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1.0 Introduction. Glasgow Museums has in their collection the remains of the steam carriage known as
the Gurney Drag (1.D. No. 1889.99), dating from 1831, Figures 1 and 2. This exhibit is one of the most
important in the museum collection as it is a unique 1 Mg
survivor (admittedly in a much-reduced state) from the
early days of steam driven motorised transport. The timing
of this Technical Note is appropriate, as it is over 250 years
since Nicolas-Joseph Cugnot (1725 — 1804) built his full
sized steam wagon (cart), in 1770, Figure 3, ref. 1; just a
year after James Watt's patent, ref. 2. Interestingly, 1770
was also the year that Richard Lovell Edgeworth of Bath
and Ireland (1744 — 1817) proposed the idea of the endless
railway; an idea that would come up again and again in
connection with road vehicles.

However, before going any further an acknowledgement is required: Dr. Michael Nix formerly Research
Manager for Transport and Technology at Glasgow Museums and the late Alistair Nicoll Volunteer Guide at
Riverside Museum produced a detailed paper, reference 3, on the Gurney Drag. The information in
reference 3 is of significant importance in understanding the history, usage and technical aspects of the drag,
as at one time it had been wrongly attributed as being the Russell carriage partly as a result of an error in
Fletcher, ref. 7 page 102. It is now known that the drag in the Glasgow Museum collection is the steam
carriage ‘The Lord of the Isles’ built by Sir Goldsworthy Gurney for trials in Scotland in 1831. The paper by
Dr. Nix and Alistair Nicoll is included in Appendix 3 for information.

This Technical Note details and discusses some features of the steam carriage the Gurney Drag
along with a Timeline, Appendix 1, of persons involved in the early development of steam carriages from
Cugnot in 1770 to Gurney in 1832. Appendix 2 discusses some technical issues of relevance to early steam
carriages, which have a bearing on why steam carriages were ultimately not successful.

2.0 Sir Goldsworthy Gurney and Steam Driven Vehicles — Things you need
to Know. There are a few details that you need to know about or at least
consider in relation to Sir Goldsworthy Gurney (1793 — 1875) and steam driven
vehicles, for the transport of passengers and goods, in the time period we are
interested in; i.e. from 1770’s to early 1830’s.
In the past, most people did not move about the country very much. | - ¢
Cities and towns had small populations. Most people lived on and worked the
land. Only armies on manoeuvre or princes of the realm moved any distance
from their seat of power or influence. If anyone did travel it was by foot or by
horseback, if they could afford it.

T

Goldsworthy Gurney
in earlier life, ref. 4.

(1) By steam carriage we mean a steam driven vehicle with a carriage“) for the transport of
passengers and goods. The steam power plant that drove the vehicle could be integral
with the carriage, a typical arrangement is shown in Figure 4, or on a separate articulated
vehicle, commonly called a steam drag, where the passengers and goods would be on a
separate carriage pulled (dragged) along by the drag. The steam carriage we have in the
museum is a steam drag, a typical arrangement of working would be as shown in Figure
5. The main issues were that the drag, in the event of a break down, could be replaced by
another and with its steam engine and boiler separate from the passenger carrying
carriage, was inherently safer for the passengers in the event of a boiler explosion.

(2) The key requirement was that the vehicle (carriage or drag) required a safe, reliable,
lightweight, compact and economic power plant. At that time the only option was the
steam engine and its associated essential equipment: boiler and furnace, fuel bunker'”,
water tank, condenser (if it had one), feed pump, feed water heater (if it had one),
connected pipework and valves, and transmission shafting to the wheels (or other means
of propulsion). The early steam systems operated at low pressures (less than say 5
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pounds per square inch) and had low thermal efficiency of say a few percent (much later
marine triple expansion engines were developed, on Clydeside, which could achieve
about 12% thermal efficiency). The result was that the early low pressure steam systems,
such as designed by James Watt for mines and factories, were totally unsuited for
vehicles as they were not compact and light enough. The introduction of the high
pressure boiler, with pressures greater than about 30 pounds per square inch, made
steam systems for vehicles a possibility provided the whole arrangement could be made:
safe, reliable, could raise steam quickly enough and in sufficient quantity for sustained
running at speeds up to say 12 or 15 miles per hour or more.

The state of the roads was an issue. In the past most roads were just tracks for moving
cattle and sheep. The Romans did built and maintain proper roads for their military needs
but when they left, in around 400 AD, their roads generally deteriorated. The first turnpike
act was introduced in 1707 and was the start of some improvements. Riding in a carriage
was an uncomfortable experience for the passengers due to the state of the roads. This
was also a technical issue for steam carriages; the power plant required to be lightweight
and compact and this was at odds with the rough state and variable surface of the roads,
not to mention the gradients to be encountered. The state of the roads really required a
robust power plant. It was not until Thomas Telford (1757 — 1834) and John McAdam
(1756 — 1836) introduced significant improvements that modern roads began to appear“o).
However, it took many years for these modern roads to become established throughout
the country, ref. 47 and 61. The introduction of elliptical springs from around 1804 did
improve matters.

The early stream carriages would be in competition with the existing horse driven
carriages. By the time period we are interested in (around the 1770’s to early 1830’s), a
typical horse driven stage coach service for passengers and light goods (or mail coach
introduced after 1784) would comprise of: four horses, driver, armed guard, a carriage
with four passengers inside. Later up to three passengers were allowed outside on the
roof, one next to and two behind the driver, but not next to the guard or the mail.
Depending on the state of the roads, in the summer months an average speed of around
7 to 8 miles per hour or 5 miles per hour in winter could be expected. For the mail coach
there was a right of free passage through the turnpike. A system of staging posts (at
around 10 mile intervals) for the change of horses and needs of passengers became
established; though for the mail coach service the collection and delivery of mail was the
priority with little thought for the comfort of passengers.

Clearly any steam carriage had to offer at least an equivalent service and be safe and
reliable enough to compete with a hose driven coach service. The cost to the passengers
would also have to be competitive. Some horse coach proprietors and others did succeed
in getting local turnpike bills passed whereby heavy tolls were applied to steam vehicles
thus making them uneconomic compared to horse-drawn vehicles, ref. 3 and 4. There
was also vested interest at work, countermeasures (sabotage) in the form of loose stones
were put in the way of the passage of carriages.

Gurney was a Cornish surgeon, inventor and engineer®. While on holiday at Camborne
he saw Richard Trevethick’s early experiments with high pressure steam engines
mounted on wheels driving vehicles, references 4, 6 and 10. This seems to have inspired
him to get involved in designing, patenting, building and promoting steam driven carriages
in the years from 1825 to 1832, i.e. a relatively short period of around seven years in
which he was active in the business of steam carriages. His vehicles were built by the
Gurney Steam Carriage Company at Gurney’s Regent’s Park works in London. Testing
was generally carried out around the park’s barrack yard and at several places in London.

When you look at a Gurney steam carriage, like that shown in Figures 4 and 11 and a
drag Figure 5, the thing that strikes me, as an engineer, is how advanced the vehicle is
for its day (recall that the steam railway locomotive Rainhill Trials only took place in 1829,
i.e. just at the time Gurney was actively involved with steam carriages). For that reason |
have attempted to show by means of a Timeline, Appendix 1, just who was involved and
what were the key events and influences in the development of the steam carriage from
Cugnot’s 1770 wagon until Gurney quit the steam carriage business around 1832.
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3.0 Early Steam Carriages --- a Timeline. There were many persons involved in the introduction of steam
driven vehicles; some ideas were only pipe dreams, some ideas were actually patented, others did produce
small working models, a few did build and get running actual steam carriages but failed for technical and/or
commercial reasons. There was also competition from the railways and opposition from the horse coach
proprietors, ref. 3, 7, 8, & 9. Appendix 1 is a short list (Timeline), mainly based on Fletcher references 7
and 8, of those persons with an interest in steam carriages on common roads and what contribution (if any)
they made in the years from 1770 to 1832.

By inspection of the Timeline it is clear that a great deal of time and effort was expended by many
persons with an interest in steam driven vehicles on common roads. Several persons were (or would
become) the most eminent engineers of their day. Lots of ideas were put forward and many ideas were
actually used in the course of trials and experiments. Some ideas took time to mature while other ideas
persisted long after they were shown to be erroneous or just not suitable for the task involved.

By the early 1830’s we can say that significant progress had been made in engineering technology
and sufficient understanding of heat engines and boilers for potentially successful steam carriages to be built
by at least three entrepreneurs; Gurney, Hancock and Maceroni. In the end however, the businesses of
these three entrepreneurs were not sustainable for various reasons including: commercial, technical and
opposition of vested interests including countermeasures (sabotage).

4.0 Some Features of the Museum’s Gurney Drag. The remains of the original Gurney Drag shown in
Figures 1 and 2 consist of: the chassis (a framework of three perches), the steam engine cylinders, front and
rear axles, and steering racks with spring suspension. The whole remains are largely covered in a reddish
brown preservative paint®”. What has not survived are: the wheels, the superstructure and the boiler.

The Gurney steam drag shown in Figure 5 is the nearest we have to the drag in the museum
collection, Figures 1 and 2. At first glance the museum remains look very similar to the drags depicted in
Figure 5 and 6. The method of steering by its front wheels (by curved radiused rack and a gear pinion), the
number of cylinders (two), the piston rod guides with roller type crossheads, the working of the cranks (at 90
degrees to one another) and the number of wooden framework perches (three) are the same. The leading
dimensions of the museum drag are as given in Figure 8, ref. 41. The overall length is 9 ft 5 inches over the
centre frame (central perch). This compares with 10 ft 10 inches scaled from Figure 5. However, as can be
seen on Figures 1 and 2, part of the front of two of the perches and rear of all the perches are missing; as is
the cross member between perches and towing bar. When this is allowed for, the museum drag, Figure 8,
seems to be essentially similar in size and layout to that depicted in Figure 5. However, there are detail
differences as follows:

(1) Steering; there are two steering radiused toothed racks (curved gear racks) on the
museum drag but only one rack shown on the drags in Figures 5 and 6.

(2) Water Feed Pumps; these force pumps are driven from the end of the pistons on the
museum drag, but driven from the piston rod on the drag shown in Figure 12.

(3) Main Steam Valve Gear; the double gab (X - type) valve gear is used on the museum
drag, but an elliptical ring type valve gear is shown on Gurney’s coach Figure 19 and
drag shown in Figure 20.

(4) Expansion Valves; the museum drag is fitted with expansion valves, the steam supply
goes to the expansion valve steam chests then to the main valve chest. Gurney’'s coach
and drag shown in Figures 19 and 20 are not fitted with expansion valves; the steam
supply goes direct to the valve chests.

(5) The Spur Gear on the crankshaft; there is a spur gear, in a central position, on the
museum drag crankshaft, Figure 31. This spur gear is not shown (or mentioned) on any
Gurney coach or drag and, as far as | know, nobody knows what this spur gear is for?

It is worth having a look at what these differences are in some detail.

4.1 The Steering. The museum drag was steered'® by the turning of the front wheels by a radiused toothed
rack and pinion, shown in Figures 13 and 14. The steering wheel and post are missing but they would likely
be as shown in Figures 5, 6 and 12. As seen in Figures 13 and 14 the museum drag has two steering racks
with teeth on the inside of the arc. The reason for having two racks is not known. The pinion of the smaller
(inner) rack is missing, but if it was of the same dimensions (the teeth on both racks seem to be similar pitch)
as that on the larger (outer) rack then a smaller turn, of the steering wheel, would result in a quicker response
to give full lock on the steering.

The steering post must have been removable, to transfer it from one rack to the other, but we do not
known how easy it was to do this although the attachment seems to be a taper pin as seen in Figure 13.
Looking at Figure 14 we can see that both racks are connected to a cross member, which is pivoted to the
central perch by a bolt that passes through the central perch and a pivot support bracket which must take the
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weight of the front end of the drag and any live (dynamic) loads from the road. When the drag is steered the

cross member is driven by whichever rack is in use; both racks are connected to the cross member so both

racks move in unison. The cross member sits on elliptical springs, which are attached to the wheel axle.

Hence the steering loads are transmitted from the drag through the springs to the wheels®, which turn in the
same direction as the steering wheel.

4.2 The Water Feed Pumps. Like all steam boilers it is essential to have a certain amount (level) of water in
the boiler. Because the boiler is working at pressure it is necessary to have some means of force pumping
the water into the boiler while under pressure. Gurney in his 1828 steam coach, Figure 19, used a small
auxiliary (donkey) steam engine to drive a reciprocating feed pump ) the water being taken from a tank
under the coach and pumped to the boiler via a COI| at the top the furnace to give feed water heating and so
to avoid cold water being |nJected into the boiler®?. The steam engine was controlled by a valve (cock) within
reach of the attendant (stoker ) There was also a hand operated feed pump at the rear of the coach which
could be operated by the attendant.

By the time we get to the steam drags, Gurney is driving the feed pump from the piston rod of the
main engine cylinders; the feed pumps being just below the engine cylinders, Figure 12. However, on the
museum drag a different arrangement is employed; the feed pumps are the long pipes (tubes) extending
from the engine cylinder end covers, i.e. the pumps are driven from the centre of the engine pistons, Figure
15, with suitable sealing glands on the cylinder covers and pumps. The pumps are single acting and draw
water, from the tank in the body of the drag, through a suction valve and discharge to the boiler. It is not
known: how the pumps were controlled, if there was a feed water heater, or if there was an additional hand
operated pump fitted.

4.3 The Cylinder Valves — the Main Valve Gear. Like all reciprocating steam engines the cylinders require
to intermittently allow steam to enter and exit the cylinders. This is typically done by a valve on the side of the
cylinder and this is the case with the Gurney carriages and drags. Our museum drag also has expansion
valves, in addition to the main valve, see Section 4.4 below. The main valve controls:

e Manoeuvring, i.e. running forward, stopping and reversing the drag.
e Directing the steam to either side of the piston to give a double-acting engine.
e Directing the exhaust steam to exit via the chimney(e’”

On the Gurney coaches and drags this was arranged by a valve chest (valve box or steam chest) on
top of each cylinder. The valve within the chest is shown to be a ‘D’ type slide valve @® ref. 58, driven by an
eccentric on the crankshaft, a basic arrangement is shown in Figure 16. In this arrangement the slide valve
is driven by a single eccentric, per cylinder, on the crankshaft. The eccentric rod is pin jointed to the double-
ended rocking lever with a centre pivot. The top end of the rocking lever is pin jointed to the valve rod
(spindle). In this basic arrangement the slide valve cannot be made reversing. However, by a simple
mechanical arrangement the slide valve can be made reversing as follows, with reference to Figure 17:

1. Separate the eccentric rod from the rocking lever by removing the lower (backward) pin.

2. Attach an elliptical ring, with notches at the ends of the ellipse major axis, to the rocking lever.

3. Arrange a pin to pass through the end of the eccentric rod and locate the pin in the lower notch of
the elliptical ring.

4. Arrange to have reversing levers (or other equivalent arrangement) so that the eccentric rod (and
its pin) can be lifted so that its pin will locate in the top notch of the elliptical ring and thus reverse
the direction of travel of the slide valve as the eccentric turns.

Figure 18 shows Gurney's coach of 1826 with a reversing lever and elliptical ring (each cylinder
would have its own ring) at the forward end of the cylinders. In Gurney’s later coach of 1828, Figure 19, the
elliptical rings have been moved rearwards towards the end of the cylinders and the reversing lever lifts the
eccentric rod by a cord and pulley system. The Gurney steam drags of 1831, employed by Dance, also have
the elliptical rings to the rear of the cylinders; the eccentric rod was lifted by a lever system, Figure 20.

In the case of the museum drag a different arrangement is employed, but achlevmg the same
reversing result. Instead of an elliptical ring the double gab (or ‘X’ type) arrangement Vis used, see Figure
21. This arrangement was not new it was introduced by Carmichael’s of Dundee in 1818, Shields ref. 33,
Diagrams of the museum drag valve gear are shown in Figures 22 and 23. In this arrangement the rocking
lever has pins top and bottom, Figure 21. The gab on the end of the eccentric rod can be lifted (or lowered)
by actuating the reversing lever. The gab has notches, which engage the appropriate rocking lever pin to go
forward or reverse as required. Why Gurney changed from the elliptical ring type gear to the gab type gear is
not known.
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4.4 The Cylinder Valves — the Expansion Valves. The museum drag is fitted with expansion valves, on the
top of the main valve steam chest, as shown in Figures 24 and 26. The valve within the chest is a ‘D’ type
slide valve®®. Gurney’s previous drags were not fitted with expansion valves the steam went direct to the
valve chests, Figures 6 and 12; the power output would be controlled by application of the throttle valve®.
The only reason Gurney would want to fit expansion valves would be to give better control over the amount of
steam supplied to the main valve and hence to the cylinder. This is done by cut-off of the steam supply as a
percentage of the piston stroke, ref. 66. Adjusting the steam cut-off makes full use of the steam pressure
and gives better control of the expansion of the steam in the cylinder leading to better fuel economy, ref. 50
and 65. After cut-off the steam would expand in the cylinder doing useful work (something that was known
about from the days of James Watt). By this means the power output of the engine could be controlled by
utilising the expansion valve to vary the steam cut-off, Figure 25a.

The means of operating and control of the expansion valves on the museum drag have not survived.
Figure 26 shows a close up of the right side cylinder valve chests. It is seen that the expansion valves have
small stuffing boxes forward and aft (the stuffing boxes on the left side expansion valve chest are broken off).
Figures 27a and 27b show the end on views of the valve chests. The remains of an expansion valve spindle
can be seen in the forward stuffing box, Figure 27b.

To get an idea of how the expansion valves might be operated we can look at what Gurney had used
before on his coaches. However, the various diagrams of these coaches, Figures 4 and 11, are not detailed
enough to show the expansion valve details and even the description in various references is often not clear
and so some guesswork is required. Here is my interpretation of how the expansion valves were operated:

(1) With reference to Figure 28 this shows the arrangement as used on the 1826 coach and described by
Gordon in reference 31. The steam supply after passing the throttle valve enters the main valve chest
via pipework leading into the side of the valve chest. Just before the pipework enters the valve chest
there is an expansion valve (cock) which is operated by a lever connected to an expansion rod and a coll
spring. The spring opposite end is attached to an 'L’ shaped support bracket bolted to the side (outer)
perch. The opposite end of the expansion rod, near to the crankshaft, is attached to elbow levers
between the side perch and eccentric. These elbow levers are actuated from the eccentric as it rotates
with the crankshaft, but Gordon ref. 31 does not make it clear how this is achieved. The elbow levers are
pivoted to the side perch and there must be some means on the eccentric that can actuate the elbow
levers, as the eccentric revolves, thus pulling on the expansion rod to open the expansion valve and allow
steam to enter the valve chest. The coil spring would be designed to return the expansion valve to its
steam off position once the eccentric had rotated. According to Gordon ref. 31 the expansion valve cut
off the steam at one-half or two-thirds of the engine stroke but it is not known how the cut-off was set at
the beginning of the journey or if it could be adjusted during the journey?

(2) With reference to Figure 29 this shows the arrangement used on the 1828 coach and described in the
patent of 1827, ref. 69. We know that this coach was designed to work expansively, the steam being
shut off at half stroke by a cam on the axis of the rear wheels, ref. 24 and 32. The arrangement is much
like that described above for Figure 28 but reference 69 calls the expansion valves sluice valves and the
spring return is a lever rather a coil spring. The method of actuating the elbow levers is by cams rotating
with the crankshaft. These cams are positioned on the outside of the side perch so the elbow levers
have to be dog legged so that the expansion rod can line up with the expansion valve. Note that the main
valve eccentrics are positioned between the crankshaft web and inside of the side perch.

(38) Gurney’s previous drags were not fitted with expansion valves but it is worth looking at how the eccentrics
were placed. As seen in Figure 6, like the 1828 coach, the eccentrics are positioned between the
crankshaft web and inside of the side perch.

If we now look at the museum drag, the rear end view is shown in Figure 30. It can be seen that the
eccentrics are between crankshaft webs and inside of the side (outer) perches, which are splayed out along
their length so that the width between the side perches can accommodate: the central perch, two cranks and
two eccentrics. Thus the museum drag has eccentrics placed essentially like the previous Gurney drags
shown in Figure 6. If the expansion valves were to be driven from the crankshaft, via elbow levers and
expansion rod, then a device (say like a cam) would need to be outside of the side perches (i.e. like that on
the 1828 coach, Figure 29) as there does not appear to be sufficient space, for a cam, between the eccentric
and the side perch. However, in the case of the museum drag the side perches, which are broken at the
axle, are attached by bolted clamps to a sleeve on the rear axle, Figure 31. This sleeve would not be
rotating and hence cams would not operate. The sleeves have two holes (one with a plug) on each rear axle,
which presumably are lubrication holes for the rotating axle within? So it would appear that there is no
provision, on the museum drag, for cams like that shown on Figure 29.

Is there any other evidence? Figure 32 shows a detail on the side perches, adjacent to the forward
end of the cylinders, where there is a cut out evidently for the base of a bracket. | believe this to be
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associated with the fixed point on the drag body as discussed previously in Figure 12. However, | could be
wrong about this and might this be for a spring support bracket, like that shown in Figure 28, or a lever spring
like that shown on Figure 29? If so, then this would suggest that the expansion valves were returned to the
off position by some means similar to that shown in Figures 28 or 29; but allowance would need to be made
for the distance between the side perch and the expansion valve centre line. All this is speculation, at the
end of the day, | just do not know how the expansion valves on the museum drag were actually operated.

4.5 The Spur Gearwheel on the Crankshaft - what is it for? As seen on Figures 31, 33 & 34 there is a
spur gearwheel at mid point on the crankshaft with a slot for the gear passing through the central perch. The
purpose of this gearwheel is not known. As far as | know, it is not shown on any drawings and not described
on any patent or other text. Could it be, that as David West suggests in connection with the valves, in ref. 67,
that Gurney might have recycled a carriage chassis®®?

5.0 Summary. In summary, we can see from the above discussion and the Timeline in Appendix 1, that
during the period of time from Cugnot in 1770 to around 1832 when Gurney essentially gave up on the steam
carriage business, a great deal of time and effort was expended by many persons with an interest in steam
driven vehicles on common roads. Several persons were (or would become) the most eminent engineers of
their day. Lots of ideas were put forward and many ideas were actually used in the course of trials and
experiments. Some ideas took time to mature while other ideas persisted long after they were shown to be
erroneous or just not suitable for the task involved.

By the early 1830’s we can say that significant progress had been made in engineering technology
and sufficient understanding of heat engines and boilers for potentially successful steam carriages to be built
by at least three entrepreneurs; Gurney, Hancock and Maceroni. In the end however, the businesses of
these three entrepreneurs were not sustainable for various reasons including: commercial, technical and
opposition of vested interests including countermeasures (sabotage).

The fact is that the construction of a reliable steam carriage for use on common roads was a much
more difficult task than it first appears. Evans in, reference 47, gives an account of the issues involved and
comes to the conclusion that the root cause of the failure of the steam carriages was technical issues, the
carriages ‘were simply not good enough technically to do the jobs they were designed for'. Refer to
Appendix 2 for a very brief discussion of a couple of technical issues mentioned by Evans.

By the 1830’s it was becoming clear that the way forward for transport was by steam railway
locomotion. The locomotives themselves could be made robust and capable of sustained running at speed,
and the rail system provided a hard, smooth, continuous railway that engineers, like George Stephenson,
ensured that the gradients encountered were not unduly demanding of the steam locomotives at that time. It
was the competition from the railways, and not steam carriages, that finally put the horse driven coaches off
the road.

Nevertheless, steam driven vehicles continued to be developed throughout the 19" and into the 20"
century, references 7, 8, 35, 36, 37, 38, 40. In particular: traction engines for agriculture (an example is in the
museum collection), road rollers for civil engineering, cars (an example of a ‘Stanley’ steam car is in the
museum collection), steam lorries (an example of a ‘Sentinel’ waggon is in the museum collection) all
became acceptable means of road transport and locomotion until replaced by more efficient, cheaper to run,
cleaner running, and lighter weight, petrol and diesel driven vehicles we have today.

6.0 Notes.

(1) luse the term carriage or coach interchangeably throughout this technical note. In the terminology of the
day the chassis framework (to which the power plant, wheels, carriage body, etc. was attached) was
generally called perches. The fuel used was generally coke, chosen to avoid smoke. References 24 and
32 refer to the fuel as coke and charcoal. Reference 48 refers to the fuel as coke or charcoal.

(2) Gurney’s interests included: development of the steam-jet (blast pipe), cleaning of drains, ventilation of
mines, improvements in the use of ‘Limelight’ in theatres and his invention of the Gurney Heating Stove,
ref. 4 & 6.

(3) Reference 12 explains that: ‘To overcome the irregularity of the motion. It was proposed to use racks
and/or ratchets to transmit the reciprocating movement of the piston to the rotating shaft.’

(4) Reference 12 explains that: ‘Most engineers of the time originally thought it impractical to try to connect
the beam to the crank.” Murdock’s arrangement is what is often called a ‘Grasshopper’ engine, ref. 23.

(5) As reference 12 explains; the early engine builder’'s thought that with a horizontal cylinder the friction
would be excessive and the weight of the piston would wear away the wall of the cylinder. Symington
was one of the first to utilise a horizontal cylinder. The concerns regarding friction and wear were
unfounded.

(6) Reference 12: suggests that the use of a condenser on the small model was most unlikely. It appears
that few steam carriages had condensers (Gurney did not use them) the difficulty was that tallow (used
as a lubricant at that time) separated out rendering the condenser ineffective.
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(7) Differential gearing for road vehicles is generally credited to Richard Roberts of Llanymynech and
Manchester (1789 — 1864) who invented a compensating gear around the 1830’s (though the principle
was known from antiquity). This allowed both driving wheels to turn sharp corners without sliding, ref. 7.
Prior to this the most common arrangement was to have only one wheel keyed to the driving axle and a
clutch could engage both wheels if required on say a steep hill (Gurney used clutches on his 1826 (or
1827) coach). Alternatively an iron pole known as a carrier bar (or peg rod or driving-arm or T-arm)
between the shaft and outer rim (felloes) of the wheel was used (Gurney used this method on his steam
drags, Figures 6 and 7) to transmit the load (torque) between the shaft and the felloes thus avoiding any
heavy loads being transmitted through the wheel hub (nave) and spokes. Interestingly ‘Sentinel’ steam
waggons, like we have in the museum, have a differential gear as normal on a modern vehicle.
However, the waggon is designed to have the facility to lock the differential, by means of a pin on the
right side rear wheel, so that both wheels turned in unison. With both wheels locked any corners would
need to taken with as large radius as possible, ref. 38.

(8) Itis unlikely that any real benefit resulted from the backward exhaust pipes on a steam engine. However,
in a high performance fighter aircraft, like the Supermarine Spitfire, the exhausts from each cylinder were
pointed backwards to form ejector exhausts specifically to provide extra thrust to offset the engine
cowling humps in the air stream, March ref. 15 page 33.

(9) Most engineers prior to 1801 and for many years after (including Gurney) thought that there would not be
sufficient adhesion between the road and wheels to move carriage up a gradient without the wheels
sliding and that some additional assistance such as “propellers” (legs or mechanical traveller) would be
required. Trevithick’s experiments around 1801 proved that, provided the gradient was not too steep,
there was sufficient adhesion between the road and wheels so that no additional assistance was required
but it was many years before this fact became accepted.

(10) Evans, ref. 47 quotes: ‘In the 1830s the Turnpike Trusts were administrating 22,000 miles of road in
England and Wales; there were about 4,000 miles of canal; and perhaps 400 miles of railway.’

(11) Fletcher, reference 7, states that Maceroni was helping Gurney from 1825 t01828. However, other
references e.g. ref. 26 state that he attached himself to Gurney in 1825 and only stayed six months.

(12) Fletcher, reference 7 and Herbert, reference 24 make it clear that the idea was for use on roads.
However, Herbert, in reference 25 makes it clear that Seaward’s intention was for this idea to be used for
propelling vessels on canals or other shallow water.

(13) Fletcher, reference 7, quotes 1826 but Herbert, reference 24, suggests 1827. In general, the dates of
Gurney'’s carriages and drags are somewhat uncertain and at times it is necessary to read the references
in detail to establish (if possible) which carriage or drag is being discussed.

(14) Luke Herbert, references 24, 25, and Alexander Gordon, references 30, 31, describe the working of this
road carriage.

(15) Luke Herbert, reference 24, Elijah Galloway, reference 32, and The Mirror, ref. 48 describe the working
of this coach.

(16) Thurston, reference 23, Luke Herbert, reference 24, and Elijah Galloway, reference 32 describe the
working of this coach.

(17) Alexander Gordon, reference 30, and The Mirror, ref. 49 describe the working of this drag.

(18) The Gurney boiler steam pressure was 70 pounds per square inch. The saturation temperature (boiling
point) at this pressure is 316°F (157.8°C). A sudden fracture at this pressure and temperature would
result in the boiler water immediately flash to steam potentially severely scalding anyone who had the
misfortune to come into contact with it.

(19) The driver was referred to by various names such as: coachman, director, steersman, guide & engineer
or conductor. The stoker was also referred to by various names such as: fireman, engineer or attendant.

(20) Although invented in 1816 by Georg Lankensperger and patented by Rudolph Ackermann in 1818, ref.
42, and known about before that, ref. 43. The Ackermann steering arrangement seems not to have
found much favour on steam carriages, although D. Redmund of City Road, London appears to have
used an arrangement after the manner of Ackermann’s patent on his carriage (which was like a design
copy of Hancock’s Enterprise carriage, Fletcher ref. 7), Herbert ref. 25 page 627. On a modern steam
lorry, like the ‘Sentinel’ waggon in the museum collection, dating from 1916, the steering head is
designed to allow the wheels to pivot and there is a tie rod between the wheels, like an Ackermann
arrangement, that would avoid turning loads being transmitted through the springs, ref. 38.

(21) This auxiliary steam engine also drove a blower (forced draught fan), Figure 19, to provide a forced
draught of air for the furnace to aid combustion and avoid a tall chimney. Gurney’s later drags used his
steam blast into the chimney to provide the draught for the furnace.

(22) Technically since the feed water is heated by the furnace gas exiting the chimney (rather that the system
steam) it is an economiser. Heating the feed water before it entered the boiler was a worthwhile addition
to any steam boiler system. It avoided thermal shock resulting from cold water entering the hot boiler
and helped to improve the thermodynamic efficiency of the system reducing the operating costs. The
museum ‘Sentinel’ steam waggon has a feed water heater heated by the exhaust steam from the engine,
ref. 44.
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(23) As reference 34 explains; the shoe-drags were not so needful as expected. The carrier bars were
removed from the outside of the wheel to the inside for reasons of strength and appearance.

(24) David Napier the marine engineer, ref. 51, should not be confused his cousin and namesake David
Napier the founder of the engineering company D. Napier & Son, ref. 52 and 53. Reference 52 has a
Napier family tree showing the connections of the Napier family including Robert Napier the notable
shipbuilder and known as ‘the Father of Clyde Shipbuilding’.

(25) The dates of this service seem to be uncertain. Note 19 of ref. 51 quotes the steam carriage ran in 1827
and 1828, as does ref. 52. However, in David Napier's Memoir, page 20 of ref. 51, he seems to suggest
an earlier date (at the time he purchased the Glenshellish estate in 1826, see Note 17 of ref. 51) and he
seems to believe that his steam carriage was the first that carried passengers for hire on common roads.
Vessey, ref. 53 quotes; about 1826. Nicholson, ref. 54 seems to suggest 1829.

(26) The Magazine of Science and School of Arts of 1845, ref. 55, shows a line diagram of ‘The Artizan
Steam Coach’, ref. 56, a new steam coach for common roads. The text states: ‘The variety of boiler we
have adopted is that invented by Mr. David Napier, and used in a number of steam vessels.” The
assumption here is that this refers to David Napier the marine engineer. The diagram shows a design
with a vertical boiler and cylinders mounted vertically on each side of the boiler and over the crank axle.
So this could meet the description given by Nicholson in ref. 54. However, the diagram also shows a
rather strange mechanical linkage imposed between the cylinders and the crank (hardly a direct
arrangement). The idea of the arrangement seems be to allow for the springs to be effective. So it is
difficult to be really sure if the line diagram represents Napier's carriage on the Kilmun and Loch Eck
service in 1827 and 1828 or not? Reference 55 does also mention: ‘That a greater power may be given
out in ascending hills, is accomplished by a variation in the degree of expansion; an expedient presenting
no difficulty, and already practised in steam navigation.” This statement is consistent for the times;
expansion valves (sluice valves) appear to be used on Gurney’'s coaches (of 1826 and 28), were in use
on the museum drag (of 1831), and were still in use for many years later. For example, expansion valves
are fitted to the museum model marine engine for the SS Siml/a of 1853, ref. 57.

(27) David Napier (about 1785 — 1873) the founder of the engineering company D. Napier & Son, ref. 52 and
53, should not to be confused with his cousin and namesake David Napier the marine engineer who was
born at Dumbarton in 1790 and died at Kensington in 1869, ref. 51. Reference 52 has a Napier family
tree showing the connections of the Napier family including Robert Napier the notable shipbuilder and
known as ‘the Father of Clyde Shipbuilding’.

(28) An internal inspection of the museum drag was carried out using a six millimetre video endoscope, in
1999, Figure 35. The results are published by Dr. David West in reference 67. This confirmed that: (a)
The upper chest (i.e. the expansion valve or sluice valve chest) contains a ‘D’ type slide valve on a single
port which leads to the main valve chest. (b) The main valve is also a ‘D’ type slide valve with standard
porting arrangement (i.e. there would be three ports; one exhaust port and two steam supply ports, one
for each end of the cylinder to give a double acting engine). (c) The exhaust cavity of the main ‘D’ valve
has a central transverse bar across the valve but not the full depth, i.e. the valve cavity is not divided into
two. (d) When the main valve in its mid-travel the transverse bar almost covers the exhaust port, i.e. In
mid-position it would almost completely obstruct the steam flow through the exhaust port as shown in
Figures 36 and 37. (e) At or near full valve travel it would obstruct the steam flow from the cylinder to the
exhaust port as shown in Figures 38 and 39. It is not known why Gurney used this arrangement but
David West wondered if it relates to Gurney’s theories on his steam blast. David West also thought that
in connection with the cylinder and valve gear arrangements, but especially the sluice valve suggest that
either Gurney used an older design (cf. 1827 patent), or he may have recycled a carriage chassis for the
Glasgow Drag.

(29) The double gab (or ‘X’ type) valve gear driven by a single eccentric is derived from the simple gab,
reference 59, so as to allow for ease of reversing. There are examples of the of the simple gab gear in
the museum collection; on the PS Industry side lever engine of 1828 (ref. 86) and the Table engine
model. Animations of the Industry engine and the Table engine model are to be seen at my web site:
www.acwhyte.droppages.com. The double gab gear worked satisfactory provided that a lap or lead was
not required; in such a case two eccentrics were required which eventually developed into the well known
Stephenson locomotive link motion. Reference 60 has an explanation of these developments.

(30) As an alternative to varying the cut-off, to control the power output, the power output of an engine could
be controlled by varying the steam pressure, Figure 25b, by means of a throttling valve. All Gurney
coaches and drags were fitted with throttling valves. Throttling was quite an effective way to control the
output of an engine but was wasteful of steam, ref. 50.

(31) Gurney’s steam drags directed the exhaust steam to the chimney to create a steam blast; thus avoiding
the previous arrangement on the coach of 1828, Figure 11, whereby a blower fan created a draught of
air through the furnace, Figure 19. Gurney was one of the claimants for the introduction (invention) of
the steam blast, so successful in the locomotive Rainhill trials, ref. 68.

(32) There are detail drawings for an 1786 model and animations on the Internet at the following link:
https://www.modelengineeringwebsite.com/Murdochs 1786 carriage.html
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(33) A video of a replica of Trevithick’s Puffing Devil can be seen at Wikipedia: Richard Trevithick.

(34) Reference 19 has photographs of a working replica, built by the late Tom Brogden, of Trevithick’s
London steam carriage.

(35) Dr William Harland was three times Mayor of Scarborough. His son, Sir Edward Harland was the
renowned shipbuilder and co-founder of the shipyard Harland & Wolff of Belfast, ref. 77.

(36) It appears that Gurney and Colonel James Viney had a short lived partnership under the firm Gurney &
Co. that was dissolved by mutual consent in 1827, references 10, 78 and 79.

(37) As seen from Figures 1 and 2 the drag is painted in a reddish brown colour presumed to be a protective
layer. However, as seen in an underneath view of the drag, Figure 14, the reddish brown paint does not
cover the whole drag. Examination of the drag appeared to show earlier coatings to exist under the
reddish brown paint. In 2007 an examination of tiny samples of the surface coatings from several
locations on the drag was conducted using an Nikon Labophot fluorescence microscope. Figure 41
shows the results of Sample 2: from the wooden perch on the proper left side (see photo). It can
be seen that the stratigraphy of finishes under visible light (on left) and with UV illumination (on right)
there are no less that 11 layers of finishes; from Layer 1 — grey preparation through to the top Layer 11 —
brown paint with several colourful historic paints between. Figure 40 shows where a small area (near
Sample 2 shown in Figure 41) of the reddish brown protective surface layer was removed from the left
side perch to reveal a green under layer.

(38) From an announcement poster, in Oakley ref. 87, which includes some description of the model and the
full size carriage (if it had been built); it seems that this steam carriage model was also seen at work in
Glasgow in January 1828.
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Figure 1, The remains of the Gurney Steam Drag at Riverside Museum, Glasgow 2019. The drag is largely
covered in a paint of reddish brown colour®”.
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Figure 3, Cugnot’'s 1770 Steam Wagon in the Musée des Arts et Métiers (Museum of Arts and Crafts), Paris.
Wikipedia, ref. 1.
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Propellers (legs) Pilot Wheels

Figure 4. A Gurney steam carriage (coach), Herbert ref. 24 with added text. This 1826 (or 1827) six-wheel
coach had pilot steering and a brake on the rear wheel. The coach is also fitted with propelling legs i.e. a
‘Mechanical traveller’ which could be put in motion to assist going up hills in addition to the main rear wheel
drive. These legs were found to be not needed and subsequently removed, ref. 7.
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Figure 5. A Gurney steam drag pulling a carriage, 1831, Gordon ref. 30. Additional text is given in Figures

12 and 20 for explanation. This drag is the nearest we have to the museum drag, but there are detail
differences as discussed in the main text Section 4.0.
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Figure 6. Gurney’'s steam drag used by Sir Charles Dance’s coach service between Gloucester and
Cheltenham, 1831, Fletcher ref. 7 with added text. Note the steering by means of a pinion and curved rack
with teeth on the inside of the arc. Like Figure 5 this drag is the nearest we have to the museum drag but
there are detail differences as discussed in the main text Section 4.0.
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Figure 7. Gurney’'s steam drag used by Sir Charles Dance’s coach service between Gloucester and
Cheltenham, 1831, showing a shoe-drag and a carrier bar, Herbert ref. 25 with added text.
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Figure 8. Leading dimensions of the remains of the Gurney Drag, ref. 41.
The overall length is 9 ft 5 inches over the centre frame (central perch).

Figure 9, William Murdock’s small (model) steam
road locomotive. Replica model® on display in
Riverside Museum.

b /

Figure 10, Line drawing based on Gurney'’s first patent No. 5170 of 1825. The steam boiler is not shown. This
drawing shows that Gurney intended this carriage to be moved by propellers (legs) in the manner of a ‘Mechanical
traveller. The wheels were only to support the weight of the carriage. The rear wheels pivoted for steering.
References 24, 25, 30 & 31 describe the working of this road carriage.
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Figure 11. Diagram of Gurney's 1828 steam coach, Thurston ref. 23. This carriage had a many patent
improvements compared to the previous coach of 1826, Figure 4, including not requiring propelling legs which were
previously found to be unnecessary, ref. 7. Further detailed description of this coach is given in Figure 19.
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Figure 12. Gurney steam drag of 1831, Gordon reference 30 with added text. Note that there is a fixed point on the
drag body at ‘N’ where there is a hinged support, which connects to the side perches. This allows the body to rise
and fall, about the hinge, when the elliptical springs above the rear axle come into play. The steam pipes were
brought close to the hinge so that there was less disturbance and a better chance of keeping the pipes steam tight,
ref. 30. The water-tube boiler uses the lower tube bank as firebars. A large horizontal steam drum formed the
steam separator, which replaced the vertical separators on previous coaches.

Further details are given in Figure 20.
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