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The series...
This multi-volume project began life as a simple guide to the indicator. I
had become involved in 1993 with the British Engineerium in Hove, Sussex,
England, where a small group of steam-engine indicators had been placed in
a show-case with minimal explanation. My father had worked for Dobbie
McInnes, the principal British manufacturer of indicators in the twentieth
century, and so I had a vague idea of what they had been designed to do.
A search of the museum storerooms revealed more instruments, often
in good condition, and so we decided to make a better display. I set out
to provide a short overview and captions for the individual items, but this
only succeeded in proving how little I knew. I then ransacked the museum
library for additional information. There were many fascinating nineteenthcentury ‘steam engineering’ textbooks, but these concentrated more on the
utility of the indicator than on its history. Some gaps were filled with material
drawn from the pages of Engineering (the museum library had a more-or-less
complete set from 1868 to the 1960s), which included some superb engravings,
but progress was slow. It was apparent that very few colleagues in the museum
industry knew much about the history of the indicator, though one or two
informative articles had been published in Germany and the U.S.A.
Gradually, I began to piece a story together. This was greatly helped by
the enthusiasm of individual collectors, by other museums with indicators
of their own, by obtaining patent specifications, and by drawing together
manufacturers’ and distributors’ literature. What had once been a fog of
information slowly cleared into a cogent narrative. There were many gaps
where information had proved difficult (if not impossible) to obtain; and
many hunches were shown to be mistaken. Yet progress was made. This was
helped greatly by the interest shown by the Engineerium, in particular by
its founder Jonathan Minns (1938–2013), and then by Ian McGregor and the
Canadian Museum of Making when the Engineerium closed in 2005.
I would also like to pay tribute to the many people who have helped
to bring the project to this point. In particular, I am grateful to Dr Bruce
Babcock of Amanda, Ohio, U.S.A., for chasing information, taking superb
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photographs, and keeping me on the right track; I owe Larry Parker thanks
for details of his wonderful collection of indicators; I thank Ben Russell of
the Science Museum, Internal Fire, and the Powerhouse Museum in Sydney,
Australia. I’m also grateful for the support of individuals far too numerous to
mention individually (I hope this corporate ‘thank you’ will suffice!).
The project soon grew too large to be published conventionally, and it
was decided to break it into sections. These are being released in electronic
form, at least for the moment, because we are well aware that information is
still needed. There are far fewer gaps than there were five years ago, but this
is not to say that none remain…
The individual booklets in the series are currently intended to be:
1.
2.
3.
4.
5.

In the beginning: Watt and McNaught.
Amplification: internal-spring patterns.
A cooling breeze: external-springs.
Mirrors, wheels and sparks: new tricks.
Aids, accessories and overview.
John Walter, Portslade, 2017
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New Tricks
The ever-increasing speed of steam engines, especially those that were to drive
electricity-generating sets, and the advent of internal-combustion engines,
emphasised the limitations of the traditional indicator. Though continual
improvements had been made in the design of the reciprocating drum, the
amplifying linkage and the design of the piston assembly, few indicators of
this type would provide satisfactory diagrams at more than 600rpm.
Many attempts were made to solve the problems, particularly when
pressures rose as high as they did in the chamber of a gun, without the attendant
problems of induced vibration and natural harmonics spoiling a trace.
Among the most promising of the earliest designs were the optical indicators,
but light had to be excluded to provide permanent records of performance.
This suited them to laboratories or colleges, but not to consulting engineers
who spent most of their time on-site; consequently, many other avenues were
explored. The increasing popularity of the internal-combustion engine in the
years immediately after the end of the First World War intensified the search
for more accurate recording methods.
The engine patented in France in January 1860 by Jean-Joseph-Étienne
Lenoir, the first of its type to be exploited commercially (even though the
underlying ideas had originated in the eighteenth century), finally provided
the steam engine with an effectual rival. Lenoir’s gas engine not only looked
like a small horizontal steam engine, but was also double acting. A mixture
of gas and air was drawn into the cylinder, to be ignited at the half-way point.
The near-instantaneous combustion of the charge—virtually an explosion—
then thrust the piston to the limit of its travel. Aided by the energy stored
in a large flywheel, the motion was then reversed. As the piston returned, a
charge was drawn in behind it and fired again. The process was continuous,
with two power strokes for each revolution of the crank.
Several hundred Lenoir engines had been made by 1865, though experience
had shown them to be prone to overheat and run erratically if the cylinderwall temperature rose to a point where the charge was ignited prematurely.
Experiments with an engine with a 24cm-diameter cylinder returned 3.42 ihp
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at 100 rpm. Maximum pressure within the cylinder was merely 57lb/sq.in,
but the maximum temperature was a staggering 886ºC (1727ºF). Mechanical
efficiency was poor, only about sixty per cent, and the overall efficiency was
merely four per cent. Though this was twice as good as the best steam engine
of the day, it was still a notably poor return.
The Lenoir was doomed to be the plaything of the rich and the few
businessmen who saw promise in its technology, yet it was also the catalyst
for the development of better designs. These included the odd-looking Otto
& Langen gas engine of 1867, with a vertical cylinder and a rack-and-pinion
to convert the reciprocation of the piston—fired upward, then returned by
gravity—into rotary motion. The machine was suited only to low power, and
vibrated so badly that exceptionally sturdy footings were needed. Tests on
an engine with a cylinder diameter of 32cm indicated only about 2.25 hp;
maximum pressure was 79lb/sq.in, and temperatures rose in excess of 1270ºC
during combustion. Mechanical efficiency was computed to be 85 per cent,
despite the complication of the drive system, and overall efficiency of fourteen
per cent was more that four times that of the Lenoir. Consequently, more
than 4500 Otto & Langen engines were made in the 1870s and 1880s; and
Gas-Motoren-Fabrik Deutz had made more than forty thousand of the 1876type horizontal-cylinder successor by 1895.
By the time Frederick Grover’s book A Practical Treatise on Modern
Gas and Oil Engines was published in 1897, internal combustion was so well
established that ‘Acme’, ‘Premier’ and ‘Simplex’, among many others, had
become household names. The general design had settled on the classical
layout of the horizontal steam engine, with a sturdy bed-frame and a large
flywheel. Engines could have two cylinders set side-by-side, in tandem (the
‘Kilmarnock’ engine by Dick, Kerr & Co. Ltd) or at opposite ends of the bed
(e.g., some Crossley designs).
Excepting the vehicle and aero engines, which were almost always petrol,
gas engines were favoured (at least in Britain) for domestic and light industrial
applications. Initial reliance on supplies of ‘town gas’, drawn from mains
piping, was gradually eroded by self-contained ‘producer gas’ units after
1900. These were so popular by 1906 that fourteen rival designs were tested
in competition by the Royal Agricultural Society. The power of the smallest
producer-gas units was limited, but they were cheaper and easier to run than
steam plant. Most relied on a mix of air and steam passed through anthracite
to produce combustible gas that could be fed into the engine cylinder.
The size of internal-combustion engines grew rapidly. Statistics quoted in
1910 by Rodolphe Mathot showed that Maschinenfabrik Augsburg–Nürnberg
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Plate 2. This leaflet, advertising the virtues of the Hornsby-Stockport gas engine and producer unit, was printed in March 1928. ‘Class S’ ranged from a single-cylinder unit rated at
16hp to a 340hp twin-cylinder machine with a central flywheel. Overall lengths were 9ft
6in and 19ft 6in respectively. John Walter collection.
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had made 215 ‘large’ engines by 1908, averaging nearly 1200 hp; and the largest
engine available in Britain in 1909 was a 2500 hp horizontal double-tandem
offered by the Premier Gas Engine Co. Ltd. By this time, the methods of
operation had resolved into two basic single-acting systems: the Beau de
Rochas or Otto cycle, which required two revolutions of the crankshaft for
each power stroke, and the Clerk cycle that required only one. These are now
known generically as the ‘four stroke’ and ‘two stroke’ cycles respectively.
Experimentation was undertaken with the Griffin and other six-stroke
engines, which gave only one power stroke in six (and so were generally
either double-acting or twin-cylindered to obtain one power stroke in every
three), but machines of this type failed to prosper. Compression-ignition was
pioneered in Britain in 1890 by Herbert Akroyd Stuart, but perfected two
years later in Germany by Rudolf Diesel.
The successful development of gas and oil engines was often due to trialand-error experimentation, but many of the leading experimenters were also
sufficiently well versed in engineering theory to explore operation in detail.
At first, the pressures and running speeds were quite low: nothing, indeed,
that would have seemed remarkable to a steam engineer of the time. This
allowed investigative work to be undertaken with conventional spring-andpiston indicators. However, the diagrams obtained from even the earliest
internal-combustion engines were not as satisfactory as those from a steam
(‘external combustion’) engine. This was partly due to the exceptionally rapid
rise of pressure, which not only placed a great strain on the components of
the indicator but also highlighted inherent problems of vibration and inertia.
In addition, working temperatures rose far higher than those encountered in
steam engines.
The worst feature was undoubtedly the unreliability of an individual
diagram as a guide to performance. Internal-combustion engines often
ran erratically and were prone to misfire; individual cycles, therefore, were
neither as consistent nor as predictable as those of a steam engine.
By the early 1890s, with internal-combustion engines growing in power
and running ever faster, obtaining satisfactory results from spring-andpiston indicators was becoming problematical. The problem excited much
correpondence in the engineering journals of the day, typical being a letter
from ‘A Gas Engine Man’ published in The Engineer on 28th April 1893: “Is it
not time that the makers of indicators turned their attention to the production
of an instrument suitable for use with oil and gas engines? I have had two
good instruments much injured, and I dread now to put one on any explosive
engine. The instrument as made is much too delicate for that type of work.
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“There used to be an indicator—Kenyon’s—made without a piston, just a
Bourdon gauge tube. That seems to me to be just the thing for gas engines.
But I have not heard of one in the market for years. Then there was the
flexible disc indicator. What has become of that?
“What will do with steam will not do with gas, and I do not think the
outcry for something without a piston can be much longer repressed…”
This sentiment was echoed on 5th May by Hugh Campbell of the Halifax
Gas Engine Works, who added that he “had found no indicator really
trustworthy after a short time, in indicating gas engines. I have worked with
the old-fashiioned Richard’s [sic] using strong springs of 100 lb. and 120 lb.
per inch.; but the instrument was soon out of order, the pencil bar, &c., often
broken and bent. I was recommended by a worthy profressor in one of our
large colleges to try Crosby’s. We have now had several of them in use for
some years, and on the whole we think them the best adapted for gas-engine
work that we have seen. The Crosby company makes an indicator for gasengine work having stronger pencil bars, &c., and these—though not at all
perfect—do better than their ordinary type. Strong springs have to be used
in all cases; but even then trouble comes, pistons get stuck fast with the heat
and want of lubrication, and the pencil bars get bent and broken with the
suddenness and strength of the explosions.
“Kenyon’s indicator I have worked with, but found that for gas engines
the high temperature and explosive force was too great for the Bourdon tube,
and it split very soon; beside, I found that the high temperature made the
tube give wrong indications...”
Many experimenters became convinced that a better method of
indicating internal-combustion engines could be found. Drake & Gorham ,
consultant engineers of 66 Victoria Street, Westminster, London, claimed to
have modified the standard Richards indicator to allow it ‘to use even the 10
lb. spring with 200 lb. pressure on the piston in order to magnify the diagram
of the back pressure, without any injury to the instrument’ (though the letter
in The Engineer does not explain how this had been done).
Charles Budenberg of Schaeffer & Budenberg Ltd extolled the advantages
of the reduced-diameter piston and strengthened parallel motion that
could be fitted to his company’s ‘high speed small Thompson steam engine
indicator’. The piston had a surface area of merely one eighth of a square
inch, allowing a diagram with an acceptable maximum height of 2½ inches
to be obtained with standard springs. This method was followed by most
of the indicator manufacturers, who were content to provide experimenters
with minor variants of enclosed-spring indicators, distinguished by smallPAGE 11
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diameter pistons, special springs, and, occasionally, strengthened tracer
linkages. These instruments proved to be too prone to overheat, owing to
the excessive temperatures encountered in internal-combustion engines, and
had soon been substituted by exposed-spring types.
One of the earliest and most interesting attempts to provide a performanceindicator specifically for internal-combustion engines was made by Magnus
Volk (1851–1937), best known for his electric railways.[0] Protected by British
Patent 6541/92 of 1892, the design departed radically from convention. The
drawings show a type of stop-valve, with a small plunger held in a conical
seat at the top of the bore by a spring-loaded lever. A spring anchored to a
rod protruding laterally from the base of the valve engages with a series of
notches cut into the top edge of the lever, and a rotary cock allowed gas to
pass when it was opened.
Two pre-set springs were provided, one allowing the valve to lift gently
at the optimal compression pressure of the engine and the other to lift at the
peak pressure of the explosion. If the engine failed to perform properly, the
valve failed to lift, or, alternatively, lifted too abruptly. The position of the
spring could be varied by sliding it from notch to notch, each changing the
‘valve-lift’ pressure by about ten per cent.
Volk’s ‘Indicator Valve for Gas and Petroleum Engines’ did not give a
conventional diagram, nor did it indicate peak pressures in the manner of the
later Okills. Series production of the valve (if it was ever undertaken) would
have been short lived, but at least it had shown originality of thought.
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Plate 4. A typical example of the smallest of the standard range of Maihak indicator,
no. 10698 dates from the 1920s. Note the minuscule spring and the Stauffer lubricator
beneath the fairlead. Instruments of this type were ideal for high-speed steam engines
and the first generation of internal-combustion designs, but were unable to cope with
the fast-running multi-cylinder powerplants developed for aircraft. Courtesy of Ray Hintz,
Logan, Ohio, U.S.A.; photograph by Bruce Babcock, Amanda, Ohio, U.S.A.

DIMINUTIVES AND CONVENTIONAL HIGH-SPEED DESIGNS
The rapid development of fast-running steam engines and the advent of internal
combustion presented the designers of indicators with new challenges. These
ranged from a need to minimise inertia effects to the desirability of isolating
the tracing mechanism from excessive vibration. Micro-, optical and sparktrace indicators were introduced to answer some of the new demands; but
few of the established indicator-makers showed much enthusiasm for them.
With the exception of Dobbie McInnes, who successfully promoted
the Hopkinson optical and Farnboro spark-trace indicators commercially,
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Plate 5. A typical highspeed Maihak of the 1930s.
Note the tiny drum.

the manufacturers remained champions of an exceptionally conservative
industry during a lengthy period (the First World War excepted) in which
technological progress was largely static. Few of them saw any reason to move
away from their tried, well-tested mechanically amplifying instruments,
arguing that the investment they had made in these designs was not to be
jeopardised by the uncertain future of competing ideas.
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The first step was simply to offer diminutive versions of existing Thompson
or Crosby-type indicators, relying on reduced dimensions, small-diameter
pistons and short stiff springs to provide legible diagrams. These generally
coped with steam engines such as the Willans and Restler types, which were
often used to drive electricity-generating equipment, and with the earliest
internal-combustion engines. However, they were much less successful when
fast-running multi-cylinder engines appeared—not because of excessive
pressures, but because of high temperatures and excessive vibration.
The next step was to reduce the size of the indicators once again, stiffening
springs and reducing the length and weight of the piston rod. The piston
Plate 6. This Maihak Modell 30, no. 30-58890, probably dates from the late 1950s. Indicators
of this type are still used successfully with large slow-running marine and comparable
diesel engines. Canadian Museum of Making collection.
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Plate 7. A typical
Lehmann & Michels highspeed indicator of the
1930s. Note the use of a
compression spring.

was generally restored to much the same diameter as that of a conventional
steam-engine indicator, but the piston generally little more than a thin disc
placed immediately under the piston-chamber cap. The resulting stroke was
exceptionally short, though additional amplification in the tracer mechanism
allowed a legible (if small) diagram to be produced. For some applications,
these instruments proved to be very successful; some, unchanged in principle
from their 1920s antecedents, are still being made by Lemag and Leutert for
use with marine and similar diesel engines.
Among the earliest attempts to develop an indicator specifically for
high-speed engines was H. Maihak AG of Hamburg, recipient on 20th–21st
February 1920 of two German patents—DRP 363645 (Kolbenführung für
Indikatoren) and DRP 370247 (Aussenfederindikator)—to protect a diminutive
instrument with a Crosby-like amplifier and a short compression spring in a
recess within the body. The short-stroke piston was contained in a separate
PAGE 16
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chamber screwed into the underside of the body. There is no evidence that
these indicators were made in quantity, but they provided the impetus for
better designs.
A typical high-speed indicator offered by Maihak in the early 1930s had an
ultra-short piston rod, with the piston high in the body almost immediately
below the collar, and a short spring. Crosby-type links amplified the movement
of the bar about seven times, allowing the tracer to mark a diagram on the
tiny drum. Some indicators were fitted with detents, allowing the drum to be
disconnected from the drive when necessary, and virtually all were fitted with
Stauffer screw-feed lubricators on the drum-axis rod.
Maihak also made a Geiger-patent indicator, which relied on a largediameter piston with a very short stroke and a special 1:8 amplifier with an
unusually long trace arm. The spring was usually very short, and carried
within the ventilated body chamber.

Plate 8. The high-speed
indicator made in the 1930s by
Dreyer, Rosenkranz & Droop was a
very distinctive design.
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Lehmann & Michels also offered a high-speed indicator, with the customary
Crosby-like mechanism, capable of multiplying the movement of the ultrashort stroke piston seven times. A compression spring in a ventilated tubular
extension of the body cap was retained by a cap screwed onto the top of the
tube. This allowed a very short piston rod to be used, held to the piston rod
by a sleeve and a pin.
Dreyer, Rosenkranz & Droop made a high-speed indicator with a largediameter piston (28.28mm) and a minuscule drum, with a diameter of 30mm
and a height of only 40mm, to produce a 28mm-tall diagram. Indicators of
this type could be distinguished by simple slab-sided butterfly nut retaining
the fairlead; by the paper-retaining fingers, which were bent from spring-steel
wire; and by the spring housing, which was an open-sided tapering tube. The
earliest post-First World War pattern (probably introduced in the mid 1920s)
relied on a modification of the Thompson amplifier, with a tracer arm, placed
centrally, to run through a slot in the piston-rod extension. By the mid 1930s,
this had been superseded by a duplicated Crosby-type linkage similar to those
of Lehmann & Michels and Maihak. Though the duplication of the links
added to the complexity of the latter, the Thompson trace arm was supported
asymmetrically and is suspected to have been much more susceptible to the
effects of vibration at high speed.
Among the most sophisticated indicators of this type was the work of the
Hungarian engineer Kálmán Juhász, whose designs, patented throughout the
world in the late 1920s, were specifically intended for use with fast-running
internal combustion engines.
Kálmán János Juhász—better known by the anglicised form of his
name, ‘Kalman John De Juhasz’—was born in Csap on 4th February 1893.
Graduating in 1914 from the University of Engineering Sciences, Budapest,
he served first as assistant professor and then as associate professor of heat
engineering until leaving for Germany in 1923 and a brief sojourn as the
chief engineer of Lehmann & Michels. De Juhasz’s enthusiasm for internalcombustion engines then took him to Italy, where he worked first for Fabbricca
Italiana Automobili di Torino (‘FIAT’) and then Officine Meccaniche in
Brescia. Returning to Budapest in 1926 to become an instrument designer
for Gamma Ltd and then a consultant engineer with the industry ministry,
Plate 9, next page. Drawings taken from the De Juhasz patent, showing the perfected
indicator. Note the finned body casting, intended to enhance cooling, and the bakelitebody recording drum mounted on a ball race. Courtesy of the U.S. Government Patent Office,
Washington DC.
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Plate 10. This De Juhasz high-speed indicator illustrates
the features of the design, including a bakelite drum.
Courtesy of Jonas Stutzman, Middlefield, Ohio, U.S.A.:
photograph by Bruce Babcock, Amanda, Ohio, U.S.A..

De Juhasz emigrated to the U.S.A. in 1927. After a short stay as an instructor
in mechanical engineering at the University of Minnesota, Minneapolis, he
was appointed on 1st June 1928 as an ‘Instructor, Mechanical Engineering’, at
Pennsylvania State College.
De Juhasz married in 1929 and became a U.S. citizen in 1936. Renowned
for his research, honoured with awards such as silver medal of society of
Hungarian engineers and architects (1921), the Rudolph Diesel Award of
American Society of Mechanical Engineers (1931) and the Gold Medal of
Franklin Institute (1939), he also held patents on engine indicators, measuring
instruments, carburettors and fuel pumps. Kalman De Juhasz spent the
remainder of his working life in Pennsylvania State College, as assistant
professor and then as associate professor of engineering research, retiring in
1953. He was still associated with the college when he died in 1973.
The De Juhasz indicator was protected by U.S. Patent 2040082, sought
on 10th July 1933 and granted on 12th May 1936. The advantages sought were
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‘first, to facilitate the setting of the drum for right-handed or left-handed
operation at will; second, to make the drum lighter in weight, less liable
to being dented, and less expensive to build; third, to provide continuous
lubrication for the indicator piston; and fourth, to dissipate heat from the
indicator, thereby facilitating its handling on high temperature engines and
improving its accuracy.
Among the features of the perfected or ‘production’ version were a
moderately short-stroke piston, a short externally-mounted spring, a Crosbylike linkage with 1:7 magnification, and a bakelite drum revolving on a ball
race to minimise friction. The paper-retaining fingers were simplified, and
a small force-feed lubricator doubled as a pillar to limit the radial motion
of the amplifying mechanism. The indicator body was finned in an attempt
to increase the area of the surface through which heat could be dissipated,
though there is no real evidence to show that this feature was successful.[1]
De Juhasz indicators were made in small numbers, but little else is
currently known about their history. Work may have started in the 1930s
as a commercial venture, but it is equally possible that production was
undertaken in the Pennsylvania State College workshops during the Second
World War—either to assist the war effort or, perhaps, provide other colleges
with test equipment at a time when Bacharach indicators were being diverted
to the armed forces.
The introduction of a successful bar-spring indicator was one of the most
remarkable events of the immediate post-1918 period. The relevant German
patent, DRP 436659, was granted on 9th November 1923 but gives no clue to
the date of application. The applicant is given merely as ‘H. Maihak Akt.-Ges.
In Hamburg’. British Patent 224558, sought in November 1924 and accepted
in July 1925 is broadly comparable; however, the later U.S. Patent, 1592876 of
20th July 1926 (sought on 12th December 1924) names the actual inventor as
‘Alfred August von Gehlen of Hamburg, Germany’.
The patents all cite the work of W. Wilke, specifically Untersuchungen
über die Grenzen der Verwendbarkeit des Indikators bei schnellaufenden
Maschinen für elastische Medien (‘researches into of the limits of use of the
indicator in rapidly running machines for elastic media’) published in the
periodical Oelmotor in 1906. The patents note that ‘endeavours have been
made to render indicators capable of use for high speeds of rotation of
engines mainly by reducing the masses oscillating…without deviating from
1. Fins were widely incorporated in machine-gun barrels and engine cylinder blocks in the belief that
the increase in surface area would accelerate the dissipation of the heat of combustion. Many observers
concluded that the additional manufacturing complexity was not worth the minimal gains.
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Plates 11 (previous page)
and 12. Drawings of
the Gehlen bar-spring
indicator, from the U.S.
patent and a 1930s
Maihak leaflet.

the usual central construction of the separate parts. As in this manner it
has only been possible to reduce the weights to a determined degree, optical
indicators were constructed… As is well known these however are not only
complicated and expensive but the minute diagrams cannot be reviewed
except with a photographic enlargement… According to the present invention
a rod-shaped spring in the form of a tapered rod of uniform strength or of
substantially uniform strength throughout and of circular or other suitable
section is used, the thin end of the rod being connected in any suitable and
well known manner with the piston rod, whilst the thick end of the rod is
conical and is exchangeably secured in a bearing outside the piston axis.’
The German patent drawing shows a very basic form of the mechanism,
with a ball-tipped tapering spring-steel rod, mounted horizontally, replacing
PAGE 23
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Plate 13. Maihak-made ‘S’-type indicator S–37 846 presents a mystery. If the idea that ‘37’
is shorthand for ‘1937’, then the pre-war indicator has clearly been refinished; it has almost
certainly been re-boxed, too. Note the anodised paper drum. John Walter collection.

the conventional spiral spring. The rod was attached simply by screwing it
into a standard extending sideways from the indicator body, and the piston
rod had a cut-out in which the spring-rod tip could ride. This is, presumably,
von Gehlen’s prototype: by the time the British patent drawings were prepared,
presumably in the summer of 1924, the indicator had been refined into the
production version shown in Plates 7–9 and 7–10.
The patent specifications all draw attention to the value of the rodspring indicator when engine speeds exceeded 2000 rpm, a level at which
vibration defeated the abilities of conventional indicators. They also draw
attention to prior work, including U.S. Patent 467431 granted in 1892 to F.H.
Pierpont to protect an improvement of the Bachelder indicator. In addition,
German patent 253134 had been granted on 9th January 1912 to Dr Ludwig
PAGE 24
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Carl Friedrich Gümbel of Charlottenburg, protecting an indicator relying on
upward movement of the piston rod to twist an elongated steel rod which had
been clamped at each end in tubular sleeves attached to an extended platform.
The movement of a pantograph-like amplifier was directly proportional to
the torsion in the rod, and, therefore, to the pressure exerted on the underside
of the piston.
The essence of the Gehlen rod-spring indicator, subsequently known
as the ‘Typ S’ or ‘Modell S’ (for Schnellaufend, ‘fast-running’), was a sturdy
tapering steel rod, anchored in a massive frame by a threaded cap and
prevented from twisting laterally by a spring-loaded pin entering a slot in the
spring body. The ball-ended tip of the spring located in the hollow rod of the
large diameter short-stroke piston, which lay almost immediately below the
piston-chamber cap on which the Crosby-like amplifier was mounted. The
Plate 14. Maihak indicator no. S–37 846 is accompanied by many accessories. The wide
range of rod-springs, from the lightest almost to the heaviest, suggests that it was used by
a technical college or similar teaching establishment. John Walter collection.
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Plate 15. The reverse
side of S-37 846, with
a typical rod-spring
and the special tool
used to wind the
platform into place.

trace arm magnified the movement of the piston eightfold to draw a small,
but otherwise conventional diagram on a tiny reciprocating drum. The steam
cock was a separate unit, attached to the body by a large-diameter thread.
The earliest version of the Maihak-made Gehlen indicator had a solid
tracer bar, but, by the mid 1930s, the bar had been pierced with holes to reduce
weight without unduly compromising strength or rigidity. When the Second
World War began, however, the holes were abandoned in an attempt to
accelerate production. Modell S indicators were made throughout hostilities
for use with high-speed diesel engines. Production began again in the early
Plate 16, opposite. The first of a four-page pamphlet published by Maihak in February
1960, extolling the virtues of the Type S rod-spring indicator as a continuous time-base
recorder. Note the extra-large recording drum. John Walter collection.
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1950s, when Maihak offered what the English-language pamphlets called
the “Type ‘S’ Cantilever High Speed Indicator” for use with engine speeds
as high as 2400 rpm. Options included six pistons, 2/1 (diameter 28.67mm),
1/1 (20.27mm), ½ (14.33mm), 1/5 (9.06mm), 1/10 (6.41mm) and 1/20 (4.53mm),
and thirteen spring-rods rated for maximum pressures between 21 lb/sq.in
and 1440 lb/sq.in with the standard 1/1 piston. Indicators could be supplied
with vulcanite ring nuts instead of the stop cock. Most will be found with
the standard reciprocating drum, with a diameter of 30mm, but special large
capacity continuous time-base drums could be obtained to order.[2]
Modernised forms of the original Type S are still being offered by Leutert
and Lemag. The 1998 form of the Leutert S1 could be obtained with four
sizes of piston—2/1, 1/1, ½, and 1/5—and eleven springs, ranging from ‘S/6
Bar’ to ‘S/100 Bar’. Suitable for maximum pressures of 6 bar and 100 bar,
these springs gave trace-point movements of 3.5mm/bar and 0.25mm/bar
respectively when the 1/1 piston was fitted. The recording drum, 30mm in
diameter, accepted paper measuring 35 × 115mm. The S1 weighed about
2.6kg, or 6kg with its wooden case and standard accessories. The indicator
resembles the original Maihak-made Modell S in almost all respects, and it
seems likely that many of the parts and accessories accompanied the 1985
acquisition of all Maihak stock by Friedrich Leutert & Co. AG.

CONTINUOUS TIME-BASE AND OTHER RECORDERS
Among the first to provide anything other than a small-diameter piston
and strengthened amplifying gear to provide a conventional diagram was
Rodolphe Mathot of Brussels, author of the influential Gas-Engines and
Producer-Gas Plants (originally published in French in 1903). Born in 1866,
soon after the Lenoir engine had entered production, Mathot was granted
British Patent 14896/00 of 1900 to protect an auxiliary clockwork drum that
could record the pressures obtained from successive piston strokes. This
enabled the researcher to tell not whether each individual stroke was flawless,
but if the engine was running consistently. In his Provisional Specification,
Mathot observed that: ‘…indicators are at present used in connection with the
testing and verifying of the work of thermal engines, but they generally prove
2. The author’s father, Thomas Walter, then Assistant Works Manager in the Dobbie McInnes factory,
related in 2001 how trials had been undertaken in 1947 with an ‘S’-type indicator from a captured U-Boat.
The conclusion was apparently that though the pressure-recording performance was not particularly
good, the rod-spring system had remarkable resistance to vibration.
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Plate 17. This British Dobbie-McInnes Design No. 2B indicator, no. D2B-9560, dates from
about 1910. The label notes that it is a ’Small Size Instrument’ intended for use with ‘Explosive
Engines’. Not only does it have a small diameter drum and a small-diameter piston, but
the drum contains a roll of paper and the drum spring lies in the tubular housing directly
beneath the platform. Canadian Museum of Making collection.

insufficient for controlling the said work in explosion engines, such as gas
and petroleum engines. The diagrams taken on these afford only indications
or data on each explosion taken separately and from the stand-point of
the initial pressure at the time of same, etc. Now, all the explosions which
succeed each other, whether successive or distant on account of misses, differ
from one another in their importance, their efficiency, the time of ignition of
the mixture, etc. For controlling the complex phenomenons [sic] which take
place during the motion in explosion engines, it is accordingly important to
note during the proper time, all the explosions and misses which succeed
each other under the various conditions of work or regulation…’
The patent drawings show the drum mounted on a Schaeffer & Budenberg
indicator, but the best-known use of the Mathot patent was made by Dobbie
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Plate 18. A page of drawings from the patent granted in 1915 to Horace Morrow. Note the
style of the circular trace, an idiosyncratic method preventing precise measurements beng
taken. By courtesy of the US Government Patent Office, Washington DC.

McInnes Ltd of Glasgow. Indicators of this type were still being offered in
1939, though demand had never been large: production is unlikely to have
exceeded a few hundred. The Mathot recorder, containing a roll of paper
about twelve inches (30 cm) long, gave a trace consisting of a large number of
peaks representing the pressures generated during each power stroke.
Among the many people to follow Mathot were the Frenchmen Albert de
Dion and Georges Bouton—renowned for their pioneering work on motor
vehicles—who obtained British Patent 2104/03 of 1903 for a complicated
modernisation of a moving-tablet indicator (U.S. 754287 is comparable).
The de Dion & Bouton indicator usually created a conventional closed-path
diagram from small components of many individual cycles. One feature was
the ease with which, within specific limits, it could be adapted to differing
lengths of stroke. This was achieved simply by replacing the guide plate in the
tablet mechanism with one of a different radius.
An attempt to provide a conventional exposed-spring indicator suited to
high-speed car and aeroplane engines was made in the 1920s by Englishman
Charles Gale, who received British Patents 192551 and 192578, each sought
in 1921, and U.S. Patent 1483171 granted in 1924. Externally, Gale’s indicator
looked to be a conventional design with the spring mounted externally on a
large bracket and an oscillating drum.
The principal novelty lay in a valve ‘comprising two co-axial sleeves
adapted to be rotated relatively and in close contact with one another, the one
in harmony with the engine and the other adjustably, each of the said sleeves
being formed with a port in such a position as to be enabled to register with
the port in the other sleeve at a point in the cycle of the engine determined
by the position of the other sleeve’. Controlled with a small hand-wheel, this
valve allowed pressures in the engine to be monitored at differing positions
in the operating cycle. A dash-pot or comparable damping system was to be
provided to eliminate unwanted vibrations.
Many attempts were made in the U.S.A. in 1910–25 to develop mechanicallyactuated indicators specifically for internal-combustion engines, including,
for example, the ‘Gas-Engine Recorder’ developed by Horace Morrow of
Wellston, Ohio. The subject of U.S. Patent 1161875 of 30th November 1915,
sought on 12th May, Morrow’s design resembled a conventional mechanical
indicator, with a socket (held in the engine body by a spark plug) and a rightPAGE 31

THE ENGINE INDICATOR

Plate 19. A page of drawings from the patent granted in 1918 to Charles and Edward
Stevens. This is a comparatively simple continuous recorder, with a tracer attached directly
to the piston rod. By courtesy of the US Government Patent Office, Washington DC.

angle tubular ‘platform’ to which a handle was attached. An upright chamber
held a piston-like rod in a short conical seat, which rose during compression
against pressure offered by an adjustable spring-loaded rocking arm on top of
the chamber. The arm was also connected to an adjustable ‘stylus plate’ which
hung in front of the recording disc. The disc was rotated by a pawl-andratchet lever, advancing one click each time the piston rose. The stylus traced
a comparatively smooth curve during compression, but this was punctuated
by a series of spikes denoting the detonations within the cylinder. Each spike
was customarily flat-topped, as the vertical movement of the piston rod was
limited by a circumferential shoulder striking the inside of the chamber-top.
Misfiring was easily detected from the trace, and the running speed of the
engine could be calculated by timing the rotation of the disc, but the Morrow
recorder was not sophisticated enough to compete with the optical and sparktrace indicators that could record pressures accurately. Consequently, there is
no evidence to suggest that the instrument was ever marketed commercially.
Yet, well aware that Midgley and Farnboro indicators were not only
cumbersome but also very expensive, inventors still strove in the 1920s and
1930s to provide purely mechanical methods of recording the performance of
internal-combustion engines. Some designs were simple, often re-creations
of ideas which had occurred many times previously; others were exceptionally
sophisticated. Most fell somewhere between the two extremes.
Many patents failed to bridge the gulf between novelty and commercial
exploitation. However, in some cases at least, designs reached the prototype
stage and, therefore, may still survive unrecognised for what they are.
Among them could be the continuous-roll recorder patented on 15th January
1918 by Charles E. Stevens Jr and Edward W. Stevens of Detroit, Michigan
(‘Recording-Gage’, US Patent no. 1253438), which relied on a simple verticallymoving pointer on the piston-rod extension marking a paper roll advanced
by a pawl-and-ratchet mechanism each time the piston rose.
Harold Caminez of Dayton, Ohio, was granted US Patent 1610548 on
14th December 1926 to protect an ‘Engine Pressure Recording Instrument’.
The inventor claimed that his design would provide ‘an instrument which
will directly produce a diagram of the pressure changes that occur in the
cylinder of an engine during a cycle of operations extending over a period of
time. The instrument will operate under the present day high engine speeds
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because in its design the inertia and friction effects on pressure indications
have almost entirely been eliminated. The instrument is a rugged mechanical
device and therefore possesses a decided advantage over the delicate optical
instruments…employed for the same duty.’
The Caminez concentric-drum indicator incorporated a mechanicallydriven means of raising the drum while the pressure of the spring was
gradually increased.[3] As the coil spring had been adjusted at the outset to
press only lightly on the piston, the end-product was a series of horizontal
traces. Comparable to some of the nineteenth-century ‘slice’ indicators, the
Figure 20. One of the Kreisel indicators.
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length of the Caminez trace was proportional to the length of time within
each stroke that the compression pressure exceeded the pressure exerted
by the spring. At the outset, of course, with the spring set to a minimum,
the trace was drawn for practically the entire stroke; as the spring pressure
increased, the length of line decreased until, finally, it was virtually a dot. The
diagram was constructed of a set of lines which gave a very clear indication of
the work being done in the cylinder.
The ‘Testing Device for Internal-Combustion Engines’ developed by
Thomas Liles of Tyler, Texas (U.S. Patent 1637867 of 2nd August 1927), was
another of the continuous recorders, relying on a combination of a vertically
moving tracer attached to the piston rod and a mechanically-driven paper
feed, advanced a short distance for each stroke. The resulting diagram
consisted of a series of narrow saw-tooth lines, measuring compression
against graded horizontal lines and indicating any loss of compression that
occurred.
Like many of the designs of this era, the Liles instrument was essentially
very simple, but capable only of a limited role. The same could not necessarily
be said of the ‘Recording and Timing Device for Combustion Engines’
invented by Paul Kreisel of Newark, New Jersey. An application had been
made in June 1923, apparently unsuccessfully as a second application followed
on 9th July 1927; U.S. Patent 1655615 was granted on 10th January 1928.
Kreisel noted that his principal objective was to provide ‘an effective
apparatus, by means of which not only the various amounts of pressure
may be gaged and recorded, but which will simultaneously indicate the
exact moment of firing within the cylinders of an engine, and indicate such
moment upon a record taking element, and…indicate the cycle periods of an
engine, showing the respective relations between the periods of compression,
ignition and intake.’ He added that ‘[conventional] indicators are generally
used. There are also spark gages [indicators], but neither of these devices
can effectively give a complete record of the working of an engine, making it
impossible to time such engines exactly.’
The patent drawings show Kreisel’s indicator in many forms, invariably
with a recording card fixed to a static tablet. The tracer is directed over the
card—for example, but a rhomboidal track—to draw a diagram on which not
only the pressure but also the point of ignition (transmitted electrically) can
be read.
3. The specification notes that the spring was compressed a quarter-turn for each rotation of the drum.
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MICRO-INDICATORS
One method of overcoming the vibration problems encountered in highspeed running was provided by the micro-indicator, accepting that smallbut-perfect diagrams were preferable to large traces compromised by
undulations. The earliest attempt to provide an instrument of this type was
made in Germany by Otto Mader, whose 1912 design was made in small
quantities by Gebrüder Stärzle of München (Munich).
Mader’s indicator consisted of a platform-like body containing a steamcock and a small piston which could slide vertically against the resistance of
a co-axial coil spring. A small ‘writing lever’ slid laterally on top of the piston
rod as the short rocking-bracket to which it was attached was moved by a
suitable part of the engine.
A constraining spring anchored to the platform prevented the writing
lever disengaging unexpectedly while a small stylus drew up to 24 minuscule
diagrams (only about 2mm high) on a smoked-glass plate that slid in
channelled supports in the rear of the indicator body. The ‘cards’ could be
fixed by immersing the glass in Canada balsam, and viewed either with the
aid of a low-power microscope or by enlarging them photographically.
The ‘Collins Micro-Indicator for High Speed Engines’, patented in Britain
in 1922 by W.G. Collins, director of the Cambridge & Paul Instrument Co.
Ltd of London, took another approach. A very compact unit, relying on a
very small piston and a sturdy riband spring to move the stylus that engraved
tiny diagrams on a small ratchet disc, the Collins design was praised by the
British periodical Engineering: ‘The moving parts are light and they move
through small distances; there is little inertia, an entire absence of linkages
and uncompensated joints, and there is, therefore, small liability to wear.
With a piston area of 1/4 sq. in. the natural period of the recording system is
about 1/1100 of a second.’
The diagrams produced by the Collins instrument were only about 3mm
long, with a maximum height of about 2.5mm. Though they were difficult
to interpret with the naked eye, a simple tubular microscope with a graticle
allowed the operator to read the dimensions of the diagram to the nearest
hundredth of an inch. The raised edges of the trace helped to make the
diagrams surprisingly distinct.
Ten diagrams could be taken in rapid succession from high-speed
engines, but the Collins design never prospered. This was partly due to the
ready availability of conventional indicators, which could handle most of the
day-to-day work of a travelling engineer; the need to have an electrical supply
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Plate 21, right: the Mader microindicator of 1912.
Plate 22, below: the Collins microindicator of 1922, showing the
diagram disc (greatly enlarged).

Drawings from K.J. DeJuhasz, The
Engine Indicator (1934).
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at hand, even if only a battery, and the impossibility of using a planimeter to
interpret the micro-diagrams were considerable drawbacks. Though a few
Collins micro-indicators were sold commercially in the 1920s, they soon
faded into obscurity in the face of competition from multi-cylinder analysers
such as the Farnboro pattern marketed aggressively by Dobbie McInnes.
Another type, the work of the German engineer Wolfgang Pabst, was used
by the Deutsche Versuchsanstalt fur Luftfahrt from 1929 onward. Pressure
on a diaphragm raised a lightweight rod attached to a diamond-point stylus,
which engraved a diagram on a ground-glass slide that was oscillated during
the engine cycles and moved sequentially by clockwork. The diamond allowed
a very precise trace which could be as fine as 0.002mm: ideally matched to
the diagrams, which were usually only about 0.5mm high!

OPTICAL INDICATORS
The essence of the first practicable design could be seen by 1880, when a
letter appeared in Engineering suggesting the use of a flexible diaphragm. The
Clarke & Low indicator of 1885, therefore, consisted of a hemispherical body
containing an elastic diaphragm communicating with the engine cylinder
through a conventional stop cock. A small concave mirror was mounted
above the diaphragm on a frame that could be oscillated about its vertical axis
by a connection formed with the crosshead or reducing gear. A small link
or ‘finger’ on the diaphragm rocked the mirror on its horizontal axis as the
chamber pressure changed. Combining the movements of the mirror and the
supporting frame allowed a conventional diagram to be produced.
A pin-point beam of light was directed onto the mirror and reflected
onto a screen, where the changes of pressure during the operating cycle could
be pricked-off or traced to provide a permanent record. The system had
inherent limitations—difficulties of calibrating or regulating the diaphragm,
for example, or errors produced by projecting the diagram onto a flat instead
of appropriately curved surface. However, the Clarke & Low system found
a short-lived favour as a teaching aid, as it projected diagrams that could be
several feet long.
The optical indicator designed by Dr John Perry, who subsequently
became professor of mechanics and physics at the Royal College of Science,
was described to the Physical Society in 1891. Clearly inspired by the work of
Clarke & Low, it relied on a thin steel diaphragm contained in a circular disc
which could be expanded by the admission of steam or combustion products
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from a union with the engine cylinder. The influx passed through a gas-tight
joint into a cast-iron box or ‘shoe’, and thence into the chamber beneath the
diaphragm. A small mirror was fixed to the diaphragm face, offset to one
side so that it was tipped in relation to the rise and fall in pressure. The
shoe, mounted in gimbals, was tipped laterally by a linkage attached to the
reducing gear or a suitable component of the engine.
The resulting bi-directional movement of the mirror could be mimicked
on a screen or photographic plate by a beam of reflected light. Leaks from the
admission port, which ran through one of the gimbals, could be prevented by
tightening an adjuster screw at the opposing end of the shoe. Yet the Perry
indicator still shared the weaknesses of the Clarke & Low type, even though
the development of photographic apparatus allowed the traces to be recorded
and the instrument could react rapidly to changes of load, speed or pressure.
The simplicity of the diaphragm-type optical indicator attracted many
inventors. Among them was Charles Bedell of Swarthmore, Pennsylvania,
who received U.S. Patent 575202 on 12th January 1897 to protect one of the
first to be fitted with photographic recording apparatus, the lens, the bellows
and the plate becoming an integral part of the instrument. The diaphragm
was flexed by steam pressure, the central push-rod being connected with the
top edge of the mirror to move the trace vertically; lateral movement was
effected by a rocking lever, pivoted on top of the mirror housing, which was
driven by a suitable linkage attached (ultimately) to the piston rod cross-head.
Though there is no evidence that the Bedell indicator was made in
quantity, and it would probably have overheated during prolonged use, it
did highight one particular trend in late nineteenth-century thought. The
first optical indicator to achieve real success was developed by Bertram
Hopkinson (1874–1918) of Cambridge University, Professor of Mechanism
and Applied Mechanics from 1903 until his untimely death in an air crash. Its
development history is obscure, though the engineer Harry Ricardo testified
that he had been given the prototype when he left Cambridge in 1906. An
indicator pictured in Engineering on 25th October 1907 is identical with the
perfected “Hopkinson’s Flashlight Engine Indicator” marketed in quantity by
Dobbie McInnes Ltd of Glasgow from 1908 onward.
Hopkinson indicators were supplied with two differing beam-type
springs and three pistons (their surface areas were customarily one unit, a
half-unit and a quarter-unit), which, with cylinder liners if necessary, allowed
the operator sufficient choice to suit most circumstances. They proved to
be successful teaching and experimental aids, as the spring calibration was
found to remain remarkably constant over long periods of time—an error
PAGE 39

THE ENGINE INDICATOR

Plate 23. The diaphragm-type optical indicator designed by Charles Bedell, showing the
integral bellows-camera attachment. From the drawings accompanying US Patent 575202,
sought in June 1896 and granted on 12th January 1897. By courtesy of the U.S. Government
Patent Office, Washington DC.

less than two per cent being customary. However, the requirement either to
plot the trace manually or employ cumbersome photographic recorders did
little to commend the Hopkinson indicators to consulting engineers.
Even the manufacturer had lost interest by the early 1920s, concentrating
instead on the Farnboro electrical engine indicator. Dobbie McInnes may
have made as many as 250 Hopkinson optical indicators, but survivors are
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rarely seen…even though an illustration was still appearing in the company’s
promotional booklet, The Engine Indicator. Its Commercial Value and
Instructions for Use, in the days of Dobbie McInnes & Clyde Ltd.
A modification of the Hopkinson ‘beam spring’ system was developed in
Japan by Fujio Nakanishi, eventually working in collusion with Masaharu Ito
and Kikuo Kitamura. A short-stroke piston (subsequently superseded by a
pressure diaphragm) conveyed movement to a light beam-like spring with an
angled mirror at the mid-point of each arm.
Intended to minimise the effects of vibration, this construction allowed
a beam of light from a source placed vertically above one of the mirrors to
pass from mirror to mirror and then back to the recording medium (e.g., a
photographic plate). Like the Hopkinson design, the Nakanishi oscillated
around its vertical axis to provide the ‘time’ part of the diagram. The Japanese
indicator progressed through several improvements in 1928–35, and was
made in small numbers—though never as widely distributed as the original
Hopkinson design had been.
In 1910, Frederick Purdy, a ‘Mechanical Expert’ of Kenosha, Wisconsin,
patented an optical indicator specifically for use with multi-cylinder internal
combustion engines. The essence was a series of tubes leading to a block
containing the valves that allowed the pressure in any single cylinder to
reach a diaphragm. A rod touching the front of the diaphragm transmitted
movement to a spring-loaded mirror pivoted on the front of a bevel gear
which received its motion from the engine crankshaft. As the mirror rotated,
fluctuations in pressure moved the point of light generated by an arc lamp
away from the perfect circle that sufficed as the atmospheric line to trace
an irregular closed loop on a glass screen or a photographic plate. Though
the form of this diagram was unconventional, it was nonetheless possible to
interpret the change of pressure and volume.
The indicator patented in Britain in June 1913 by William Dalby and
William Watson was another diaphragm-and-mirror design, the thickness
of the diaphragm varying from 0.015 to 0.06 inches depending on the testpressure range. The inventors were respectively Professor of Engineering at
the City and Guilds Enginering College and Assistant Professor of Physics at
the Imperial College of Science and Technology in London, showing that the
instrument was intended more for laboratory use than commerce. And, like
virtually all of its type, it was heavy and cumbersome.
The apparatus consisted of a sturdy base, which was to be directly attached
to the engine, beneath a detachable camera box. When the indicator cock
was opened, steam pressed on the diaphragm. The diaphragm in turn acted
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through a light spring-loaded rod to turn a small mirror on a vertical axis,
the amount of deflection being directly proportional to the pressure applied.
This gave a continuous record of the changes within the cylinder in the same
way as the pencil arm of a mechanical indicator. Simultaneously, a mirror set
with its axis horizontally was oscillated by a cam and rod driven by a chain
from the engine being tested.
The ratio of the throw of the eccentric to the length of the eccentric rod
had to be the same as that of the crank radius of the engine to the length of
its connecting rod, to ensure that the angular displacement of the horizontal
(or ‘stroke’) mirror was proportional to the linear displacement of the engine
piston. It also provided accurate timings for the rise and fall of pressure in
Plate 24. The original Hopkinson indicator of 1906, below, was much more compact than
the ‘production version’ made by Dobbie McInnes.
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Plate 25, above: Hopkinson optical indicator no. 155, made about 1911/12 by Dobbie
McInnes & Co. Ltd of Glasgow. Virtually all of the survivors reported to date (six of them)
seem to have been used by colleges and teaching establishments. Plate 26, above right:
a sectional drawing of the old-type Nakanishi indicator, showing the piston (‘a’) and the
mirrors (‘c1’, ‘c2’) on the arms of the spring. Indicator: Museum of Making collection. Drawing:
from K.J. DeJuhasz, The Engine Indicator (1934).

the engine cylinder, effectively replicating the drum motion of a conventional
mechanical indicator.
The trace was created by allowing light from an external bulb to enter a
pinhole in the casing of the indicator. The light-ray ran the length of the body
to strike the vertical (pressure) mirror and was then turned back to strike
the horizontal (time) mirror before leaving at approximately ninety degrees
to its line of entry. The reflected light-ray struck a ground-glass screen or a
photographic plate in a wooden box attached to the indicator body to create
a visual record of the events that had occurred within the engine cylinder.
Dalby and Watson claimed novelty not only in the way in which the
pressure mirror could be adjusted to change the position of the reflected light
beam, but also in the adjustable stop for the diaphragm. Provision was also
made for a fixed concave mirror (in the wall of the tubular housing alongside
the moving mirror) to provide an additional datum line. The ease with which
the pressure-mirror unit could be removed was also noteworthy, as it was
only necessary to detach the camera, release a lock screw, and withdraw the
tubular housing containing the mirror.
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Plate 27. A vertical section of the Dalby-Watson optical indicator, taken from drawings
accompanying British Patent 14108/13, sought in June 1913 and accepted on 12th
February 1914. Courtesy of the UK Intellectual Property Office, London.

The Briton Archibald Low, one of the best-known scientific writers of his day
but then an army officer serving with the ‘Royal Flying Corps Experimental
Works’, was still promoting a diaphragm-type indicator during the First World
War. Low’s British Patent of January 1918 shows two methods of obtaining
a movement corresponding to pressure: by variations in the resistance of
carbon granules or by a coil moving within a coil, each method varying the
current in an electrical circuit in which a moving-coil galvanometer provided
deflection to a small mirror. This mirror supplied the vertical (pressure)
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component of the pressure/time trace on light-sensitive paper, the horizontal
(time) component being provided by moving a second mirror driven by any
suitable method—an electromagnet, for example—as the crankshaft revolved.
Low’s design was in some ways ahead of its time, and may not have been
employed outside the military establishment to which he had been seconded.
More successful, though with a similar genesis, was an indicator created in
1919 by Leonard Thring, an engineer once associated at Cambridge University
with Bertram Hopkinson. This was developed specifically to obtain pressure/
time information in situations where very high pressures rose exceptionally
quickly. Though this applied to high compression engines in some respects,
a much more obvious example was a gun—effectively a ‘one stroke’ internalcombustion engine.
Thring proposed to harness high pressures to give a very small movement
by attaching an inner tube securely to the top of an outer tube that had been
screwed into a base plate. The lower end of the inner tube ended in a plunger
communicating with the source of pressure, and a strut or plate extending
Plate 28. Archibald M. Low, now regarded as one of the fathers of space technology, was
a great populariser of science. Author’s collection.
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vertically upward inside the hollow head of the plunger rocked a rigidlymounted mirror by twisting either a flat spring or spring-loaded trunnions.
When the gun was fired, pressure generated by the combustion of propellant
forced the plunger upward. This had the dual effects of compressing the
inner tube against its joint with the outer tube and extending the outer tube
from its joint with the base plate. The resulting two-stage movement rotated
the mirror, and allowed changes in pressure to be seen in a pinpoint beam of
reflected light.
Plate 29. The first Thring indicator, with traverse table, from the drawings accompanying
the 1919 British Patent. By courtesy of the UK Intellectual Property Office, London.
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Thring also proposed a ‘traverse table’ which, responding either to recoil
or similar movement, rotated the mirror laterally to allow a conventional
pressure/time diagram to be obtained. A later patent, sought in Britain
in 1928, protected a simplified instrument in which the mirror strut was
constrained at both ends to reduce the degrading effects of vibrations.
In May 1920, Engineering reported that an optical instrument designed
by Professor Frederic W. Burstall of the University of Liverpool, representing
‘we understand, the latest form which [the] indicator has taken’, had been
exhibited at the Royal Society soirée. The subject of a patent application made
in Britain in October 1920, this was another of the mirror types.
The two-piece body, with a diagonal joint, contained the mirrors in the
upper half and the image plate in the lower part. Changes in pressure were
registered by the lateral movement of a hollow-bodied piston against a bar
spring terminating in a mirror, relying on a combination of a ball joint, a
spring-locating screw and a ‘V’-shape spring channel to ensure accuracy. A
water-cooled cock and piston housing (and an optional forced lubrication
system) kept the piston moving freely. The passage of time during an
individual cycle was shown by a mirror, oscillated by the crankshaft or
other part of an engine to divert the light path vertically, to complete the bidirectional movement required to trace a diagram on a photographic plate.
The Burstall indicator exhibited in 1920 had a water-cooled cylinder
containing a tiny piston with a diameter of 0.4 inches and a stroke of just onetenth of an inch. A stiff steel cantilever arm acted as a spring, reducing the
effects of vibration until engines running at 2500 rpm and pressures as great
as 600lb/sq.in could be tested satisfactorily. A modified version appeared in
the late 1920s, with the layout refined to produce a more compact design, but
the Burstall indicator was never made in quantity. Like the earlier DalbyWatson design, it could never break free of the constraints of the laboratory.
The rapid growth of the automotive industry in the U.S.A. encouraged
many experimenters to design new indicators. The trend towards diminutive
stiff-spring mechanical indicators that could be discerned in Europe was
largely overlooked in North America, where the products of Crosby, the
most successful indigenous manufacturer of the time, remained steadfastly
conventional. More thought was applied to alternative solutions.
Among the optical indicators was U.S. Patent 1323209, ‘Testing Device
for Engines’, granted on 25th November 1919 to Martin Williams of South
Bend, Indiana.[4] Rights in the design were assigned to the American Sleeve4. The printed specification reveals that the application was originally made on 25th August 1915, but also
that it was ‘renewed’ on 17th October 1919.
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Plate 30. The original or ‘straight line’ type of Burstall optical indicator. The later pattern
had the lamp housing offset to one side and the mirrors angled to make the design more
compact. By courtesy of the UK Intellectual Property Office, London.

Valve Motor Company. The printed patent specification records that, among
other advantages, the indicator was to ‘provide a construction by which the
individual power impluses can be measured;…in which the movement of
the indicating screen is so enlarged that any discrepancies [in performance]
can be detected;…in which rays of reflected light are employed for indicating
the movement of the diaphragm, thus permitting a record to be made on
an ordinary photographic plate without the employment of extraneous
devices;…[and] which can be readily connected up to a cylinder of an internal
combustion engine...’
The Williams indicator consisted of a large box, closed at one end with
a detachable photographic-plate holder and at the other by a pipe connected
directly to the engine cylinder. The pressures generated during the firing cycle
were mimicked by a small mirror oscillated in one plane by a diaphragm and
in the other by a pinion on a flexible shaft engaging a pinion on the engine
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crankshaft. Light from a bulb in a housing attached beneath the box passed
through focusing lenses (and an intermediate shutter) onto a reflector which
projected a beam onto the oscillating mirror. The beam was then deflected
by the combination of diaphragm movements and the motion of the drive
shaft to trace a diagram on the screen. Electrical control gear could activate
small electromagnets to move the lamp-shutter laterally, cutting off the beam
of light. This allowed individual components of the firing cycle to be isolated
for inspection.
Thomas Midgely, Jr, of Dayton in Ohio, was a prolific designer. Among
his many developments, usually assigned to the Fisk Rubber Company or
the General Motors Research Corporation, was an optical indicator designed
specifically to investigate the performance of high speed multi-cylinder
internal combustion engines. The subject of U.S. Patent 1490223, accepted on
15th April 1924 but sought on 1st April 1920, this relied on two mirrors—one
to show the changes in pressure by moving the trace vertically and the other to
Plate 31. A longitudinal section of the Williams optical indicator of 1919, showing the
light source, focusing lenses and oscillating mirror. The diaphragm is shown vertically at
the right-hand end of the box, with the photographic-plate holder at the extreme left.
Courtesy of the US Government Patent Office, Washington, DC.
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denote the length of cycle by deflecting the trace laterally. A mirror controlled
by a rod attached to the spring loaded short-stroke piston, travelling only
1/25th of an inch, moved the beam vertically; and the horizontal movement
was controlled by a faceted vertical mirror within the wood body, in plan
virtually a quadrant, that supported the curved plexiglass viewing screen.
The vertical mirror was driven by a motor so controlled by the drive
mechanism carried on a separate base plate that it rotated in phase with
the engine crankshaft. Typically, the motor rotated at one-eighth of the
engine speed; each of the eight facets of the mirror, therefore, recorded one
complete revolution of the engine. Other features included the ability to alter
the rotation of the mirror in relation to the engine crankshaft; to obtain a
photographic record of even a single engine cycle when necessary; and to alter
the instrument to become a pressure/volume recorder simply by allowing the
faceted mirror to oscillate instead of rotate.
The early history of the indicator is still something of a mystery. A
handbook published in 1920 by the ‘General Motors Corporation, Dayton
Wright Division, Dayton, Ohio’, The Midgely Gas Engine Indicator, included
three testimonials dating from October 1919. Two of these, from the Bureau
of Mines and the Engineering Division of the U.S. Army Air Service, show
that an indicator had been subjected to testing. They also identify the original
promoter as the Dayton Metal Products Company of North Ludlow Street,
Dayton: purchased by General Motors in 1920. The book also reveals that
each indicator cost $750—a stupendous sum for the day.
The Midgely indicator was a very sophisticated tool, and several patents
of addition were filed by other employees of the General Motors Research
Corporation. They included U.S. no. 1456847, which, though sought almost
a year after application had been made for what became the Midgely patent
(on 23rd March 1921), was granted much more quickly: to Harvey D. Geyer of
Dayton, Ohio, on 29th May 1923. The pressure tube contained an additional
large-diameter piston, on which pressure could be exerted to counterbalance
all or part of the cylinder pressure beneath it. The goal was to allow the
position of the trace to be moved in relation to the horizontal datum line on
the viewing screen, so that, for example, the point of maximum pressure lay
directly on the line. This, it was claimed, allowed anomalies or fluctuations
to be spotted much more easily.
U.S. Patent 1492754, sought on 15th March 1921, was granted to John H.
Sheats of Dayton, Ohio, on 6th May 1924. Novelty lay in the large-diameter
diaphragm, placed between counterbalancing springs, which allowed the
indicator to be used with the low pressures found in the exhaust manifold of
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internal-combustion engines. US Patent 1507555, granted on 2nd September
1924 to Harvey Geyer, allowed a combined pressure tube/spark-plug assembly
to be fitted directly to the engine ‘without specifically preparing the cylinder
and which permits the normal operation of the engine when attached’.
It is not known if Midgely indicators were made in quantity. One survivor
is marked ‘Dayton-Wright Division’ (which General Motors sold in February
1923) and numbered ‘A-160’, but it has been suggested that the number
Plate 32. The Midgely indicator, from the U.S. Patent granted in 1924. Note the faceted
mirror, part no. 63. By courtesy of the U.S. Government Patent Office, Washington DC.
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Plates 33 and 34. Another page of the 1923 Midgely patent, showing the pressure/time
synchroniser unit, driven from the crankshaft, and an illustration of the apparatus set-up
to record traces photographically. Drawing by courtesy of the US Government Patent Office,
Washington DC; half-tone from the 1920 indicator handbook.

refers more to the laboratory inventory of the General Motors Research
Corporation than a large-scale manufacturing operation. Hopefully, more of
these fascinating instruments may now be found.
Among the many other designs of optical indicator were the ‘Manograph’
of the Frenchmen Hospitalier & Charpentier. Diaphragm-type instruments
included the designs of van Dijck & Broeze of Proefstation ‘Delft’ (a research
establishment owned by a subsidiary of the Royal Dutch Shell petroleum
company), made by Kipp en Zonen of Delft, and that of la Société Genevoise
d’Instruments Physiques of Geneva, Switzerland.
Indicators promoted in Germany by OTA-Apparate GmbH of Frankfurt
am Main and Maihak A.G. of Hamburg-Altona—designed by Otto Schulze
and Alfred von Gehlen respectively—were both based on cantilever springs.
The Maihak optical indicator, which incorporated three mirrors, was a
particularly compact unit which could be substituted for a spark plug.
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SPARK-TRACE INDICATORS
Optical indicators began to lose favour in the 1930s. The incorporation of
moving mirrors and mechanical drive introduced unwanted friction and
inertia, and attention turned instead to measurement that could be obtained
electrically. Though these often created a conventional trace on the screen of
a cathode-ray tube, they are not regarded as ‘autographic’ — defined for the
purposes of this book as having overtly physical characteristics.
The meteoric rise in the popularity of the internal-combustion engine was
due partly to enthusiasm for motoring, and partly to the intervention of the
First World War. Conflict often accelerates technological progress, and the
years between 1914 and 1918 were no exception: the aeroplane, in particular,
made a spectacular advance from the rickety craft of the first days of fighting
to the gigantic bombers that were being built when the hostilities ended.
Though effectual methods of testing engines on the ground had been
provided, peak-pressure indicators were too unsophisticated, pencil-arm
autographic indicators were much too delicate, and optical indicators were
too cumbersome to enable experiments to be undertaken in flight.
Development of the ‘RAE Indicator’—named after the British Royal
Aircraft Establishment, South Farnborough—began in 1919. The instigator
was Squadron-Leader Geoffrey Norman, who sought, in the words of W.
Sydney Smith, Superintendent of the research establishment, to provide
‘an indicator which would record diagrams from the engine with entire
satisfaction at high speeds, either on the bench or in the air’.
The basis of the indicator was a small disc valve in which air pressure
on the top side, supplied from a separate bottle, could balance the pressure
generated by combustion in the engine cylinder. When the latter just overcame
the former, the valve lifted—a rapid and almost imperceptible movement that
broke the primary electrical circuit and allowed a high-tension induction coil
to induce a high-tension voltage in the secondary coil. This was forced to
jump an air-gap on its way to earth in the form of a spark, scorching a mark
on the diagram paper.
The pressure continued to rise to a peak, then fell to make another mark
on the opposite side of the pressure curve. Air pressure was then increased,
giving another pair of marks, and the process continued until a diagram had
been constructed. The unusually large diagrams (7½ inches tall; 14½ inches
wide) were easy to read, assuming that the spark points could be clearly seen.
In the earliest design, each diagram was a composite of 125 revolutions
obtained as the spark-point moved from one end of the drum to the other.
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Plate 35. The first successful in-flight test of the ‘RAE’ or Farnboro indicator was made on
3rd February 1923. This picture shows an instrument (one of the six improved examples
made in the Royal Aircraft Establishment) installed in the rear cockpit of a DH 9 biplane.
From the handbook published in 1925 by Dobbie McInnes & Clyde Ltd.

The drum was driven from the engine by either a shaft or a short chain, by
way of a special clutch. The spring cradle on the casing accepted two ‘main
tension springs’, attached to special anchors or ‘spring horns’, and a pair of
compression springs on the central strut. The outer springs could be replaced,
depending on the pressure-range required, or detached to enable light spring
diagrams to be obtained with the assistance of the central springs alone.
A Preliminary Report on Electrical Indicator for High Speed Internal
Combustion Engines was submitted on 16th January 1920 and the first
prototype was completed in the summer of 1921. Tried for six months with an
experimental aeroplane engine, taking more than 1500 diagrams, it proved to
be very successful; six improved indicators, with the batteries, high-tension
coil and distribution box built into the body (‘casing’) followed in 1922.
An application for a British Patent was made in April 1922 on behalf of
Harry Wood of the RAE and Jessie Norman, widow and ‘legal representative’
of Geoffrey Norman; it was accepted in July 1923 as British Patent no. 200595.
In January 1924, Wood submitted an improved contact-breaker design, which
was patented in April 1925.
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Plate 36. A photograph of the original Dobbie McInnes-type Farnboro, from the Dobbie
McInnes & Clyde handbook published c. 1925. Serial numbers started at GM101.

The experimental indicators were initially confined to bench testing. On 3rd
February 1923, however, one was successfully installed in the rear cockpit of a
two-seater DH 9 biplane and used to test the 400 hp twelve-cylinder Napier
Lion engine at altitudes of 500, 5000 and 10000 feet. This enabled the major
goal of the project to be achieved: the investigation of engine performance,
particularly at high altitude.
Series production of the RAE Indicator was licensed to Dobbie McInnes
& Clyde Ltd of Glasgow, and work on what was known commercially as the
‘Farnboro’ (after the site of the Royal Aircraft Establishment) began almost as
soon as the first patent had been granted. A review by A.W. Judge appeared
in The Automobile Engineer in January 1925 and the first handbook seems
to date from the same period: one of the illustrations inside the back cover
shows the improved paper-winding system patented by Walter Clyde and
Dobbie McInnes & Clyde Ltd in August 1923.
The earliest manual reveals that the indicator was supplied in a partitioned
wooden case, accompanied by four pairs of tension springs, a pair of light
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compression springs fitted in position, three two-volt accumulators to be
connected in series provide six-volt electrical power, a disc-valve unit with
an 18mm thread, and a hundred black diagram sheets. The box was 24 inches
long, 16½ inches high and 11 inches wide. Tension springs were identified
either by colour or, in written material, by individual letters: blue (‘B’) for
1in of diagram height per 40 lb/sq.in., a maximum pressure of 300 lb/sq.in;
white (‘W’) for 1:80 or 600lb/sq.in.; yellow (‘Y’) for 1:100 or 750 lb/sq.in; and
red (‘R’) for 1:150 or 1125 lb/sq.in. The compression springs were suitable for
pressures ranging from 12 lb/sq.in. below to 30 lb/sq.in. above atmospheric
pressure.
The Farnboro indicator was an instant success, but there were those who
questioned its accuracy. The most damning report was made in the USA
by John H. Collins of the Langley Memorial Aeronautical Laboratory:
Alterations and Tests of the “Farnboro” Engine Indicator (Technical Notes,
National Advisory Committee for Aeronautics, no. 348) subjected the
standards of manufacture and the disc valve to trenchant criticism, and ‘…
Plate 37. A drawing of the Farnboro from the Roach & Hempson report, 1952.
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modifications were made to the instrument to improve its operation. The
original design of disk valve was altered so as to reduce the mass, travel and
seat area. Changes were made in the recording mechanism, which included
a new method of locating the top center position on the record. The effect of
friction on the motion of the pointer…was eliminated by providing a means
of putting pressure lines on the record…’
There is little doubt that the modified NACA Farnboro performed better
than the Dobbie McInnes & Clyde instrument in static testing; the new valve
weighed only about a fifth, had a seat-width about one-seventh and a vertical
travel of about one third of the original dimensions. This made it much more
responsive, though it must be questioned whether the theoretical superiority
claimed by Kalman De Juhasz in the 1930s (1:156 in favour of the NACA
pattern) has much validity.
Many experimenters subsequently used Farnboro indicators, though
changes were sometimes made to suit specific requirements: Harry Ricardo
Plate 38. A standard Farnboro indicator of the type being made by Dobbie McInnes in the
late 1950s. This example, no. GM 764, lacks the detachable Pick-Up unit. Canadian Museum
of Making collection.
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Plate 39. Three Farnboro indicator springs. The power ratings can be determined not only
by the markings on the lugs, but also by the colour of the end caps Canadian Museum of
Making collection.

used one in 1929–30 to investigate fuel-line pressures, and W.J.R. Roach &
J.G.G. Hempson (Ricardo employees) used another in 1951–2 to investigate
the performance of large marine diesel engines. Though Dobbie McInnes
capitalised on Roach & Hempson’s research, which was published in the
British Shipbuilding Research Association Report no. 92 and also in The
Engineer, the authors had been critical: “With the original valve, trouble was
experienced due to gas leakage, over-heating, contact-face corrosion and
internal fouling…’ A new balancing unit had been developed to overcome the
perceived problems, with a large flexible diaphragm. This was subsequently
made commercially by Dobbie McInnes as the ‘Pick-Up Type P’ (for normal
pressure ranges) and the ‘Pick-Up Type L’ (low pressure), replacing the
original disc-valve system.
Another type of drum-type balanced diaphragm spark-trace indicator
was promoted in the early 1930s by Massachusetts Institute of Technology,
relying on two circuits (one for the rise and one for the subsequent drop in
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pressure) and sparks generated in the secondary winding of the spark coil to
mark the card. This was designed to minimise the tendency of the Farnboro
indicator to miss points when the valve opened too slowly to cope with high
pressures of increasingly shorter duration.
Spark-trace indicators were something of an evolutionary dead-end, as
they suffered from several practical drawbacks—e.g., the leakage of air into
the engine side of the valve or conversely, of combustion products into the
air-pressure side. Consequently, the balanced-valve indicator developed
in the early 1930s by Brandt, Viehmann and Urbach for the Deutsche
Versuchsanstalt fur Luftfahrt (DVL) relied on a trace that was recorded
photographically. The rise of non-autographic systems based on cathode-ray
tubes made the spark systems obsolescent, though the British Railways Board
was still using the Farnboro in the 1960s and new instruments were being
offered by EMPI Ltd, successors to Dobbie McInnes Ltd, as late as April 1972.
By this time, a wide variety of accessories and two additional types of tension
spring had been introduced: the springs were coloured green for 1:200 or a
maximum pressure of 1500 lb/sq.in., and orange for 1:250 and 1875 lb/sq.in.
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Peak-pressure types
The conventional autographic indicator was, by the standards of its day, a
highly sophisticated tool. It was also expensive. Among its greatest advantages
was an ability to record the changes of pressure within a pressure-vessel (e.g.,
an engine cylinder) throughout an entire stroke. However, indicators were
not particularly easy to install and operate; and the problems increased when
the numbers of cylinders began to multiply.
Most steam engines with three or more cylinders were large and costly,
and comparatively little additional expense was incurred by providing not
merely three springs, but separate indicators. The situation changed with
the rise of internal-combustion engines prior to the First World War, when
comparatively small engines with four, six or eight cylinders appeared.
Among the most important goals of the design of internal-combustion
engines was consistent performance, particularly when several cylinders were
operating continuously and near-simultaneously. Analysing the performance
of these with a conventional autographic indicator, preferable though it may
have been under laboratory conditions, was often extremely difficult under
normal circumstances. An easier way of checking performance was to ensure
that each cylinder was achieving the same level of compression and the same
amount of power when the compressed charge was ignited. The maximumpressure indicator was developed specifically to ease the task of ensuring
consistent ignition in multiple-cylinder engines.
Some of the first continuously-recording indicators recorded maximum
pressures only, but were out of step with the comprehensive pressure/time
traces provided by the Watt, McNaught and Richards instruments. Yet
though the latter group was well suited to the needs of the steam engine,
the internal-combustion engine demanded something different; a simple and
sturdy instrument that could show the maximum pressures generated in the
cylinder during the firing process was often all that was needed.
It is usually assumed that instruments of this type were inspired by the
work of Mathot, but the earliest patents that could be traced were filed in
Switzerland in September 1905 and in France in October 1905 by Albert Peloux
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Plates 40 and 41. The title page (left) and drawings (above) of the French patent granted
to Albert Peloux, which, perhaps, is never accorded the recognition it deserves. By courtesy
of the French patent office, Paris.

‘(‘résidant in Suisse’).[1] French Patent 358422 shows a variety of methods of
showing the pressure, including rapid-pitch screws raising pointers against
scales and graduated rods protruding through collars. There is no evidence
that the Peloux peak-pressure indicator was made in quantity. However, it
was cited by many subsequent patentees and it is likely that the influential
Swiss Züblin design of the late 1940s was a direct descendant.
The first man to offer a truly successful peak-pressure indicator was
Englishman John Okill, who obtained the protection he had sought for ‘An
Improved Pressure Indicator for Internal Combustion Engines’ in May 1907
as British Patent 12158/07, accepted on 27th May 1908. Born on 8th June
1875 in Wavertree, now a suburb of Liverpool, the son of a joiner, Okill was
1. Attention has been drawn to US Patent 323992, granted on 11th August 1885 to Stephen Wilcox of
‘Brooklyn, Kings county, in the State of New York, doing business in New York City’. This protected a
dial-type pressure gauge with a special valve set in the stem of the gauge to ‘show the highest and lowest
pressures when the pressure is variable’. Wilcox intended it ‘more particularly for situations where the
pressure alternates rapidly, as in the cylinders of steam or air engines, pumps, and analogous apparatus’.
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Plate 42. The first Okill maximum-pressure indicator, taken from drawings accompanying
British Patent 12158/1907 granted to John Okill on 27th May 1908. By courtesy of the UK
Intellectual Property Office, London.
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apprenticed in 1891 to the engineering workshops of University College,
Liverpool. He remained in the employment of the university until retiring in
December 1941, having risen first to Assistant Lecturer and Demonstrator in
1917 and then Lecturer in Mechanical Engineering in October 1923.
Made a Master of Enginering (‘M.Eng.’) ex officio in July 1922, Okill
died in June 1947. He is best known for Autographic Indicators for Internal
Combustion Engines, published in 1938, which rapidly attained a reputation
as an ideal guide to its subject. The title page of the book records that ‘John
Okill, M.ENG., M.I.A.E.’ was a ‘Lecturer in Engineering and Superintendent
of the Laboratories of Mechanical Engineering, The University of Liverpool’.
The drawings accompanying the 1907 Okill patent specification showed
several ways of achieving a balance between pressure in the cylinder, acting
upward through a valve against a constrained piston, and that of a sturdy
spiral spring. A finger-wheel allowed the pressure of the spring to be altered
until a balance point was found, when the piston stopped vibrating. This
could be seen either through a sight hole cut in the instrument body or by a
vibrating pointer attached to the body side. The pressure could be read off
scales engraved on the outside of the body. Not surprisingly, the pointer was
much more convenient to use; even if any of the ‘sight hole’ indicators were
made, no survivors have yet been found.
Okill indicators had been made in substantial quantities by the time the
First World War began, though survivors are rarely seen. However, sufficient
evidence exists to show that there were several manufacturing patterns of
the ‘Old Model’. It is not yet known when Okill began development of the
indicator, but the similarity of the patent-specification drawings and the
earliest known production variant suggests that the work had been completed
by the time the provisional application for the British patent was made on
27th May 1907.
Some time elapsed before Okill could turn his ideas into reality. The earliest
known advertisement, published in March 1909, illustrated an indicator all
but identical with the 1907 patent. ‘Some More Flight Accessories’, published
in Flight on 16th July 1910—states that the ‘Okill pressure indicator, which has
been placed on the market by Brown Bros., is a simple and compact device for
ascertaining the compression or firing pressure in the cylinders of an engine.
It consists of a cylindrical box, furnished with a screw fitting at one end and
a screw-cap at the other. The screw fitting serves as a means of attaching the
indicator to the cylinder, while the screw cap enables a spring contained inside
the indicator-casing to be tightened down. On the outside of the indicatorcasing is a small lever, which vibrates…until the screw-cap is turned down to
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such a position as to bring the lever to rest. On the outside of the indicatorcase a scale is engraved, and on the cap is a pointer that moves over the scale.
When the lever has been brought to rest, the pointer on the cap indicates
the maximum pressure in the cylinder by the reading on the scale.’ Brown
Brothers Ltd of Great Eastern Street, London EC [‘also at Manchester and
Paris’] initially held the sole concession for the Okill indicators. The actual
manufacturer was listed in 1909 as ‘Taylors (Brass Founders) Ltd, Bolton,
Lancs.’, but it is not at all clear if Brown Brothers had commissioned Taylors
to make the instruments, or if Browns were merely selling the indicators that
Taylors were making. The latter explanation seems preferable.
The illustration accompanying the paragraph in Flight shows an indicator
which is virtually identical with the patent drawings, except that the length
of the angle bracket supporting the vibrating pointer (and, consequently, the
pointer itself) is considerably reduced. A single oiling hole is cut through the
sleeve and the body.
Later illustrations suggest that alterations were made. It is probable that
Taylor made the body castings in batches, perhaps fifty or even a hundred at a
time, and also that the opportunity was taken to test possible improvements.
An illustration accompanying ‘The Okill Pressure Indicator. An instrument
for use in tuning up aeronautical engines’, a review published in Flight on
30th October 1914, shows an otherwise standard Okill with short axial slots
arranged circumferentially around the sleeve and the body, which could have
been intended to promote cooling or merely save weight.
By 19th November 1915, an entry in a Flight supplement for ‘George
Taylor (Brass Founders), Ltd., Bolton’ featured a drawing of an indicator with
a row of circumferential holes directly beneath the sleeve-cap and another
two rows around the centre of the body. The 1915 pattern seems to have been
standardised for the remainder of the First World War, though a change to a
knurled brass cap was made c. 1917 to conserve supplies of vulcanite for more
important tasks.[2] The graduations that had been engraved above the pointer
were abandoned at about the same time.
The instrument shown in Plate 44 is a 1915-type Okill, marked as the
product of TAYLO R S LT D/ MA KER S / BO LTO N. on the lower front of the body and
is numbered ‘P 515’ on the cap. The pressure is read simply by combining
the marks engraved around the base of the cap with the vertical scale on
2. It has also been suggested that this change could reflect a request from the military authorities, to prevent
unwanted breakages of vulcanite in the field. The absence of military marks on P515 neither supports nor
rejects this possibility, as details have yet to be found of any relevant contracts (which probably did exist
owing to the rapidly-growing use of internal-combustion engines during the First World War).
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Plate 43. Published in March 1909, this is the oldest known representation of the Okill
indicator. Note the marked similarity with the patent drawing, and the absence of colling
slots or holes. By courtesy of Grace’s Guide.

PAGE 67

THE ENGINE INDICATOR

Plate 44. The 1915type Okill recorder
is very rare, as
comparatively few
were made. Note
the pressure-scale
engraved on the
front of the body
of this example
(no. P515 dating
from 1917–18), the
multiplicity of vents,
and the riband
spring pressing on
the pointer.

By courtesy of Bruce
Babcock, Amanda,
Ohio, USA.
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the body, set in the illustration to 19lb/sq.in. The highest pressure that can
be measured is 400lb/sq.in. An advertisement dating from January 1920
suggests that 1915-type Okill indicators were made in three patterns, ‘P’, ‘G’
and ‘D’, calibrated from 4 to 4000 lb/sq.in. It has been suggested that the
prefixes identify suitability for ‘petrol’, ‘gas’ and ‘diesel’ engines respectively,
but this is still largely speculative, Too few survivors have been examined for
conclusions to be drawn.
Protection for an improved version of the 1907 indicator was sought in
Britain on 23rd April 1919, British Patent 144034 being duly accepted on 10th
June 1920 (a comparable grant in the USA, no. 1467558, was delayed until
11th September 1923). The British specifications name the applicants as ‘John
Okill, of 8, College Drive, Woodhey, Rock Ferry, in the County of Cheshire,
Engineer, and John Robinson Tate, of 589, Chorley Old Road, Bolton, in the
County of Lancaster, Brassfounder’; Tate, born in 1869, was the owner of
George Taylor (Brass Founders) Ltd, manufacturer of the Okill indicators.
An improved form of the vibrating-pointer system was fitted with a counter,
driven by a gear train, so that the pressure setting could be seen at a glance.
This was hailed as a great step forward, as it was undoubtedly easier to read
than the sleeve type, and was embodied in the ‘New Type Standard’ design.
Okill indicators were made by Taylor in All Saints’ Street Works, Bolton,
Lancashire, England. The first ‘New Type’ range consisted of ND1, ND2 and
ND4 patterns—identified by their serial-number prefixes, and respectively
calibrated for maximum pressures of 1000, 2000 and 4000 lb/sq.in. However,
it had soon been extended to include the NP, a low-pressure indicator, rated
to only 400lb/sq.in, which was probably introduced once supplies of the
older version had been exhausted. The NKD1 and NKD2 were metric-system
instruments calibrated for 70kg/sq.cm and 140kg/sq.cm. Handbooks and
instruction leaflets confirm that the three-digit counters on NKD1 indicators
were to be read as 12.5kg/sq.cm when ‘125’ was shown; counters on NKD2
examples, conversely, were to be read directly—‘125’ was 125kg/sq.cm.
Another British Patent, sought in June 1928 and again in March 1929 after
improvements had been made, was accepted on 16th September 1929 as no.
319253. Granted to John Okill and John Tate, it protected a variation of the
basic Okill indicator which could indicate a vacuum as well as pressure. The
key to this was a piston placed centrally in a chamber, which could be pressed
onto the lower abutment by the spring, recording pressure, or pulled against
the upper abutment to indicate a vacuum.
Developed principally for use in the laboratory, short-body indicators
contained a comparatively weak spring: the patent drawing shows a range
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Plate 45, left. Published in The
Autocar on 29th June 1923,
this advertisement includes an
illustration of the 1923 or ‘New
Model’ Okill indicator, immediately
recognisable by the counter unit
protruding to the right of the body.

Plate 46, below. The refined or
1923-or ‘New Type’ Okill maximumpressure indicator, from drawings
accompanying British Patent
144034 of 1920. Courtesy of the UK
Intellectual Property Office, London.

PAGE 70

MIRRORS, WHEELS AND SPARKS: NEW TRICKS

Plate 47
The rarely seen ‘New
Type’ Okill or ‘Model 1923’
maximum-pressure indicator.
This instrument, ‘N.C.’ (?)
no. 91, is regulated for 120
lb/sq.in. Courtesy of Bruce
Babcock, Amanda, Ohio, U.S.A.

PAGE 71

THE ENGINE INDICATOR

Plate 48. The counter
mechanism of the Okill indicator
was simply bought from the
Veeder Manufacturing Company
when required; few indicatior
makers had the expertise
to produce such specialised
items for themselves. The
photograph shows one of the
original fixtures; later ones had
a synthetic body. Photograph
by courtesy of Bruce E. Babcock,
Amanda, Ohio, U.S.A.

of merely 40lb/sq.in above to 30lb/sq.in below atmospheric pressure. The
indicator also relied on a small bulb, contained in a separate box with its
associated switchgear. When the vibrating pointer was nearly static, the
bulb would begin to flash. This showed that the readings could be taken
from a combination of short partly-circumferential rings engraved on a plate
attached to the body (recording in tens) and matching rings on the sleeve (in
single units). A water-cooling system was fitted in cylinder at the base of the
body, and a manually operated lubricating plunger was set at an angle on the
lower side of the body diametrically opposite the pointer bracket.
It is probable that a few of these instruments were made for laboratory
work, but the lubricator of the ‘production version’ of the ‘New Type Research’
instrument was co-axial with the spring, and the recording graduations, if
catalogue illustrations are to be trusted, reverted to one of the forms that
had been patented in 1907: circumferential rings engraved on the body and
arrowhead flanges projecting downward from the spring cap.
Next came the ‘Super Pressure’ indicator protected by a British Patent
351003, granted to Okill and Tate on 15th June 1931 (but sought in March
1930). Distinguished by its unique horizontal orientation, the ‘SP’ was
developed specifically to record extremely high pressures without the use of
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Plate 49. The
Okill research
indicator patented
in Britain in 1929,
from the patent
specification.
Courtesy of the UK
Intellectual Property
Office, London.

an excessively stiff spring. Among its principal goals, according to Taylor
literature, was to ‘measure the fuel-injection pressure in the pipelines of
airless-injection oil engines…such pressures may be as high as 10,000-lb. per
square inch, and the rise and fall of pressure is rapid’: effectively a hammer
blow to the indicator piston.
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A right-angle connection between the engine cylinder and a chamber in what
the Okill & Tate called the ‘cylinder block’ allowed pressure to be registered.
Two rods entering the chamber in diametrical opposition were anchored to
two crossbars which, linked with bars along each side of the cylinder block,
were allowed to slide longitudinally.
If their diameters were equal, the opposed rods would be ‘in balance’:
no matter now high the pressure rose in the chamber, no movement would
be detected. By making the rod connected with the spring assembly larger
than its counterpart, the pressure balance was disturbed and the larger rod
would move back—but only proportionately to the true pressure, the precise
relationship being controlled by the rod-diameter differential. A vibrating
pointer lay on top of the instrument, anchored in a fork-like collar connecting
Plate 50, below left. A page of a 1920s leaflet promoting the ‘Standard’ and ‘Research’ Okill
indicators. Note the separate bulb-box that accompanied the latter. Plate 51, below right.
The title page of a leaflet describing the Okill SP or ‘Super Pressure’ instrument, made in
accordance with a patent granted in Britain in 1931. Plate 52, above right. Drawings of the
SP (‘Super Pressure’) Okill indicator, from the British patent granted in 1931. Courtesy of the
UK Intellectual Property Office, London.
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the spring chamber and the cylinder block. No other mechanical peakpressure indicator of the day could compete with the 1931 Okill & Tate design.
The subject of British Patent 468857, accepted on 14th July 1937 (and
comparable U.S. Patent no. 2130649 of 20th September 1938), the 1936-type
Okill & Tate peak-pressure indicator was an improvement of the 1920 patent,
with a free-floating piston and a pressure block which could move axially
without twisting the spring. Alternative methods of registering pressure were
proposed, and the patent drawings show an instrument in which pressures
were recorded partly by a radial lever beneath a protective plate on the body
side (recording in hundreds of units), and partly by single units engraved
around the under-edge of the spring cap.
The beginning of the Second World War prevented any radical redesign
of the Taylor-made Okill indicator, however, and so the series-production
version—acknowledging only the 1938-vintage US Patent—retained the geardriven counter. This instrument eventually replaced the externally similar
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Plate 53, left. A
page from a leaflet
promoting the
virtues of the Okill SP
indicator, probably
dating from the 1950s.
Author’s collection.
Plate 54, right. A
page of drawings of
the 1936-type Okill &
Tate indicator, from
the patent granted
in the USA in 1938.
Courtesy of the US
Government Patent
Office, Washington, DC.

New Type Standard (1923) type, but the date on which this happened is
arguable. Advertisements published during the Second World War illustrate
the 1923 pattern, and so, assuming this is not due simply to the use of old
half-tone printing blocks, the revised ND1, ND2, NKD1 and NKD2 variants
may have been introduced after 1945. The original ND4 seems to have been
superseded by the SP.
Okill indicators were still being sold in 1967. Taylor ceased trading in
the mid 1970s, but it seems unlikely that manufacturing work had been
undertaken for many years. It is much more likely that the instruments
being sold in the 1960s were taken out of store; and also that the last of
them (e.g., ND2 9822) were fitted with synthetic-body Veeder-Root counters
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Plate 55, left. 1936-type
Okill indicator NKD2 2027
has a counter adapted to
the metric system. It is
suspected that ‘metric’ and
‘imperial’ Okills may have
been made in different
number-sequences, as
2027 has the plastic-bodied
counter normally associated
with standard instruments in
the 9000 group. By courtesy
of Bruce Babcock, Amanda,
Ohio, USA.
Plate 56, right. 1936type Okill indicator ND2
6035, capable of handling
pressures as high as 2000
lb/sq.in. Note the generally
sturdier constructionand the
coil spring associated with
the pointer. This particular
example was probably made
shortly after the end of the
Second World War.
Canadian Museum of
Making collection.

because stocks of the original metal-body pattern had been exhausted. No
surviving Okill indicator has yet been found with a five digit number, and it
is concluded that production did not exceed 13,500. This estimate is based
on an assumption that the ‘imperial’ Okills were all numbered in a single
sequence without regard to differing variants, and also that the metric ‘NKD’
series was numbered separately. With the possible exception of the rarelyseen SP, many Okills survive simply because constructional strength and
unsophisticated design trumped weaker or more complicated rivals.
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Plate 57. Taken from an October 1940 issue of the British periodical Flight, this page
includes an advertisement for the 1923-type Okill pressure indicators. Author’s collection.
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Plate 58. Okill ND2 6035 in its wooden case. The indicators were sold in cardboard boxes,
which were rarely durable. Consequently, many individual owners provided wooden cases
of the type shown here. Canadian Museum of Making collection.

Others soon followed where Okill had led, though rarely with commercial
success. One of the first was John Linton Pearson ‘of Pensnett, Dudley, British
subject’, whose British Patent sought on 2nd August 1922 protected a simple
indicator consisting of a spring-loaded plunger skidding vertically within its
casing. The pressure was measured by the maximum height of the plungertip above the casing (where a sliding finger was held by a spring) or by a line
engraved helically on the spring-cap.
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Plate 59, above left. The construction of the refined Okill maximum-pressure indicator
shown here was protected by several British Patents. Plate 60, below left. The simplicity
of the peak-pressure indicators developed by John Pearson are shown in these drawings
taken from his 1923 British patent. Courtesy of the UK Intellectual Property Office, London.

Elsewhere in Europe, many other spring-type designs were developed.
Among these was a spring-and-pointer design patented in August 1924 by
Wilhelm Lehmann of Lehmann & Michels (DRP 435447), which could be
adapted to show peak pressures, and another by Johannes Coenders of Traar,
Krefeld, which used a rapid-pitch screw to rotate a drum laterally beneath a
tracer point (DRP 460718 of 15th May 1926). The length of the trace, which
was straight, registered the maximum pressure; but the trace-point could also
be moved vertically to register another stroke. The patent drawings show a
detachable card capable of recording the combustion and exhaust components
of six successive cycles. There is no evidence to show that the Coenders
design was ever manufactured in quantity, but peak-pressure indicators
have been made by Maihak, Leutert (Maihak’s successors) and Lemag to the
present day. Typical of these was the Zünd.- bzw. Spitzendruckmesser (DPa.
1112657) designed by Hans Stüben of Morrege über Uetersen and patented by
H. Maihak AG of ‘Hamburg 39, Semperstr. 38’ on 10th August 1961.
The ‘Acrometre’, patented in France by Mazellier & Carpentier, relied on
a thin disc-like valve to allow combustion gases to pass until the pressures
on each side of the disk were equal. The level at which this occurred could
then be read on a conventional Bourdon-type gauge. This particular system
was unsuccessful; the disc valve was prone to damage and, owing to the
dimensions of its seat, was also improperly balanced.
An alternative approach was taken by the German inventor Robert Bosch,
who set an indicator into the fuel line of the injection system. This could be
adjusted against a pre-calibrated spring (by way of a micrometer thimble)
until the valve began to leak. None of these, however, were as simple, sturdy
or reliable as the Okills, which remained supreme in Britain until a peakpressure indicator was developed shortly after the end of the Second World
War by Gebr. Sulzer AG of Winterthur, Switzerland.
There is still some doubt about the genesis of the design, as the published
patents appear to take two forms. The first seems to be U.S. Patent 2673464,
granted to ‘Marcel Wilhelm Züblin of Dumbarton, Scotland, assignor to
Sulzer Freres, Societe Anonyme, Winterthur, Switzerland, a corporation of
Switzerland [sic]’, on 30th March 1954 but sought on 13th August 1949. The
patent papers also note that an application had previously been made in
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Plate 61. Drawings of the
Coenders peak-pressure indicator,
from the German patent papers.
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Switzerland on 28th October 1948. Swiss patent 288472 of 31st January 1953
and British Patent 686887 of 4th February 1953 (for which applications were
made respectively on 18th January and 9th April 1951) make more claims and
have additional drawings. It is suspected, therefore, that the original Swiss
application of October 1948 was withdrawn in favour of the 1951 revision
before protection had been granted. However, no confirmation of this has
yet been found in Swiss records.
Marcel Wilhelm Züblin was born in 1919, apparently in Zürich, but was
taken to Kobe, Japan, by his father—an engineer assumed to have been in
the employ of Sulzer—before his first birthday! He developed his peakpressure indicator shortly after the Second World War, but was residing in
Britain by the time the U.S. patent was sought in the summer of 1949. he
was undoubtedly seconded to Dobbie McInnes to oversee development of the
instrument.[3] He then returned to Switzerland, emigrated to Rio de Janeiro
in July 1951 (when he was described as Ingenieur, ‘engineer’) and had returned
to England by the mid 1950s; the 1956 London telephone directory records
him at 11 Bentinck Close, Prince Albert Road, London NW8. He was still
living in the area in 1964, and obtained a patent in 1966 as assignee to Sulzer.
The indicator specifications described and illustrated several ways in
which screws and springs could be used to rotate a cap against a graduated
scale in response to rises in pressure.
The commercially-successful version embodied compressible bellows
attached to a push rod, which was in turn anchored in a conical nut.
Operation was simple: when pressure was applied to the bellows, through
the valve communicating with the pressure-generating vessel (usually an
engine cylinder), the bellows compressed to force the push rod up against the
counter-pressure of a calibrated co-axial coil spring. A conical nut was raised
from its seat, but a clock-spring anchored in the cap instantly rotated the nut
back again. The amount of rotation was directly proportional to the pressure
being generated in the bellows, and an appropriate reading could be taken
directly from a graduated thimble or cap.
Production of the Züblin/Sulzer peak-pressure indicators was licensed
to Haenni Präzisions-Maschinenfabrik AG (now Baumer Bourdon-Haenni
AG) of Jegensdorf, Switzerland, and Dobbie McInnes Ltd of Glasgow. It
was the first of its type to successfully challenge the supremacy of the Okill
design, largely by offering automatic operation. All that was required of
3. My father, Thomas G. Walter (1917–2003), worked for Dobbie McInnes from 31st March 1947 until 31st
October 1951. He never mentioned Züblin or the Sulzer indicator, and I suspect that production did not
begin until the summer of 1951 at the very earliest.
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the operator was to re-set the instrument prior to each measurement and
note the final reading. The British-made instruments were offered as the ‘Air
Cooled Cylinder Pressure Type’ used with a standard indicator cock (usually
calibrated for 200–1400lb/sq.in or 15–100kg/sq.cm), with ventilation holes in
its fluted vulcanite body; the steel-bodied ‘Water Cooled Cylinder Pressure
Type’, attached directly to the engine cylinder; and an ‘Oil Fuel Pressure
Type’, designed to be inserted in fuel lines, which could handle pressures as
Plates 62 and 63. Left: the title page of Swiss Patent 288472, protecting construction of
the peak-pressure indicator made by Haenni in Switzerland and Dobbie McInnes in Britain.
Below: longitudinal sections of one of the 1951-type Züblin designs from British Patent
686887 (left) and the perfected Dobbie McInnes ECPC (right) with a ball-race between the
conical nut and the clock-spring.
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Plate 64. This leaflet was packed with all Dobbie McInnes ECPC peak-pressure indicators,
but has a very low survival rate. John Walter collection.

high as 10,000lb/sq.in. The high-pressure instruments had plain cylindrical
bodies, with neither flutes nor ventilation holes, and paired knurled rings
were provided at the top and base of the body to improve grip.
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The standard Dobbie McInnes peak-presure indicator seems to have been
offered in several patterns. Serial numbers are prefixed EPCB and ECPC, which
clearly represents a progression in design as the two groups differ in detail. It
is assumed that ‘ECPA’ (‘Engine Compression Pressure [Indicator], Type A’?)
was the prototype or pre-production form, made in small numbers to test the
operating principles, but no indicator of this type has ever been found.
The earliest promotional leaflet, regrettably undated, shows only two
groups of ventilating holes: one at the base, and the other halfway up the
fluted protective body. The thimble of what is assumed to be ECPA and most
if not all ECPB patterns was plain, initially lacking manufacturer’s marks,
and the central spindle, with a small-diameter locking nut, was parallel-sided
instead of the noticeably undercut unit found on the earliest ECPC type
(which also has a large locking nut).
The perfected ECPB and ECPC indicators have twenty-four sets of three
ventilating holes in the body, each offset from its neighbours to form what
are effectively six circumferential rings. The last ECPC instruments had
noticeably shorter thimbles than their predecessors and are graduated in one
series from 300 to 1400; the older group have a rotation-and-a-half system
in which marks (1)100, (1)200, (1)300 and (1)400 can serve for 100, 200, 300 and
400lb/sq.in and also 1100, 1200, 1300 and 1400lb/sq.in: an unsatisfactory
method which asked much more of the operator that the simpler ‘one-scale’
substitute.
The perfected ECPC has a ball-race in the between the conical nut and
the clock-spring, intended to reduce friction as the thimble rotated, but this
important change is virtually undetectable externall. ECPC indicators hav e
MADE IN SCOTLAND BY above DOBBIE MCINNES LTD GLASGOW, with an arrow
and TURN TO RESET etched into the spindle-face of the thimble, and “DOBBIE
– MCINNES” PEAK PRESSURE INDICATOR rolled into the outside surface
between the knurled rings; PATENTS APPLIED FOR shows that the components
had been made prior to 1953.
A serial number—e.g., E C P C 1174—is stamped into a panel ‘in the white’
between the flutes of the blacked body. The top of the panel forms the pointer
from which the presusre-scale can be read. On ECPC 1184, graduated from
100 to 1400, LBS and IN2 flank the pointer, but metric instruments show KGS
and CM2. Dobbie McInnes peak-pressure indicators graduated on the metric
system, however, seem to be uncommon.
The highest number reported is currently E C P C 4992, but survivors are so
rarely encountered that a convincing production total is difficult to ascertain.
Instruments were still being offered in a sales list dated 3rd March 1969,
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Plates 65–68. The advertising leaflet (65, left) seems to date from the early/mid 1950s,
and shows what is probably the earliest form of the Züblin-designed Dobbie McInnes
peak-pressure indicator (not yet found in specimen). Note the position of the ventilating
holes in the body casing and the design of the thimble. The other pictures show ECPC
indicator no. 1176. Note the increased number of holes in the casing (66, above), and how
the maker’s name and re-setting reminder have been etched into the thimble-cap (67 and
68, below). Leaflet and indicator from the author’s collection.
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when the ‘Dobbie-McInnes Peak Pressure Indicator, type ECPC, Calibrated
for maximum pressures of 300/1400 lbs./sq.in. Connection of “DMcI” type.
Alternatively: Calibrated 300/1800 p.s.i. or in Metric and/or with Maihak
connection’ cost £40 apiece. The ‘Fuel Peak Pressure Indicator’, graduated to
10000lb./sq.in or 700kg/sq.cm, cost £57. By 1974, sales had ceased.
The introduction of Okill instruments into North America persuaded Robert
Wasson of Cranford, New Jersey, to develop a peak-pressure indicator that
he claimed to be simpler, more accurate and more easily understood than
its English antecedent. Protected by U.S. Patent 1950532 of 13th March 1934
(sought as early as November 1925), the Wasson design used a graduated
sleeve and an electric lamp to show the point at which pressure of the spring
balanced that in the cylinder. Whether Wasson’s distinctive indicator was
ever exploited commercially is currently unknown, but it undoubtedly
influenced the patent granted in July 1936 to Rudolf Ulrich of Pittsburgh,
Pennsylvania (U.S. no. 2046801). This protected another modification of the
Okill principle, but incorporating a lifter attached to the piston to activate a
tension spring controlled by an indexing sleeve.

Plate 69. Just like the Okills, Dobbie McInnes peak-pressure indicators were sold in flimsy
cardboard boxes. This did not contribute to their longevity. John Walter.

The Wasson and Ulrich patents were combined by the Bacharach Industrial
Instrument Company in the ‘Premax’ peak-pressure indicator. Its operation
was described in Use of the Indicator for Diesel Engine Maintenance, published
by Bacharach, which stated that it was ‘…composed essentially of a piston
exposed to the engine pressure, the helical tension spring against which the
piston force acts, index sleeve, which is used to adjust the tension of the spring,
and the contact of the neon circuit which gives a visual method of checking
piston motion… By inspection [of a diagram] it is seen that a force upon
the piston is transmitted to the spring through a pusher tube. The opposite
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Plate 70. Drawings of the Wasson peak-pressure
indicator, from the U.S. patent papers.

PAGE 93

THE ENGINE INDICATOR

end of the spring is connected to a micrometer sleeve so that in rotating
this sleeve downward, the spring will be deflected, eventually giving a force
which balances the upward thrust of the piston. A direct pressure reading
can then be taken from the micrometer scales… A visual means is supplied
for determining the equilibrium point and thus the compression or firing
pressure. As the piston moves up due to the gas pressure, the switch closes
and the neon light flashes. The circuit is broken when the cylinder pressure
drops during expansion. A continuous flashing of the neon light occurs
until the sleeve is rotated to stop the piston motion. When the exact point
of balance between the two forces is reached, the switch will remain open
[flashing ceases] and the cylinder pressure is…read from the micrometer.’
Plate 71, below. Bacharach-made Premax peak-pressure indicator no. 999, with the leads
from the battery unit attached to the indicator body. By courtesy of Bruce Babcock, Amanda,
Ohio, USA. Plate 72, right. Drawings from the patent protecting the Cookco peak-pressure
indicator. Courtesy of the U.S. Government Patent Office, Washington DC.
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Plates 73 and 74, left and above. The Cookco BallCheck Indicator was made by Bacharach in the early
1950s for a major Chicago-based distributor. Courtesy
of Bruce Babcock, Amanda, Ohio, USA. Plate 75, right.
Drawings from the US Patent granted in 1932 to
protect the original Kiene indicator. By courtesy of the
US Government Patent Office, Washington DC.

Bacharach was also the assignee of a U.S. Patent, no. 2610508, sought in
October 1946 and granted in September 1952 to Joseph Stein and John Wagner,
‘assignors to Bacharach Industrial Instrument Company, Pittsburgh, Pa., a
corporation of Pennsylvania’. This design incorporated ‘a pressure responsive
device which creates an impulsive force that is utilised to act positively on the
instrument to show that the peak cyclic pressure has been balanced and the
value of the balanced peak pressure in terms of pounds pressure or otherwise
[can be shown]’. The electrical circuitry of the Premax was abandoned in
favour of a digital counter.
Peak-pressure indicators of this type were marketed in the early 1950s by
the Cookco Engineering Company of Chicago, as the ‘Cookco Ball-Check
Indicator’, though it is probable that they were actually made by Bacharach.
Not only is the top cap marked MA DE IN U.S . A . F O R , but the spring and the
union nut are identical with standard Bacharach parts. The mark PAT. PE N D I N G
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(together with an acknowledgement of the earlier U.S. Patent 2046801) shows
that the instrument was made prior to 1952.
An alternative method of analysing peak pressures was offered by
William Kiene of Chicago, Illinois, who received U.S. Patent 2280411 0n 21st
April 1942. In his patent, Kiene observed that various ‘indicators and gages
have been suggested and used for determining the maximum pressure in the
cylinders of internal combustion engines, air compressors, liquid pumps,
etc. The maximum pressure indicators commonly used employ pistons and
springs and consequently are easily affected by dirt and gummy oil. They
require careful handling and must not be allowed to overheat if they are to be
at all accurate. They can only be operated continuously for short periods of
time…’ His solution has come to be known as a ‘trapped pressure indicator’.
Kiene’s instrument consisted of a cylindrical pressure chamber threaded onto
the body, and a union-nut to attach the indicator to the cylinder block of the
engine. The pressure in the cylinder passes through the union, then through
a slotted brass filter and a copper screen to reach the adjustable check valve.
Plate 76, below. A Kiene K-100 indicator with its metal case. By courtesy of Bruce Babcock,
Amanda, Ohio, USA. Plate 77, right. A page from the current Kiene advertising leaflet.
The modern ‘K’-series instruments are essentially similar to the 1942 patented version, but
embody modern technology and materials in construction—for example, a liquid-filled
Bourdon gauge. By courtesy of Kiene Diesel Associates.
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The valve takes the form of an inverted piston in a special seat, and is capable
of sliding in its guide. When the engine pressure exceeds the pressure in the
chamber of the indicator, the valve opens and gas flows until the pressure in
the cylinder very slightly exceeds that in the engine. The valve then closes
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Plate 78, right. A page of drawings from the 1956 Schlaich patent. By courtesy of the US
Government Patent Office, Washington DC.

and the ‘balancing pressure’ can be read off the Bourdon gauge attached to
the indicator body.
Among the advantages claimed for the trapped-pressure indicator, shared
with the contemporaneous Bacharach Premax, was that the parts were all at
rest by the time the reading was taken. This allowed accurate measurements
to be obtained at virtually any engine speed.[4]
Kiene’s design was exploited by Kiene Diesel Accessories, Inc., of Ainslie
Street, Chicago, Illinois (now of Addison, Illinois), as the ‘K-100’. A range of
special indicator valves, ‘V-10’ to ‘V-17’ according to a leaflet dating from the
late 1950s, was also made. Though copied many times, often without benefit
of licence, the K-100 is still in production. According to a leaflet published
in June 2006, the basic version had a liquid-filled Bourdon pressure gauge
graduated 0–2000 lb/sq.in (0–140 bar); the K-107 and the K-108 were
higher-pressure units graduated to 3000 and 3500 lb/sq.in (210 and 250 bar)
respectively; and the K-109, for low pressures, was graduated to 600 lb/sq.in
(40 bar). The indicators came in a synthetic case.
Another path was followed by the ‘Moto-Meter’ recorder—known in the
U.S.A. as ‘MoTest’ or ‘Mo-Test’—which was effectively a maximum-pressure
indicator capable of showing the results of up to eight cylinders sequentially,
or, alternatively, eight records from a single cylinder. The original patent,
Gerät zum Messen und Aufzeichnen des Kompressionsdruckes bei MehrzylinderMotoren (‘device for measuring and recording the compression pressures
of multi-cylinder engines’) was granted in Germany in September 1941 to
Herman Schlaich of Elmhurst, New York.[5]
This patent has yet to be traced, but an application made in Switzerland
on 1st October 1941 is undoubtedly comparable. The drawings accompanying
the resulting Swiss Patent 225585 of 15th February 1943 are identical with those
of the post-war German patent, with a trigger-type tablet-lifting mechanism
on the side of the casing instead of the sliding plate on the rear.
Schlaich received other relevant Swiss patents: 244635 of 30th September
1946, which shows an instrument with a finned cylindrical body and a pointer
that was moved radially to its station and then rose vertically with pressure,
4. An improved design, with what was claimed to be a more efficient valve, was patented on 5th March
1968 (U.S. Patent 3371537) after Kiene had retired to Miami, Florida.
5. The patent has yet to be found, but it is possible that, though granted, it had not been published by the
time the Second World War ended.
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and 251688 (15th November 1947), which protected a minor variant of the
1941 design with the sliding trigger and a ‘zeroing screw’ protruding from the
base of the casing.
At the end of the Second World War in May 1945, all German patent
rights were appropriated by the Allied authorities. However, this soon
caused hardship and so, in 1949, inventors were given the opportunity to resubmit claims. The specification for the Schlaich recorder was filed on 18th
December 1952 and accepted on 23rd July 1953 as DBP 889078.[6] Protection
had also been sought elsewhere: British Patent 741083 (filed 21st August 1951)
and US Patent 2745286 of 15th May 1956, though sought in November 1951,
are each broadly comparable. The latter records that Schlaich had died by the
time of grant, naming his widow Lottie and his bankers as executors.
The Moto-Meter consists of a tubular body containing a piston and a boxlike casing with a slot in the top. The casing contains an amplifying lever
with an adjustable trace-point, and a card, attached to a tablet, which can be
inserted in the slot. A handle protrudes from the back of the housing, above
a sliding rod-like trigger which was used to lift the tablet for each successive
record; a leaf spring engaging transverse grooves on the back of the tablet
locked the mechanism in place.
The patent drawings show a variety of attachments between the MotoMeter and the engine cylinder, including a small check-valve inside a rubber
cone. This could be pushed into the spark-plug seat. Compression lifted
the check valve, allowing air to flow through the spring chamber and up
longitudinal grooves cut in the axial adjusting screw to raise the piston.[7] The
short axial movement of the piston was translated into an amplified radial
movement of the rocking lever, allowing the tracer to draw an arc on the card.
The length of the arc was directly proportional to the compression pressure.
Herman Schlaich claimed that ‘…a particular object [of the invention] is
to provide an instrument which may be handled with one hand, moved rapidly
from cylinder to cylinder and manipulated so as to make a separate record
of the compression is each of the successive cylinders. Another object…is to
provide a construction in which record sheets may be readily inserted and
rapidly changed.’ These the Moto-Meter achieved surprisingly successfully;
despite its pre-war origins, the instrument is still being successfully marketed.
6. The relevant British patent records the German application date as 25th November 1950; the discrepancy
has yet to be resolved.
7. An additional German patent was granted on 26th March 1959 (DBP 1053817, sought on 27th August
1952) to protect the design of the extenders and modifications to their valve construction. This protedction
does not seem to have been sought elsewhere.
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Plates 79 and 80.
The ‘Mo-Test’ recorder, showing
the position of the recording
card. By courtesy of Bruce Babcock,
Amanda, Ohio, USA.
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Plates 81 and 82. A typical ‘Mo-Test’ recorder (79, above) with three of its extension tubes.
By courtesy of Bruce Babcock, Amanda, Ohio, U.S.A. A newer version of the ‘MotoMeter’ (the
original European name for the ‘Mo-Test’) is shown in this leaflet (80, right), dating from
2009. The instrument is a fascinating survivor of an earlier age! Author’s collection.

The earliest examples were made by Moto-Meter Herman Schlaich GmbH,
founded in Stuttgart in 1925 and registered with the local commercial
authorities in 1926. The business became successively ‘Moto Meter GmbH’
(1969, with headquarters in Leonberg), ‘Moto Meter AG’ (1977) and ‘MM
Messtechnik GmbH’ (1992). At this point, interest in the recorder seems to
have ceased. However, rights to the device and the Moto-Meter trademark
were acquired in 1996 by IVEKA–Automotive Technologies Schauz GmbH of
Mühlacker-Lomersheim and production recommenced.
The earliest Moto-Meters had a bottle-like handle, but this eventually
became a tapered tube. The cases were wooden, later examples bearing the
manufacturer’s logo on top of the lid, but the size and internal portioning
varied according to the variety of accessories—in particular, to the number
of adaptors that were supplied. The partitioning was also generally wooden,
though some of the last of the wooden boxes had vacuum-formed plastic
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liners; IVEKA instruments are supplied in moulded synthetic cases. Doubleinstrument sets are common, as the 2010 Moto-Meter catalogues offer three
basic pressure ranges for ‘Otto-Motoren’ (petrol engines) and eight ranges for
‘Dieselmotoren’.
Among the accessories are a remote-control trigger, several extenders
(including one with a flexible shaft), three types of rubber cone and six
threaded spark-plug seat adaptors. The current Moto-Meters also have red
plastic tablets instead of the original metal fabrications, and the design of the
piston housing (‘body’) is noticeably more angular than tubular.
There have been other peak-pressure indicators. Among them was the
Kistler, a competitor for the Züblin pattern, which was also manufactured
in Switzerland. The relevant Swiss patent, 370937, was sought on 31st March
1959 and duly granted to protect Vorrichtung zur Messung der Maximalwerte
von Druckspitzen von flüssigen oder gasförmigen Medien on 31st July 1963;
British Patent 953735, sought on 11th August 1960 to protect ‘Apparatus for
Measuring Pressure Maxima of Liquid or Gaseous Media’ (a literal translation
of the German title of the Swiss equivalent), was granted on 2nd April 1964
to ‘Kistler Instrumente A.G., a Swiss Company of 26, Wülflingerstrasse,
Winterthur…’
The Swiss patent names ‘Dipl.-Phys. Walter P. Kistler, North Tonawanda
(N.Y., U.S.A.)’ as the inventor. Kistler had been born in Aarberg in 1916, and
had graduated as Physiker by the time he left Lucerne for New York by way
of Le Havre on 14th May 1951. His relationship with ‘engineer’ Walter Kistler
of Brugg, Aarau, born in 1897, who had emigrated to the U.S.A. in September
1922, is unknown; but they could have been uncle and nephew. Walter Paul
Kistler still had Swiss nationality when he travelled back from le Havre to
New York aboard United States in October 1955, but applied on 21st January
1957 to become a naturalised U.S. citizen.
His goal was to introduce a pressure-reading instrument which would be
lighter and more effcicent than existing designs, which Kistler claimed to be
‘very large and…comprise large masses which have to be moved by the gas
forces’. Consequently, ‘most of the known instruments have a very low natural
frequency and are therefore of use only for fairly slow-running and therefore
large engines; also, their accuracy leaves much to be desired…’ His solution
was a system in which the pressure valve was largely counterbalanced by a
spring in the instrument body which had been pre-loaded to an appropriate
setting.
The Kistler indicator operates by pre-loading the spring to a value slightly
in excess of maximum pressure expected by allowing the gaseous products of
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Plate 83: the drawings from Kistler AG’s
British Patent of 1964. IPO, London.
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Plate 84: a typical Type 2403 Kistler peak-pressure indicator, no. 85610, probably dating
from the late 1960s. Sold on eBay, 2014.

compression to enter the expansion chamber through a hollow spring-loaded
valve. Slackening the spring by rotating the micrometer barrel to a point
where the expansion-chamber pressure is slightly higher than the spring
forces the head of the spring upward. The tail of the spring rod protrudes
through the end cap and can be felt by the operator. When the pressure
drops in the cylinder, the spring reasserts itself and the spring-rod retreats
into the indivator body again. The cycle is repeated until, by adjusting the
micrometer, the tail of the spring-rod remains almost stationary to the touch.
The locking collar is then applied to clamp the micrometer in place and a
pressure reading can be taken from the scale.
The Kistler was comparatively easy to use, and sufficiently accurate to
be used in large numbers. Production seems to have lasted from the early
1960s into the mid 1970s. The micrometer barrels are marked KIAG SWISS
(‘Kistler AG’) and, later, KISTLER above Type 2403 and a serial number.
Numbers are typically 85610 and 212681 (both sold on eBay in 2014), but it is
highly improbable that hundreds of thousands of indicators had been made
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in Winterthur. There seems little doubt that the indicators were numbered in
a series which contained all of Kistler’s output, and that the total probably did
not exceed 10,000-15,000.
Maihak of Hamburg made a special peak-pressure indicator on the basis
of the rod-spring autographic indicator patented by Adolf von Gehlen in the
early 1920s. Known as the ‘MSI’, it consisted of a massive near-triangular
body casting, with the centre section cutaway, into which the replaceable
spring could be screwed so that its tip entered a cap on top of a tiny piston
in the head of the adaptor. When the control-cock was opened, gas pressure
caused the piston to move upward, flexing the rod-spring so that the amount
of deflection could be read on a conventional dial-gauge which was usually
graduated from 0 to 160 kg/sq.cm.

Plate 85. The MSI peak-pressure indicator,
based on the Gehlen rod-spring design,
seems to have appeared during the
1960s. Originally marketed by Maihak, this
Leutert-marked example dates from 1987.
Courtesy of Bruce Babcock,
Amanda, Ohio, U.S.A.
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Plate 86: the plate fixed inside the lid of the Maihak/Leutert MSI peak-pressure indicator,
though showing the Leutert name and address (the instrument appears to date from
1987), still displays the old Maihak trademark on the dial-gauge of the uppermost line
drawing. Courtesy of Bruce Babcock, Amanda, Ohio, U.S.A.

The popularity of this essentially simple design is difficult to gauge. It seems
to have appeared in the 1960s and lasted even after Leutert purchased the
remnants of Maihak in 1977. The body of the Leutert example shown on the
previous page is marked MSI-2457 87.
If it can be assumed that ‘87’ represents ‘1987’, then ‘2457’ probably shows
that production had considerably exceeded two thousand. Interestingly,
though the instruction-plate inside the box lid bears Leutert’s name, address
and mark, the drawing of the indicator still shows the Maihak trademark on
the dial-gauge.
Another type of peak-pressure indicator can be found in the guise of what
are little more than Bourdon-type pressure gauges adapted so that, instead of
constantly following the rise-and-fall of pressure, movement of the pointer is
restricted so that it remains at the highest setting until re-set manually.
The suitability of the Bourdon tube for use in autographic indicators
had been explored by Kenyon, Schaeffer & Budenberg and others in the
second half of the nineteenth century, but the continual changes in pressure
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encountered while diagrams were taken from steam- and the earliest internalcombustion engines tended to work-harden the tubes with noticeable loss of
efficiency. Consequently, the ideas had been largely abandoned by 1900.
When peak-pressure indicators such as the Okill proved their worth, there
were many who were prepared to compete. Among the simple devices were
the German SüKo (also known as ‘Matra’), and the British ‘Diesindicator’.
The history of both these instruments is obscure, largely because no
patents were ever granted to protect them. An attempt was made to patemt
the Diesindicator, but the lack of novelty (the Bourdon tube had been
established for more than a hundred years!) ensured that nothing would ever
be granted. It is suspected, therefopre, that the manufacturer was merely
attempting to gain commercial advantage: it could be years before the grant
was made, and no-one could produce something similar during the period
in which the provisional protection was active. It scarcely mattered if no
patent was forthcoming, and so individuals often decided not to pay the
Plate 87. What is usually identified as the ‘Matra-Werk’ peak-pressure indicator in its case.
The instruments were made elsewhere. Courtesy of Bruce Babcock, Amanda, Ohio, U.S.A.
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Plate 88. Found inside the lid of the ‘Matra-Werk’ peak-pressure indicator, this shows that
the instrument was actauily made by SüKo. Courtesy of Bruce Babcock, Amanda, Ohio, U.S.A.

relevant fees when protection was allowed to advance from application to
confirmation. The ‘SüKo’-in-triangle mark was registered in Germany by
SüKo AG–Süddeutsche Kolbenbolzenfabrik of Stuttgart and Eislingen on
21st June 1952 (no. 622293), though application had been made in September
1950.[8]
Advertisements published in the early 1950s confirm that SüKo had
headquarters in Stuttgart, Ehrenhalde 11, and a factory in Rudolf-Diesel-Weg,
Eislingen, which had been owned by Buntweberei A. Würster & Co. until
1942. Promotional literature includes the SüKo indicator as early as 1953, but
it is assumed that production was relatively small; survivors are rarely found.
One of them bears a small metal plate inside box-the lid with the name of
Matra Werke GmbH of ‘Frankfurt Main-O[st]., Dieselstr. 30’, sometimes
assumed to be the manufacturer. However, Matra, which filed a German
trademark (no. 23457) as early as 1919, is best known as a distributor of tools
and equipment. There is no doubt that the indicators were made by SüKo.
Süddeutsche Kolbenbolzenfabrik was purchased by the Mahle Group in
1968, losing its independence first in Mahle Motorenkomponente GmbH and
then in Mahle-Süko GmbH (2001).
8. An application to protect what looks like an identical trademark, no. 629143, was filed on 6th April
1951; the difference was that the first mark was granted in Class 6 and the second in Classes 7 and 8.
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Plate 89. A
full-length view
of the SüKo or
‘Matra-Werk’ peakpressure indicator.
Compared with
the Sulzer-type
instruments or
even the Mo-Test,
this was a very
unsophisticated
(though undeniably
well-made) design.
Courtesy of Bruce
Babcock, Amanda,
Ohio, U.S.A.
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The Diesindicator is comparable in many respects with the SüKo design,
relying on the constrained extension of a Bourdon tube to indicate peak
pressure. However, despite the inclusion of the clearly British PROVISIONAL
PATENT and No. 399998 – 58 on the dial, no information about the designer or
patentee have been found. It seems unlikely that there was much novelty of
construction.
An advertisement published in Commercial Motor [Vehicle] in December
1960 reveals the promoter to have been the Dunedin Engineering Co. Ltd
of 73–75 Mortimer Street, London W1, which is presumed to have been a
British-registered subsidiary of the Dunedin Engineering Company founded
in New Zealand in 1900. The British companty traded until the mid 1960s, but
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Plate 90, left. The rarelyseen ‘Diesindicator’,
made in Britain c.
1959–62 by or possibly
for the short-lived
Dunedin Engineering
Co. Ltd of London—note
the trademark on the
label on the lid-edge.
Plate 91, right. The
Bourdon tube and
pointer linkage of the
Diesindicator, showing
the great simplicity of
the basic design.
Both pictures courtesy of
Bruce Babcock, Amanda,
Ohio, U.S.A.

PAGE 115

THE ENGINE INDICATOR

PAGE 116

MIRRORS, WHEELS AND SPARKS: NEW TRICKS

was declared insolvent in 1967 and reconstituted as Dunedin Instrumentation
Ltd. Products included the Diestester, the Injectester and the Diesindicator.
The Royal Navy tried the Diestester in competition with the Dobbie McInnes
peak-pressure indicator in 1961, but the Diestester was too inefficient to
overcome the sophisticated Sulzer-type Dobbie McInnes design.
The Diestester was very simple: the Bourdon tube, as it extended, worked
a toothed rack which rotated the pointer. Marks on the dial reveal that the
tube (and perhaps the entire instrument) was made by British Wire Products
of Stourport-on-Severn, owned from 1956 by the Parsons Chain Company.
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Plate 93. The shape of things to come. A Zeiss indicator from a brochure published in May
1937. The instrument relied on a piezo-electric sensor and a cathode-ray tube.
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Continuous recording
The introduction of the engine indicator was a part of a growing realisation
that the efficiency of machines could be improved. The germ of the idea had
been expressed in ‘Duty’, a measure of the lifting capacity (and, therefore,
power) of an engine expressed in the number of pounds of water that could
be lifted for each bushel of coal which burned in the furnace-grate. The great
eighteenth-century engineer John Smeaton had used Duty as the arithmetical
basis for a study of the operation of the atmospheric engine, and it was taken,
by James Watt and others, as a method of calculating the licensing fees that
were due to the patentees, proprietors or erectors of the engines.
Once the value of the bushel was standardised—it had varied from district
to district—Duty became a tool of competition. This was particularly true in
Cornwall, where the great single-acting ‘Cornish Engines’ of ever increasing
size and sophistication vied to be at the head of the published lists.
The greatest Duty was customarily achieved by the largest (and usually
the newest) engines, an indication more of size than efficiency. Gradually,
however, the introduction of Woolf two-cylinder compound engines, which
were much smaller than the Cornish variety of comparable Duty, showed
that great size was not necessarily desirable. Though the success of the Woolf
design was short-lived, many inventors began to see the value of higher steam
pressures and ways of preventing unnecessary loss of heat. The thermal
efficiency of the early steam engines was very poor, but changes for the better
were easily made.
McNaught-type indicators demonstrated the ease with which diagrams
could be taken, but many observers doubted if a single cycle could be
representative of a protracted period of operations. This was particularly
true if the engines were double-acting (unless two indicators were used
simultaneously) or if they were being used under varying load.
One of the earliest attempts to provide a ‘Totaliser’ was made by the
English mathematician Henry Moseley (1801–72), then Professor of Natural
and Experimental Philosophy at King’s College, London, who fitted an
accumulative recorder to a water-pumping engine in 1842. The instrument,
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“Professor Moseley’s Constant Indicator for Steam Engines” was described in
detail in The Practical Mechanic and Engineers’ Magazine (1842, pp. 454–6).
After crediting the basis of the idea to the Frenchmen Poncelet and Morin, in
particular to the ‘Compteur’ (an early form of dynamometer) built by Morin
in the early 1830s, the article concentrates on the indicator
The plate accompanying the description shows that the instrument, made
by Holzapffel & Company some time in 1841, had a large skeletal cast-iron
frame, roughly 2ft 6in high and a foot wide, to which the cylinders, springs
and recording apparatus were attached. Each spring was about two feet wide,
and the integrating cone and its stem were set at an angle of 45 degrees to the
vertical rod joining the pistons. A separate steam cock led to each cylinder.
The description read: ‘C and D are cylinders, each four inches in length,
communicating by the steam pipes A and B with the top and bottom of the
cylinder of the engine… In these cylinders work two solid pistons, each
four square inches in area, fixed upon the extremities of the same piston-rod
E F, which piston-rod (when the steam passages A and B are open, and the
indicator is in action) sustains, in the direction of its length, a pressure equal
to the difference between the pressures upon the two pistons fixed upon its
extremities, or…equal to the effective pressure of the steam on four square
inches of the piston of the engine. This pressure upon the piston-rod is made
to bear, by means of a shoulder Z, upon a steel spring S T, which spring is
connected, by means of links at its extremities, with a second similar and
equal spring Q R, supported at its centre upon a solid projection P, from the
cast-iron frame of the instrument.
“The pressure of the piston-rod upon the lower spring borne at the
extremities of the upper spring, whose centre is fixed, is thus made to separate
the two springs from one another, and the separation produced is…directly
proportional to the pressure sustained, so long as the deflections are small…
One surface of each spring is plane, and the opposite surface of that wellknown parabolic form by which an equal strength is given to every portion
of the length of the spring…
“By this connexion of the piston-rod with the springs, its position is
made to vary directly as the effective pressure upon its extremities, or as the
effective pressure on four square inches of the piston of the engine; so that
every additional pound in that pressure will cause the piston-rod to alter its
position by the same additional distance in the direction of its length.
“The pulley or wheel I K (which, from the peculiar functions assigned
to it in the machine may be called the integrating wheel,) turns upon the
piston-rod as its axis, and traverses it at the same time in the direction of its
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Plate 94. A perspective drawing of “Professor Moseley’s Constant Indicator”, from The
Practical Mechanic and Engineer’s Magazine (vol. XII no. 4, 1842).
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length—being prevented from moving on it in that direction by means of two
shoulders fixed by adjustment screws.
“The arms of this wheel are pierced by apertures, through which pass
three rods united at their extremities…so as to form a rigid frame G H, which
frame turns also upon the piston-rod as its axis, but does not traverse with
it in the direction of its length; so that the wheel I K is made by its motion
with the piston-rod to traverse the rods of the frame longitudinally, whilst it
is made to sweep the frame round with it by any motion which may at the
same time be communicated to it about its axis. It receives such a motion of
rotation from the cone K L, which is so placed that its side may be accurately
parallel to the piston-rod, and which is kept continually pressed against the
wheel at K, by means of a spiral spring enclosed in a tube at M, and acting
continually against the extremity of the spindle on which the cone turns.
“A system of bevel wheels U, Y, X, communicates to the spindle, and with
it to the cone, the rotation of the pulley N, which pulley is driven by a cord
carrying a weight at one extremity, and passing to the other extremity (over
directing pulleys) to the piston of the engine, or to some point which moves
precisely as the piston of the engine does, but through a less space. The
circumference of the pulley N being thus made to move precisely as the piston
of the engine, the angle described by the cone, during any exceedingly small
period of time, is made to be exactly proportional to the space described
during that time by the piston of the engine.
“Now, let it be observed, that the circumferences of the integrating wheel
I K partaking of the motion of that portion of the surface of the cone with
which it is at any instant in contact, the number of revolutions, or rather
parts of a revolution, which it is made to describe during any exceedingly
small period if time, beginning from that instant, is dependent on two causes;
first, upon the dimensions of the particular circle of the cone which is at that
instant driving it, and, secondly, upon the particular angle through which it is
driven by that circle: that is, it depends, first, upon the distance of its point of
contact K with the cone from the apex of the cone at that time, and, secondly,
upon the angle which the cone describes about its axis during that small
period of time. Moreover, that if either of these two elements of variation
remained always the same, then the number of revolutions, or parts of a
revolution, made by the wheel, would vary directly as the other; whence it
follows…that when (as in the present case) both these elements vary, it varies
as their product; or that the number of revolutions, or parts of a revolution,
made by the integrating wheel during any exceedingly small period of time,
varies [sic] directly as the product of two factors, of which one is the angle
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described during that time by the cone, and the other the distance of the
point of contact K of the cone and wheel from the apex of the cone.
“The integrating wheel carries round with it the frame G H, on the hollow
axis of which frame is fixed a pinion, running into a wheel V, whose axis turns
upon bearings fixed to the frame of the instrument, and the number of whose
teeth is to that of the teeth in the pinion as ten to one. This wheel carries
also a pinion running into a second wheel, their numbers of teeth being in
the same proportion, and so through a train of five wheels and pinions. The
circumference of each of the four last wheels is divided into ten equal parts,
and numbered, and the circumference of the first into 100. The number of
revolutions of the integrating wheel is thus registered to five places of integers,
and one place of decimals.”
The Moseley Indicator was duly attached to a Cornish engine installed in
the East London Water Works, Old Ford, where, working continuously from
28th January to 25th February 1842, it recorded 232,617 strokes. The trial was
reported in the Journal of the Institution of Civil Engineers—‘…“Results of a
Trial of the Constant Indicator upon the Cornish Engine at the East London
Water-works.” By Professor Moseley, F.R.S., &c…’—where it was deduced,
with ludicrous precision, that ‘units of work’ (each representing a pound
of water raised by a distance of one foot) had amounted to 21,464,067·1727.
These were claimed to accord with those obtained by Thomas Wicksteed,
Engineer to the East London Water Works Company, possibly on the basis
of McNaught indicator cards: ‘work per stroke upon every square inch of the
piston’ was 120·574 from the Constant Indicator, compared with 119·338 by
Wicksteed’s method.[1]
Much of the prolonged discussion that followed centred on the accuracy
of the Constant Indicator, the most telling remarks coming from Josiah
Parkes (1793–1871) and John Farey (1791–1851). The uncertain knowledge of
thermodynamics in 1842 allowed virtually any form of claim and counterclaim to be made, and the merits of the instrument were largely overlooked
in favour of the simple visual aspect of the McNaught cards. Consequently,
the comments made by Parkes, best known as a deep-drainage engineer, were
self-important and critical; Farey, author of A Treatise on the Steam Engine
(published in 1827), who had ‘received from Mr John Taylor indicators cards
1. Wicksteed had been sent to Cornwall in 1837 to investigate the remarkable Duty being returned by
the Cornish mine engines. He was sufficiently impressed to buy an engine owned by the East Cornwall
Silver Mining Company, which had been lying idle in Wheal Langford. This, which had a cylinder with a
diameter of 80 inches, was re-erected in London by Harvey & Company of Hayle, its builders. By the time
of Moseley’s trials, a problem with the valves had been overcome and the engine was working regularly.
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of Taylor’s Engine at the United Mines’, offered criticisms of his own. Farey
then remarked that although the ‘new instrument does not preserve any
record of the minute details of any one stroke, like the ordinary Indicator,
but it records a true aggregate of all the details of any number of succeeding
strokes: it gives the same results as would be obtained if it were possible to
have two ordinary indicator cards correctly taken, at each succeeding stroke
of the engine, during the whole time of observation…’
He added that ‘In trying the performance of a steam-vessel, alternately
up and down the measured mile in the river Thames along the shore of the
Dartford Marshes, it is usual to take an indicator card from each engine,
at every such run; and by summing up each card, some difference will be
found between them, wherefore an average of the results of several cards will
give more authentic information respecting the force exerted by the engines
during the whole trial, than could be obtained if one such card had alone
been depended upon.
‘The new instrument [“Constant Indicator”] takes cognizance of every
stroke that is made by the engine during the whole time of observation; and
in cases (such as in the Great Western steamer) where a considerable variation
in succeeding strokes occurs frequently during such time, it is a desideratum
to obtain the results which this instrument is intended to give; and which, as
far as it has been tried, it seems likely to give with fidelity.
‘The instrument, when applied as it had been at Old Ford, becomes
another mode of ascertaining performance, similar to what is reported
monthly respecting the engines in Cornwall…’
Others were prepared to follow Moseley’s lead. Daniel Gooch (1816–89)
was the first to develop a continuously-recording indicator which could be
used successfully on a railway locomotive travelling at high speed. This
instrument owed its origin to the ‘Battle of the Gauges’, a controversy which
raged in Britain in the 1840s over the ideal dimensions for railway track.
One powerful faction, led by the Stephensons, claimed that the ‘standard’
gauge (then 4ft 8in) was superior to the Broad Gauge (7ft 01/4in) championed
by the maverick engineer Isambard Kingdom Brunel. The sharpest differences
of opinion concerned the resistance afforded ton a moving train by air
pressure, friction and associated factors. Results from a variety of partisan
tests were published, but the most contentious were those given to the Gauge
Commissioners by Daniel Gooch, which the narrow-gauge faction believed
to be much too low (and, by implication, fraudulent).
Gooch determined to investigate the problem rigorously, building
one of the first dynamometer carriages to measure the pull exerted by the
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Plate 95. A Great Western Railway locomotive of the type first tested by Daniel Gooch,
pictured in the 1850s after conversion from 2–2–2 to 4–2–2 configuration. John Walter
collection.

locomotive. The deflection of a massive spring balance was recorded on a
paper roll, driven by a belt from one of the carriage axles, and a clock marked
the paper every few seconds to allow the speed to be calculated. Gooch also
developed an ‘engine indicator’ to measure the changes of pressure against
the passage of time. The mechanism incorporated a horizontal piston which
acted against two half‑elliptical springs, and an amplifying lever attached
to the piston rod drew a continuous trace on a paper roll driven from the
wheels of the locomotive. The resulting instrument (still in the collection of
the Science Museum, London) was large, heavy and painstakingly made, but
proved to work extremely well.
The first trials of the dynamometer carriage were undertaken in April
1847, with locomotives Great Western and Dreadnought, though it is not
known if the indicator was being used at this time. However, it had certainly
been perfected by September 1847, when comprehensive experiments were
undertaken with Iron Duke. Writing in his book Railway Engineering (1855),
Daniel Kinnear Clark recorded that: ‘The application of the indicator to the
cylinder of a locomotive…has aided essentially in giving precision to our
knowledge of the behaviour of steam in the cylinder. Mr Gooch was the first,
so I am aware, who applied the indicator to the locomotive; and he is the only
engineer who systematically applies the instrument as a sort of stethoscope.’
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The records were obtained by Daniel Gooch and his assistants, balancing
precariously on the buffer-beam of a locomotive travelling at speeds of sixty
miles per hour. Clark added: ‘Only those who have undergone the fatigue
and risk…with occasionally a brisk side wind to make them conscious of
how short a distance there is between time and eternity…can fully appreciate
their value.’
Unfortunately the pencil of the Gooch indicator worked in an arc, and
the trace could not be compared directly with the output of a McNaught
instrument. This limited its utility exclusively to the Great Western Railway;
though the dynamometer carriage survived for many years, to be rebuilt in
narrow-gauge form after the demise of the Broad Gauge in 1892, the indicator
had been retired in favour of Richards-type instruments many years earlier.
In the 1850s, the Frenchman Arthur-Jules Morin (1795–1880) developed
an alternative to the McNaught indicator embodying a continuous paper roll.
Morin had entered the French army in 1810, rising to command an artillery
unit (1817), then became lecturer (1819) and Professeur de mécanique (1830)
at the school of artillery in Metz. He left the army, with the rank of general,
to be the administrator and later director of the Conservatoire des arts et
métiers in Paris. He also served a term as president of the Institut de France.
Well-known for his commitment to public hygiene, Morin was also an
inveterate experimenter. In addition to the indicator, planimeters are known
bearing his name; and among his many publications were Leçon de mécanique
pratique (Mathias, Paris, 1846), Notions géométriques sur les mouvements
et leurs transformations ou éléments de cinématique (Lacoix-Comon, Paris,
second edition, 1857) and Études sur la ventilation (Hachette, Paris, 1863).
Morin’s indicator was conceived in an attempt to combat ‘the considerable
inaccuracy [that was] likely to result from the difficulty of constructing the
spiral springs in Macnaught’s indicator, so as at all parts of the stroke to
denote equal pressures by equal divisions…’ Scott & Jamieson, writing in
The Engineer and Machinist’s Assistant (c. 1854), described the instrument
as ‘adapted for being fitted to the cylinder cover of the engine; it carries a
stop-cock pipe G, furnished with two keys; between these is situated a small
horizontal cylinder H, in which a solid piston is accurately fitted to work
steam-tight. Towards the middle of the piston rod m, which is properly
guided to a rectilinear course, is a square part in which is inserted the lower
end of a long parabolic spring n, the other extremity of which is fixed to the
summit of a standard I, forming part of the frame work of the machine, the
spring being so fitted as to admit of a certain amount of travel in the piston
in both directions. The square boss of the piston rod carries also a small
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Plate 96. Drawings of one form of the Morin indicator, from Armengaude Âiné, Publication
Industrielle des Machines, Outils et Appareils… (Paris, 1859). John Walter collection.

pencil o, for the purpose of tracing the different degrees of tension of the
steam on the opening of the lower cock G. Two pencils p, p, are placed in
holders fixed to the framing exactly opposite to the point at which the pencil
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o stands when the stop-cock G is shut, and being thus immoveable [sic], serve
to mark a continuous atmosphere line. A third pencil q, which is susceptible
of a slight degree of vertical motion in its socket, and is destined to mark the
termination of each stroke, is brought into contact with the paper by placing
the instrument so that the working beam, cross-head or any other rigid part
of the engine may touch lightly at the end of the stroke, the top of an upright
rod u, which is connected by a system of levers r, s, t, with the top of the
pencil q.
A continuous band or roll of paper may be subjected to the action of this
machine for an indefinite period, so as to produce diagrams representing the
action of the engine during several successive strokes. The manner in which
this is accomplished is as follows: the roll of paper is first wound upon the
cylinder L, by means of the handle y; it is then passed over the three small
rollers v, v, v, placed to oppose the pressure of the pencils, and is received
upon the cylinder M, situated at the opposite end of the framing Q, Q. The
axis of this latter cylinder is produced on one side so as to form also the axis of
the conical pulley or fusee N, opposite to which is situated a cylindrical drum
O, which receives a uniform motion from any rotating part of the engine to
be operated on, by means of a worm wheel w, on its axis, geering [sic] with
an endless screw on the axis of the strap pulley P. The cylindrical roller O
communicates motion to the conical roller N by a cord wrapped round both
and fastened at opposite extremities of each. The object of this arrangement
is to compensate for the increased surface velocity due to the increased
diameter of the cylinder M as the paper is wound on to it, by imparting to it
a proportionally retarded motion.’
Scott & Jamieson added that ‘although highly ingenious in many of
its details, and capable of giving very correct indication’, the Morin design
was ‘wanting in that portability and compactness which has very materially
contributed to bring Macnaught’s [sic] instruments into such general use’.
At about this time the limiting or ‘slice’ indicator appeared, using the
McNaught and similar single-diagram pattern to build diagrams from a series
of horizontal slices in the hope that the resulting composite would allow the
average performance of the engine to be gauged. This had the advantage of
allowing conventional methods of analysis to be used, but the continuousfeed indicator still had its champions.
The ‘Steam-Power Meter’ protected by U.S. Patent 20514, issued on 8th
June 1858 to George Schuh of Madison, Indiana, was another of the rollrecorders. Schuh, or perhaps his immediate ancestor, was part of a wave of
German immigration to this particular part of the U.S.A. in the middle of the
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Plate 97. Drawings (from the relevant U.S. Patent) of the continously recording indicator
invented by George Schuh in the 1850s. Note that it is labelled as a dynamometer.
PAGE 129

THE ENGINE INDICATOR

nineteenth century. Very little is known about his background, but he was
clearly aware of the existence of other indicators. His improvement, he stated,
‘has reference to a meter which has before been applied to a steam engine
for ascertaining and registering the amount of work done by the engine
during any period of time, the principle of action of which has consisted
in the production of two motions, one of which was equal to the motion
of the engine piston…and the other equal or proportional to the pressure
of the steam on each square inch of the piston’s surface, and, by combining
these two motions, a third motion was produced under which all possible
variations of the two former, was always equal to the first multiplied by the
second and represented and indicated by means of a ‘counter’ the amount of
work done…’
Misleadingly labelled ‘Dynamometer’ on the US patent drawings, the
instrument consisted of a vertical standard supporting a bed-plate to which
the recording mechanism was anchored. A short piston with a double-ended
rod was contained in a long, small-diameter cylinder held to the bed plate
by the threaded plugs in which the steam pipes terminated. Steam could be
applied to either end of the cylinder, moving the piston laterally. This in turn
moved the pendulum arm against the resistance of an inverted ‘V’-spring,
and moved the friction wheel from its rest position at the centre of the disclike friction plate (where it did not move) out across the plate surface in direct
proportion to the changes in steam pressure. The rotation of the friction
wheel was recorded by a counter mechanism, relying on the pendulum arm,
which had moved the carriage to the opposite side of the bed-plate, to add the
results of the return stroke of the engine to the results of the outward stroke.
The friction disc was driven by a cord, wrapped around its drum, led around
intermediate pulleys, and attached at each end to a suitable reciprocating
point on the engine. Small spiral ‘compensating springs’ were interposed
between the ends of the cord and the anchor point to minimise inaccuracy
arising from the shock of reversal of motion or irregularities in the action of
the friction disc.
The Steam-Power Meter was a fascinating attempt to provide a calculating
indicator, without ever encountering long-term success. No surviving
example is known, and it is possible that only a single working prototype
was ever made. Until more is known about George Schuh, the mystery will
remain.
Another attempt to provide a recording indicator was made by S. Lloyd
Wiegand and William Barnet Le Van, the appropriate issue of U.S. Patent
41182 dating from 5th January 1864. This indicator was one of the first to
PAGE 130

MIRRORS, WHEELS AND SPARKS: NEW TRICKS

embody the spring-type pressure diaphragm that had been pioneered in
Europe twenty years earlier in pressure gauges. The pressure of steam within
the ‘U’-shape diaphragm tilted a lever tipped with a tracer, which acted in
concert with a roll of paper, driven from the engine across a flat bed, to record
continuously as paper transferred to a take-up spool. A pawl-and-ratchet
mechanism was included in the drive to ensure that the paper moved only
in one direction. Supplementary drawings showed a variety of diaphragms,
including corrugated discs and bellows, and Richards-like methods of
amplifying the comparatively small movement of the diaphragm.
The ‘Multi-Meter, or Steam Telegraph’ proposed by George Clarke of New
York and Marmont Edson of Brooklyn, and protected by U.S. Patent 77584 of
5th May 1868, was another continuous recorder. However, though it relied on
a trace created by a simple spring-and-piston system, the drum was rotated
continuously (if imperceptibly) on a time basis to provide a daily record of
performance. It did not produce an individually analysable diagram.
Plate 98. Multi-view drawings of the diaphragm type continuously-recording indicator
patented in the U.S.A. during the Civil War by Wiegand and Le Van. By courtesy of the U.S.
Government Patent Office, Washington DC.
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Plate 99. A typical Ashton & Storey recorder, showing the layout of the major components.
Note that this particular example has a McNaught-type direct-reading pointer, but others,
undoubtedly later, used a Richards-type amplifier. From Max de Nansouty, Chaudières et
Machines à Vapeur (Paris, 1911).

William Ashton and John Henry Storey of Manchester, centre of the English
textile-manufacturing industry, patented a variety of recorders in the 1860s
and 1870s.[2] Typical of these was the design patented in Britain in 1869 and
in the U.S.A. on 11th June 1872 (no. 127729). The drawings show another
variation of the shifting friction-disc drive, relying on splines on a rod,
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placed vertically, engaging a pinion to drive a series of counting wheels.
Displacement of the axis of the horizontal disc, elevated by the steam pressing
on the piston, from the centre of the vertical disc—driven by a belt from the
engine—provided a cumulative indication of power. The illustrations also
show how a method of amplifying the movement of the piston, and how a
conventional reciprocating cylinder indicator could be included to allow
conventional single-cycle diagrams to be taken when required. The possible
position of an integrating cone is also sketched.
Ashton & Storey recorders were made in small numbers, usually with the
mechanism entirely encased. Later examples may include a Richards-type
amplifying indicator instead of the direct-reading type shown in the 1872
specifications. Work had ceased by 1880.
Attempts were made to fit McNaught indicators with continuous‑roll
apparatus, most notably in France. However, the success of the Richards
design held immediate attention. Continuous‑record instruments of this
type often relied on three drums—one holding the paper roll, one recording,
and the other receiving the used roll—though others had only two and a few
attempts were made to contain the entire assembly in the recording drum.
Elliott Brothers of London made Darke and ‘Improved Richards’ indicators
of this type, but the universal acceptance of pillar‑type torsion springs at
the expense of flat spiral springs in the drum‑base subsequently favoured
external paper feed systems.
Paul Garnier (1801–69), who had been apprenticed to the great clockmaker
Louis Breguet, opened his own workshop in Paris in 1825, invented the coupballe (‘chaff cutter’) escapement in 1830, and was responsible for the first
electric clock to be made in France (1849). Dating from 1857–65, Garnier
McNaughts resembled British prototypes but had two springs and two drums.
Arnal and Gauthier, in Traité de Mecanique (published c. 1894), described
the construction of these instruments in detail. The body, a brass cylinder,
consisted of two chambers screwed together; the upper cylinder accepted the
two-part spring assembly, with collars at the base and lower mid point and
a threaded cap. The ring-tip piston rod passed through a small hole in the
centre of the spring chamber and up through the spring to emerge from the
2. British census records reveal that Storey, born in Manchester c. 1831, was listed in 1871 as a ‘Coppersmith
and Brass Founder, employing 200 men and boys’, and in 1881 as a ‘Master Coppersmith & Brass Founder.
210 work people’. There seems little doubt that he was a grandson of Isaac Storey, who had founded
‘Isaac Storey & Sons’ in Cornbrook Foundry, Manchester, in 1837. Less is known about William Ashton,
possibly born in 1847, who may have been listed in the 1881 census as a ‘Civil Engineer’ (however, another
Manchester-born ‘William Ashton’ was listed as an ‘engine fitter’ in 1871 and 1891 and it is unclear if the
two men are one and the same).
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Plate 100. Drawings of the perfected single-drum version of the McNaught-type indicator
made in France by Paul Garnier of Paris. One version was made with a roll of paper inside
the drum. From Max de Nansouty, Chaudières et Machines à Vapeur (Paris, 1911).
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cap. Its lower end was anchored in a hollow-face piston by a hexagonal-head
nut. The twin drums were supported on a comparatively fragile platform
formed integrally with the split-jaw collar that clamped to the indicator body
with the aid of a small screw.
One drum contained a roll of paper, which was wound on to the other
as the cord attached to the engine reciprocated. The hinged trace arm and
the detachable spring scales were conventional, but the fairlead of the British
instruments was replaced by a reducing pulley attached to an axle mounted
transversely beneath the platform. A dial-type speed indicator and a detent
to hold the recording mechanism out of gear were also fitted.
The original indicator, judged to be fragile and much too complicated,
was soon replaced by a simplified version with a single spring and a single
drum. Garnier also made a distinctive McNaught-type indicator with a
‘magazine drum with steadying gear’—driven by a lightweight ratchet bar
engaging a pinion on the transverse axle. A second pinion on the midpoint
of the axle meshed with a toothed ring on the drum, operating against
resistance afforded by a helical spring in a chamber at the axle tip. Most
examples held a roll of paper within the drum and had a clutch, actuated
by a lockable pivoting lever, which could put the mechanism in train when
diagrams were to be taken.
The Martin-Garnier indicator seems to have been similar, but prevented
steam impinging directly on the piston head by interposing a flap valve. The
goal was to reduce the shock of impact, with the attendant risks of inaccuracy
in the recording, but required a separate cock to drain condensation from the
steam chamber.
The Clair design was also based on the McNaught. Its principal claim to
novelty concerned the recording drum, which relied on double helical bevel
gearing and two special ratchets (‘deux encliquetages Dobo’) to translate
reciprocating motion into continuous rotation.
As pressures rose and engine began to run more quickly, the McNaught
indicator eventually gave way to adaptations of the Richards design. This
could be seen in the design of the continuous recorders, though most of them
were still made on a ‘one-off ’ basis for individual experimenters. An early
exception to the rule was designed by engineers Guinotte & De Hernault (or
‘Hennault’), apparently specifically for the Belgian ministry of mines. The
essence was a single indicator and two drums.
According to the British periodical The Engineer of 21st September 1877,
at least twelve had been acquired by the ministry of mines (the manufacturer
is still unknown), and two had been made by Elliott Brothers of London on
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Plate 101. The Guinotte & De
Hernault continuous-recording
indicator, shown here in the
form made by Elliott Brothers
in the mid 1870s. From The
Engineer, 21st September 1877.
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the basis of the standard Eliott-Richards indicator. The article described the
basic construction, and how paper was rolled from one drum to another over
a vertical brass strip. The trace-point worked vertically on the strip to draw
a conventional diagram.
‘The drum, by a peculiar arrangement at g, moves in the same direction
during the forward and backward stroke of the engine. The motion is given
by means of a reducing pulley e attached, for example, to the cross-head of
a piston, and is carried back by the reaction of a spring in the box f… In
order to regulate the speed of the paper travcelling from drum c, there is a
brake at i fitted with a hinge w, allowing it to be raised in order to replace
the diagram paper. Underneath the instrument, attached to the bottom
wheel, are two little projections s; these allow of adjustment, and serve, by
coming into contact with the inclined plane k, to cause the pencil l to mark
the commencement and end of each stroke. The pencil m serves to mark the
atmospheric line.’
The review added that the indicator was intended ‘to supply a continuous
series of diagrams without supervision, from which the power expended
in a given time may be calculated. [But] It is evident, however, that unless
for special purposes, the labour involved in making the requisite number of
calculations will be so great as to interfere with the utility of the instrument.
What is wanted…is means for automatically calculating the average pressures
from the diagrams… We have no doubt that Messrs Elliot [sic] will effect very
considerable improvements, as the instrument may be readily simplified.’
The success of continuously-recording adaptions of McNaught indicators
persuaded inventors to seek something better. Many of the earliest multidrum Richards-type instruments were also made in France, probably by
Garnier and others. They were distinguished by the gradual transfer of a roll
of paper from a reservoir (usually in the form of a drum) to a receiver (also
customarily drum-like) across a pillar, panel or comparable surface against
which the stylus could bear. These indicators were often driven by shaft-andgear reducers, and had manually-operated clutches to engage the recording
mechanism. But they were almost always too complicated to find much
favour outside the college laboratories of their day.
A simpler idea was that of John Richardson, ‘of…Camden Town, in the
County of Middlesex’. The English census of 1881 reveals that Richardson,
born in the London borough of Clerkenwell in 1836, was a ‘Philosophical
Instrument Maker’ living at 64 Torranio Avenue, St Pancras. His son
Adolphus, also listed as a philosophical instrument maker (though barely
nineteen years old), succeeded to the business when Richardson died in 1887.
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The subject of British Patent 2814/78 of 13th July 1878, ‘Improvements in
Indicators used for Ascertaining the Power of Steam and other Engines’,
Richardson’s indicator included a ‘means of shifting the strip of paper endwise
around the cylinder as each diagram is taken, so that after a diagram has been
taken for one stroke another diagram may be taken for the next stroke, but
on a different part of the strip… For this purpose I form the strip of paper on
which the diagrams are to be obtained into a roll and place it into a tubular
receptacle within the interior of the cylinder…afterwards the paper is passed
through a slit in the side of the cylinder, then around the cylinder, and back
again through the slit into the interior of the cylinder, where it is secured to a
roller on to which it can be wound…as each diagram is taken.’
The patent drawings show a modification of the Richards indicator
enabling the front standard to support a slotted vertical plate in which the
tracer can ride.[1] The greatest merit of the Richardson recorder lay in its
simplicity. The roll of paper, contained in the indicator drum, was guided out
Plate 102. Drawings of a Richards-type continuous roll-feed indicator, made in France in
the 1870s. From Max de Nansouty’s book, 1911.
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Plate 103. Made by Elliott Brothers of London, this Richards indicator is fitted with
Richardson’s Patent paper feed, contained in the drum. This particular instrument was
used by the renowned English locomotive-making business of R. & W. Hawthorn and is
appropriately marked on the body. Canadian Museum of Making collection.

through needle rollers, around the drum (allowing a conventional diagram to
be taken) and then taken back into the drum through a second set of needle
rollers to be wound onto the receiving spindle.
At least a few indicators of this type were made by Elliott Brothers before
the Darke system was introduced. Richardson-inspired drums were fitted to a
substantial quantity of indicators made in Britain by Elliott Brothers, but proved
to be most popular in Germany. All of the major German manufacturers—
Dreyer, Rosenkranz & Droop, Schaeffer & Budenberg, Maihak, Lehmann
& Michels—made good use of it, in the cases of Maihak and Lehmann &
Michels until the end of the Second World War. Improvements had been
made, but the basic form remained much as Richardson had patented it.
1. This could explain why no patent was ever granted in Britain to Harris Tabor, and why Casartelli was
allowed to use elements of the system in the early 1880s.
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Plate 104. Crosby ‘New Model’ indicator
no.0468 is fitted with an automatic paper-feed
drum in accordance with Davidson’s patent.
Canadian Museum of Making collection.
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Plate 105. A top view of the Crosby indicator shown in Plate 86, showing the spring-andratchet paper feed control on top of the drum. This particular drum unit is numbered
‘25’, perhaps part of a hundred-unit series intended to test the strength of the market for
continuous-feed instruments of this type. Canadian Museum of Making collection.

A ‘Crosby [New] Indicator with Drum for Taking Continuous Diagrams’. was
also made in small numbers from c. 1909 onward. Some years earlier, Crosby
had experimented with two versions of the continuous recorder. Similar in
principle but differing in detail, they were the work of Theodore Davidson of
Salem, Massachusetts, who received U.S. Patent 867953 on 15th October 1907
(application: December 1906); and Frank Wolfe of Medford, Massachusetts,
who received U.S. Patent 868056 on the same date (application: January
1906). Both men were assignors of rights in their ‘Engine-Indicators’ to the
company.
The perfected Crosby continuous-feed indicator shared the construction
of the standard pattern, but, at least according to the 1910 edition of Practical
Instructions for Using the Steam Engine Indicator, the Davidson-type drum
was ‘designed to use a roll of paper 2 inches wide and 12 feet long, upon which
the operation of the indicator traces a series of diagrams which will continue
until the roll is exhausted, unless interrupted by the operator. The roll of paper
is located within an opening in the shell of the drum, thence the paper passes
around the outside of the drum and inward to the central cylinder, to which
it is attached. The central cylinder is concentric with the drum, and after
the paper has been wound upon it, may be withdrawn through the top and
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the paper easily detached. Upon the top of the drum and cooperating with
the central cylinder is a knurled head loosely attached to the drum spindle,
which controls the distance between the diagrams so that by adjustment they
will vary in number from 6 to 100 per foot of paper…’
Crosby added that the demand for an indicator with a continuouslyrecording drum ‘has been stimulated…by its use in rolling mills, and in
other industries where there is an irregular load on the steam engine, varying
rapidly and in such sequence that knowledge of its continuous work [my
italics] could not be obtained except by an unbroken series of diagrams,
extending over a definite time… But its usefulness is not confined to such
conditions. Its application to any steam or gas engine will afford abundant
examples of its action…’ [1]

LIMITING INDICATORS
An alternative method of assessing performance already existed in the form of
the so-called ‘limiting’ or ‘slice’ indicators. The earliest of these was probably
the work of an Alsatian engineer, Gustave-Adolphe Hirn (1815–90), who had
made alterations in the 1850s to a co-axial McNaught-type indicator which
may originally have been the work of Hopkinson.
Hirn preferred a direct-reading instrument if absolute accuracy was
paramount, but acknowledged that the oscillations that affected the pencil
posed a real problem when engine-speed rose above 20–25rpm. An answer
was found by limiting the recording to a fraction of the cycle, then repeating it
section-by-section until an overall picture was created. Pre-setting the spring
by confining movement within narrow limits ensured that the piston could
not rise until the lower pre-set position had been reached and stopped the
movement when the upper pre-set had been reached. Hirn had first applied
the method crudely, simply by pressing down on the pointer with his finger,
but then progressed to mechanical stops.
Owing to the rotation of the drum, the limiting mechanism had the effect
on the power stroke of drawing a straight line at the lower limit, then a small
ascending curve as pressure rose, and then another straight line at the upper
limit; the exhaust stroke was similar, excepting for a descending curve as the
pressure decayed. The resulting diagram was composed of multiple of piston
strokes, instead of displaying the results of a single stroke. This had certain
1. The 1911 edition of the Crosby handbook records the commercial introduction of the Lanza continuous
recorder, which was a much more sophisticated design. See Chapter Nine.
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Plate 106. McNaught-type limiting indicators: by Hirn (left) and Deprez (centre and right).
From Jacques Buchetti, Guide pour l’Essai des Machines à Vapeur… (Paris, c. 1886).
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advantages, as it allowed the performance of an engine to be assessed on the
basis of an average instead of a single (possibly atypical) cycle. It also allowed
a picture to be constructed without the pencil following the same track over
and over again, with the resultant difficulty of deducing a mean.
The later McNaught-type limiting indicators used by Hirn were made in
Paris by Paul Garnier. One method of adapting the indicator consisted of
attaching a ‘T’-bar to the tip of the piston rod. The bar was allowed to move
in a short vertical slot in a bifurcated block attached to a long threaded rod.
This rod passed through a boss on a top-cap held to the indicator-body cap by
two slender standards. Semi-circular cuts on the edges of the bifurcated block
engaged the rod-like standards to ensure precise vertical movement, and the
height of the block could be varied merely by turning the knurled disc-like
head of the threaded rod. In this way, the pressure at which the resistance of
the spring was overcome (and the tracer began to move vertically) could be
minutely controlled.
Another modification of the McNaught indicator, also made by Paul
Garnier, was developed by Marcel Deprez (1843–1918). Born in the rural
commune of Aillant-sur-Milleron in south-central France, Deprez, keen to
pursue experiments of his own, left the École des Mines in Paris without
completing his course. Yet his gifts were such that he was almost immediately
appointed as secretary to the director of the college, Charles Combes, and
began a remarkable series of investigation into the pressures developed by
gunpowder. Deprez subsequently became fascinated by electricity—he was
among the first to demonstrate that electric current could be conveyed over
long distances—but not before he had made his mark on the development of
the indicator.
Like Hirn before him, Deprez sought to create a single diagram from a
series of horizontal slices or tranches minces. A review of the perfected design
in Engineering, on 22nd September 1871, after crediting Deprez with ‘several
mathematical investigations on the distribution of steam, who has invented
an expansion gear and a simple and ingenious calculation for ascertaining the
principles of distribution’, drew attention to the introduction for ‘engineers
and contractors’ of ‘a new type of Watt’s dynamometric indicator, which
shows an real improvement on the well-known apparatus’.
Claiming that it was ‘well known that when the speed of the engine…
exceeds 60 revolutions per minute, the piston of the indicator is thrown
beyond the point corresponding to the maximum pressure of the steam
owing to the inertia of the moving parts, piston, piston-rod and spiral spring’,
Deprez reduced the weight of the components by making the piston and its
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rod of aluminium. The review describes the indicator: ‘The spiral spring is
enclosed as usual in a cylindrical tube having a vertical slot for the passage of
the pencil-holder. Below the spring is placed a horizontal forked piece which
enters the tube through a slot. The piston rod, which passes through both
arms of the fork, carries between them [sic] an enlarged part, the height of
which is a little less than the distance between the two arms of the fork.
‘By the aid of an outside screw the position of the fork can be regulated
in such a way as to compress the spring up to a point corresponding to a
certain pressure of steam, for example, 40 lb. per square inch. It will be easily
understood that if such an indicator is put in communication with a steam
cylinder, the piston cannot move until the pressure reaches 40 lb., and the
pencil will describe a straight line on the paper rolled around the drum of
the indicator. If in one point of the stroke the pressure exceeds 40 lb., the

Plate 107. A Deprez indicator with a limiter, operated by turning the handle, and a geartrain elevator for the pointer! From J. Buchetti, Guide pour l’Essai des Machines à Vapeur.
PAGE 145

THE ENGINE INDICATOR

piston yields, and will begin to move, but as soon as the enlargement of the
piston rod reaches the upper branch of the fork, this movement will also stop.
The pencil will then trace , after having described a horizontal line, a small
portion of a curve, then another part of the horizontal line, and the point of
departure of the portion of the curve will mark the point in the stoke when
the steam reached the pressure of 40 lb.
‘It is sufficient, while the engine is in motion, to turn the screw, and thus
to give movement to the fork in the vertical slot of the tube, to obtain as many
points as are wished… On joining these points by a continuous trace, the
curve of expansion is given without any error or regularity.’
Deprez also made what must be considered among the first of the
maximum-pressure indicators that were to become popular in the twentieth
century, using a series of individually encased pistons with pre-loaded springs
to indicate the exceptionally high peak pressures associated with the use of
gunpowder in firearms.
The illustration accompanying the Engineering review, though crude,
shows the lining mechanism to have been actuated by a fine-pitch screw
supported in a collar around the body of the indicator. The actuator was a
small horizontal handle (which would have fouled the casing if constructed
as drawn!), and the piston was contained in a separate chamber beneath the
body. An illustration in Jacques Buchetti, Guide pour l’Essai des Machines à
Vapeur et la Production Économique de la Vapeur (c. 1886), shows the drive
with right-angle bevel gears allowing the handle to move in a vertical plane.
Slice diagrams were subsequently employed in Britain both by Farnum &
Bodley and by Moses Wayne (see Chapter One), and in the U.S.A. by John
Burkitt Webb of Ithaca, New York State, who proposed an alternative form
of reciprocating-drum indicator. This was the subject of U.S. Patent 265198,
‘Diagram-instrument for Engines’, granted on 26th September 1882.
Webb had been appointed Professor and head of the department of civil
engineering in Talbot College (subsequently incorporated in the University of
Illinois) in November 1871, remaining until departing for Cornell University
in 1878. He was also active in the promotion of the American Association
for the Advancement of Science, serving as Vice-President of Section D
(Mechanical Science). His goal was similar to that of Deprez: a system of
indication which would be suited to locomotive and other engines running
at high speeds.
According to the 1882 patent specification, the improvements were: “…
first and most important, an improved form of diagram and of the apparatus
for describing the same, which enables me to render the accuracy of the
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Plate 108. The larger of the two Burkitt Webb indicators, combining a tablet recorder with
a limiting system. By courtesy of the US Government Patent Office, Washington DC.

former independent of the speed and of the friction of the moving parts;
second, an attachment for automatically measuring and recording the area
of the diagram during its formation; third, an apparatus for the systematic
reduction of the stroke of the engine to the exact stroke required of the
indicator; fourth, arrangements for conveniently stopping, starting, and
adjusting the instruments.’
The patent shows two forms of indicator. The larger of the two, intended
for laboratory work, assembled diagrams with the assistance of more than
thirty individual strokes scribed onto a card attached to a curved plate,
the location of the ends of each of the strokes replicating the trace of a
conventional indicator—though, Webb claimed, without showing any of the
degrading effects of vibration.
The simpler version of Webb’s design, presumably intended for series
production, had an oscillating drum placed on an upright frame containing
the piston cylinder. The piston rod extended upward through a short sliding
sleeve until its threaded tip could be screwed into a four flanged collar held in
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the jaws of a forked arm forged integrally with the frame. A parallelogramtype pointer mechanism was pivoted on the sliding sleeve, and attached to an
anchor point on the frame by a short link.
The diagram was constructed from 15–20 engine strokes instead of
a single ‘out and back’ cycle. It was operated by screwing the piston rod
manually down as far as it would go, where the spring was at its weakest and
the recording pointer was at the bottom of the diagram. The first outward
stroke of the engine piston drew a straight line on the drum of the Webb
machine; on the return movement, however, a sprung pawl attached to the
drum rotated a collar flange through 90 degrees. Acting on the rapid pitch
thread on the piston rod, this effectively lifted the piston and increased the
pressure applied by the spring.
The process continued until the diagram had been completed, each band
showing where the steam pressure had overcome the resistance of the piston
spring, simultaneously raising both the piston rod sleeve and the pointer. Like
the Deprez patterns before it, the Webb instrument gave surprisingly good
results in circumstances which would have defeated a Richards indicator.

The later totalisers and integrators
The oscillating-drum indicator proved to be a good recorder of single strokes,
and would operate continuously if a roll of paper could be wound from spool
to spool after each stroke. Unfortunately, each diagram required individual
assessment before an idea of average performance could be obtained. The
obvious answer to this problem was a return to the idea, promoted by Professor
Moseley, of a calculating indicator which would automatically analyse the
results of multiple engine strokes. Counting strokes was easily accomplished,
but it was much more difficult to design a recorder that could combine the
rise and fall in steam pressure with the elapsed time of each stroke.
THE LEA INDICATOR
patented in BRITAIN in 1877
The advent of the Amsler polar planimeter and the Richards indicator, with
the ability to amplify the trace movement fourfold, encouraged Henry Lea
to combine these two instruments in an integrating indicator. This was the
subject of British Patent no. 785/77, sought on 26th February 1877 and sealed
on 13th July, though, oddly, the complete specification was not deposited with
the Great Seal Patent Office until 21st August.
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Lea was born in 1839 in Birmingham, Warwickshire, the son of prosperous
merchant Nathaniel Lea, whom the 1871 census of England and Wales
describes grandly as ‘Member of the Birmingam Stock Exchange’. In 1862, the
younger man had circulated details of his new office in Birmingham: ‘Henry
Lea begs leave respectfully to announce that by the advice of many gentlemen
well acquainted with his qualifications and experience, he has commenced
practice as a Consulting Mechanical Engineer’.
Henry Lea is now remembered as a champion of the incandescent
light, in 1882 supervising not only the installation of electrical lighting in
Birmingham Town Hall—the first in a public building in Britain—but also
the pioneering street-lighting system in the London borough of Chelsea. He
subsequently specialised in central heating and air-conditioning systems, the
Royal Victoria Hospital, Belfast, being among the first buildings in the world
to be air conditioned.[3]
The Lea indicator was a fascinating departure from practise established by
Watt, Southern, McNaught, Richards and Thompson. After briefly describing
the established forms of indicator in his patent application, Lea ventured his
opinion that the ‘work done by the engine is sometimes so regular that a
single diagram will represent with sufficient accuracy the power exerted by
the steam during a period of several minutes or hours, but in most cases the
action of the steam is very irregular, and in such cases the diagrams may
vary so rapidly that it becomes impossible to ascertain correctly what total
power the steam has exerted for any period other that that during which
any particular diagram or diagrams was or were taken. One method of
ascertaining the mean pressure per square inch from a diagram drawn by the
indicator is to measure by means of a planimeter that area in square inches
contained within the outline of the diagram, and then to divide the area
thus found by the length of the diagram…’ Lea’s design, therefore, simply
combined the indicator and a planimeter to give an easily-read assessment.
Built on the general lines of a Richards indicator, Lea’s design was easily
recognisable. The trace arm had a tiny wheel where the pencil-point would
normally lie, and an abnormally long rearward overhang to accommodate
the drive to the gear train of the recorder (usually with five individual dials).
The recording mechanism was carried in a special bvox-like housing, with
a hinged lid, which replaced the standard that normally supported the links
3. Henry Lea died in 1912, control of his business passing to his eldest son Frederick McKenzie Lea (1877–
1939). Shortly after Frederick Lea died, his younger brother Donald Lea amalgamated the Henry Lea &
Company Practice with Edwin S. Hoare & Partners of Bristol. Hoare, Lea and Partners is now known
simply as ‘Hoare Lee’.
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Plate 109. The Lea Planimetring
Indicator, taken from the patent
granted in 1877. By courtesy of
the UK Intellectual Property Office,
London
Plate 110 is taken from The
Engineer for 15th December
1882. Note that the patent
drawing shows a counting
mechanism in the drum-top to
record the number of strokes
made by the engine. That this is
omitted from the later engraving
may suggest that Lea indicators
were made without it. John
Walter collection.

and levers of an amplifying mechanism. The remainder of the instrument
was conventional.
It is assumed that Henry Lea, from a wealthy background, commissioned
a few indicators from a well-known instrument maker: Elliott Brothers or,
perhaps, Casartelli. The drawings accompanying his patent are sufficiently
detailed to suggest that the design had been finalised by early 1877. Engravings
published in the British weekly periodical The Engineer on 15th December
1882 replicate the patent drawings, except for the counter in the drum-top
that was originally intended to record the number of strokes.
The Lea planimetring indicator was theoretically capable of recording a
single stroke, though it only gave a ‘final reading’ and gave no clue to the
steam distribution that would have been obvious from a pencil trace. Its true
role was to record and calculate the mean performance of an engine over a
large number of strokes. However, The Engineer also recorded in December
1882 that ‘under certain conditions the instrument yielded extremely accurate
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results, but not so under all conditions, hence the invention was abandoned…
[and is]…placed on record as a link in the history of the indicator’. No
survivor has been found.
The accuracy of integrating indicators of Lea type obviously depend
greatly on the precision of the integrating wheel and the accuracy with
which the counting-gears are cut. Friction, backlash and similar losses in the
gear train could be minimised, if not entirely overcone; but vibration, rapid
reversal of motion in the drum-drive, the effects of moisture (or, worse, oil-

Plate 111. The
Boye Planimetring
Indicator, from
the British patent
granted in 1880.
Note the integrating
wheel on top of the
drum segment ‘E’.
By courtesy of the UK
Intellectual Property
Office, London.
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mist) on the movement of the integrator over the surface of the drum would
all conspire to reduce the value of the readings. The Lea indicator would have
been far more suited to a laboratory than an engine-house.
THE BOYE INTEGRATOR
patented in britain in 1880
The subject of British Patent 2409/80, granted to ‘Lykke Boye, of Bergen,
Norway, but at present of Dumbarton, in the County of Dumbarton, Scotland’
on 14th June 1880, this was another of the indicators embodying a Bourdon
tube to register pressure.
Boye worried that the design of the near-contemporaneous Kenyon and
similar Bordon-tube patterns, with lever-type amplifiers and reciprocating
drums, was very seriously flawed. ‘This arrangement is faulty,’ he claimed,
‘because the inertia and momentum of the piston, levers and cord seriously
affect the sensibility of the action of the instrument, which can thus only give
a very incorrect application of the work done in the cylinder…’ His solution
amalgamated a vertically moving carriage with a horizontal Bourdon tube,
which moved the ‘drum segment’ according to changes in pressure. The
carriage had a rod-like base, sliding in a tube in the indicator body, and a
bracket, projecting horizontally, to support a tracer attached to the tip of a
slender pillar. The carriage was actuated mechanically by attaching it to a
drive-rod connecting with any suitable reciprocating part of the engine.
The Boye integrator or ‘mean pressure recorder’ was attached to the carriage
rod by a collar. Splines in the collar engaged helical slots in the carriage-rod
extension, giving the integrating wheel an additional reciprocating motion as
changes in pressure moved it across the flat top of the drum segment. The
results were shown numercially on a counter.
THE BOYS INTEGRATOR
patented in britain in 1880
The planimetring indicator designed by Charles Vernon Boys was protected
by British Patent 2449/81 of 14th June 1880. One of the most renowned
physicists of his day, Boys, the son of a clergyman, was born in 1855 and
educated at Marlborough College. He studied at the Royal School of Mines
in 1873–6, then joined the Royal College of Science in 1881; by 1889, Boys had
risen from the post of Demonstrator to Assistant Professor of Physics.
Charles Boys was best known for his work with quartz fibres, soap bubbles
and high-speed photography. Elected Fellow of the Royal Society in 1888, Boys
was the recipient of many awards; these included the Rumford Medal of the
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Royal Society (1924) and the Elliott Cresson Medal of the Franklin Institute,
Philadelphia (1939). He was knighted in 1935 and died in St Mary Bourne,
Andover, in 1944. A ‘Boys Medal’ was subsequently awarded annually by the
Institute of Physics, until it was renamed the ‘Moseley Medal’ in 2008.
The Boys indicator, known as the ‘Engine Power Meter’, sought much the
same goal as the Lea pattern. However, it was also capable of simultaneously
providing the trace of a single stroke or an accumulation of strokes produced
at the same engine-setting. Its construction included a cylindrical brass
piston housing, flaring into three standards to support the platform that held
the integrating arm and a drum mounted on a reciprocating carriage driven
from the engine cross-head. A drive-rod from the drum to a gear train
allowed readings to be taken from a large dial at the front of the platform.
The instruments were made only in very small numbers, and were rarely
seen outside colleges. The example in the Museum of Making collection—
Plates 112 and 113.
Two views of the Boys
Power Meter, which had
a tablet-type recorder
in addition to the
integrating mechanism
that recorded results on
the dials. The drawing
is taken from Buchetti’s
book (c. 1886).
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Plate 114. The platform of the Boys Power Meter, showing the way in which a single
diagram could be taken even as the instrument was working as a totaliser. Canadian
Museum of Making collection.

the only known survivor—is marked BOYS’ PATENT ENGINE POWER METER
over ‘No. 3’ over ELECTRICAL TRADING COMPANY LIMITED. above 2 VICTORIA
MANSIONS, WESTMINSTER, LONDON and SOLE MANUFACTURERS. in four lines.
Perhaps fewer than a dozen indicators of this type were ever made, and only
one is currently known to survive.
THE PUPLUS TOTALISER
BELIEVED TO HAVE BEEN PATENTED IN FRANCE IN 1883
The history of this complicated instrument remains something of a
mystery; indeed, the identity and even nationality of ‘A. Puplus’ has never
been confirmed. Often identified as French, the most important sources of
information are in German.[4]
4. The identification as ‘French’ depends largely on the inclusion of the Totalisateur in Buchetti’s book,
which well-known prior to 1900. Unfortunately, French patents of the 1880s are still not accessible through
the intellectual-property office website, nor are German patents issued prior to 1920 retrievable unless the
number is known. On balance, it seems likely that Puplus was French, but no genealogical information
has been retrieved (and none of the 1880s reviewers gave any personal/geographical details!).
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Plate 115. A plate of drawings of the Puplus ‘Totaliseur’, taken from Jacques Buchetti,
Guide pour l’Essai des Machines à Vapeur et la Production Économique de la Vapeur (Paris,
1886). The plan and sectional drawings (Fig. 1 and Fig. 3) show a reciprocating tablet,
and the optional recipricating drum can be seen on the inset (Fig. 2). The non-amplifying
trace would have been regarded as primtive in thye 1880s. Note also the bi-functional
counter unit (Fig. 4), showing the total number of strokes (Tours) and the accumumulated
horsepower (Chevaux). Author’s collection.

Though attaining considerable short-term notoriety, being featured in the
mid 1880s in periodicals such as Dingler’s Polytechnische Journal (vol, 252,
1184, pp. 309–11) as well as in Guide pour l’Essai des Machines à Vapeur et la
Production Économique de la Vapeur, Jacques Buchetti’s engine-testing book
originally published in 1886, the Totalisateur or registrirender Arbeitsmesser
(‘registering work meter’) soon disappeared. It was too large, too clumsy
and too complicated to compete with even the first generation of integrating
indicators.
The illustration, taken from Buchetti’s book, shows the construction of
the Puplus work-meter in detail. It was a little more that a combination of
Watt and McNaught principles, offering either a reciprocating tablet (with
the trace elevated on a frame attached to the piston rod) or a McNaughttype non-amplifying paper drum. Alternatively, a dual-function counter box
could be fitted, one number-set showing the accumulated piston-stroke total
and the other the total horsepower that had been generated since the system
was last re-set.
How many Puplus instruments were made is not known, but there was
at least one prototype and a few of the ‘perfected’ form. However, none is
known to survive.
THE LOW INDICATOR
patented in the u.s.a. in 1886
Among the first of the integrating instruments to be developed in North
America, this was the subject of U.S. Patent no. 350069 of 28th September
1886. The inventor, Frederick Low of Chelsea, Massachusetts, assigned the
patent to the Ashcroft Manufacturing Company—maker of the Tabor—even
though the drawings suggest that an American Steam Gauge-type Thompson
provided the basis for the prototype.
Low claimed that providing an indicator with a ‘planimeter-wheel’
would allow it to ‘measure the work of the engine during its movement, and
shall immediately indicate it, and without the use of a card. In other words,
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Plate 116, previous page. A U.S. Patent granted in 1886 to Frederick Low protected an
integrating indicator. This drawing suggests that the prototype was converted from an
American Steam Gauge-type Thompson, though the patent was assigned to Ashcroft,
maker of the Tabor. By courtesy of the U.S. Government Patent Office, Washington DC.

instead of using a pencil to mark upon the card the indicating-diagram, I
employ a planimeter-wheel so mounted and operated that it shall indicate
in proper terms the variations noted by the pencil and while the engine is
in motion… In carrying my invention into practical effectI use very largely
the mechanism of the ordinary steam-engine indicator, simply substituting
for the pointer and parallel-motion levers or arms the planimeter-wheel and
holding device and suitable connections…’
The Low indicator, consequently, followed the standard concealed-spring
design in all respects other than the amplifying mechanism. A lever attached
to the tip of the piston rod pivoted in a forked standard attached to the collar.
As pressure rose, propelling the piston upward, the lever rotated in the fork;
this motion turned the yoke or counter-bracket assembly (secured at right
angles to the operating lever) to alter the angle made between the integrating
wheel and the surface of the drum. The combination of the rise and fall of the
operating arm and the reciprocation of the recording drum, to which a blank
card could be fixed, allowed the average horsepower to be read directly from
the counter mechanism.
The Low indicator may have been made in small numbers, but never
attained commercial success. In its simplicity lay important weaknesses: the
small size of the planimetring wheel and counters restricted its accuracy.
THE LITTLE INDICATOR
patented in britain in 1894 and 1897
The instruments protected by British Patents 17575/94 of 15th September
1894 and 29199/97 of 17th September 1897 (issued to ‘William Godson Little
of Blendon Grove, Bexley, in the County of Kent, Engineer, and Charles
William Godson Little, of Heckington, in the County of Lincoln, Engineer’),
and equivalent US Patents 546897 and 622504 of 25th September 1895 and
4th April 1899 (to ‘William G. Little, of Bexley, and Charles W.G. Little of
Heckington, England’), pursued similar goals. They were all intended
to provide a continuous record of the output of an engine working under
varying load, keeping an accurate tally as work proceeded.
William Godson Little was born in St Pancras (London) in September
1852, son of William Little of Eye in Northamptonshire and Elizabeth Godson
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of Heckington in Lincolnshire; Charles William Godson Little was born in
Sleaford, Lincolnshire, in March 1866, son of Charles H. Little and Ann[e]
Emma Little (née Godson).[5]
Both inventors came from prosperous backgrounds. William Little had
been described in the 1861 British census as a ‘newspaper proprietor’, living
in Queens Road in the fashionable Regents Park district of London; by 1881,
he had retired to Heckington to farm four hundred acres, perhaps inherited
from his father-in-law.
The 1891 census records William G. Little ‘living on his own means’ at
Blendon Cottage, Bexley, Kent, with his wife Ada and a young daughter;
by 1901 he was a ‘chemical manufacturer’ living in Blendon Grove, Bexley,
with his family. The scale of his success is implicit in the employment of
domestic servants, gardeners and a coachman. Charles W.G. Little was listed
in the same census as an ‘electrical engineer’ and ‘employer’, living in the
Camberwell district of London with his wife and small daughter.
5. The 1851 English census reveals that Charles Henry Little, then aged 20, was living with farmer Josiah
Godson in Heckingon. William Little and Charles Little were brothers, each married to sisters of the
Godson family. Consequently, William Godson Little and Charles William Godson Little were cousins.

Plate 117. Taken from the 1895 U.S. Patent, these drawings show the original form of the
Little integrating indicator, built on the basis of an internal-spring Crosby. By courtesy of the
U.S. Government Patent Office, Washington D.C.
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Plate 118. The perfected form of the Little integrator, shown here, was an impressive and
efficient design. Unfortunately, this example is completely unmarked. Though obviously
built on a Crosby body (with considerable modifications), it is not as obvious where the
alterations were made. Canadian Museum of Making collection.

Though the Little indicator could not analyse individual strokes in the
traditional manner, even the earliest independent tests suggested it was
likely to be accurate. One such experiment was undertaken in June 1895,
by Professor William Unwin of the Engineering Laboratory of the Central
Institution, London, in which the original 1894-type Little was matched
against an internal-spring Crosby indicator.
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Plate 119. The Little indicator
The operation of the instrument was explained in Engineering, 10th December 1897:
‘A is the cylinder of the indicator containing the piston and
spring, which are of the usual
standard type. B is a carriage,
sliding on to the upper part of
the cylinder, and securely held
in position upon the bracket
of the instrument by the conical screw G which, on being
screwed home, brings the axis
of the shaft C into a position to
cut the axis of the drum O at
right angles.
‘C is a shaft provided with a
rigid arm P carrying the counter
F and one pivot of the axis of the wheel E, the other end of which is pivoted on the shaft
itself. The wheel E is dished to allow of the forward bearing H being brought close up to
the contact slide H of the drum O, and in line with the shaft C.
‘The counter F consists of two toothed wheels, one of 100 teeth and the other of 99
teeth, both engaging with a worm on the axis of the planimeter wheel, the upper one
being graduated in 100 divisions, a simple and well known device for recording a large
number of revolutions. D is a crank carrying a pin I working in the slot of the crosshead
R…, which pin is kept in contact with the lower surface of the slot by means of the small
spring S.
‘The spring I bears upon the pointed end of the shaft, keeping the wheel in contact
with the drum at fixed pressure. N is a rocker enabling the wheel to be placed in contact
with the drum or not at will. K is a frame carrying the bearings of the drum O, the latter
being provided with a hollow spindle which can be filled with oil for the lubrication of
the upper and lower bearings, which are conical centres.
‘The lower part of the frame is split, and fitting accurately over the spring box on
the bracket, can be tightened up in any desired position by means of a single screw.
The milled head xxx is a removable stop to the drum O. M is a device for accurately
measuring the stroke of the drum while in motion, and which, by means of vernier, can
be read to show 1/200in…
‘L is a hard brass sleeve which can be slid up and down, allowing a change of
contact surface if necessary; but as the pressure of the wheel upon the slide is very
slight, a great number of revolutions can be made upon one place before the line of
contact can be detected even by the finger nail…’
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Plate 120. A top view of the Little integrating indicator, showing the planimetring wheel,
the counters, and the drum-stroke measure. Canadian Museum of Making collection.

Reported in Engineering on 10th December 1897, the tests suggested that
comparable results were obtained from both instruments. Readings from the
low-pressure cylinder of the steam engine under test, taken simultaneously
over a period of 25 minutes, gave indicated horsepower of 15·55 (‘front end’)
and 14·72 (‘back end’) with the Crosby compared with 15·56 and 14·87 for the
Little. A Willans engine running at 450 rpm gave mean pressures of 14·22
lb/sq.in (Crosby) and 14·41 lb/sq.in (Little), but more impressive was a test
undertaken on a single-cylinder Marshall horizontal engine. This revealed
that the results obtained under brake load, 26·4 and 26·1 horsepower for the
Crosby, 26·3 and 26·03 horsepower for the Little, were comparable. Figures
obtained under variable load showed much greater difference: 82·1 and
84·6 horsepower for the Crosby, 86·86 and 87·98 horsepower for the Little.
Unwin suggested that, in his view, ‘the continuous indicator has recorded the
correct horsepower, and...the diagram indicator has failed to do so, owing to
changes of load.’ He also offered the opinion, in July 1897, that the improved
Little integrating indicator was ‘likely to be considerably more accurate than
the form I tested, [as]…some defects of the original instrument have been
removed’.
The Little indicators were not robust enough to withstand run-of-the-mill
engineering work, and were undoubtedly confined to laboratories, schools,
colleges and educational establishments. Production, never large, came to an
end with the rise of the optical indicator in the early twentieth century. Very
few survive; currently, only two have been found.
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Plate 121. A page of drawings from the patent granted in the U.S.A. in 1902 to protect
the integrating indicator designed by Augustus Nagel. By courtesy of the U.S. Government
Patent Office, Washington DC.

Unfortunately, the 1897-type instrument in the Canadian Museum of Making
collection yields no clues to its origin, though the basis of the body is quite
clearly a Crosby internal-spring pattern that has been altered to support the
new recording mechanism. The absence of markings (not even a number)
suggests that the alterations were made privately, perhaps by a clockmaker;
the quality and accuracy of the work are exceptionally good.
THE NAGLE INDICATOR
patented in the u.s.a. in 1902
Patented on 11th March 1902, no. 695227, this was the work of Augustus Nagle
of Montclair, New Jersey. A combination of a conventional internal-spring
indicator and a counter mechanism, it relied on a friction-wheel carriage,
attached to the piston rod, which rose vertically between two slender
standards supporting an enclosed multi-wheel counter.
Reciprocating motion was imparted to the small horizontal friction wheel
by contact with a vertical disc driven by a pulley connecting with a suitable
part of the engine. As the pressure varied, the recording wheel rose or fell to
an appropriate point, relying on its position relative to the engine-driven disc
to permit an assessment of average power to be made.
THE MAIHAK INDICATORS
patented in germany, 1908–24
The Lea, Boys and Little integrators were made only in small numbers, and
then, perhaps, only used for experimentation. Interest in instruments of this
type seems to have lapsed for several years, only to reappear in Germany.
Among the earliest was a design patented on 12th November 1908 by Anton
Böttcher of Hamburg (DRP 212628, Zählapparat für die indizierte Leistung
von Kolbenmaschinen…). Comparable protection for an ‘Improvement in
or relating to Integrating apparatus for Steam engine and like Indicators’
was accepted in Britain on 4th August 1910 as no. 26015/09 of 1909; and the
similar U.S. Patent 1039250 of 24th September 1912, ‘Counting Apparatus for
the indicated output of Piston-engines’ (which includes an additional claim
for electrical control and digital recording), names the inventors as ‘Anton
Friedrich Claus Böttcher and Ludwig Wilhelm Lehmann, ‘of Hamburg,
Germany, Assignors to the Firm of H. Maihak, of Hamburg, Germany’.
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Plates 122 and 123. The original pivoting carriage Maihak-Böttcher
indicator (below), from Stauss’s 1911 book; and (bottom) the 1919type recorder in its case. Museum of Making collection.
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The original or 1908 design could be identified by an integrating wheel set
in a carriage on top of the recording drum and a weight projecting from the
carriage to keep the wheel in place. Böttcher claimed that his intention was
‘to improve on the construction of apparatus…[by providing] a combination
of parts comprising an indicator drum upon the upper surface of which a
friction wheel is adapted to bear and when revolving, to operate the counter
mechanism. The friction wheel is journalled in a framing…and means are
provided consisting of a sliding weight adjustable on an arm connected to the
said framing…for adjusting the pressure of the friction wheel on the indicator
Plate 124. The German-made 1924-model Maihak-Böttcher integrating indicator was a
great improvement on the 1919 instrument. Separating the integrating unit from the paper
drum allowed the new instrument to record a single-cycle diagram whilst simultaneously
averaging results accrued over a period of time. By courtesy of Bruce Babcock, Amanda,
Ohio, U.S.A.
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Plate 125. A top view of the 1924 Maihak-Böttcher indicator, showing how the recording
dials were separated from the paper drum. The two parts of the system could be engaged
independently. By courtesy of Bruce Babcock, Amanda, Ohio, U.S.A.

drum. The friction wheel is adapted to be radially displaced on the upper
face of the indicator drum by means of the pressure in the indicator cylinder
[acting] through a double bell-crank lever, one end of which is connected
with the piston rod of the indicator and the other end to the framing in which
the friction wheel is journalled…’
A few of these instruments were made by Maihak of Hamburg prior to
1914, recognisable by traditional construction, with a prominent pillar rising
from the platform between the drum and the amplifying gear to receive the
bell-crank lever pivot. A conventional card could be indicated on the drum,
though the integrating-wheel carriage had to be disengaged (by detaching
the tensioning spring, then pivoting the mechanism back and upward) before
cards could be changed.
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A few ‘1919-type’ instruments were made immediately after the end of the
First World War, with a simpler sheet-steel carriage and links between the
piston-rod extension and the integrator. Finally, in the mid 1920s, a muchmodified “Böttcher’s Leistungszähler Maihak Modell 1924” appeared, driven
by a combination of gearing at the base of the drum and a rocking rod engaging
a collar on the piston rod. This was a much better design: the integrating
mechanism and the counter unit were much more compact, and single-cycle
cards could be taken without moving any of the other components. Yet the
Maihak/Böttcher planimetring indicators were still too complicated for most
applications and were usually confined to research or teaching facilities. Few
survive, and so it is difficult to judge the true extent of production.
Another integrating design was offered by Heinrich Eicke of Hamburg.
Protected by German Patent 341366, granted on 7th March 1916, this may also
have been made by Maihak. The basis of the instrument—Planimetriender
Indikator oder Leistungszähler, ‘planimetring indicator or pressure meter’—
was a standard Lehmann-Maihak external spring indicator, but the drum was
replaced by a reciprocating conical drum (set an at angle to the platform) and
a planimetring wheel/counter unit was attached directly to the piston-rod
extension beneath the spring. The wartime origins of the Eicke design may
have contributed to its failure to reach production status.
The Geiger Pi-Meter
PATENTED IN GERMANY IN 1924–9
The idea of a recording instrument which could analyse the ‘work’ done by
a power-source such as a steam- or internal-combustion engine was by no
means new. Some of the Ashton & Storey recorders were capable of this type
of analysis, as was the Puplus Totalisateur.
In Germany, patents had been granted to C. Kruse of Berlin (MaschinenArbeitsmesser, DRP 56618 of 3rd July 1890), to Theodor Müller of Elbing
(Arbeitsmesser, 62266 of 14th April 1891), and to Hans C. Behr of ‘San Francisco
(Californien)’ (Totalisirender Arbeitsmesser, 67341 of 15th March 1892). Made
in some numbers by Lehmann & Michels of Hamburg, the Pi-Meter was in
the same tradition, but a departure from integrators which still relied on
analysis of the traditional pressure/time diagram to obtain justifiable results.
Josef Geiger was an experienced engineer who had developed an engine
in which air was compressed and heated by a diesel compressor, then
additionally heated by exhaust gases before being admitted to the cylinders;
he contributed scientific papers to Vereinigte Deutscher Ingenieure (VDI),
several of his 1930s patents were assigned to Maschinenfabrik AugsburgPAGE 169
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Plate 126, left: drawings
from British Patent 248439,
granted on 1st March 1926
to Josef Geiger to protect
the original form of PiMeter. By courtesy of the
U.K. Intellectual Property
Office, London.
Plate 127, right: the
production Pi-Meter was
appreciably simpler, made
in accrodance with the
1929 German patent.
The lettering appears to
have been stamped; later
versions were printed.
Downloaded from the
Internet; source unknown.

Nürnberg AG (‘MAN’), maker of diesel engines in vast numbers, and he was
co-author with Kalman de Juhasz of Der Indicator (1938). And yet very little
is known about him personally.[6]
On 27th January 1918, Geiger obtained German patent 316961 protecting
a Leistungsmesser (‘power meter’), but this device was not independent in the
manner of conventional autographic indicators. Patent 416623 of 21st July 1923,
Vorrichtung zur Ermittlung des im Zylinderinnern von Kolbenkraftmaschinen
auftretenden mittleren auf den Kolbenhub bezogenen Druckes (‘Device for
determining the mean presure occurring in the interior of the cylinder of
piston engines related to the piston stroke pressure’) was very different. This
was a free-standing mean-pressure indicator relying on an extension of the
piston rod meshing with a pinion to transmit a reading to a pointer and/or
a recording disc. A spring-loaded flywheel was intended to reduce pointer
fluctuations evident as the indicator was set to work over the time-period.
6. Could he have been a brother of Johannes ‘Hans’ Geiger (1882–1945), inventor of the Geiger Counter?
Hans Geiger is known to have had four siblings, and the life-span of Joseph Geiger seems broadly
comparable: Joseph was described as ‘Dr.’ in the 1918 patent, suggesting birth in the early 1890s, and lived
to deliver a lecture, according to The Engineer, in 1964. It has also been suggested that, as a result of his
friendship with Kalman de Juhasz, he spent the Second World War in the U.S.A., where a patent was
granted in the ‘Joseph Geiger’ name in the early 1940s. This is also worthy of thought.
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Plate 128. A Geiger Pi-Meter once owned by Kalman de Juhasz, probably dating from
1939. Courtesy of the National Museum of American History collection, accession number
NMAH-RWS2011-01714.

Geiger soon produced a greatly improved design, protected by British and
American patents,[7] in which the rack-and-pinion drive was replaced by
a crank driving ont a toothed sector to which the pointer was attached. A
separate marking-disc drive was included, the coil spring opposing the
movement of the piston could be replaced when appropriate, and the flywheel
damping system had been refined.
Geiger claimed that there was a lineal relationship between the pressure
generated on a single diagram and that indicated over a period of time, and that
this could be expressed in a simple equation which could be varied according
to the class of engine being tested. In British Patent 248429, he explained ‘…
it has been usual to determine the stroke-average of the pressure within the
cylinder of a prime mover, pump or compressor by taking several indicator
diagrams and computing the mean pressure by integrating…by means of
7. British Patent 248439, sought on 1st December 1924, was granted on 1st March 1926 to protect
‘Improvements in or relating to Method of and Apparatus for Indicating and Recording the Stroke Average
of the Pressure of the Working Fluid in Piston Engines’; 250156, accepted on 1st April 1926, is entitled
‘Improvements in or relating to Apparatus for Indicating and/or Recording the Time Average of the
Pressure of the Working Fluid in Piston Engines’, and, oddly, features identical drawings. It is assumed
that the specification what became 248439 had been subtly redrafted to answer objections. U.S. Patent
1532692 of 7th April 1925 (sought on 8th December 1924) is broadly comparable with the British grants.

PAGE 172

MIRRORS, WHEELS AND SPARKS: NEW TRICKS

a planimeter. This method is very complicated and although it requires a
considerable amount of time and great skill on the part of the operator, it is
not very accurate [My method…] differs fundamentally from the known
method and is based on the principle…verified by experiments that there
exists a very simple relation for all piston engines between the stroke average
of the pressure or the mean stroke pressure as hitherto determined by means
of the usual indicator diagrams, hereinafter designated ph, and the time
average of the pressure hereinafter designated pz. The inventor has found
that ph = a (pz–b) and in a very considerable number of cases…ph = c. [The
terms] pz, a, b and c being constants dependent on the particular working
process or cycle and the type of the engine, but independent of load. For a
particular engine it is, therefore, sufficient to determine once and for all the
constants…to be able to determine the stroke-average of the pressure from
thje time average.’
In some of the patent papers and articles such as ‘Das „pi-Meter“, ein
Mitteldruck-Indikator’, published on 20th November 1926 in Schweizerische
Bauzeitung (Band 88, nr. 21, pp. 281-3, Geiger explained the relationship at
length. He defined constants for compound railway locomotives, and for
two- and four-stroke internal combustion engines and argued that they were
sufficiently trustworthy to be to be used as indicators as long as appropriately
graduated scales (and, ultimately, exchangeable springs) were provided for
each application.
No doubts ever seem to have been raised about the performance of the
Pi-Meters, which were all made by Lehmann & Michels. Schweizerische
Bauzeitung illustrates what may have been a prototype, but its construction
departs considerably from the drawings in the British and U.S. patents and
even those accompanying German patent 540803, a somewhat simplified
design officially protected on 23rd January 1929. The photographs suggest
that changes had been made to reduce manufacturing complexity, but the
flywheel system that was essential to smooth operation had been retained.
Markings include Pi-Meter over nach Dr.-Ing. Jos. Geiger and the name of the
manufacurer, Lehmann & Michels Hamburg-Altona and patent details. The
graduated scale is not only much more detailed than the subsequent seriesproduction version, but is also accompanied by three rows of instructions
which, regrettably, cannot be deciphered in the reproduction.
Series production is assumed to have begun in the 1930s. Plate 118 shows
what is assumed to be the oldest survivor. The dial-legend and graduations
are simpler than those of the prototype, and also somewhat roughly applied
(possibly die-struck as pronounced edges to some of the characters can be
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seen). The maker’s mark has moved to the periphery above the pointer
aperture and Pi-Meter, and the scale has been simplified. The base line reads pz
= mittlerer auf die Zeit bezogener Druck für 12m/m Kolben ø, identifying the piston
diameter (12mm, 0·472in) of this particular meter.
The Pi-Meter owned by Kalman de Juhasz, Plate 119, representing the
standard pre-1945 form, has a different dial which appears to be printed;
though the salient details are largely unchanged, the lettering is neater and
the spacing is more regular. The presence of the LEMAG mark in the boxlid shows that the box, if not necessarily the indicator, was completed after
German trademark 521498 had been registered on 28th January 1939 (‘entered
in register, 27th May 1940’).
By courtesy of Bruce
Babcock, Amanda, Ohio,
U.S.A.

Plate 129
The internal
workings of the
perfected Pi-Meter,
showing the toothed-sector
drive to the pointer and its
‘L’-shape counterweight.

PAGE 174

MIRRORS, WHEELS AND SPARKS: NEW TRICKS

Plate 130,
This Pi-Meter
was sold in
the U.S.A. after
1949, bearing
the name of
the distributor,
Korfund
Dynamics
Corporation, in
addition to that
of Lehmann
& Michels. It
also bears a
number, 5195,
which could be
a serial number.
Courtesy of
Bruce Babcock,
Amanda, Ohio,
U.S.A.
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The instrument shown in Plate 121, conversely, bears the mark of the ‘Exclusive
North American distributor’, Korfund Dynamics Corporation of Westbury,
Long Island, New York, while the name of Lehmann & Michels has been
relagated to the lower periphery of the disc.[8] The dial has been simplified,
no longer with the noticeable central aperture around the pointer-spindle,
and is graduated in imperial P.S.I. instead of metric kg/cm2. The inclusion of
‘Western Germany’ in the maker’s mark shows that the Pi-Meter was sold
after an independent state had been created on 23rd May 1949 and the first
elections had been held on 14th August. However, it is possible that no new
Pi-Meters had been made, and that stock left over from the wartime period
had simply been ‘redialled’ with new marks. It is not yet known if manufacture
continued into the 1950s as too few surviving post-1949 Pi-Meters have been
located.

The later c0ntinuous-diagram recorders
Indicators of this type come in three classes: those in which paper is fed
manually before each diagram is taken, those in which the paper is advanced
automatically before each diagram is taken, and those in which paper is fed
continuously as the diagrams are taken. The first two give the characteristic
‘closed loops’, displaced from each other by the amount of feed; the third
gives a diagram in the form of an unbroken line with peaks corresponding to
maximum pressures.
EARLY DESIGNS
patented in the u.s.a., 1893–1901
Patent records testify that the idea of continuously monitoring performance
of a piston engine was not lost on inventors in North America. Among the
most interesting of the earliest attempts was one made by Reuben Collins of
Dollar Bay, Michigan.
Protected by U.S. Patent 495148 of 11th April 1893 (but sought in May
1892), this relied on a combination of electromagnets and the duplicated
multi-drum feed, between opposing sector plates, to record the ‘out’ and
‘back’ strokes successively on separate rolls of paper. A central amplifying
8. The Korfund business was founded in Germany in 1898, by Dr Hugo Stössel, to make cork plates and
vibration absorbers. A U.S.A. subsidiary was formed in New York on 1st April 1923 to make vibration
absorbers and isolators, remaining independent until acquired in 1986 by the VMC Group (Vibration
Mountings & Controls, Inc., had been founded in 1955 largely by ex-Korfund employees).
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mechanism with a double-headed tracer marked diagrams of each set of
strokes alternately.
Collins was well aware of the value of his invention. ‘So far as I am
familiar with indicators of this class’, he claimed, ‘none has been designed for
producing continuously recorded, separate diagrams; all such prior devices
having been designed for the taking of single diagrams or readings and
when it has heretofore been desired to obtain several readings, representing
successive strokes of the engine, the diagrams have so conflicted with each
other (because of the fact of their being practically on the same field) as to
make it difficult if not altogether impossible, to trace out the lines of each
individual diagram and even if it were possible to pick out and measure
the lines separately, it would be impossible to determine the relation each
diagram bore to the strokes of the engine… This invention seeks to overcome
this defect by presenting to the pencil point or stylus a new surface of paper
for each stroke of the engine.’
The drawings accompanying the patent specification suggest that the
basis of the Collins indicator was an ‘Arc’ (q.v.), and that the movement
of the tracer was radial instead of a truly vertical line. The continuouslyrecording instrument was undoubtedly capable of working effectively, but a
combination of large size, complexity and the use of electromagnets doomed
it to become little more than a footnote to the history of the indicator.
Based on the Thompson indicator, the continuous recorder proposed by
Englishman Thomas Gray, living in Terre Haute, Indiana, marked a paper
strip which could be fed from the supply drum to the storage drum by means
of an idler and a friction-drive roller. The recording mechanism was driven
by a chain or cord from the engine passing over a segmental wheel, with
the return stroke controlled by a cord (with two inset springs) running
over a two-pulley bracket attached to the vertical arm of the body-platform
extension. The Gray indicator was protected by U.S. Patent 615151 of 29th
November 1898. Though complicated and clumsy, the system had the merit
of providing diagrams of constant length—though Gray acknowledged that
the feed roller could be omitted and the paper wound directly into the storage
drum if precise comparisons between successive diagrams were unnecessary.
The indicator patented by Alva Hill of Detroit, Michigan (U.S. no. 687827
of 3rd December 1901), was remarkable for the drive system contained in a
box below a frame or ‘bed piece’ attached to the platform of an otherwise
standard internal-spring indicator: the patent drawings show a Crosby. Two
bevel gears and two clutches in the drive allowed the Hill indicator to feed a
roll of paper from a storage drum, between the feed cylinder and a tensioning
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Plate 131, next page. Taken from a catalogue published in 1930 by Dobbie McInnes & Clyde
Ltd of Glasgow, this shows the Mathot-type continuous-roll recorder and its accessories. By
courtesy of Peter Forbes.

roller, and out into a suitable receptacle. Unlike the Gray instrument, in
which the drum reciprocated, Hill’s design relied on the clutches to turn the
feed cylinder continuously in the same direction even though the engine
piston reversed its motion at the end of each stroke.
THE MATHOT INDICATOR
patented in belgium in 1899
The advent of high-speed steam- and internal-combustion engines, bringing
a need to indicate progressively higher pressures, is discussed in Book Four.
Among the first inventors to offer anything other than a small-diameter piston
and strengthened amplifying gear was Rodolphe Mathot of Brussels, author
of the influential book Gas-Engines and Producer-Gas Plants (originally
published in French in 1903).
Born in 1866, soon after the Lenoir engine had entered production,
Mathot was granted British Patent 14896/00 of 1900 to protect an auxiliary
clockwork drum that could record the pressures obtained from successive
piston strokes. This enabled the researcher to tell not whether each individual
stroke was flawless, but if the engine was running consistently.
In his Provisional Specification, Mathot observed that: ‘…indicators are
at present used in connection with the testing and verifying of the work of
thermal engines, but they generally prove insufficient for controlling the said
work in explosion engines, such as gas and petroleum engines. The diagrams
taken on these afford only indications or data on each explosion taken
separately and from the stand-point of the initial pressure at the time of same,
etc. Now, all the explosions which succeed each other, whether successive or
distant on account of misses, differ from one another in their importance,
their efficiency, the time of ignition of the mixture, etc. For controlling the
complex phenomenons [sic] which take place during the motion in explosion
engines, it is accordingly important to note during the proper time, all the
explosions and misses which succeed each other under the various conditions
of work or regulation…’
The patent drawings show the drum mounted on a Schaeffer &
Budenberg indicator, but the best-known use of the Mathot patent was made
in Glasgow, where T.S. McInnes & Co. Ltd of Glasgow (and the successor,
Dobbie McInnes Ltd) made a few Mathot-type instruments combining a
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Plate 132, previous page. Dating from the mid 1930s, this Dobbie McInnes & Clyde
clockwork-drive continuous recorder is an improved form of the Mathot design of the early
1900s. It is also fitted with electrical control gear. Canadian Museum of Making collection.

conventional vulcanite-clad external-spring body with a clockwork-driven
paper drum.
Intended for use with ‘explosion engines’ (gas, oil or petrol), the springdriven paper mechanism did not give a closed diagram, nor could power
be measured directly (the rotation of the drum was not proportional to the
movement of the piston), but the trace did record pressures reached in the
cylinder during each cycle. The original Mathot recorder, containing a roll of
paper twelve inches (30 cm) long, gave a trace consisting of a large number of
peaks representing the pressures generated during each power stroke.
A review published in Engineering on 30th May 1902 noted that ‘Many
explosion engines…run too fast for it to be feasible to use a reciprocating
drum on an indicator. The Mathot recorder serves…to furnish a continuous
diagram, from which much may be learned as to what is happening in their
cylinders… The effects of different proportions of inlet and exhaust passages,
and of various sizes of carburetters, can be seen very clearly…’
It also stated that there were: ‘…three paper drums, the band travelling
from the first, across the second, and being coiled on the third. The second
drum is driven by clockwork contained in the box below it. This clockwork
can be started and stopped, at will, at either of two speeds. When other
speeds are required, the driving wheels at the top of the drum are changed for
another pair of different proportions. Diagrams ranging from 1/8in to 3in. or
more in length can be obtained as a result. The roll of paper is dropped on
the left-hand drum, and is drawn out over a fixed surface acting as a brake
to keep it taut. It then passes round a considerable proportion of the centre
drum, and is finally wound on the right-hand drum. There is a fixed, but
adjustable, pencil, by which the atmospheric line is drawn…’
Improved indicators of Mathot type were still being offered by Dobbie
McInnes & Clyde Ltd and then Dobbie McInnes Ltd until the Second World
War began, though demand had never been large: production is unlikely to
have exceeded a few hundred. It is assumed that most of them were acquired
by researchers or by teaching establishments. And at least a few were fitted
with an improved drive system protected by British Patent 225906 of 11th
August 1923, granted jointly to Walter Provan Clyde and Dobbie McInnes
Ltd. This included a slip-friction clutch mechanism to allow uniform winding
with the increase in diameter of the take-up roll.
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THE CIPPOLINA RECORDER
patented in britain in 1902 and 1907
Dobbie McInnes Ltd, after making a few No. 3 external spring indicators
with an optional paper-roll feed and an auxiliary drum-spring unit beneath
the platform, then progressed to the unique Cippolina Continuous Double
Diagram Recorder. Production of this complicated two-drum unit began
about 1905. Protected by British Patent 25366/02, sought on 18th November
1902 by a naval engineer, Giuseppe Cipollina of ‘Via Prione, Spezia, Italy’, this
indicator was capable of recording continuously from one or two cylinders
simultaneously.
Little more than two Dobbie McInnes No. 1 indicators sharing a common
platform, it incorporated unidirectional feed, an electromagnetic clutch, and
time markers driven by clockwork; and relied on friction drive to move paper
contunuously from the spool to the take-up drum. The diameter of one of the
drums could be altered by adjustung a cone, as the four segments of the drum
were held together by an elastic ring.
A patent to protect an improved form of the Cipollina indicator was
sought in Britain on 30th September 1907. British Patent 21653/07 was issed
to Gaspare Bernati and Luigi Cecchi of Genoa, but US Patent 956680 of 3rd
May 1910 (comparable with the 1907 British protection) names ‘Giuseppe
Cipollina, of Genoa, Italy’ as the inventor and ‘Gaspare Bernati and Luigi
Cecchi, of Genoa, Italy’ as the assignors of the patent.
Complexity, high price, and the emergence of efficient electrically powered
rivals, kept production to a minimum; and the Cippolina indicator is rarely
encountered, even though production continued into Dobbie McInnes days.
HOGLE INDICATOR
patented in the u.s.a. in 1908
Among the earliest of the roll-feed designs, this was protected by U.S. Patent
898474, issued on 15th September 1908 to Milton W. Hogle of Pittsburgh,
Pennsylvania. An application had been made as early as February 1906. The
patent drawings show two Crosby-type indicators placed side-by0side at
the front of a large platform supporting the continuous-recording system in
such a way that ‘two recording pencils may move in closely adjacent parallel
lines without interference’. Drums were used to record the performance
of each end of a cylinder in the form of separate traces on a roll of paper
passing across an idle platen roll, relying on a ratchet and pinion to translate
reciprocating motion into movement in a single direction. This method gave
characteristically open diagrams.
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Plate 133. The Cipollina-Dobbie recorder
The diagram, taken from a volume in
the ICS Reference Library series, shows
how the two pencil arms a work
against the solitary drum b to draw
a diagram for the performance of
each end of a double acting cylinder
simultaneously. A continuous roll of
metallic paper, contained in drum b,
is taken from spindle c, between the
guide rollers d and around the exterior of the recording drum to a second
spindle e. One of the indicator cylinders is connected with the head end
of the engine cylinder, and the other
with the crank end. Two independent
cocks f and g are placed between the
indicator and the engine. The cord h
drives the recording drum from a suitable moving part on the engine, usually by way of reducing gear.
The ratchet wheel i is propelled
forward by one tooth for every revolution of the drum. A cam wheel j
rotates with the ratchet, to which it is
attached, and carries a pair of small spigots on its surface. A pawl k resting on the cam
wheel is raised by the spigots as j revolves. Acting in conjunction with the connecting
bar l, the pawl k brings the pencil points m into contact with the drum.
Each time the pencil points m are lifted from the recording drum b at the end of
each stroke, paper is unrolled automatically from spindle c and a corresponding amount
is wound onto spindle e.
Altering the cam wheel j allows the number of diagrams taken per minute to
be changed from 25 to 50 or 100. The wheels i and j share their spindle with drum n,
which receives a band of paper travelling from spindle o under the guide pulley p. The
toothed wheel q is moved forward by pawl r through a distance of one tooth each time
the recording drum b turns, allowing pencil s to mark the paper strip appropriately.
Every tenth tooth was customarily removed to simplify counting.
The terminals t t could also be connected with a clock capable of completing the
circuit at pre-determined intervals. Each time this happened, the pencil u was drawn
toward the coil v by means of armature w and marked the same roll of paper which
was recording the drum revolutions. This allowed the running speed of the engine to
be calculated.
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CROSBY-LANZA INDICATOR
patented in the u.s.a. in 1908
This large, comparatively expensive but sophisticated roll-feed system was
based on U.S. Patent 902586, issued on 3rd November 1908 to Gaetano
Lanza, Professor Emeritus of Theoretical and Applied Mechanics at the
Massachusetts Institute of Technology (but sought as early as October
1906). The 1911 handbook, The Lanza Continuous Diagram Appliance with
Crosby Indicators states that the instrument ‘…is not in itself an indicator,
but displaces the ordinary drum as a means of supplying the paper for taking
indicator cards, and any indicator may be combined or adapted for use with
it. It is assembled upon a bracket or frame, which is designed to support also
the indicator and its connections, and that these parts may be rigidly fixed
in proper mutual relation. Upon this bracket are mounted the spindle for
receiving the new roll of paper, the drum which feeds the paper forward and
upon which the pencil point bears in making the record, and the spool on
which the paper is afterward wound.
Plate 134. The Lanza-patent indicator was adapted for series production by Crosby. This
photograph shows clearly how the standard New Model No. 2 indicator could be used
either to produce single-cycle diagrams or a continuous series. By courtesy of Bruce
Babcock, Amanda, Ohio, U.S.A.
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Plate 135. This continuous-feed indicator was made to patents granted to William Trill in
1912. The mark on the side of the platform could suggest that it was the 211th of its type
to be made, perhaps in 1936. By courtesy of Bruce Babcock, Amanda, Ohio, U.S.A.

“The drum is rotated continuously in one direction by the alternate
engagement of two effective clutches controlled by a cord passing over the
pulley at the extreme end of the bracket arm and actuated by a crosshead
block which is positively connected to the to the crosshead of the engine
or some other convenient portion of the machinery which moves in exact
accordance with the piston. This connection between the the crosshead
block of the Continuous Diagram Appliance and the engine crosshead…may
be by any reducing motion which will drive the Appliance positively in both
directions on the forward and backward strokes, as a spring is not depended
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upon for the return stroke as in ordinary indicator drums and reducing
motions. Fom this peculiar and desirable mode of connection there must
result accuracy and positiveness of action in making continuous records.”
The Lanza attachment seems to have been abandoned in the 1920s.
TRILL AND SHEPERDSON INDICATORS
patented in the u.s.a. in 1912 and 1913
On 4th June 1912, William Trill of Corry, Pennsylvania, received two U.S.
Patents—1028154 and 1028155—to protect the design of a sophisticated rollfeed indicator. One of the most interesting features of the patents, which
had been sought in November 1908 and March 1911, was the skill with which
the drawings were executed. The illustrations are also noteworthy as the
first appearance of the perfected Trill indicator, with the spring suppported
externally between the cylinder and the platform (which were separated by
three rod-like standards).
Patent 1028154 protected a two-drum design, driven through a clutch to
allow ‘open’ diagrams to be taken continuously or conventional closed-loop
diagrams to be taken from a reciprocating drum. There were many other
improvements in the paper-handling system, and the ‘Faultless’ reducing
gear was also standardised. Patent 1028155 showed a modified continuousrecording system, with a large-diameter paper drum separated by guide
rollers from the take-up spool. The movements of the drum and the tracer
were controlled electromagnetically.
William Trill was also the assignee of U.S. Patent 1056950, sought in
March 1912 and issued on 25th March 1913 to John Sheperdson of Johnstown,
Pennsylvania. The specification reveals that Sheperdson was a British citizen,
and other sources reveal that he had been born in Russia.[9] His indicator was
intended to be used with rolling-mill and similar engines to ‘simultaneously
form open records on coinciding ordinals of the variations in pressure in
both ends of the cylinder [and to] provide for the formation of records of
time intervals, dead centers, the imposition of loads, etc.’ The drawings show
two external-spring Trill indicators, one placed at each end of the platform
supporting the paper-handling drums and guides to indicate both ends of the
cylinder continuously.
9. John William Sheperdson was born in St Petersburg on 21st August 1879 to a Russian-born British
father, working as a railway engineer, and an Australian mother. Said to have settled in the U.S.A. in
1901 (the 1920 Federal census claims ‘1881’), he married in June 1904, was described as a ‘Mariner’ (ship’s
engineer?) in the 1910 census, and was listed in 1917-vintage draft documents as ‘Mechanical Engineer,
Morgan Construction Co.’ Sheperdson had risen to become a Vice-President of Morgan by 1930. He had
become a U.S. citizen in the 1920s and died on 30th September 1953, survived by his two sons.
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Plate 136
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Plate 137. Details taken from Sheperdson’s 1912 patent (see Plate 127), showing a top
view of the instrument and the type of trace that could be produced. Courtesy of the U.S.
Government Patent Office, Washington DC.

WALLACE INDICATOR
patented in britain in 1909
The subject of a patent sought in Britain on 31st December 1909, no. 30541/09,
by James Neilson Wallace (born in Scotland in 1840, but a resident of West
Didsbury, Manchester, when the patent application had been filed), this
consisted of two Crosby internal-spring indicators attached to a curved
bedplate in such a way that the tracers—one left-hand, one right-hand—
marked diagrams from alternate ends of the cylinder on a marking drum
placed centrally.
One of the Crosby drums was replaced by a drum containing the paper
roll, and clutches on the pulleys ensured that the feed was unidirectional.
A special clockwork-driven time-recording mechanism could be attached to
the platform edge when desired. A comparable U.S. Patent, 1030216 of 18th
June 1912, was sought in November 1910.
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