13 1.19 1.24 

30 .66 - 7 0  .75 .80 .85 .90 .95 1.00 1.04 1.09 1.14 1.19 

5 0 -65  .69 .73 .77 .81 .85 .89 ,94 .98 1.02 1.06 1 - 1 0  

Regression Equat ions : 

(20 m ~ h )  Y = ,0265 + ,0041 x J = ,140 

(30 m ~ h )  Y = .038 + .0029 x J = ,120 

(50 mph) Y = ,061 + ,0035 x J = ,170 

where c : C o r r e c t i o n  f a c t o r  

j : Gal lons per  m i l e ,  s e l e c t e d  data  p o i n t  : f 6 ,  24,000# 
( f rom Table  3 and C l a f f e y  Table  A-39) 

* : Selected speed r e g r e s s i o n  equat ion,  above. 



a  t r a n s i t  p roper ty ,  then ga l  Ions per  passenger m i  l e  ( " ope ra t i ng  energy 

e f f i c i e n c y "  i n  F i gu re  1 )  inc ludes  energy "deb i t s "  and " c r e d i t s "  f o r  

t r a n s p o r t a t i o n  f unc t i ons  assoc ia ted w i t h  t h e  o v e r a l l  pe rson- t r ip .  These 

f unc t i ons  o r  va r i ab l es  i n c l u d e  t he  mode o f  access t o  t h e  t r a n s i t  se rv ice ,  

t he  percentage o f  t h e  o v e r a l l  pe r son - t r i p  devoted t o  access, the  c i r c u i t y  

o f  t he  t r a n s i t  operat ions,  and t h e  d i s t r i b u t i o n  o f  t r a n s p o r t a t i o n  modes 

used by new pat rons be fo re  be ing d i v e r t e d  t o  t he  t r a n s i t  se rv ice .  Est imates 

f o r  these va r i ab l es  a re  conta ined i n  CBO (1977), and a re  discussed i n  

Sec t ion  2, above. 

"Level  - o f - se r v i ce "  a t tempts  t o  measure t h e  qua1 i ty o f  t r a n s p o r t a t i o n  

supply,  which i s  o f t e n  measured i n  terms o f  o v e r a l l  t r i p  t ime from o r i g i n  

t o  des t i na t i on .  The components o f  t h i s  measure a re  access time, w a i t i n g  

t ime  ( f requency of  se r v i ce ) ,  r i d e  t ime  ( l i n e  hau l )  and t ime  from the  end 

o f  t h e  t r a n s i t  se r v i ce  t o  t he  f i n a l  d e s t i n a t i o n .  Some o f  these va r i ab l es  

can be est imated from CBO (1977) and can be developed from the  s p a t i a l  

c h a r a c t e r i s t i c s  o f  r e a l  l o c a t i o n  design a1 t ~ e r n a t i v e s .  

Many o t h e r  v a r i a b l e s  have been proposed t o  measure " l eve l - o f - se r v i ce "  

and i t  has been recommended t h a t  research be conducted t o  develop an 

opera t iona l  d e f i n i t i o n  o f  l e v e l  - o f - se r v i ce  which i s  bo th  i n t e r n a l l y  con- 

s i s t e n t  across t r a n s i t  modes and e x t e r n a l l y  comparable t o  t h e  highway 

l e v e l - o f - s e r v i c e  d e f i n i t i o n s . 1 2  Other va r i ab l es  a r e  bus schedule i n t eg -  

r i t y ,  sea t  a v a i l a b i l i t y ,  f a r e  r a t e  and s t r uc tu re ,  bus s top  s h e l t e r  a v a i l -  

ab i  1  i t y ,  i n t e r i o r  and e x t e r i o r  design o f  t h e  veh i c l e ,  accessi  b i l  i t y  o f  

the  v e h i c l e  and t he  o v e r a l l  t r a n s i t  system, comfort ,  aes the t i cs ,  and o the r  

system a t t r i b u t e s ,  r e a l  o r  perceived. However, i t  i s  suggested t h a t  dur-  

i n g  t imes o f  energy emergency o r  du r i ng  t imes o f  enforced energy conser- 

v a t i o n  f o r  a1 1  modes most o f  these a d d i t i o n a l  l e v e l  -o f -se rv ice  va r i ab l es  

w i l l  be re lega ted  t o  t h i r d  and f o u r t h  l e v e l s  o f  importance as a  mat te r  o f  

p u b l i c  p o l i c y .  

Depending on t h e  energy emergency scenar io  used i n  t h e  eva lua t i on  o f  

a1 t e r n a t i v e  r e a l  1  oca t i on  designs, s i g n i f i c a n t  increases i n  demand f o r  bus 

12. "Level  o f  Serv ice  Concepts i n  Urban Pub l i c  Transporat ion,"  W. Tay lo r  and 
3 .  Brogan, Michigan S t a t e  U n i v e r s i t y  f o r  the  Michigan Transpor ta t ion  Re- 
search Program, Highway Sa fe ty  Research I n s t i t u t e ,  The U n i v e r s i t y  of M i ch i -  
gan, Ann Arbor, Michigan, September 1978. Sponsored by the  Michigan De- 
partment o f  T ranspor ta t ion .  (Th is  r e p o r t  conta ins an excel  l e n t  l i s t  o f  
references on contemporary t r a n s p o r t a t i o n  leve l -o f -se rv ice  s tud ies . )  



t r a n s i t  can occur  such t h a t  i n  many cases, i f  n o t  most, some d e t e r i o r a -  

t i o n  i n  l e v e l - o f - s e r v i c e  can be expected. I n  the  case o f  a  w e l l  r un  

door-to-door d i a l - a - r i d e  system a  h i gh  l e v e l  o f  s e r v i c e  and convenience 

can be o f f e r e d  b u t  as has been seen, t h e  energy e f f i c i e n c y  o f  such operat ions 

i s  r e l a t i v e l y  low (CBO and Hershey, 1977). Therefore,  i t  seems app rop r i a te  

t h a t  "ga l lons  p e r  passenger m i l e "  should be t h e  f i r s t - o r d e r  measure o f  

e f fec t i veness ,  the  second o rde r  be ing t h e  a b i l  i ty  o f  a  r e a l  l o c a t i o n  design 

a l t e r n a t i v e  t o  s u s t a i n  e x i s t i n g  t r a v e l  t imes and schedule frequency and 

re1  i a b i l  i t y - - o r  t o  min imize t he  reduc t i on  i n  these 1 eve1 -o f - se rv i ce  measures. 



Attachment I Inter-Organization 

Environmental Activities Stafl 

General Motors Corporation 

General Motors Technical Center 

Warren. Michigan 48090 

Date: April 3,  1980 

Subject: Summary of GM F.E. Improvements f o r  Medium and Heavy Duty Vehicles 

From: E. J .  Niederbuehl h.\. 

TO: Distribution 

The attached report on the GM progress in improving heavy duty truck 
and bus fuel economy has been transmitted t o  DOT. 

I would 1 i ke t o  thank you for  your support in i t s  development, and 
include a reminder t h a t  t h i s  and similar reports by the various members 
of the Voluntary Truck and Bus Fuel Economy program have thus f a r  
discouraged HD vehicle fuel economy legis lat ion,  

EJN/mh 

Attach. 

cc: Messrs. M.  H .  Bauer 
R. L. Beckmann 
W. C. Chapman 
M. E.  Fisher 
D.  D .  Forester 
D .  D .  Fortune 
G. P .  Hanley 
J ,  F. Hi t t le  
J .  D .  Johnson 
F. J .  Kalvelage 
W .  S .  Kenyon 
J .  E. Pasek 
A.  H. Rasegan 
J .  D .  Rosen 
L.  L. Saathoff 
G ,  W .  Schmidt 
C .  R. Sharp 
F. W. Sinks 
G. F. S tof f le t  
H. B.  Tyson 
C .  J .  Weatherred 
W, L.  Weber 
S, R. Will 



Environmental Activities Staff 

General~otors Corporation 

General Motors Technical Canter 

Warren. Michigan 48090 

April 2, 1980 

Mr. Harry Close, Manager 
Voluntary Truck and Bus Fuel Economy Program 
Office of Heavy Duty Vehicle Research 
U.S. Department of Transportation 
National Highway Traffic Safety Administration 
Washington, DC 20590 

Dear Mr. Close: 

This letter transmits updated information which General Motors annually 
shares with members of the Voluntary T w c k  and Bus Fuel Economy Program. 
It reports GM progress during 1979 in assisting our truck and bus 
customers to conserve fuel in the operation of their commercial vehicles. 

In reporting our efforts for the previous three years (1976-1978), we 
furnished detailed infonnation on such items as improved automatic 
transmissions, plans for medium-duty diesel engines, release of 
information on fuel-efficient products, and the market penetration of 
these devices that had .been achieved through January of 1979. The 
attached suunnary updates this information and, in addition, covers new 
products and increased efforts at General Motors directed toward 
conservation of fuel in commercial vehicle operation. 

This reporting period saw the start of production af the 8.2 liter 
"Detroit Dieseltf engine. In over six years of development, this engine 
was designed specifically for medium duty truck application and is 
produced in a new manufacturing facility with more than 473,000 square 
feet under one roof. Customer acceptance of this engine is greater than 
our initial sales projections. 

We are pleased to provide you with information on our programs to improve 
further the fuel economy of our products, and you may feel free to share 
this with the other munbers of the program. We believe that this exchange 
of ideas on the progress of the Voluntary Truck and Bus Fuel Economy 
Improvement Program has contributed greatly to its success. 

If you have any questions on the material, please feel free to contact 
George Hanley of my staff. 

Sincerely, 

&&I- T. M. isher, rector 

# Automotive Emission Control 
3EJN/326/5 

Attachment 



Sunrmary of General Motors Fuel Economy Improvements 

For Medium and Heavy Duty Vehicles 

This summary updates General Motors efforts during 1979 to further improve 

the fuel use efficiency of commercial vehicles. It is our fourth annual 

report as a member of the Voluntary Truck and Bus Fuel Economy Program. 

We believe that this exchange of information has greatly contributed to 

the success of the program, and has helped to establish a credible base 

for commercial vehicle fuel economy improvement claims. It also bas 

provided evidence that fuel economy legislation for these vehicles is not 

needed. 

Six major phases of General Motors participation in the program are iden- 

tified as follows : 

Fuel Efficient Option Availability - General Motors has expanded avail- 
ability of fuel efficientproducts. 

Customer Education - General Motors has increased the dissemination of 
new product information and the publication of economy tests, fleet 

experiences, etc., in the communications media. 

Market Penetration Achieved - General Motors has provided statistical 

data which are used to measure the degree of the fuel efficient option 

popularity. 

Development of New Fuel Efficient Products - General Motors has developed 
new products to improve the fuel efficiency of new trucks, engines and 

transmissions and has supported the application of fuel efficient engines 

in busses and improvements in transit system operations. 

Support of the DOT/SAE Truck and Bus Fuel Economy Program - General 

Motors has contributed to the success of the program by its active par- 

ticipation. 

Fuel Economy and Emission Control Interaction - General Motors continues 
to express its concern over the often conflicting requirements of energy 

conservation and emission reduction. 



Fuel Efficient Option Availability 

General Motors has and will continue to concentrate on greater usage and 

further development of fuel saving components which have been introduced 

in recent years. We will increase the fuel efficiency of our vehicles by 

broad applications of technological developments such as: 

High Torque Rise (Constant Horsepower) Diesel Engines 

Aerodynamic Vehicle Design and Add-On Devices 

Light Weight Components 

Carryover of Dragfoiled Application - The Dragfoiled which was specif- 
ically optimized for unique application on our Chevrolet and GMC lines of 

Class 7 and 8 line-haul tractors and van-type trucks is carryover for 1980 

model year (MY) line of heavy duty trucks. 

Increase of Fuel Efficient Engine Application - Four additional diesel 

engines have been added to the General Motors (GM) 1980 MY line of medium 

and heavy duty trucks. These new offerings include the new Detroit Diesel 

Allison Division (DDAD) 8.2N (naturally aspirated) and 8.2T 

(turbocharged) engines, the Caterpillar 3208 and the Cummins VT225 

engines. The Cummins VT225 is also available on the 1980 MY heavy-duty 
(HD) "Brigadier" and "Bruin" trucks. Other new fuel economy engines for 

1980 MY include the DDAD 6V-92TTA, (307 HP @ 1900 RPM) and the Cummins NTC 

300 Formula, (300 HP in the 1800 or 1900 RPM version). These engines have 

excellent specific fuel economy. The release of the Cumins Big Cam I1 

engine provides an additional fuel economy improvement. 

Introduction of New Truck Models - During MY 1980, the GMC Truck and 

Coach Division (GMC) will introduce the "Top Kick," a 92 inch BBC (bunper- 

to-back-of-cab) model medium-duty short conventional tractor. It is 

especially suited for pulling trailers in congested metropolitan areas 

and features a new five-piece molded fiberglass front end for reduction in 

weight and improved fuel use efficiency. 



Increased Use of Lightweight Components - For 1980 MY, the  

"General/Bisonf' and "Astro/Titan" w i l l  be equipped with lightweight com- 

ponents as standard equipment, which were previously optional .  These 

include tapered-leaf rea r  springs on the  Astro/Titan model and tapered- 

leaf  f ron t  springs on the GeneralIBison model with weight savings of 

approximately 94 and 90 lbs  respectively per vehic le .  Sheet molded 

f ibe rg lass  doors providing a weight reduction of 20 lbs  were released on 

these models f o r  the  1980 MY. On the Astro/Titan model, the lightweight 

chassis  options were made standard decreasing vehicle weight by approxi- 

mately 475 lbs  and a new lightweight bumper, a 30 l b  weight reduction, 

with f l ex ib l e  end caps was released.  A weight reduction program i s  a l so  

i n  progress on the  Astro/Titan model f o r  the 1981 model year. 

Ierovements i n  Aerodynamics - GMC i s  ac t ive ly  pursuing a development 

program t o  improve the  aerodynamics of a l l  of i t s  truck models. An actual  

vehicle has been assembled with aerodynamic equipment and sca le  model wind 

tunnel t e s t s  a r e  being conducted on other  models t o  evaluate the  

ef fect iveness  of the  proposed improvements. 

Fuel E f f i c i en t  @ t i o n  Ava i lab i l i ty  - The t ab l e  below summarizes the  major 

f ue l  e f f i c i e n t  (FE) components offered by GMC e i t h e r  as optional  o r  

standard equipment. 

Medium 
Conv. 

Radial Tires  Optional 
Diesel Engines Optional 
FE Diesel  Engines Optional 
Demand Fans Standard 
Low Axle Ratios* Optional 
( i . e . ,  3.55, 3 . 7 0 ,  3.90) (5.83) 
FE Transmissions Optional 
( i .  e.  , 6 ,  7 and 9 Speed) (4 & 5 Speed) 
Dragfoiler  None Offered 
Weight Savings Standard 

Bruin/ 
Brigadier 

Optional 
Standard 
Optional 
Standard 
Optional 

Optional 

Optional 
Standard 

Bison/ 
General 

Optional 
Standard 
Optional 
Standard 
Optional 

Optional 

Optional 
Opt/Std 

Titan/  
Astro 

Optional 
Standard 
Optional 
Standard 
Optional 

Optional 

Optional 
Opt/Std 

*Axle r a t i o s  a r e  matched t o  FE engines f o r  optimum economy. 



In addition to these major fuel efficient components, there are many more 

design improvements and options that are offered which increase the fuel 

economy (FE) of the vehicles sold by GX. Our current model year truck 

sales data books contain this information and special dealer bulletins 

advise of - new available fuel efficient options. For example: the "Astro" 

Class 8 line-haul tractor, in addition to its standard lightweight 

components is also available with many more lightweight, extra-cost 

options which will reduce its weight by an additional 1,500 lbs. 

Other optional FE equipment includes the availability of the Low Tire 
Pressure Sensing System produced by the AC Spark Plug Division. This 

system is designed to detect low-tire-pressure conditions and to automat- 

ically relay them to the driver. Since improperly inflated 

(underinflated) tires adversely af fcct fuel economy, proper tire pres- 

sures are not only an important safety consideration but also contribute 

to improved fuel economy. 

GMC is actively pursuing a development program invo.lving cruise control 

and road speed governor systems. These systems are being road tested now 

and evaluated for possible future availability. 

Customer Education 

The sales promotion materials which are provided to our dealerships and 

the advertisements which are placed with various public media (newspaper, 

trade magazines, weekly's, radio, TV, etc. ) promote more than ever before 

tb,e fuel economy aspects of our vehicles and the improvements that can be 

achieved by a careful selection of components (standard or optional). 

Dealer and Driver Training Programs by DDAD 

DDAD--Transmission Operations--has continued in its efforts to improve 

the fuel economy of the in-service vehicle fleet through an active program 

of dealer and driver education which has greatly contributed to the 

overall voluntary national program to consetve energy. 



Major Fleet Driver Training Programs - In excess of 1,000 man hours were 
expended during calendar year 1979 to supervise driver training for 

approximately 50 major fleets across the country £or the purpose of 

improving their effective use of vehicles with automatic transmissions 

and maximizing the fuel economy and productivity of those vehicles. 

Dealer Handbook Publication and Dissemination - Approximately 6,000 

original equipment manufacturers (OEM) customized dealer handbooks were 

mailed directly to the highest producing dealer sales personnel for the 

nine major OEMf s in the United States. These handbooks contain avail- 

ability, specification and product definition infornation which insures 

proper installation and truck specification for maximum fuel efficient 

use of Allison automatic transmissions. 

Major Fleet Fuel Consumption Study Program - We have continued and 

expanded programs with almost two dozen major fleets around the country to 

establish and utilize record keepiug systems to develop data for effective 

control and monitoring of vehicle fuel usage. 

Product Fuel Economy Demonstrations - Approximately a dozen in-vehicle 
installed transmission demonstrations were conducted around the country 

for OEM management, to 100 top producing dealers, and for a national 

cross-sampling of about 200 dealers and 200 major fleets to demonstrate 

Allison automatic fuel economy performance under actual on-site 

conditions. 

Production of One Millionth Transmission - Recognizing the established 

fact in the truck and bus industry that the vehicle driver is the one most 

significant variable affecting overall vehicle fuel economy, the Allison 

Automatic Transmission is designed to minimize the adverse effects of this 

driver variable. To this end, achieving the millionth unit production 

milestone must be commensurate with maximizing overall national fuel 

energy savings. 



Chevrolet Promotes Increased Fuel Economy 

Our Chevrolet Division has increased its efforts to promote fuel effi- 

ciency of vehicles and components to its dealers and customers. It has 

launched an aggressive educational program emphasizing the fuel economy 

features of its products including the availability and proper applica- 

tion of the newly introduced mid-range diesel engines. 

Medium Duty Diesel Conference - In-depth training onthe three new diesel 
engine offerings was conducted. The major topics included (1) a 

discussion on proper diesel engine application; (2) 16 mm films on DDAD 

8.2 and CAT 3208 engines ; (3) return on investment (ROI) charts comparing 
initial purchase price vs. fuel and dollar savings; and 

(4) familiarization with available Diesel Decision worksheets (should you 

buy diesel or gas?). 

Medium Duty Videodisc - An in-dealership training and consumer visual 

program which consists of 27 minutes of motion picture (on TV) featuring 

Chevrolet medium duty value with emphasis on diesel engine offerings, use 

of heavy duty automatic transmissions to conserve fuel, and proper 

application of mid-range diesels has been made available, 

Medium Duty Truck Sales Brochures - These brochures are available at our 
dealerships a d  feature the conventional cab and school bus chassis to 

promote diesel .engines for fuel economy and other customer benefits. 

Heavy Duty Truck Sales Brochures - Large quantities of these brochures 
are made available at our dealerships and to new truck buyers and feature 

the use of several different diesel engine designs and driveline 

combinations that help provide maximum fuel economy on our Bruin, Bison 

and Titan models. 

Direct Mail Piece - This Chevrolet release which.-features the DDAD 

8.2 and CAT 3208 engines is being sent to some 270,000 selected owners of 

current Chevrolet and competitive make medium duty trucks. 



Chevrolet Medium and Heavy Duty Data Book - This data book is furnished 
to Chevrolet Dealers, as well as to several hundred fleet owner/operators 

across the country. This is significant because, while the book is not a 

direct advertising medium, it stresses throughout the use of fuel 

efficient options and components, diesel engine fuel economy, automatic 

transmission application, etc. and makes that information available at 

the point of sales finalization. 

Increased Emphasis on Fuel Economy by GMC 

Materials originating from the GMC Sales Promotion Department to our 

dealershigs have stressed increasingly the fuel efficient aspects of the 

complete iine of GMC vehicles. They outline and draw to the attention of 

the dealer and his customers the positive achievements in engineering, and 

component offerings (standard or optional) for improved fuel economy. 

National and local advertising placed with various public media 

(newspaper, trade magazines, weekly's, radio, TV, etc. ) have stressed the 

fuel efficient efforts of GMC to provide a line of vehicles that are best 

suited for fuel economy while providing required performance. 

E-Z Specification Truck Orders - GMC has expanded its "E-Z Spec" truck 
order system. Included are various heavy duty models (Brigadier, General, 

and Astro) pre-specified and engineered to save fuel and money and still 

maintain good highway performance. These fuel-efficiency tailored "E-Z 

Specs" combine high-torque rise diesel engines, transmissions with fewer 

gears, temperature controlled fans that require engine power only when 

needed, GMC DragfoilersQ, and radial tires. GMC has also embarked in a 

program of nationwide vocational "E-Z Spec" seminars with its dealers and 

sales personnel to provide field input and feedback on component 

selections and offerings. Mr. Grayson, consultant to the U.S. Department 

of Transportation, has been retained as a keynote speaker at these 

seminars. He presents and discusses the results of the "Double Nickel 

Challenget' which he helped to conduct in cooperation with the Department 

of Transportation. 



Mid-Range Diesel Seminars - GMC invited its entire retail and wholesale 
organization to participate in a Medium Duty Diesel seminar in Pontiac, on 

the DDAD 8.2 liter, Caterpillar 3208, and the Cummins VT225 engines. The 

program stressed the fuel and ROI aspects of these mid-range engines. 

Mr. Grayson again was the keynote speaker and stressed the fuel 

consumption advantages of diesel engines in medium duty trucks. 

Fuel Efficient Option Market Penetration 

At the present time, the 1979 totals for the market penetration achieved 

by fuel efficient options sold on new vehicles have not yet been reported 

by the Motor Vehicle Manufacturers Association (MVMA) (through an 

independent accounting firm). We will, therefore, submit a comparison of 

the industry composite with the GN only sales figures at a later date to 

provide an assessment of the GM performance. 

Popularity of Fuel Efficient Options on "9500 Series" Tractors 

The table below indicates the trend of increased market penetration of 

fuel economy related components on the GN "9500 Seriestt tractors. 

Percent of "9500 Series" by Model Year 
(As tro/Titan Only) 

DragfoileS 
"Fuel Squeezer" 
Cummins "Formula" 
Temperature-Controlled Fans 
Radial Tires 

Development of New Fuel Efficient Products 

General Motors will continue to develop improved and new fuel efficient 

components (engines, transmissions, etc. ) which will, when integrated 

into a complete vehicle, maximize its fuel economy and performance for the 

required operating conditions be it a bus or a truck. 



New Engine Development - DDAD announced a 307 horsepower version of its 
popular 68-92 turbocharged and aftercooled truck engine for on-highway 

applications. Called the "Fuel Squeezer Plus 307," this new diesel engine 

model is designed for trucks in the 60,000 to 90,000 lb. gross combined 

weight (GCW) class. 

The new engine was unveiled by the division at the International Trucking 

Show held at the Anaheim Convention Center. The 307 horsepower rating 

will provide the trucking industry with a high output engine for good 

performance while still retaining the fuel economy advantages and other 

improvements which characterize the Fuel Squeezer Plus line. The new model 

produces 307 horsepower at either 1,800 or 1,900 governed r p m .  The buyer 

gains the advantages of extremely good fuel economy and excellent 

over-the-road performance. 

With a properly geared vehicle, this engine is more fuel efficient than 

previous non-aftercooled, lower horsepower models and has added perfor- 

mance. 

The Fuel Squeezer Plus 307 buyer will also gain the benefits of the added 

durability, reliability and performance built into the entire Fuel 

Squeezer Plus line. Redesigned cylinder liners, matched turbocharger, 

revised GM unit fuel injectors and an aftercooler are used to produce high 

thermal efficiency of the engine. 

These improvements have led to lower exhaust emission levels and fuel 

economy increases of up to six percent over the original Detroit Diesel 

Fuel Squeezer engines. 

The Fuel Squeezer engines were introduced by DDA in 1975 with an 

anticipated 10 to 20 percent improvement in fuel economy when compared to 

the turbocharged engines operating at 2,100 rpm. The Fuel Squeezer Plus 

engines were announced in 1978 and offered additional fuel economy as well 

as a number of mechanical refinements. It is worth noting that the Fuel 



Squeezer Plus engines comprised 64% of the total 1979 calendar year truck 

engine sales. 

Introduction of the 8 . 2  Liter Engine Series - DDAD has started production 
of the 8 . 2  liter medium duty truck engine. This new Detroit Diesel "Fuel 

Pincher" engine, was designed as a fuel-saving substitute for gasoline 

engines in medium duty trucks, and will be initially available in GHC, 

Chevrolet and Ford trucks in 1980. Priced considerably lower than 

traditional heavy duty truck diesels, there is a possibility that under 

certain conditions, the 8.2 liter (500-cubic-inch) V-8 will provide fuel 

economy savings of up to 100 percent over comparable gasoline engines. 

It is estimated that owners of the "Fuel Pincher" engine, engaged in 

average city delivery service, will realize sufficient fuel savings to 

allow full payback of the additional cost of the engine within two years. 

The buyer will also benefit from the traditional diesel engine advantage 

of low service cost, long life and dependable service. 

Over six years in development by DDAD, the Fuel Pincher also features 

advanced state-of-the-art technology in the control of noise and exhaust 

emissions, 

Available in two versions, naturally-aspirated and turbo-charged, the 

engine is rated at 165 and 205 brake horsepower at 3,000 rpm, and is 

especially suited to medium duty vehicles in the 10,000 to 50,000 lb. GVW 

range. 

Fuel economy is not the only thing that should improve for purchasers of 

Detroit Diesel Allison's new "Fuel Pinchertf diesel engine for medium duty 

trucks and buses. This new engine will have a 50,000 mile or 24 month 

warranty. This is more than twice the standard 12 month, 12,000 mile 

warranty offered on most gasoline truck engines in similar service. 



The engine will be produced in a new manufacturing facility specifically 

built for its production. The plant has more than 473,000 square feet of 

floor space under one roof. Using the most modern tools and machinery, 

DDAD has applied advanced manufacturing techniques to help contain 

production costs. 

Transit Bus Development 

In last year's report, we discussed in detail the development and evalua- 

tion of the 6V-92TA engine as a powerplant for transit and inter-city 

coaches. We also discussed the conflict between the national goal of fuel 

conservation and the DOT/UMTA Advanced Design Bus (ADB) specifications 

including exhaust emission control requirements. 

More Efficient Diesel Fuel - During the 1980 model year, No. 2-D diesel 
fuel was added to the previous recommendation of No. 1-D only for coach 

engines. Coach engines have been certified for No. 2-D diesel fuel. 

This change should increase the fuel economy approximately by 15% for the 

6V-92TA and 8V-71N engines and 8% for the 6V-71N engine when operating on 

the ADB Transit Coach Duty Cycle. 

The additional advantage of using No. 2-D diesel fuel is lower cost and 

more readily available fuel. 

GMC Powerplant Study Program - A performance trade-off study is being 
conducted by GMC to help Transit Authorities to order coaches tailored to 

their individual needs while improving fuel economy and vehicle life. 

The following vehicle parameters and their effects on performance and fuel 

economy will be evaluated: 



Vehicle Length/Width/Weight (Curb, Empty, Fully Seated, Standees) 

Tire Size and Type 

Axle Ratio 

Engine/ Inj ector Size 

Type of Diesel Fuel (41 or #2)  

Transmission Shift Points 

Air Conditioning (With or Without) 

Variation in Maximum Road Speed/Frequency of Stops 

Variation in Maximum Road Grade 

Bus Transmission Improvements - The engine speed at which the first two 
Detroit Diesel Allison V-730D Transmission Shift Points (Alternate Shift) 

occur in the 6V-71N equipped coaches have been reduced approximately 150 

RPM. This increases the fuel economy by about 8% on the Central Business 

District (CBD) portion of the ADB Transit Coach Duty Cycle. 

Another version of the V-730D transmission (Optional Shift) will be 

installed with the 6V-92TA engine which has all three shift points at 

reduced engine speed of 100 RPM when compared to the 8V-71N engine. This 
not only allows the vehicle to reach a more fuel efficient transmission 

gear range sooner, but also will allow the use of a lower engine governed 

maximum speed. Customers who do not require a 60 mph vehicle will be able 

to reduce the full load engine governed speed from 2100 RPM to 2000 RPM. 
Improved fuel economy, reduced noise, and increased engine durability 

should result from this change. 

Reduction of Parasitic Power Losses - .4 new engine cooling fan and fan 

drive will be introduced in the 1981 hY coach models. The engine power 

loss has been reduced by 22 horsepower with the air conditioning (AC) 

system in operation and should result in a fuel economy improvement of 

approximately 10%. 

In conjunction with the new engine fan drive, a more efficient AC system 

will be introduced in the 1981 IHY coaches. This system reduces the AC 



compressor power requirement by 10 horsepower by reducing the compressor 

head pressure. A 5% improvement in fuel economy is expected from this 

innovation. 

New and Improved Automatic Transmissions - Trucks and Buses 

DDAD--Transmission Operations--is coordinating automatic transmission 

development work with Engine Manufacturers to optimize transmission shift 

points to achieve best fuel economy while maintaining the required vehicle 

performance. 

HT-700 and V-730 Series Transmission Calibrations - Close coordination 

has been achieved with engine vehicle manufacturer engineering depart- 

ments and work has been completed permitting revised scheduled shift 

points to maximize duty cycle engine performance at the bottom of the 

brake specific fuel consllmption (BSFC) curve thereby maximizing fuel 

economy. 

Universal Electronic Controls - Development of universal electronic con- 
trols for on highway automatic transmissions has continued. This new 

innovation in transmission shifting will provide the establishment of 

more precise shift points and result in improved fuel management. 

Introduction of New AT-545 Transmission - A new AT-545 transmission has 

been designed and developed for the medium-duty marketplace. This trans- 

mission incorporates improved internal sealing to reduce hydraulic losses 

resulting in more efficient clutch application and shifting. Also a deeper 

oil pan was introduced to reduce horsepower inefficiencies due to oil 

churning losses. 

MT 600 Series 360 Torque Converter - A new Torque Converter to compliment 
the fuel efficient mid-range diesel engines has been introduced. 



MT 654CR Transmission - A transmission for an 1800 R I M  engine operation to 

maximize the efficiency of slower-speed fuel-efficient engines such as 

the 6V-92 engine has been introduced. 

Automotive Turbine Development 

DDAD--Turbine Operations--is under contract to HASA Lewis Research 

Center, funded by the Department of Energy (DOE), Office of Transportation 

Programs, Division of Automotive Technology Development for a program to 

demonstrate improved specific fuel consumption and the durability of 

ceramic components in an existing vehicular truck and bus gas turbine 

engine. In its efforts to reduce consumption of petroleum in automotive 

applications, DOE is looking at alternative engines (including the gas 

turbine engine) for future automotive power trains. The key to 

utilization of gas turbine engines lies in successful application of 

ceramic gas path components which permit operation at temperatures well 

above that of the state-of-the-art for metal alloys. 

This program is aimed at application of selective ceramic components to an 

existing vehicular gas turbine engine to gain experience in ceramic 

component design and fabrication, material data, engine performance, and 

component durability, In so doing, it promotes involvement of the 

ceramics industry in advancing the near term state-of-the-art of the 

materials for the automotive application. 

Specific fuel consumption improvement is a substantial fuel savings over 

the typical operating cycle. To put this into a more practical perspec- 

tive, one 300 horsepower engine, operating on diesel fuel No. 2 at 2,265"~ 

turbine inlet temperature over a composite Los hgeles to Salt Lake City 

and Chicago to Boston truck route while loaded at 70,000 lbs gross weight, 

should save 28,000 gallons of fuel over 500,000 miles of operation when 

compared to the baseline all metal turbine engine. 



The program will culminate in the first half of 1984 with the fuel con- 

sumption improvement potential of higher operating temperatures, made 

possible by the application of ceramics, to be demonstrated in a truck 

powered by the third and final ceramic engine configuration, operating at 

2,265'~ turbine inlet temperature. 

Transit System Operation Improvement 

The GM Transportation Systems Center is actively involved in a nationwide 

program to research, develop and demonstrate innovative transit services, 

planning and analysis techniques, and transit products with the potential 

for improving bus service and bus transit operations. 

Transit System Efficiencies - In a transportation system--particularly a 
public transit system in the city--efficient use of equipment and 

personnel is particularly important to reduce operating expense (and 

related subsidies) and conserve energy. General Motors has addressed this 

issue in a program in the Cincinnati area. Forking with the Queen City 

Metro in that city, engineers at the GM Transportation Systems Center 

developed what is called a Transit Information System. This system 

consists of instrumented buses which automatically feed operating 

information (bus location, passenger load and time) to a central control 

center. Using computers, operations of the system can be analyzed to 

optimize the use of existing bus equipment and personnel. 

An evaluation of this system by the Urban Mass Transit Administration of 

the DOT confirmed its effectiveness. Studies in Cincinnati showed that 

information produced by the system could improve productivity by 8 to 10% 

or more, with related savings, of course, in the total use of fuel. GM is 

now promoting the introduction of Transit Information Systems in several 

other cities. 

General Motors remains strongly committed to transportation in all forms 

and recognizes the special need to improve public transit. This 



commitment extends not only t o  improved products and increased 

e f f i c i enc i e s  i n  those products, but  a l so  t o  research and planning t o  make 

public t r a n s i t  a  more viable  and s u f f i c i e n t  choice f o r  those who des i r e  t o  

make a choice. 

General Motors is involved i n  t he  planning fo r  e f f i c i e n t  t ranspor ta t ion  

systems i n  a number of c i t i e s .  I n  Midland, Texas, the  GH Transportat ion 

Systems Center worked with c i t y  o f f i c i a l s ,  employers, and s t a t e  and fed- 

e r a l  agencies t o  develop and implement a publ ic  t r a n s i t  system spec i f i -  

c a l l y  su i ted  t o  the  needs of t h i s  c i t y  of 75,000. 

A t  t h e  ou tse t  of the  program, the  only publ ic  t ranspor ta t ion  ava i lab le  i n  

Midland was t h a t  provided by severa l  soc i a l  service  agencies, mostly t o  

t h e i r  own c l i e n t s .  Working f i r s t  with t he  Chamber of Commerce, the  

t ranspor ta t ion  needs were es tabl ished and p r i o r i t i z e d .  Exis t ing t rans -  

por ta t ion  services  were inventoried and major employment centers  were 

surveyed. 

I n  the  second phase of the  p ro j ec t ,  a l t e r n a t i v e  t ranspor ta t ion  concepts 

were developed, including a conventional f ixed route-fixed schedule bus 

system and a small bus system with f l ex ib l e  operating modes. A demand- 

responsive and subscr ipt ion se rv ice  using small buses was se lected.  

The new publ ic  t ranspor ta t ion  services  f o r  Midland began on February 4 ,  

1980. .4n agency of the  City provides subscr ipt ion bus service  t o  employes 

during the  morning and evening peak periods and demand-responsive se rv ice  

with advanced no t ice  reservat ion during t he  off-peak periods.  General 

Motors is  proud of  i t s  ro l e  i n  a s s i s t i ng  Midland i n  developing the kind of 

e f f i c i e n t  t r a n s i t  needed a t  a cost  they can afford.  

The GH Transportat ion Systems Center i s  working with the  Central  Ohio 

Trans i t  Authority i n  Columbus on a Trans i t  Productivity Demonstration 

Project .  The object ives  of t h i s  p ro j ec t  a r e  t o  t r y  out  and compare sev- 

e r a l  methods o f  gathering information on the  use of ex i s t i ng  se rv ices ,  the  

needs f o r  expansion, and the  means of providing se rv ice .  



The information gathering process will use a variety of surveys. On-board 

ridership counts and interviews will be conducted. In-home and activity 

center surveys will be taken. Additionally, bus occupancies at peak load 

points will be determined and automatic data collection will be 

demonstrated. The costs and effectiveness of these methods to improve bus 

system productivity and related efficiency will be analyzed. These 

results will be reported to operators of bus systems of a similar size. 

Urban Energy Programs - Cities in several metropolitan areas in the 

United States have joined with the GM Transportation Systems Center in 

conducting an assessment of their energy supply and demand, local 

approaches to possible energy shortages and technologies that might be 

applied locally to enhance their positions with respect to energy. 

The GM Transportation Systems Center is working with groups in five 

states. These groups include the municipalities of Anaheim, Costa Mesa, 

Fullerton, ~arden Grove, LaHabra , Orange and Orange ' County in the Southern 
California group, and the municipalities of Evanston, Glenview, Highland 

Park, Northfield, Skokie, Wilmette and Winnetka in the Northern Illinois 

group. In the South Florida group, the municipalities of Fort Lauderdale, 

Coral Springs, Hollywood, Oakland Park, Pompano Beach and Broward County 

are included in the program. A New York group includes the city of 

Rochester, Monroe County and Rochester Gas and Electric Company and a 

Texas group includes Arlington, Dallas and Fort Worth. 

The energy forns to be studied will include those used in the urban envi- 

ronment such as fuels for vehicles, for power generation and energy for 

homes, industrial plants and commercial and local governmental uses. This 

assessment will address two objectives. 

The first objective is the development of possible contingency plans for 

local governments in the event of major short-term energy problems. These 

plans will emphasize the need for continuation of key government services 

such as police and fire protection and medical services in the event that 

local energy supplies are severely reduced. 



The second objective will be the identification of the needs and 

capabilities of the cities involved in the program to develop longer-term 

energy strategies in the event of protracted energy reductions. 

Endorsement of ?iVMA Fuel-Efficient-Option Sales Data Reporting 

Recognizing the responsibility under the Voluntary Program for manufac- 

turer associations to publicize and encourage fuel conservation, hVMA 

publishes quarterly and yearly reports (retroactive to model year 1973), 

through an independent accounting firm, on the market penetration of fuel- 

efficient options on new vehicles sold. General Motors fully supports 

this program and GM divisions furnish their data directly for con- 

solidation. 

General Motors also supports the DOT recommendation to include road speed 
governors and tag axles into the fuel efficient option report. We have 

also recommended that "after-market" fuel efficient option sales be 

included, since substantial additional savings come from the in-use vehi- 

cle fleet by (1) purchase of fuel-saving components to retrofit these 

vehicles such as radial tires and aerodynamic devices, (2) driver training 

and improved driving practices, (3) more efficient routing and 

scheduling, and (4) heavier truck loads and lower truck speeds. 

General Motors has asked the DOT program office to reevaluate the fuel 
saving potentials of the reported fuel-efficient options using the now 

verified Type I and Type I1 In-Service Test Procedures and to publish the 

appropriate fuel savings on a retroactive basis. 

We also support the suggestion by DOT to include fuel savings which are 
achieved by vehicle weight reductions (standard and optional) into the 

reportable fuel efficiency items. 



Support of DOT/SAE Truck and Bus Fuel Economy Program 

The DOT contracted with SAE for the development of a fuel economy 

measurement program and initiated the program with the Fuel Economy 

Measurement Conference in AM Arbor, Michigan in April of 1975. General 

Motors employes are active members of the SAE Advisory Committee and in 

all but one of the subcommittees responsible for the development of SAE 

Recommended Practices for the Measurement of Truck and Bus Fuel Economy. 

Vehicles Made Available for In-Service Testing - GMC has been actively 
supporting the SAEIDOT Fuel Economy Program for the past three years. Two 

"Astrosr' were made available and have been used for "real worldft in- 

service testing by numerous fleets throughout the United States. During 

1979, the two GMC vehicles accumulated over 200,000 miles in these fleets. 

The data co'llected, using the widely publicized Rockwell ins tnunentation, 

is being computer stored and analyzed at the DOT Transportation Research 

Center for (1) identification and quantification of the major operational 

and environmental factors affecting fuel economy of trucks during testing 

and in actual service; (2) refinement and validation of the simulation 

program; and (3) refinement and validation of the driving cycles. 

Support of SAE Recommended Practice Development - General Motors 

employes, as members of the SAE committees and task forces forthe devel- 

opment of SAE Recommended Practices for the measurement of truck and bus 

fuel consumption, have actively participated in the public demonstrations 

of the Type I and Type I1 In-Semice test procedure verification as 

applicable to trucks. 

Fuel Economy and Emission Control Interaction 

More stringent California exhaust emission standards for 1980 resulted in 

some increase in heavy-duty gasoline engine BSFC as measured on the 

Federal Heavy-Duty Engine dynamometer test procedure (FTP) . Three unique 



engines were developed for California only usage to meet the lower 1980 

California emission standards. These engines exhibit a 7-11% increase in 

BSFC when compared with their Federal counterparts. In 1979, all heavy- 

duty engines were developed for nationwide usage due to the similarity of 

Federal and California emission standards. The relatively low California 

volume and revised volume mix from 1979 to 1980, tend to minimize the 

impact of these California engines on the 1980 nationwide sales weighted 

BSFC . 

On a nationwide sales weighted basis, average BSFC is projected to 

increase from 0.723 lbs/BHg-hr in 1979 to 0.726 lbs/BHP-hr in 1980. This 

represents an increase in BSFC of 0.4% as measured on the ETP . 

Diesel - engines produced by our Detroit Diesel Allison Division for highway 
application have also suffered a fuel economy penalty as a result of the 

more stringent California exhaust emission standards. The average BSFC, 

based on full load throughout the operating speed range, has increased for 

the 1980 California certified truck engines from 3 to 10% when compared to 

1979. 

The DDAD transit bus engine offered in California for 1980 is the 6V-92TA 
and must meet the more stringent California emission standards. This 

engine suffered a 20% power penalty and a 15% fuel penalty at full power 

BSFC in addition to a significantly extended time interval to achieve full 

fuel delivery following driver command. A special fuel injector and 

revised turbocharger match are presently being certified with EPA for the 

California transit bus application. Preliminary development data 

indicate that the power penalty will be reduced to approximately 7% and 

the fuel penalty to approximately 6%. 

The Western Division of the American Public Transit Association is 

reported to be promoting a CARB or California Legislative exemption for 

transit buses from CARE, but not from EPA, emission regulation in the 
interest of better bus fuel economy and flow of traffic. 


