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MAC\/LEU TMACKE SECTIONS - ADUI OSTMENT

RRAEZE GAPS BETWEEN TMACKC PIETCET (OITH
THE LOHITE CAMeNA TARE.
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MAG-LEN SEQUENCE STACE ELEMENTS\

O LARGE FOMAT TETUWIN POV — 750 weH ?% SEC77ONS

ASO wph &  SECT/ONS
THIS CONSISTS OF PROGRAMING CAMERA &£ Pr7CHIAG
LEMS TO MoOVE 7MHNOUGH A B4/l TYPE COVERED CAUSELWAY
LTH ABOUT A 8" MOVE 71DLENRANCE. ANV MO2s
THAV THIS WitL TAKE AWAY FROMT THE FESTING THAT
We Ane on  "macks " (WHeTHERL REAL ok MANETIC).
/£ WE oMLY NEED SHOOT & JECT/ONS Ar A
TURN AROUND TIME oF 2 weskrs &AcH (MiniMum)
THAT WILL TIE-UP 7HE STAGE & CArMENA Ccrisw
ForR /2 weers [ = MaWs)
BEMEMBEN. , THIS IS FOn oLy & I SECTIANS.
MY HOPE IS THAT W& DONT HAUE TO JMoor 9% 7

[1 MATTED HORIZON PSYCH.

THIS CONSISTS OF MODIFYING THE PoV FPROGAAM
70 ReWVUCE CANMNEVIA TRACK 2ATE AND POSIBLY 807~
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MATTED SKY PSYCH .
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SHOT cowafzzmnv) BOT POSSIBLY orTH4 No
APPEANANT CAMENA TIIACK MoTror/S s
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original bogies were of a novel type
. the corners. (These have now been
f technical difficulties.) ;

shape is also unusual, partly to minimise
:ause a tilted train must remain within
s—an envelope above the track within
nnot hit or “brush” against other trains
\cts alongside the track. Small whesels,
pecially developed says BR) and an anti-
keep the pantograph—the device that
om the overhead wire—in contact with
ther innovations. The pantograph is also
'ght, design. All in all, BR’s enthusiasm
-its publicity claimed it had the most
the world—seemed to break the un-
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'l”‘ANDmEP‘ITIM ‘ itS & biggeSt and
1ES FROM LONDON most troublesome
| I IE "'innovation. When

Lnaginleting
ha;alvy be “more sEz;th;;g Kfter “successful trials” with NS
the gas-turbine powered, experimental APT-E in 1974, BR o
decided to go for a very advanced design in its APT-P {1 bwees vl

(preproduction) trains. In press handouts and brochures
that look ridiculously eulogistic now, BR crowed about its
advanced approach. At the time, British Rail Engineering,
which built the three APT-Ps, said it was “proud to unveil
the latest in a long line of thoroughbreds, the Advanced
Passenger Train’.

In addition to a tilt mechanism to increase its speed
through curves, the APT-P has two sets of brakes: a
hydrokinetic (or water turbine) brake for high speeds
and conventional clasp or tread brakes for use at slow
speeds and for parking the train. Its bogies (sets of wheels)
are shared between coaches to save weight so there are

. it works, it should
-allow. BR to cut
- journey times, as
shown on the
diagram - left.
- -Although it has
. an_. unfortunate
reputation, . the
“APT has some
_outstanding ° en-
gineering ° feat-
ures, like its very
light, one-piece
passenger :'car
design, But, al-
though the train
seemed way
ahead of its time
in 1967, it will
look sadly dated
whenit starts ser-

a third fewer bogies than there are on a conventional train. -

vice in 1987, 0O
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15 B "Onslruc}xon_of Europe’s first high-speed passen-
. 'ger_rail line—a 248-mile, $1.2-billion link
be_lw_cen Paris and Lyon—is coming in on schedule and
: within budget, due to an emphasis on simplicity.. :
- The twin-track route, nearly all above ground, will
+ carry new technology trains at more than 160 mph
over the natural contours of the land and across a
minimum number of structures. :

“QOur objective was to design a line that would not
demand any unique or complicated structures,” says
Etienne Chambron, project engineering director for the
French government’s Societe Nationale des Chemins de
- Fer (SNCF). { :

' SNCF expects the first two-thirds of the new line
- originating in Lyon to open next year. The specially designed
.\ Train de Grande Vitesse (TGV) will switch to existing track near
| Paris until the last section into the capital is completed in 1983.
', Eventually, France hopes to export the system technology .to
. ' other countries. :

" Construction ease. The decision to restrict the line to passen-

ger transport and use an extremely powerful electric engine
' enabled planners to lay a route that closely follows the natural
. contours of the land, and thereby avoid a good deal of earthmov-
. ing. Maximum grade on the new route will be 3.5%— four
‘.. ‘times greater than on normal French rail lines.

. The train’s speed precludes any sharp curves, since the
resulting G-forces would plaster passengers to the walls. Aver-
_ age radius of curvature of the line is about 13,000 ft. “This

el

i

Concrete box girders, to 192 f

. France builds 160-mph rail line

- Design simplicity holds down construction costs

Light electric train may eventually serve in West Germany and the U.S.

4 long, provide low cost and resistance to torsion.

@an

A

L

presented some problems.in planning the line,” says Chambron,
“but not in construction.” SNCF laid a route across lush Bur-
‘gundy wine country that required demolition of just 10 build-
ings along the entire route. \

There are only 3.1 miles of viaducts and overpasses along the
9248-mile line, accounting for about 15% of the cost. In contrast,
Italy’s “La Directissima” line between Florence and Rome has
18.6 miles of overpass structures on its 143-mile route, account-
ing for nearly 80% of that route’s cost. o

. SNCF’s construction phase—earthmoving, roadbedand over-
pass structures—is estimated at $682 million. This includes a
total of 500 structures at $181 million. Major ones include nine
viaducts, 22 rail overpasses and 176 highway overpasses.

“The key to keeping down the construction and maintenance

_ costs for the new line was keeping the
number of structures to a minimum,”
says Chambron, “In fact, the high-speed
line would not have worked if there had
been too many structures.”

Concrete takes the pounding. Most of
the road and rail overpasses are standard-
ized, designed straight from a computer
program. According to SNCF, concrete
proved both economical and structurally
more practical than steel.

One of the major concerns in building
the overpasses and viaducts was whether
the structures could absorb the dynamic
forces generated by the high-speed trains
without causing serious deflections. SNCF
experiments determined that the critical
speed at which dynamic forces could not
be safely absorbed is 372 mph for a steel
trestle bridge, but 930 mph for a concrete
structure. As a result, the route’s highway
overpasses are three-span bridges consist-
ing of reinforced concrete slabs on slip-
formed pters. Railroad overpasses are
generally single-span’ bridges with piers
as wide as the deck. The overpasses range

Sl Li Lol paadasaghats 2al




New Scientist [7 September 1981

711

make the “I')l;ee}ls smztzlller, to save weight, they can
me unacceptably hot while braking, as

' the APT. ! g has happened
y Other problems are more mundane, The APT designers,
for example, chose chemical toilets because their train
could not afford to carry the weight of water needed for
conventional flush types. There are many other constraints
on the vehicles themselves, the solutions to which depend
on the cash available, fashion, the technology within reach
~ and so on.

- But, however fast the locomotive can pull the coaches in
theory, an unsuitable track will prevent the train reaching
~ its maximum speed, especially on corners. This is a funda-
. mental constraint, which has three possible answers. One
(s to design the train to go faster on the existing track,

another is to lay a new track, and the third is to relay sec-
* tions of existing lines to eliminate extreme curves and

gradients. ;
British Rail's answer with the APT was to design the
train to fit the track, a decision that was at once boldly
imaginative and extremely risky. BR’s view at the time
was that it had inherited Victorian railway track, 50 per
cent of which was excessively curvy or steep, so it had
- no choice. The well-publicised problems with the tilting
mechanism of the APT, which enables the train to travel up
to 40 per cent faster than conventional trains over the same
track, without in theory reducing passengers’ comfort, are
not the only ones besetting BR, but they are certainly
among the most important. Others are that the West Coast
main line, for which the APT is designed, has long steep
climbs and wet and snowy conditions. Consequently the
designers need to spread out the driving wheels to prevent
the wheels slipping. BR’s current prototype—the APT-P—
~ has the two power cars in the centre of the train for
reasons that have nothing to do with wheel slip (and
which we discuss later), but BR is planning to redesign the
train to have a locomotive at one end in the production
version. Both versions, according to some observers, will
suffer from wheel slip because the proportion of the train’s
weight on the driving wheels is 16 per cent. This compares
with 32 per cent for the HST and existing class 87 loco-
motives on the West Coast main line, and 100 per cent
for Japan’s 210 km/h Shinkansen, or “bullet” train.

Meanwhile, in ‘Canada, three firms have built a train
called the LRC (standing for light, rapid, comfortable) that
has a similar tilt mechanism to the APT. It has one power
car, a conventional locomotive that can pull its coaches
at up to 200 km/h. One train has been in experimental
service earning revenue for a year with Amtrak in the US,
and another started trials with a Canadian railway com-
pany last April. The LRC took 12 years to design and build,
but it appears to have suffered none of the problems
besetting British Rail. This is probably because, apart
from the titling mechanism, it is a highly conventional
train (see Box B). 5

The difference between the LRC and the APT could
hardly be more startling. After “successful trials” with
the gas-turbine powered, experimental APT-E in 1974, BR
decided to go for a very advanced design in its APT-P
(preproduction) trains. In press handouts and brochures
that look ridiculously eulogistic now, BR crowed about its
advanced approach. At the time, British Rail Engineering,

which built the three APT-Ps, said it was “proud to unveil
the latest in a long line of thoroughbreds, the Advanced
Passenger Train”, ]

In addition to a tilt mechanism to increase its speed
through curves, the APT-P has two sets of brakes: a
hydrokinetic (or water turbine) brake for high speeds
and conventional clasp or tread brakes for use at slow
speeds and for parking the train. Its bogies (sets of wheels)
are shared between coaches to save weight so there are

a third fewer bogies than there are on a conventional train. -

In addition, the original bogies were of a novel type
that steered into the corners. (These have now been
dropped because of technical difficulties.) :
The APT’s body shape is also unusual, partly to minimise
drag, but also because, a tilted train must remain within
the loading gauge—an envelope above the track within
which the train cannot hit or “brush” against other trains
or stationary objects alongside the track. Small whee]s_.
chemical toilets (specially developed says BR) and an anti-
tilt mechanism to keep the pantograph—the device t‘t_lat
collects current from the overhead wire—in contact with
the catenary are other innovations. The pantograph is'also
of a new, lightweight, design. All in all, BR's enthusiasm
for being ahead—its publicity claimed it had the most
advanced train in the world—seemed to break the un-

: L SISy
.The  origins of
the. APT project
go back to 1964—_
the year that the
Japanese “bullet”.
train started run- -
:ning. BR initially
worked on mak-
ing freight wag-
.gons ' go  faster,
but the concept
obviously  held
promise for
faster passenger
trains. BR’s de-
velopment -of
~concepts  was
good -~ but the
complete © system
still doesn’t work..

The APT's ) ] :
. mechanism,’ that .. into "corners, ‘is
- — _its ‘biggest - and
‘most troublesome
~innovation. When
" it works, it should
-allow BR to ‘cut
_journey times, as
shown  on the
~diagram “<left.
- -Although it has
< an_ - unfortunate
- reputation, . the
“APT. has some
~‘outstanding © en-
gineering ° feat-
ures, like its very
light, one-piece
passenger i car
design, But, al-
though the train
seemed way
ahead of its time
in 1967, it will
look sadly dated
whenit starts ser-
vice in 1987, O

COMPARISON OF HST/APT AND CONVENTIONAL
N
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Unique high-speed vehicle
has swivel action, but
no breaks, between cars

By WILLIAM SERTL

Lyons, FRANCE
Itook a seat in France’s new TGV (¢rés
grande vitesse, or very high speed)
train for a test run. The car interior
was comfortable but Spartan—more
like a jet aircraft than a train
designed to whisk passengers at 160
mph next fall between Paris and
Lyons.

Then we started moving, accelerat-
ing smoothly and rapidly. Moments
later, we were traveling at 100 mph;
soon, at 125 mph, we were zipping
past cars on the highway. Minutes lat-
er, the sensation of high speed was
even stronger. “Ladies and gentle-
il men,” came a public-address an-
nouncement, “we are now traveling at
160 mph.” I didn’t feel plastered to my
seat as we accelerated. But when I
stood up there was a strange sense of
disequilibrium. Sk o
| France has spent over $1.1 billion
i *  gince 1970 on TGV, Europe’s first
; high-speed passenger rail que. That

cost includes a new roadbed with twin
tracks for exclusive TGV use. l?owered
by electricity from overhead wires and
running on standard French single-
weld rails that banish clickety-clack
sounds, TGV will chop two hours_off
the previous Paris-Lyons running
time, ’
French engineers are planning ad-
ditional routes: Italy, Germany, ;md
the United Kingdom also have high-
Speed projects under way. A European
Tailroad master plan, which could sig-
Nificant]y reduce the use of fossil fuels
O conventional travel between city
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centers, calls for high-speed trains
across the continent. France and En-
gland are still negotiating over a tun-
nel under the English Channel.

As I boarded the TGV, its sleek

appearance, with tapered snouts at

either end, reminded me of a world’s
fair exhibit on futuristic travel. The
TGV shape evolved during track and
wind-tunnel tests for aerodynamic ef-
ficiency. The train rides about one foot
closer to the track than do convention-
al trains.

But as I walked through the TGV,
the absence of clanging and rattling
between its eight cars emphasized a
unique design feature: The 660-foot-
long TGV is a single train set with
swivel action, but no break, between
cars. There are two engines (one at
each end).

Instead of wheel mounts or bogies at
both ends of the cars, a special four-
wheel bogie carries the ends of two
adjacent cars. Passengers need not sit
overnoisy, vibrating wheels. Long coil
springs extend from the bogies high
into the connecting part of each car.

The cars do not separate except for -

special servicing, but two train sets
may be hooked together, doubling pas-
senger capacity to 600.

From the driver’'s seat

A visit to the engineer’s cab was the
most thrilling moment. Peering down
the straight expanse of track ahead,
the sensation of speed was exhilarat-
ing. At TGV speeds, semaphore types
of signaling devices along the track
would be unsafe. Instead, signals are
received from electronic devices in the
track that “read ahead” and display
speeds to be observed by the engineer
on digital readouts.

French National Railroads (FNR)

chose to have driver-controlled trains
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with computer backup rather than
computer-controlled trains with hu-
man supervision. An FNR spokesman
said, "People don’t feel comfortable
with a computer running a train. As
long as a human supervisor had to be
present anyway, it made sense to have
him drive the train.”

The TGV computer system is more
than a polite reminder to the driver: It
will stop. the train if unheeded,
through a device that initiates auto-
matic braking. Braking reverses driv-
ing axles and operates standard fric-
tional discs on the carrying axles.
FNR indicates that new dynamic-
braking developments could eventu-
ally replace the frictional brake and
help reduce maintenance costs.

An absence of level crossings alony:
the track improves safety. Roads an -
highways were reconstructed eithe -
over or under the railway. Tunne:.
were not built, because of the expens:.
One small side benefit from hig} -
speed travel was the ability >
increase the steepness of track grac -
ents at some locations.

FNR considered using existi:.z
track between Paris and Lyons L.t
had to drop the idea. Heavy freig:it i
and passenger traffic on the line mae
frequent high-speed service impozyi- -
ble. Equally important, to compenszate
for the pull of centrifugal force on %
curves, French rails are inclined
toward the inside of the curve. The ¥
inclination depends on the radius of
the curves and train speeds. Since%g
speeds would vary greatly with the

introduction of TGV’s, a compromise
curve for both the slowest and fastest . g
traffic was unfeasible. All curves on
the new line have a large radius.

TGV’s will begin commercial ope
tion at 160 mph, gradually increasing
speed to 190 mph after 1983.
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