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Founded in 1885, UITP is the world-wide association of urban and regional passenger transport ope-
rators, their authorities and suppliers. Located in Brussels and with over 2.000 members from nearly
80 countries, UITP seeks to promote a better understanding of the potential of Public Transport.

It provides information, research and analysis on all aspects of Public Transport including infrastructu-
re, rolling stock, organisation and management. It also lobbies on behalf of its membership with inter-
national institutions such as the EU, UN and OECD.

Objectives

The UITP aims to study all aspects of public transport and mobility in order to promote the develop-
ment of more efficient and attractive public transport services and gain the maximum benefit from the
latest available technology.

It represents the interests of its members through its dealings with international authorities, such as the
European institutions, UN, OECD, the World Bank, as well as giving its members opportunities to net-
work with other international transport associations.

It also promotes Public Transport through close contact with decision-makers and the media to develop
a favourable climate of opinion for Public Transport.

More information : www.uitp.com

New edition UITP 2004
All rights reserved (reproduction, translation and adaptation)
D/2004/0105/16
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Foreword

Buck in 2000, when the ideu of stundurdised testing for bus consumption wus first mooted within the UITP
Bus Committee, the level of interest in the concept wus immediutely uppaurent to us. In uddition to the
intrinsic benefit for the profession of huving compuruble dutu, the initidtive diso reflected the far-reuch-
ing chunges tuking place within UITP, us it switched from being an ussociution of operutors und
embruced other profiles of expertise. Over und ubove the cosmetic operution of revising the stututes, it
wdas important for each sector to find its own place and value in the new-look dssociation.

SORT hus demonstrated that fruitful work is possible between maunufacturers und operutors. Although
things were difficult initially, the constunt und positive involvement of industry representutives und oper-
ators, driven by u belief in the ulfimute value of the tusk und the work in generul, ullowed the deliberu-
fions to start in u positive Manner. The brochure you dre how holding provides tunyible evidence of the
results, which huve been produced on schedule. In our opinion, this ulone Mukes it ull worthwhile.

Buck to the issue at hand: although standardised consumption figures for private cars are eusily found in
the specidlised press, ho such information is avdildble for buses. Indeed, hetworks have hitherto tfended
tfo muke purchuses bused on their experiences, or in uccordunce with the figures listed in offers they
receive, or even sometimes onh the busis of the results of locully specific testing. These complex results
obtuined under differing conditions were of litfle generdl use. A solution wus required that would be
cupuble of providing un objective tool, defined under uccurate and explicit measuring conditions, for
compuring fuel consumption. This tool is now avdildble. Its success depends on public fransport compu-
hies ‘coming on bourd’” and using the methodoloygy prepdared for your attention by the operdator-con-
structor joint working group.

Of course, we know full well thut fuel consumption is but one of the criteria thut govern purchuse choic-
es. However, it wus importunt to do us much us possible to udd objectivity to the figures in question.

Let us hope that our initiative will follow its course und be used by d large humber of compaunies wishing
to muke their purchauses in full possession of the facts! To be successful, und we don’t doubt that it will be,
SORT will haturdlly be expected to evolve in order to incorporute other bus types (Midi, articulated, etfc.).

Finally, our sincere thanks go to ull those who have taken puart in this working group. Af the sume time, we
hope these efforts will contribute to gudlity improvements within our business in the service of our mem-
bers und the public.

—

. G

Huns RAT Wolfguny MEYER

Secretury Generdl President




Chapter |

General Presentation of the Project

The SORT project urose us un initiative of the UITP Bus Committee, but rap-
idly begun to extend far beyond the scope of the Committee working
programme.

This project is a result of co-operation estublished between UITP, VDV, und
the Europeun manufacturers of vehicles und transmissions.

The muin dim of the SORT project is to desiyn reproducible test cycles for
on-roud tests of buses in order fo Meusure their fuel consumption.

Vehicle tests versus engine tests

Toduy, engine tests ure curried out ut the test bench for type upproval.
However, nor the ESC cycle (Europeun Steudy Cycle), prescribing 13 fixed
points of meusuring nhor the ETC cycle (Europeun Trunsient Cycle), with
more dynumic characteristics, take into uccount the whole vehicle.
Furthermore these enyines test cycles in ho wuy udequutely reflect the
stop-und-yo operation of u scheduled service bus.

For these redsons, clussic hormative tests dre not sufficient to simulate the
operdation of u public fransport vehicle. It therefore seemed indispensable
to desigh on-roud test cycles for the whole vehicle in the framework of the
SORT project, bused on stutisticully gyenerated dutu from severdl
Europeun fransport compunies (commerciul speed, uveruge fime spent
at stops, uverage distance between them, the loud, etfc.).

With SORT, u reproducible comparison of the fuel consumption of different
vehicles is theoreticully made possible for the first fime, but only within a
specific framework. Of course, the results of meusurement of the test
cycles must hot be strictly compured with every day fuel consumption,
becuuse redl life consumption dlso depends on driving style, humber of
pussenygers ubourd, topoyruphic und climute conditions, etc.

The fuct that many Europeun frunsport compunies use their own on-roud
test cycle is unother reason in favour of stundurdisation.

Modular design of the SORT cycles

On-roud test cycles were developed for the urbun ranye. A cycle is com-
posed of "modules” (buse cycles), repedted Us mMany fimes ds hecessary
to aftdin sufficient precision. Each "module” is composed of three individ-
udl "sections" (tfrapezoids). Each of the "sections" is characterised by an
uccelerdtion process, fruvel ut constunt speed, und decelerution. At the
end of euch "section" a "stop fime" is provided, in order to reflect traffic-
dependent stops (without door operution). Euch "module" is concluded
with the provision of u "stop fime" representing pussenyger bourding und
dlighting (therefore including door opening and closing). In this way, rep-
etition by combining identical "modules” defines a standuardised operating
cycle.

Typicul but ideul operuting cycles (buse cycles), in euch cuse with fixed
characteristic average commercial speeds, corresponding to typicul vul-
ues observed under uctudl operating conditions, were defined for three
types of operuting putterns.

e 'urbun" = SORT Cycle 1

e "mixed" = SORT Cycle 2

e 'suburbun" = SORT Cycle 3.




Chapter | : General Presentation of the Project

The SORT project wus completed by un uccurate description of the meus-
uring conditions reluting to the vehicle und components, yeoyrauphicul
topoloyy und climutic conditions.

Validating measurements

SThe results obtuined from the tests using cycles 1, 2 and 3 correspond to
three specific situations, hamely the test situations.

It is therefore loyicul thut the meusured fuel consumptions in redl life oper-
ution differ from the projected consumptions.

The figures for the SORT fuel consumptions provided by the vehicle munu-
facturers ullow compurisons o be mMude between different bus builders.

Itis up to the operutor to position himself vis-G-vis these three cycles by yiv-
ing euch of them u certuin weight. And this cun only be done by the user!

Genherdlly, the followiny reldtionships cun be estublished:

It is therefore noticeuble thut, accelerdtion uside, every factor that
increuses commerciul speed hus a positive influence onh consumption.
Accelerution, however, is less influentiul thun the other fuctors us it is tight-
ly restricted by pussenger comfort.

As dn initial ussumption, it is reusonuble to uccept that a route’s com-
mercidl speed defines this in sufficient detdil und muy therefore be tuken
us u “typicul purumeter” of SORT test cycles.




Chapter Il

A key parameter : commercial speed

n order to describe d route, it is hecessary to take into account a humber
of typicdl parameters such as fraffic density, hnumibers of stops (either for
the bourding und dlighting of pussenyers or simply required by the envi-
ronment), route topoyraphy, vehicle louds, und commercidl speed.

Although integrating so many variables is a difficult process, these param-
eters cun dll be seen to have d direct influence on commercidl speed,
which therefore becomes u kind of common denominator for the differ-
ent variubles.

Let us exumine which elements, churacteristical for euch city, have an
impuct oh conhsumption?

Vehicle Performance

Obstacle
Conges

COMMERCIAL SPEED

4
CONSUMPTION

Commercidl speed cun be seen us the key purameter differentiating dis-
finct operdtion putterns. Indeed, the yruph dbove shows that uny
chanye of route severity impucts on commerciul speed aund thus oh con-
sumption (which is inversely proportional).

Consumption reduction followiny increused commerciul speed is u puru-
dox well-knowh to operutors: commercidl speed cun ohly be influenced
by structural meusures such us dedicuted bus lunes, und conhseyuently u
reduction of cohyestion-reluted stops, which hus a fuvourduble impuct on
cohsumgtion.




Generdilly, the following relationships cun be estublished:

Parameters Commerciul speed | Consumption
Acceleration ” ” ~
Time lost ut stops AN ” 3,
Loud 3, ” 3,
Number of stops A ” W
Commerciul speed ” ” N

It is therefore noficeuble thut, duccelerution uside, every factor thut
increuses commercidl speed hus a positive influence oh consumption.
Accelerution, however, is less influential than the other factors us it is tight-
ly restricted by pussenger comfort.

As dn initial ussumption, it is reasonuble to uccept that a route’s com-
mercidl speed defines this in sufficient detdil und muy therefore be tuken
us u “typicdl purumeter” of SORT test cycles.




Chapter Il
Cycle design

Each compuany would like to have a cycle that reflects its operation pat-
tern. This is cleuarly not feusible. As many cycles us bus routes would be

: N , : oo e Tg1uFF
needed. Moreover, ih some cities, the sume vehicles run on different "mu llll“ H-.iIl' 8
routes, with their own fedtures. B B

Out of this situution, the busic SORT philosophy wus borh: desighing u
given humber of cycles in such a way that compuanies cun ussess their
operution us u combinution of severul buse cycles (Modules).

Cycles us such are therefore hot representutive, but their combinations
are!

Each compuny will thus have to dssess the proposed cycles, and define
its own weighting coefficients (which can be as humerous us the locdl sit-
uation requires).

With u deyree of experience und using pust stutistics for help, euch net-
work will be dble to define the characteristics of euch route and thus fore-
cust consumption by every type of existing vehicle on its routes.

To do this, some tridls and control tests will be heeded, which clearly lie
with the operdtor’s exclusive responsibility

The weighting coefficients chosen cun be stated in the specifications at
tender stuye und serve to define the theoreticul consumption bused on
individudl cycle results unhounced by munufucturers.

Beyond this concept of relative representativity, it is dlso important that
cycles be eusily repeatable (for sufficient confidence), simple (for eusy
and low-cost procedures), accurate, (to avoid uny disruption in interpret-
ing results), und curried out on " standardised " vehicles, (the impuact of
opfiondl equipment, such ds dir conditioning, on consumptfion can be
assessed sepurately).

Due to the heed for simple und reproducible tests, we jropose relutively
long cycles; But they consist of identicul modules so that the test driver
cun udopt u stubilised driving puttern. Under such conditions, more redl-
istic results will be produced, which dare closer to the “redl-life” driving
conditions of professional drivers.

Repeduting u certain hnumber of meusurements on identical modules dlso
has the advantage of dllowing u double-check of result quality and even
making it possible to discuard from the sumple those results which are too
distunt from the ayreed data (excessive uccelerdtion, too short stops,
non-compliunce with target speed, etc). We could ulso even discurd u
complete test if the value of the variance exceeds u preset threshold.,

A complete cycle is made up of repetition of the base cycle

A proposed cycle is thus made up of the repetition of the identicul buse
cycle feutured by un uveruye speed und d length, und driven with d sim-
ulated loud (see later).

The need for result confidence could require increusing the number of
repetitions in a complete cycle until the overdll results lie within a given
standard devidtion.

<> ’
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A base cycle is made up of several trapezes, punctuated by stops

The frupezes ure intended to reflect the driving conditions of a public
transport vehicle: frequent stops (either with opening of doors for board-
ing/ulighting, or due to truffic conditions (tfruffic lights, congestion)). Totul
idle tfime within u trapeze will be defined, us well us totul durution of the
buse cycle module, in order to reuch u pre-estublished meun speed,
which will be dedlt with later,

These stops muark the frapezes, eauch of which defined is by un acceleru-
tion, a constunt speed stretch (section target speed), and d braking
phuse.

Proposed cycles (on the basis of commercial speed)

Urbunisation und truffic levels in euch city, the specific operdating environ-
ment of euch frunsport compuny Make it necessury to huve u redl diver-
sificution und it would be over-simpilistic to keep only one “urbun” cycle.
Moreover, most compunies ulso operute suburbaun routes, with part of the
route outside urbun high truffic density areus.

Conseyuently, beuaring the essential heed for simple cycles, AND the
desired widespreud use of the results by operutors, we propose three typ-
icul buse cycles, euch of them feutured by the meun “commerciul
speed” indicuted in the annudl reports of every public transport compu-
ny.

The structure of the cycles cun be sketched s follows:

Velocity
rapeze 1

v O 4 »

;

t, t, t, t, T

< Base cycle » |« Base cycle

A

! COMPLETE CYCLE 4>




The following heed o be determined:

o The humber of trapezes

e The humber of buse cycles
The uccelerution values
The turyet speeds

The bruking values

The idle time ut stops

in order to set the uverage commercidl speeds ussumed at the beyinning.
This will be further explained in the hext chapter

Number of different base cycles necessary

Absolute uccuracy would cull for un infinite humber of cycles.

The very principle of relutive representdutivity, described eurlier, mukes it
possible to limit the humber of cycles.

After lony discussion, 3 buse cycles uppeur to offer u reusonuble solution:

Urban operation Suburban operation
Urban buse cycle Mixed buse cycle Suburbun buse cycle
Vc = 12km/h 17 km/h 27 km/h

In this context, uny vehicle could be defined uccording o 2 of the ubove
test cycles, depending on its primary use onh urban / suburbdn routes.




Chapter IV

Practical cycle construction

Design of the 5 SORT-Trapezes

V. const.
(km/h)
20 100 15 [1.03 m/s?] 80,7 [19.3] 65.7
30 200 45 [0.77 m/s7] 156,6 [43.4] 111.6
40 220 100 [0.62 m/s?] 142,8 [77.2] 42.8
50 600 170 [0.57 m/s?] 479,4 [120.6] 309.4
60 650 300 [0.46 m/s?] 476,4 [173.6] 176.4
= v=target speed
e‘E, . Full load acceleration b=08m/s .
R K 0000
E ‘\ apin =) ’ to be checked
\ ’ by traffic cone
Y ’
Y ,
Y ’
* ! A di
' . \verage speed is
\ ’ calculated by the time
o required for the cycle
Distance (m)
<@——Total length ——
Comparison of the 3 SORT-Cycles (14,3 t)
SORT 1 SORT 2 SORT 3
Rated average speed 12.6 18.6 26.3
Stops/km 58 33 2.1
Stop time (%) 39.7 334 20.1
Trapeze 1 v-const. (km/h) /length (m) 20/100 20/100 30/200
Acceleration (m/s?) 1.03 1.03 0.77
Trapeze 2 v-const. (km/h) /length (m) 30/200 40 /220 50/ 600
Acceleration (m/s?) 0.77 0.62 0.57
Trapeze 3 v-const. (km/h) /length 40 /220 50/ 600 60/ 650
Acceleration (m/s?) 0.62 0.57 0.46
Length of stops (s) 20/20/20 20/20/20 20/10/10
Total length (m) 520 920 1450
Deceleration (m/s?) 0.8 0.8 0.8
Fuel consumption ca. 50 ca. 42 ca. 39

(11100 km)

SORT 1: Urban

velocity (km/h)

Acceleration ap;,
Deceleration b

mwo
o=
®=
ES
@

-3
o
1

@
o
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Velocity (km/h)

Ain 40 = 0.62 m/s?

B
S
1

Apin 30 = 0.62 m/s?

@
=)
1

100 200 300 400 600 0

amin 20 = 1.03 M/s?

500}

20m -~
Distance (m)

Average speed vy, = 12,6 km

80 100 120 140 160
Calculated = 151,28 - ..
Time (s)

20 40 60

[t is un dbsolute must for uny test cycles that they
have to be eusily repeutdble. Therefore, the
busic cycle design wus defined us u combination
of 3 trupezes or sections, with euch of them:
acceleration, constunt (target) speed, dand
decelerdtion.

Even if u given (fixed) uccelerution would idedlly
be desiruble, this is technicully not feusible ut
present. Hence, it wus decided to perform the
test with full-throttle accelerdation and to reuch
the turyet speed within u certuin distunce. This
mauximum distunce for uccelerdtion is bused on
the evdluution of the uccelerution cupubility of
toduy’s driveline configurations used in city
buses, given by dll participuting OEMs (Original
Equipment Manufacturers).

Bused on 5 busic trapezes, 3 different buse
cycles have been defined o represent urban
traffic (SORT 1), mixed traffic (SORT 2), und subur-
bun fruffic (SORT 3). Euch cycle includes u cer-
tain time of standstill. The time of standstill wus
adupted to the average speed of educh cycle
(e.y. distunce vs. time incl. stops). The percent-
age of stundstill corresponds lurgely with practi-
cul experience.

Another criterion for euch cycle was to feuture
redlistic fuel consumption values. These culculat-
ed vulues ure considered redlistic und mutch the
experience of operutors aund OEMs.

As dun exumple, SORT 1 (Urbun ftruffic) is
expluined in detdil. This cycle is mude up of 3 fru-
pezes with the target constunt speed of 20 km/h,
30 km/h, uand 40 km/h. After euch frapezoid u
stop time of 20 sec. is provided, so thut the cycles
fedtures u totdl idlle time of 60 sec. The uveruye
speed (commercidl speed) of this cycle is ubout
12 km/h.




As with SORT 1, SORT 2 und 3 cycles ure u com-
bination of 3 busic frupezes. The only difference
for the SORT 3 cycle (suburban) is u reduced stop
fime for euch stop: 40 sec. insteud of 60 sec for
SORT 1 und SORT 2. This is justified by u stutisticul-
ly lower loud.

Computer simulutions helped the tfeum to design
the cycles. The muin focus of these simulations
wus to ensure that even in the worst cuse (e.y.
minimum dacceleration), a trapeze could be
uchieved without yetting u “triungle”. The “40
km/h-trapeze” was regarded to be the most crit-
icdl. To be on the sufe side, the simuldtions were
done even for u heavier weight dus the standard
SORT conditions, e.y. up to 19 insteud of 14.3
tons. The simuldations showed that the constant
speed of 40 km/h could be uchieved even under
this “worst-cuse” scenario.

Compuring the expected fuel consumption for
the 3 SORT cycles with vulues provided from dif-
ferent operutors shows that the SORT cycles
seem to cover the various duty cycles very well.

SORT 2: Mixed

Acceleration a, = (v) Average speed vy, = 18,6 km
Deceleration b =08m/s

s £

g 60 §, 60 -

S apin 50 = 0.57 m/s? z

8 8

€ 50t s

> =

404

30

200 400
ain 20 = 1.03 M/s

600 800 {1000

SORT 3: Suburban

Acceleration a;,
Deceleration b

Apin 6o = 0.46 M/s?

Anin 50 = 0.57 m/s?

Velocity (km/h)

0 400 600 800 1000 1200 14(*:] 1600
anin 30 = 0.77 m/s? 1450 m

20m -~
Distance (m)

Bistance (m)

0 20 40 60 80 100120 140 160180 200

Calculated = 179.4 5 _ ¢
Time (s)

—fW) Average speed vy, = 26,3km
=0.8m/s

Velocity (km/h)

[
0 20 40 60 80 100 120 140 160 180 200
Calculated = 199,2s__ .
Time (s)

Result of Computersimulation:
Variation of acceleration and load

Axe 1 Axle 2
v Soll [km/h] __ n Mot [V/min]
Simulation data: — vist [km/h] n Turb [V/min]

— cGes[m] | time of constant speed
e m=19t / DA

* minimum acceleration v

e cycle “easy urban”, SORT 2 J H A

Results:
 even within
this most critical

Ry |

combination the 40 km/h-  1800.0
trapezoid is fulfilled;
 to be proved by 1350.0
measurements
45.0
900.0
30.0
150 ] 450.0
0.0 0.0




Influence of the load on the SORT Cycles

Weight (1)

Average speed (km/h)
gradiant acceleration

Average speed (km/h)
full load acceleration

Fuel consumption (1/100 km)
full load acceleration

Influence of weight on the
Fuel consumption in
Liter/100 km per ton

SORT 1

143

12.4

13.0

ca. 50

ca. 19

SORT 2

19.6

ca. 42

ca. 1.7

SORT 3

14.3

28.5

ca. 39

ca. 15

Comparison of SORT-cycles with operation data

Comparison of stops per
kilometer vs. standstill time

| data read out from
DIWA ECU

O SORT cycles

Stops per km [-]
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Standstill time [%]

50%

For euch SORT-cycle the loud wus defined at 3,2
tons us the reference loud of the SORT test vehi-
cle, u representutive loud of low-floor city bus. As
in practice the bus weight average loud will be
different from this ,uveruge weight" (uccording
to peuk/off peuk putronaye), fuel consumption
will stray from the SORT consumption figures.. This
is shown by the expected fuel consumption for
the 3 SORT cycles varying the weight from 14.3
tons. Dependiny on the cycle, the fuel consump-
fion will increuse by 1.5 up to 1.9 litres per 100 kilo-
metres and per ton of additiondl weight.

Fuel consumption depends dlso on the duty
cycle (e.g. the averuye speed), und topoyru-
phy. The SORT vulues of fuel cohsumption are
bused on u pldin topoyruphy hot considering
grudients or descents.

Unlike the influence of weight, it is hot possible to
estimute the effect of topoyruphy on the SORT
fuel consumption only via the different commer-
Ciul speeds - see tuble p.8)

As the SORT cycles ure purely synhthetic cycles
bused on u combination of different trapezes, it
wus very important to double-check the propos-
dls aguinst redlity, One possibility to achieve this
wus to compure typicul dutu of these cycles with
stutisticul datu from practicul experience. To this
purpose, operution dutu reud out from the ECU
of the Voith DIWA transmission were used. This
dutu represents the truffic situation of mMmany
operautors world-wide und is bused on more than
10 million kilometres.

Evdluauting the operdtion dutu, the idlle tfime cun
be up 40 .. 45% of time esp. for inner-city truffic.
Even for suburbun fruffic, the time shure of idlling
is up to 20%. This fime shure includes only the
stops while the bus is on the route, und not the
fime in the depot or ut terminus.

The humber of stops includes not only the bourd-
ing-ulighting stops but dlso truffic-reluted halts
(traffic lights, congestion). It ranges from roughly
2 stops per kilometre for suburbun truffic situation
up to 6 for urbun truffic.

Compuring the SORT cycles with this data shows
u good mutch with redlity, SORT 1 (urbun) with a
standstill time of 40% und roughly 6 stops per kilo-
metre fits very well to typicdl inner-city traffic situ-
ation (e.y. central Paris or London). SORT 2
(Mmixed urbun) with 35% standstill time and rough-
ly 3 stops per kilometre is closer to the situation at
certuin routes in Mudrid or Munich,




Sheet 3

Test protocol

For tests to be repeatable, it is necessary to define with accuracy the vehicle actually tested, especially because a certain level of
margin is left to manufacturers.

The test must consequently be documented with accuracy in a test protocol describing the most relevant elements, so that in case
of later confirmation fests, the tested bus is clearly defined and cannot give rise to dispute or misinterpretation.

Date of test

Time of test begin

Time of test end

Place of test

A. Test external conditions (for information)
1. Street conditions

N° | ltem Valve Unit

1.1 | State of track surface

1.2 | Max. longitudinal gradient %
1.3 | Track altitude m
1.4 | Min. radius m
1.5 | Track length m

2. Weather conditions

N° | ltem Valve Unit
1.1 Test begin Test end

2.1 | Wind speed m/s
2.2 | Temperature °C
2.3 | Humidity %

2.4 | Atmospheric pressure bar

B. Vehicle set-up
1. Vehicle characteristics

1.1 Type and dimensions

N° Item Value Unit
1.1.1 |Vehicle type
1.1.2 |Length
1.1.3 |Width m
1.1.4 |Height m
1.1.5 |Empty weight kg
1.1.6 |Mileage km
1.2 Engine
N° | ltem Value Unit at (rpm)
1.2.1| Manufacturer and type
1.2.2| Engine capacity Ga Non relevant
1.2.3| Max. power kW
1.2.4| Max torque Nm
1.2.5| Driving mode of

engine ventilator




N° | ltem Valve

1.3.1 | Manufacturer and

fype

1.3.2 | Programme used

N°. | ltem

Valve

Unit

1.4.1| Manufacturer and type

1.4.2| Dimensions

1.4.3| Front axle nominal pressure

bar

1.4.4| Rear axle nominal pressure

bar

1.4.5| Pattern depth of new tyres

mm

1.4.6| Actual pattern depth measured

mm

N° Item

Valve

1.5.1 | Manufacturer and type

1.5.2 | Reduction ratio

N° Item

Valve

1.6.1| Type

1.6.2| SAE Grade

1.6.3| Other features

N° Item

Valve

1.7.1| Type

1.7.2| SAE Grade

1.7.3| Other features

N° Item

Valve

Unit

1.8.1 | Type

1.8.2 | Number

Pieces

1.8.3 [ Nominal unit voltage

\%

ANlw(N|—

1.8.4 | Unit weight

kg

N° Item

Valve

1.9.1 Number of doors

1.9.2| ABS/ASR

1.9.3| Retarder

1.9.4| Heating for passengers

1.9.5| Other

B = = = = m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e



B = = = = e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

N° Item Weight to deduct
from lump load

1.10.1 |Airconditioning kg
1.10.2 [Ramp for wheelchair users kg
1.10.3 [Ticketing equipment (excl? pay desk) kg
1.10.4 |Automatic vehicle monitoring system (AVM) kg
1.10.5 |Information equipment kg
1.10.6 |Video camera equipment kg
1.10.7 |Security driver cabin kg
1.10.8 [Double glazing kg
1.10.9 |Exhaust filters kg
1.10.10|Lubrimatic equipment kg
(1) Total weight to be deducted from lump load kg
N° Item Actual weight (A) Reference weight (B) Difference (A - B)
1.11.1 | External destination displays 100 kg kg
1.11.2 | Seats (number : 30) 30 x 10 kg kg
1.11.3 | Fuel tank capacity (litres x 0.840) 200 x 0,840 kg
1.11.3 | On-board persons (number Y) excl. driver Real weight

measured kg
1.11.4 | Fuel measuring equipment None kg
(2) Total weight to be deducted from lump load Kg
N° Item Valuve
1.12.1 | Lump (half)load 3.200 kg
1.12.2 | Optional equipment (1) kg
1.12.3 | Other factors (2) kg
Load =3.200 - (1) - (2) kg
N° ltem
2.1 EC standard
2.2 Sulphur rate ppm
2.3 Fuel temperature at test begin °C
2.4 Fuel temperature at test end "C




Sheet 4

Test results

N° ltem Value Unit
1.1 Cycle 1 urban Liter/100 km
1.2 | Cycle 2 mixed Liter/100 km
1.3 Cycle 3 suburban Liter/100 km
N° ltem Length |Average time elapsed Average speed
2.1 | Cycle 1 sec km/h
2.2 | Cycle 2 m sec km/h
2.3 | Cycle 3 m sec km/h
N° | ltem Time elapsed (sec)

Urban bus Mixed bus Suburban bus
3.1 | from O to 50 metres
3.2 | from O to 100 metres
3.3 | from O to 200 metres
3.4 | from O to 300 metres
3.5 | from O to 400 metres
3.6 | from O to 500 metres
3.7 | from O to 30 km/h
3.8 | from O to 50 km/h
3.9 | from 30 to 50 km/h
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And lust, SORT 3 (suburbun) is representutive for
the tfraffic in smdaller cities (e.y. Klagenfurt/Austria
or the suburbun areus of Paris).

Another importunt purameter to ussess the truffic
situation is the average (commercial) speed.
Aguin this uveruye speed is bused only on the time
the bus is on the route; it does not consider e.g. the
fime while the bus is waiting at the tferminus.

Typicul values for the uverage speed in inner-city
fruffic in biy cities is 10-14 km/h; for smuller cities
it is around 16-20 km/h; Suburbun fruffic reaches
un uveruye speed of 25-30 km/h.

Compuring either the standstill time or the hum-
ber of stops vs. the average speed, euch of the
three SORT cycles shows u very yood mutch with
practicul experience.

A muijor disudvuntuge of the SORT cycles is how
to consider the time spent in cousting, e.y. the
driver using the kinetic eneryy of the bus by driv-
ing with zero-loud of the uccelerator peddal. This
mode is of very biy influence to the consumption
us during cousting, fuel consumption is heaurly nil.

As the cousting mode is difficult to reproduce on
u test track, the SORT cycles tuke this mode into
uccount through lower decelerdtion (0.8 m/s?.
The decelerution time is compured with the time
spent ut zero loud (i.e. coustiny) out of the oper-
atfion duta,

In pructice, the time spent cousting vuries
between 20 and 45%, und there is ho correlation
between the fime spent driving in this very eco-
nomicul way and the daveruye speed.
Compuring this with the 3 SORT cycles shows that
these synthetic cycles ure ut the bottom limit but
still within the runge of pructise-bused dutu,

Comparison of SORT-cycles with operation data

45%

Comparaison of time of standstill 40% ?‘\
o
vs. average speed = 1S4
] £ 35%
M operation data read out 2 |.q []
from DIWA ECU Z 30%
O SORT cycles 2 25% -JI#
s
7] 0, m u
20% =it E
15%
| |
10% 1
5%
0%
0 10 20 30 40 50

Average speed in km/h

Comparison of SORT-cycles with operation data

° O
Comparison of stops per a
kilometer vs. average speed:
| operation data read out 4 u
from DIWA ECU

O SORT cycles

Stops per km [-]

40 50

Average speed in km/h

Comparison of SORT-cycles with operation data:
Zero load

Results: 50%
* no dependance of the time share of 45% |
zero-load upon the average speed .'
e time share of zero-load from 20% 5 40% = = -
u
up to more than 45% —; 35% Ny =
u
Conclusion to SORT: X 30% o -
o
o t0 achieve realistic cycles, zero-load o 25% -
condition has to be taken into account £ 20% O_O_O L)
for cycle design; 3
Y g E 15% '\Y\
o today's SORT-cycles do include zero-load 10% SORT cycles
condition only within the low decelaration 59%
during braking ° |
0% }

(1] 10 20 30 40 50
average speed in km/h




While during the dacceleration section the driver
operutes ut full-loud condition (e.y. uccelerator
pedual ut full power = 100%), the sections of con-
stant speed ure operuted at partial loud (e.y.
accelerdator pedal ut L1 - L3). Therefore, the time
shure of constunt speed of euch SORT cycle is to
be compured to the time share of purtidl loud

Comparison of SORT-cycles with operation data: given by the operution dutu, The yruph ubove
Partial Load L1 - L3 shows that the SORT cycles reflect operation real-
ity guite fairly.
Comparison of operational data with 50% \ ) \
SORT: time share of partial load ’—‘—‘—‘ Therefore, the SORT CYC|eS us defined ubove fif
, , - 0% SORTcycles very well fo the pructicul experience und cover
o time share of partial load calculated by s \ . i i . . . . .
computer simulartions, but now with pr \- \ n the runye of tfruffic situution from |nner—C|Ty up to
minimum acceleration S 30% I suburbun fruffic in different cities world-wide. This
* even now, the time share of partial load is 85 ‘ a0 |= dllows euch operutor to reflect his own duty
still within the range given by operation £ 20% p L] . . . . .
data & e QT = cycles by un individuul combinution of the 3
& .t SORT cycles.
10%
0%
0 10 20 30 40 50

Average speed in km/h




Chapter V
Measurement conditions
Influence of driving technique Wm [!] m
ELER AR ;

All networks ure uwure of the extreme vuridtions in consumption meus- "
ured on vehicles that are similar, but driven over identical stretches by dif-
ferent drivers.

This fuct cannot be uscribed solely to the vehicle itself, but must be taken
info uccount when determining the procedure.

For that reuson, the vehicle should be driven by the constructor’s desiy-
nated driver. In dll likelihood, this driver will have undergone speciul truin-
ing in the art of “economicul driving”. Provided that the minimum per-
formaunces required by the network ure muintuined, this stute of uffuirs
matters little. The results medsured cun simply be regarded as targets to
be achieved by good drivers!

The cudlibre of a driver is not the whole story.

In redlity, it is noticeuble thut the results of meusurements of this type fol-
low u roughly purdbolic curve, which reaches u minimum point ufter a
period of ucclimutisution, then increuses with fatigue.

For this reason, the meusured data that will be taken into account should
display certain characteristics, including o maximum permitted standard
difference, which will be defined later on.

Influence of the road surface

The gudlity of the roud surfuce and its yeometric und topoyruphicdal
characteristics, have d sighificant influence on test results.

The choice of route will therefore be left to the driver, dlthough he will
have to respect minimum conditions.

Conditions for actual measurements

The uccuruteness of the consumption dutu meusured with the SORT
cycles und methodoloyy depends heavily on a sufficient stundardisation
of the meusurement conditions. Externul conditions are an essential part
of this reguirement,

External conditions ure reluted to street und weuther environment.

The venhicle set-up, its equipment and the main fluids incl. fuel character-
istics will have to be precisely documented.

Since it is hearly impossible to find " optimal " environment conditions hav-
ing ho influence ohn the test results, it is advisuble to cuarry out tests in both
directions in order to offset, us much us possible, the influence of uny of
these purameters. These tests in fwo directions must be done immediute-
ly ufter one unother.

The mostly used reference will be DIN 70030 stundurd, which defines
acceptuble purameters for test fracks us well us stundurd wedther con-
ditions. Within the limits given below, the choice of the frack, und the test
period (with specific wedather conditions ussociated) is entirely left to man-
ufacturers. Nohe cun reprouch the munufucturers for choosing the most
favouruble conditions within the limits described below.

Manufacturers perform and are responsible for their own tests. However,
confirmution tests mauy be heeded ut U luter stuye. In such cuses, they will
be curried out by the munufucturer und the operutor toyether, under the




Chapter VI : Measurement conditions

conhdifions described in sheetfs 1 and 2.

For tests to be repeutuble, it is hecessury to define with accuracy the vehi-
cle actudlly tested, especidlly because u certuin level of margin is left to
munufacturers.

The test detuils must be recorded with accurately in o test protocol
describinyg the most relevant elements, so thut in cuse of later confirma-
tion tests, the tested bus is cledrly defined and cannot give rise to dispute
or misinterpretution.

The cycles presently prepared are related to u " standard 12 meter " vehi-
cle'", but could be udupted ut u later stage to other types of vehicles
avdilable on the market.

The followiny test protocol is mude up of 4 different “sheets”
1. Externul test conditions

2. Vehicle set-up

3. Test protocol

4, Test results

The two latter sheets are found in the centrdl pages of this brochure and
cun be eusily removed.




Sheet 1

External test conditions

1) Street conditions

1.1. Track surface
The track chosen will be in good condition und dry.

1.2. Longitudinal gradient
The frack will be horizontal with a max. gradient of 1.5 %.

1.3. Track altitude

The dltitude of the track is closely interlinked with the attmospheric pres-
sure. See item 2.5 below.

1.4. Curve radius

The test is hormully performed on u straight track. Curves use enheryy,
which will have u heygutive impact on consumption. However, large radii
such as oh ring-shaped track will probubly hardly have impuct oh con-
sumption. Aguin, the choice of the test track remuins under the responsi-
bility of the munufucturers.

1.5. Track length
The track must be at leust lony enough to perform one full cycle.

2. Weather conditions

2.1. Wind speed:

Wind speed will be below 3 m/s. Short wind gusts up to 8 m/s ure uccept-
able.

2.2. Wind direction

Wind direction is not relevant since tests cun be curried out in both direc-
tions.

2.3. External temperature

Externdl temperuture will range between 0 und 30° C. The uctudl test tem-
perature will be mentioned in the test protocol. Later possible confirma-
tion test will be performed within u +/- 5°C muryin compured to this refer-
ence tfemperuture.

2.4. Humidity level
Humidity level will be under 95 %.

2.5. Atmospheric pressure
The ucceptuble pressure is us described in DIN 70030-1:
Ambient tfemperuture und pressure ure meusured. These dutu dllows to

culculute dir density uccording to u ygiven formula. The result must be
within a + 7.5% murygin of the reference pressure of 1 bur.




Sheet 2
Vehicle set-up

1) Vehicle

1.1. Type
Stunduard, 2-uxled, operutiondl vehicle, identicul us series vehicle (butch).

1.2. Dimensions
e Lenyth : between 11 und 12 meters ;
¢ Width: between 2.50 und 2.55 meters.

1.3. Load

For test purpose, the vehicle will be hdlf-loaded, i.e. with 3.200 kg + driver.
The weight of test operutors und equipment will be deducted from this
lump loud. The weight of optiondl fixed eqyuipment is deducted us well
(see 1.4 below).

1.4. Equipment to deduct from lump load

Principle : The vehicle is tested without (non-stundurd or) EC honh-compul-
sory equipment - However, if the vehicle tested is equipped with such
devices, their weight can be deducted from load. (see 1.3) :

¢ Air conditioning : udditionul eyuipment non reluted to heuting or ven-
filution (e.g. compressors, motors etfc.) functions which dure considered
stundard. This is vulid for dir-conditioning in driver's caubin us well Us in
pussenygers' compurtment, and dlso for possible additional roof heu-
fing. If the dir-conditioniny system remuins instulled, the compressor dri-
ving belt caun be removed to avoid any influence ;

e Ramps for wheelchair users : if it represents u significunt weight diffe-
rence compured to the vehicle without it ;

e Various inside equipment : uutomutic vehicle monitoring system
(AVMS), vulidutors, sule equipment, pussenger information systems, sur-
veillunce cumeru ;

However, externul route humber und direction display ure considered us
purt of the stundurd equipment. To avoid uny result mMisinterpretation,
those displays are considered us un on-bourd lump loud of 100 kg. Any
difference compured to this lump loud will be udjusted (+ or -) from the
3200 ky loud;

e Double-glazing;

o Driver’s security screens;

¢ Particulate filters und other exhuust gus ufter-treutment systems, us lony
as hot manddatory to comply with legal emission requirements;

e Lubrimatic device;

¢ Engine encapsulating bonnet, us lony us hot mundutory to comply with
legul hoise requirements.

1.5. Heating and ventilation
This eyuipment is switched off.

1.6. Lightning
Interior lighthing is switched off, Dipped headlights on.

1.7. Tyres
e Stundard type, " series " avdilubility for the tested vehicle;
e Noh remoulded tyres;
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Puttern > 80 % of original depth;
Mdaker’s recommended pressure;

1.8. Gearbox

automatic ;
keybourd position " drive " ;
kick down switched off;

retarder or uny dlterndtive enerygy recuperution device switched on, if
avuiluble on vehicle; The retarder will be dctivated through bruke
peddl ;

Geurbox programme uvdiluble in series (und cleurly mentioned in test
protocol) ; this programme must be compdtible with minimum perfor-
maunce (reyuirement outside SORT itself).

1.9. Driveline

On the busis of customer heeds (purticularly the weighting coefficient
of the 3 SORT cycles und the performunce requirements provided by
the operator), the manufacturer determines the most uppropriate dri-
veline (enyine-yeurbox-reur axle). The consumption figures provided
by the maunufucturers for dll SORT cycles ure meusured with this very
sume driveline, us cleurly identified in the test protocol;

Any eneryy recuperation device must be switched on;

The driveline must be run-in (Min 20.000 km und mux 60.000 km / one
yeur uffer vehicle reyistration) before uny confirmation test.

.10. Air tanks

Full cut-off pressure at start;

During test, dir tfank pressure should never come below the minimum
level.

.11. Doors

The number of doors is to be indicuted in test protocol.

When it is uppropriute during the cycle, one door (2 hulves) will be
completely openhed; Generdlly, it will be the middle door, linked to the
halt breuk/bourding brake/sufe bourding brake; The door cun be
immedidtely closed ufterwards ;

The kheeling system will not be operated during door operdation.,

.12. Floor height

stundurd height for urbun type vehicle: low-floor us defined in EC
Directive 2001/85.

.13. Seating

An averuge lump weight wus chosen us un averuye seut humber (30)
X averayge unit weight (10 kg) ;

difference between actudl und theoreticul seat weight will be adjusted
(+/-) from loud.
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1.14. Miscellaneous
e ABS/ASR : in service ;

e Lubricunt oil : quulity uccording to munufucturer recommendution ;
mauximum level ;

o Miscelluneous fluids (cooling wdater, screen-wipers, etc...): fully tfanked;
e Butteries: stfundurd und, operdutionyl.

2) Fuels

Diesel

2.1. Type
e Stundurd uulity, EC norm in force (EC 98/70) ;

o [If locul fuel yudlity regyuirements aure more stringent (e.g. sulphur level),
this shadll be indicuted in the test protocol.

2.2. Quantity
e The fuel tunk is to be full at the start of the test ;

e Weight difference between full funk cupucity and 200 . is deducted
from the 3200 ky loud;

2.3. Gasoil temperature

e |dedully, gusoil temperuture shull be muintained ut 20°C;

e If not possible, und in cuse of volumetric meusure mMethod, density cor-
rection shall be dpplied; To this purpose, use will be made of existing

density/temperature tubles or else the formula given in DIN 70030-1
§5.4.2;

e Fuel temperuture shull be meusured ut test beyin und test end of euch
cycle meusure;

¢ |In cuse of gravimetric method, the exact density of the fuel at 20°C hus
to be meusured und documented;

e Sufficient care will be ygiven to maintuining gusoil temperature at such
u level that no bubbles will uppeur which would distort the results meu-
sured.




Chapter VI

Measuring method

Measuring instruments

In order to achieve comparable and repro-
ducible measuring results, the instruments must
fulfil the minimum requirements listed below:

The meus. instrument cdlibration and muinte-

Medus. Instrument Accuracy
Fuel-flow meter +2%
Gravimetric fuel meter + 2%
Speed + 0,5%
Distunce meusuring device

(for positioning of truffic cones) +02%

nance Mmust comply with the requirements as
under DIN EN ISO 9000.

Measuring process

Test performance is contingent on both the
external conditions and vehicle configuration
complying with the specificutions us under Sheet
1 und 2 of the test protocol.

The followinyg procedure is recommended for the
Medusuring process:

Meusure out route points (1, 2, 3, 4) for the indi-
viduul SORT cycles und murk them using fruffic
cones

The SORT 1 cycle, which is only 520 m, must be
run through at leust twice in succession (= 1040
m)

The SORT 2 (920 m) und SORT 3 (1450 m) cycles
heed fo be run through, atf least once

Should the cycle be run through more thun
onhce, without puuse between two runs, the
results of the overdll distance shall be taken
info account.,

The conhsumption meusurements for euch res-
pective cycle are to be repeuted until 3 suc-
cessive meusurements lie within an uccurucy
reyuirement of 2%. To culculute the uccurucy,
the difference between the muximum und
minimum consumption value of the three
medusurements is divided by the maximum
value (CrmaxCmin)/Cmax X 100).

The tolerunce for the trapezoidul target speed
is + 1 km/h. During the transition from accele-
ration to steudy-stute driving, g muximum
deviution of +3 km/h is permitted for u brief
fperiod.

No more thaun 10 minutes should elupse bet-
ween euch meusurement

Design of the 5 SORT-Trapezes

V. const.
(km/h)

20
30
40
50
60

velocity (km/h)

100 15 [1.03 m/s? 80,7 [19.3]
200 45 [0.77 m/s?] 156,6 [43.4]
220 100 [0.62 m/s?] 142,8 [77.2]
600 170 [0.57 m/s?] 479,4 [120.6]
650 300 [0.46 m/s] 476,4 [173.6]
v=Target speed
« Fullload acceleration b=08m/s .
‘ ’
. ’
A} amin =1() i
. ’
N ’
. ’
N ’
. ’
N ’
\ ’
.

Distance (m)

| <@——Total length ——— 3

65.7
111.6
42.8
309.4
176.4

0660

to be checked
by traffic cone

Average speed is
calculated by the time
required for the cycle
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Measured variables

Speed

Vehicle speed is recorded during the measuring run. Here, the recording
serves to monitor adherence to the trapezoidul speed. The correcthess of
the meusurement must be checked during the breuks between two
meusurements. In the event of uny devidtions the meusurement is to be
repeuted.

Time
The time reyuired for the SORT cycles (including euch stop period) is doc-

umented. The time und the resulting uveruge speed ure entered into the
report.

Fuel consumption
The fuel consumption of the individual medusuring runs is documented.

For volumetric meusurement of the fuel consumption, the meusured val-
ues huve to be corrected for u temperuture of 20 °C (see DIN 70030
Section 1 § 5.4.2)

Fuel temperature

The fuel temperuture is meusured (for volumetric meusurement) ut the
sturt und end of euch cycle in the ureu of the meusuring chumber. The
meun value is used for converting the fuel consumption to standard con-
ditions.

Fuel density

The density of the fuel used is meusured at u temperature of 20 °C und
entered into the report.

Permissible fuel consumption deviation

The muximum deviution between the SORT consumption vulues, us stuted
by the munufucturer, und the result of the repeut meusurement, muy not
exceed 5%.

This deviution marygin of 5% is dbsolutely nhecessary to tuke into account:

e Accuracy of meusurement,

e Tolerunce of complete driveline (frunsmission efficiency, enyine perfor-
maunce, tyre influence...),

o Externul Test conditions (external temperdature, dir pressure, humidity,
wind speed, state of track surface...).

Performance measurement

Vehicle performunce meusurements mMust be conducted in such a way
that datu cun be properly compured.

e The vehicle must be fested with the sume configuration us for the
consumption medusurements.

o Meusurements ure conducted in drive position “D” without the “halt
brake”, without kick down.

¢ The time meusurement starts when the accelerator pedudl is pressed.




Meusured vuridbles:
e Distunce

e Time

e Speed

In addition to this, the mMinimum accelerution Must be checked to ensure
that it complies with the cycle definition.

The results of the uccelerution meusurements ure to be documented in
the report.

The results of the aucceleration Meusurements are to be documented in
the report.
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Perspectives

The SORT working group hus endeuvoured to carry out hormative work.,
Beyond its technical relevance, this project further demonstrated that co-
operution between operutors und munufucturers is possible.

However, the duy-to-day implementation of the SORT recommendutions
might heed minor uduptution.

Yet, the SORT group curried out its work hopinyg thut us many operutors us
possible would uccept und use the SORT results und methodoloyy.

These specifications relute to stundard city buses. The SORT tests cun be
eusily udupted to other types of vehicles (midi, urticuluted etc.). This will
be the next step.

When it comes to dlternatives to diesel technology, they will be addressed
at u luter stfuge when these represent u muture und sheer industriul ulter-
native.
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