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ENGINEERING THE IMPOSSIBLE (1803-1850)
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The locomotive was not invented by a single genius in a moment of inspiration. It
was forged through fifty years of exploded boilers, broken rails, and bitter rivalries.
\% This is the story of how engineers fought friction, gravity, and each other to turn a
) “dangerous curiosity” into the machine that built the modern world.
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@& 70  Nothing to pay! Nothing to pay, - ENE
sy =9 my dear Mr. Devil!

Piston

Toll-Gate (1803-1804)

In 1801, Richard Trevithick and his cousin Vivian

took a steam carriage on a road trip to Plymouth. @,'
To the terrified locals, the fire-breathing machine

kil | | wasindistinguishable from Satan himself. o
: al I E ® o

o

2 2

'I
I
1
1

The First Record:

Pen-y-darren, Feb 21, 1804

£+ The Feat: Hauled 10 tons of iron and 70
passengers for 9 miles.

return-flue
boiler

| The Devilatthe =

i

£ The Engine: Single horizontal cylinder (8.25in
| diameter), large flywheel, return-flue boiler.

£+ The Failure: The cast-iron rails broke under the

|
. 5-ton weight. The machine worked; the road
% o failed.




“The Adhesion Fallacy: Monsters of the

Solvmg a problem that didn't exist.

The Mechamcal Traveller Prnpelled by
A 'steam legs that “kicked” the track.

ol  The Rack& Pinion: Noisy and sluw builton
Qs the belief that smooth wheels would 5|Ip

The Tragic End:

Brunton's leg-engine exploded in 1816, killing
a dozen people. The industry was forced to
fnrced to return to the basics of adhesmn
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Chrlstnpher Blackett [
(Owner), William 1
Hedley (Viewer),
Timothy Hackworth
(Foreman Smith).

{ll & Key Insight: These
Ml ‘Wylam Dillies’ were
the school where
dlf George Stephenson
0§l  learned histrade, - Jiglé
T = . a Ol sketchingthemon  @ilis
_@= 1813: Weight crushes &\ ____: The Fix: Wenghtdlstnbuted BN -:undays.
' the plate ralls . . over Bwheels
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= BIucherEnglne (1814) - Crude
| Killingworth Design.

Water barrel i
used as counter- |k
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i ", The Locomotive was nearly abandﬂned

~ Status in 1825

o

Myth vs. Reality

Myth: Stephenson immediately revolutionized
the railway.

Reality: His first engines were crude copies
of Wylam designs. They lacked springs and
destroyed the track.

“A rise of only 1/8th of an inch in
a yvard... relards the speed in a
very great degree.” s

— Galloway, Contemporary Engineer

Steam was still more expensive than horses.

i




at the rear.
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8§ Vertical cylinders

1827: The Crisis Point

Timothy Hackworth’s Rescue of the System
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I S&D Railway stock had
¢i@  plummeted. Steam cost 3x as

much as horses. Directors were {l{i¢
ready to scrap the engines. |

The Challenge:
Hackworth asked for one last  [fi}
chance: “If you will allow meto |}
make you an engine in my own |§if
way, | will engage that it shall
answer your purpose.”

The Result:
The Royal George hauled

08l  22,442'tons in a year at £466
_ D - (Horses: £998). Steamwas . @ilio. |
V- Bl finally cheaper than muscle. . e




The ‘Life-Breath’ of the Locomotive
The Inventlon of the Steam Blast

The Controversy:

- Trevithick & Early Stephenson: Used
bellows or fanners to urge the fire.

- Hackworth: Perfected the Blast Pipe
on the ‘Royal George'.

The Blast Pipe: Using
exhaust to fan the fire.

-?- — s

e ; {0 : - Evidence: In 1828 (post-Royal
T IS/, AN T George), Stephenson admitted his

TTUeEe T |l Y N own engine still used “two bellows,
worked by eccentrics”.

Conclusuon Without the blast pipe,
hugh-Speed locomotives were |mp055|ble

T Blat Pipe:

L }_.:. _Using exhaust to fan the fire.




The Rainhill Trials (1829)
A Battle for the Future | Prlze. £500

“The Rocket”

4 “The Sansparell” H
(Stephenson)

(Hackworth)

“The Novelty“ | "

(Bralthwalte & Erlcssun)

i | ] w— -

'  The Powerful Brute. il B,
&\ Reliable design but suffered Zalil (€8] [l
S acracked cylinder (castby * ' e
rival Stephenson’s firm!). 5. [

The Crowd Favorite.
Light, elegant, carried its
own water. Used bellows N [Z8
(no blast pipe). Y ISk

The Technical Hybrid.
Combined the tubular (@)
boiler with the blast pipe. |l
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Why the “Rocket” Won

{SB Tubular Boiler 1k
“| (25 copper tubes) "

it

Note: Suggested by Henry Booth.

[ -

: i
e

just before the trials.

"The Blast Pipe |

Mute Adopted from Hackworth

The Secret:

The night before the trials,
Hackworth's foreman caught
men sneaking out of the

i "Sanspareil” shed.

" The next day, the “Rocket”
 appeared fitted with a blast
pipe similar to Hackworth's.

The Outcome

"- “Novelty”: Burst apipe. |

e e i
----------------

- “Sanspareil”: Cracked a
sia . cylinder.

“Rocket”: Held together, ¢
attaining 29 mph light. :




Deﬁnlng the Standard (1830—1837)

From Vertical to Horizontal Cylmders
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Adopted the “Liverpool” layout. |
Became the template for British
locomotives for decades.
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First horizontal inside cylinders. &
< First cranked driving axle. =<
Massive 6ft coupled wheels.

£ The Shift: Engineers realized vertical cylinders caused engines to shake themselves apart. The 3
\& | move to horizontal cylinders beneath the smokebox created the smooth-running ‘Standard’ form. »
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The Steam Dome: B Ly x“]\J
N Collects dry steam, preventing | S = M |
e | water from rushing into cylinders. |§g |
__, . |
g = - — .
= ‘;TE

& Darlington.

¢ Performance: Opened the
Middlesbrough branch in
1830. Frequently hit 50
mph—a staggering speed
for the time.

1530 B |4f -

e Fate: Blew upin 1839 due
to lack of water.

e Legacy: The steam dome
became a standard feature
on engines worldwide.

Hackworth for the Stockton [




Experiments and Oddities
Dead Ends in the Evolution of Steam
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(e The ‘Thunderer’ (1837) 5=

A director wrote: 'l waste
‘It started by itself... old Jem
| wascryingoutforhelp.” |
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N©| Toosmallto haul | SHEss
., heavyloads. |

= The ‘Thunderer’ (1837) |
e, A W | Geared engine. Boiler and
,E_H;_uﬁr-m—| “®9@©| machinery separated to
N e RN e reduce vibration.
A mechanical nightmare.
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Brﬁad Gauge* -t .
/ S

Standard Gaua’e 4ft 8.5in
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Victorian Paddington Engine House
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The Philosophy:
Isambard Kingdom
Brunel believed
standard gauge was |
too narrow for stability §
at high speeds.

The Engines:
Gooch's 'Firefly’ Class.
High speed, domed
fireboxes.

Performance:
Averaged 50 mph.
One hit 75 mph in
1844,




Giants of the Broad Gauge

When Bigger Wasn’t Better

e “Grasshnpper (Ajax) '::’r

Feature: Solid plate wheels \ |if:___
(disc wheels) to reduce air
resistance.

Wb — A —

Result: Heavy wheels acted
like sails in crosswinds.
Impossible to stop quickly.

[———

Driving Wheels: Colossal 10 feet

The Flaw: had to be carried _ .
on a separate fad weight. ¢’

mft Wheel of the “Hurrlcane




The American Invasion: The Lickey Incllne
Norris Locomotive Works, Phlladelphla

The Problem: The Lickey Incline ¥
(1in 37 gradient) was too steep .
for rigid British engines.
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The Solution: American engines
with a pivoting bogie truck.

— et
— i —

Why it worked: The bogie

allowed the engine to navigate
curves and uneven track, -
preventing derailment.

| - ‘_ | Performance: Hauled loaded
\ ‘ ‘. S — \ '- -' N 4

wagons up the incline at 15 mph

where others stalled.




Gooch and the ‘Firefly’

Reliability at Last
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7€ Gooch “Firefly” Class 3y, 9
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The Engineer: Daniel Gooch, |
appointed at age 21. |

[
B
e iy
i iy
fid L
L E]
| |
1 Y i
| ) 1
H Ll
|

o

T S m e e g | = e — [ | f ] = — = m
- r - o m— - 1 - 1
" e e N B | gl i v 2 ! e | " = .._—p..‘l |
o~ | |
| -
In 1 |
| |

iy PR

The Fleet: 142 engines built. 94

| | O | ‘=‘ | Innovation: While others

| /7 e N\ ¢~ | | used iron tyres, Gooch used |8 |
== - ' = | steel, extending wheel life = 4

[ — | o NN | | to 300,000 miles. 4
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Quote: “No better engines |
for their weight have since &
been constructed.” |
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B Netinement: The Link MORon S

Industrial Archive meets Victorian Lithograph

[

i 77 k Stephenson Link Mutmn
REVERSE Pz :

DIRECTION

| The Problem: Early ‘gab’ gears ,- I
| were clunky and hard to

VARY STEAM reverse.

CUT-OFF

The Fix: The Link Motion
(Invented by Howe, a
popularized by Stephenson). | ‘
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& The Result: Allowed driversto [&%
work the engine ‘expansively’ [ @
(using steam expansion), o
drastically reducing fuel
consumption and smoothing |[®
high-speed running.
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Dlvergent Paths: Long Boilers & Crewe Works —; A5
f x Comparlng Engine Design Philosophies in the Mid-19th Century. (

< The ‘Crewe’ Type (A]lan/Trewthlck) > '

OUTSIDE
CYLINDERS

UNSTABLE
OVERHANG

o — e T

(£ Built at Crewe Works (1843). Simple, robust,
_easy to repair. The ancestor of the modern freight J

£ Efficient but unstable. Overhanglngﬁrebox Ko )
' caused dangerous oscillation at hlgh speeds y
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" Richard Trevithick
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£

The Father.
Proved adhesion worked
in 1804. Died penniless.
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The Savior.

Timothy Hackworth ~

Saved the locomotive in 1827.

Invented the blast pipe.

 Edward Burv

——

The Architect.

Established the horizontal

inside-cylinder layout.

a—T=—s_F
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The Economizer.

Pioneer of expansive working o s

and efficient valve gear. Sl
any



1804: 5 mph. '_ 1850s: 75 mph.
A “Dangerous Curiosity”. »= * The Standard of the World.
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The struggle was won not just by steam pressure, but by the relentless correction
of failure—turning the ‘Monster’ into the Machine that shrank the world.



