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1. INTRODUCTION 

Mechanical transmission devices allow energy and power to be transmitted through physical space and 

enable matching between differing characteristics of energy sources and loads. A lever, for example, 

converts a small force applied over a long distance to a large force applied over a small distance, or a 

gearbox converts a small torque over a large angle to a large torque over a small angle. 

 

e3k have been approached to assess the engineering feasibility of a particular mechanical transmission 

– a proposed infinitely variable transmission (IVT) concept embodied in a prototype designed and 

developed by Mr Durnin. This report describes an inspection of the prototype, offers a kinematic 

analysis describing the mechanical workings of the transmission, and discusses the feasibility of using 

the transmission concept for IVT applications. 

 

 
2. INITIAL INSPECTION OF PROTOTYPE 

I have inspected the prototype that was provided by Mr Stephen Durnin on 3rd July 2008. The prototype 

is very well constructed from milled nylon, and stock shafts, gears and bearings. Integrated into the 

front ‘input’ end and driving the input shaft is a small DC motor with an integral reduction gearset. This 

allows the input shaft of the prototype to be driven at effectively constant speed over a range of loads, 

making it easy to investigate and demonstrate different operating regimes of the transmission. 

 

A ‘stack’ of stages exist between input and output, with the stages affixed and spaced out on four 

corner posts. The output is a small hand wheel. Two control wheels protrude from the top of the 

prototype, with each control wheel mechanically connected to its own intermediate shaft in the 

transmission via right-angle bevel gears.  Both Control I and Control II wheels are depicted 

schematically in Figure 7 of this report, with Control I being attached to planetary gear, and Control II 

being attached to sun gears.  

 

A DC motor controller box is also provided, and I understand the control wheels are able to be driven 

with electric motors rather than via hand wheels as currently embodied. 

 

When the input motor is activated, the internal workings of the mechanism can be seen to move. The 

control handles rotate at a common speed, but the output shaft does not move. In the absence of any 

external control action, this can be called the ‘natural’ regime in which the transmission operates. 

 

The output shaft can be freely rotated by hand (with the input shaft operating), and in doing this, both 

controls deviate from their original rotational speeds. However, with one hand forcing Control I to rotate 

at its ‘natural’ speed, the output shaft is stationary and can no longer be freely rotated by hand. This is 

a demonstration of the output shaft producing torque at zero output speed (‘geared neutral’). 

 

When the handle of Control I is braked (held fixed), the output shaft rotates in a direction opposite to 

that of the input shaft, and at a slower speed than the input shaft. When the handle of Control I is driven 

slightly faster than its ‘natural’ speed, the output shaft rotates in the same direction as the input shaft. 

As the driven speed of Control I is varied, the output shaft speed varies, with the input speed constant. 

These operating regimes are demonstrations of variable negative and positive output/input gear ratios. 
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The same is true using Control II, though the rotational direction of the output is reversed and the speed 

ratios are different from those achieved by varying Control I. 

 

Empirically, then, the transmission prototype can be seen to effect a continuous range of output/input 

ratios, from negative, through zero, to positive, depending on how the controls are actuated. The 

transmission can be used to provide torque on the output shaft at zero shaft speed, by driving the 

controls at a particular speed while the input shaft is being driven i.e. the transmission does behave in a 

similar sense to an IVT, notwithstanding constraints which are discussed further in this report.  

 

 
3. OVERVIEW OF VARIABLE-RATIO MECHANICAL POWER TRANSMISSION SYSTEMS 

A power transmission is a device which transfers energy between a power source and a load. In 

mechanical power transmission systems, which include the majority of automotive gearboxes, for 

example, the purpose is to match the torque and speed characteristics of the Input power source 

(engine) to the torque and speed characteristics of a Output load (vehicle moving on road). 

 

In a conventional pair of mating gears, the ratio between the speeds of the two gears is fixed. Calling 

one shaft speed ‘Input’ and the other ‘Output’, the ratio of Output to Input is fixed (and is determined by 

the ratio of the gear diameters). This relationship is depicted schematically in Figure 1. For a given 

Input, there is only one possible Output. 

 

 

 

 

 

Figure 1. Schematic showing the fixed speed ratio Output to Input relationship for a Gearset.  

 

In automotive applications, mechanical transmissions can be classified into three basic groups. 

 

- Manual Gearboxes 

- Conventional Automatic Gearboxes incorporating discrete planetary gearsets 

- Continuously Variable Transmissions (CVT), or Infinitely Variable Transmissions (IVTs) 

 
3.1 Geared Mechanical Transmissions 

A manual gearbox consists of a number of helical gears running on parallel shafts. Different gear sets 

are engaged ‘manually’ (by hand via a gear shifter) to suit the load conditions, such as driving at high 

speed, driving up a hill, or towing a large load. Since each gear set (eg ‘second gear’) creates a specific 

ratio between the engine speed and wheel speed, the engine speed must be varied as the vehicle’s 

road speed changes, up to the limit of the engine’s useful operating range, at which point a different 

gear is selected. Adding more gears to a manual gearbox allows the engine to operate within a 

narrower band of torque and speed conditions (which can increase efficiency), and/or it increases the 

top speed of a vehicle. 

 

Gearset Input Output 
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An automatic gearbox is essentially the same device as a manual gearbox but with automatic instead of 

manual gear changes, and using epicyclic (‘planetary’) gear sets instead of helical gears running on 

parallel shafts.  This output/input relationship holds for common manual and automatic automotive 

transmissions – for a given ‘gear’ such as ‘2nd gear’ (selected manually or automatically), the engine 

speed has a fixed ratio to the wheel speed. 

 

The gear ratio characteristics of the ZF 6 HP-26 automatic automotive transmission are shown in Table 

1 as an example. This table illustrates the stepwise changes in Output/Input ratio as the selected gear 

is varied. Note that the speed ratio range of this transmission (ratio of the highest to lowest gear ratio) is 

approximately 6, which is common for a 6-speed automatic gearbox. 

 

Gear Input/Output Ratio Output/Input Ratio 

1 4.171 0.240 

2 2.340 0.427 

3 1.521 0.657 

4 1.143 0.875 

5 0.867 1.153 

6 0.691 1.447 

R -3.403 -0.294 

 

Table 1. ZF 6 HP-26 Transmission Characteristics (adapted from Bosch (2004) p746) 

 

Note that 5th and 6th gears in this transmission are ‘overdrive’ – the transmission output is rotating faster 

than the engine (if the torque converter locks up). Note also that as the vehicle launches (i.e. takes off 

from a standstill) a torque-converter provides an additional degree of gearing as well as neutral gearing 

(providing wheel torque when stationary). A launch device such as a torque converter or clutch is 

typically required for all geared transmissions. 

 
3.2 CVTs and IVTs 

Allowing an engine to operate within its high-efficiency or high-power range maximises fuel economy or 

performance, and in a geared manual or automatic transmission this is best achieved by having a large 

number of gears.  Transmissions with 7-speeds and even 8-speeds are becoming available in 

passenger-car market, for example, to maximise efficiency and/or performance over a wide range of 

vehicle speeds. 

 

An alternative strategy to having a large number of discrete gears is to use a transmission that enables 

a continuously-variable (as opposed to stepwise-variable) transmission ratio. A continuously variable 

transmission or CVT can achieve an optimum matching between engine and load conditions without 

having to ‘change gears’ through discrete steps. From standstill to vehicle top speed, a CVT 

continuously transmits power from the engine to the wheels, even though the engine can be operating 

at a fixed speed. Use of a CVT allows an engine to run at optimum power or efficiency over a vehicle’s 

entire range of load conditions. This can improve economy, comfort, emissions and durability. It also 

provides improved performance by avoiding gear changes, which interrupt the flow of energy from the 

engine to the wheels. A launch device such as a torque converter or clutch is typically required for 
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CVTs, as the variable-speed element cannot typically generate torque at zero or very low wheel 

speeds. 

 

As Leopold Mikulic, VP of Mercedes’ Powertrain Development, stated, “The theoretical ideal, in terms of 

both acceleration and consumption, would, after all, be the continuously variable adjustment of 

transmission ratios to the engine’s operative conditions. However, a further increase in the number of 

gears would make little sense from today’s point of view. Instead, a continuously variable automatic 

transmission would be the next logical step” (Jost, 2004). 

 

An infinitely variable transmission (IVT) is similar in operation to a CVT, with the added feature of 

providing inherent ‘neutral gearing’ without a launch device (providing torque at zero road speed) and 

inherent reverse gearing. Gilmore (1988) recommended that IVT technology be further developed as a 

means to reduce fuel consumption of passenger vehicles (attached as Appendix 2). 

 

Strictly, many purely electrical and hydrostatic power transmission arrangements can also be described 

as CVTs, although these are rarely used in automotive applications due to efficiency, cost and reliability 

considerations. Pure electric vehicles appear to be re-entering the automotive market (eg Tesla Motors) 

after a false start with GM’s EV1 in the 1990s. 

 

There are several classes of mechanical CVT which have been developed: 

 

- Friction (including “Belt and V-Pulley” and “Toroidal” types) 

- Hydrostatic 

- Ratcheting 

- Positive Drive  

 

The most common class of mechanical CVT, particularly in automotive applications, is the friction-

based CVT, with the most common and well-known forms being the “belt and v-pulley” system and the 

“toroidal” system. 

 
3.3 Belt and V-Pulley System 

The belt and v-pulley CVT system consists of a strong belt acting between pulleys on the input and 

output shafts.  One or both of the pulleys is able to be varied in such a way that the effective radius of 

the pulley increases or decreases, providing different speed ratios between the two shafts. In modern 

systems, this is commonly achieved by having v-shaped pulleys, with the gap between the two pulley 

halves being made wider or narrower, which forces the belt to change the radius at which it operates. 

 
3.4 Toroidal System 

The toroidal CVT system consists of two curved discs fixed to the input and output shafts respectively. 

Rollers acting between the input and output discs serve to transmit torque from one to the other, with 

the speed ratio being controlled by the angle of the rollers, as depicted in Figure 2. 
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Figure 2.  Toroidal CVT System. Adapted from NSK (2008).  

 

 
4. HISTORY OF CONTINUOUSLY VARIABLE TRANSMISSIONS 

4.1 Late 19th Century – Early 20th Century 

In 1877, Charles Hunt patented a friction-based toroidal CVT, a concept improved by Frank Hayes in 

the 1920s and used in the Austin 600 ‘York’ motor vehicle around 1930.  The materials and lubrication 

technology of the time meant that the concept was beset by problems with reliability and power 

capacity. 

 

In 1886, Daimler and Benz developed a friction-based belt CVT for their early engine prototypes, based 

on a rubber v-belt acting between variable diameter conical pulleys. 

 

These two concepts, the toroidal and belt CVTs, remain the principal categories of modern CVTs at the 

current time. 
 
4.2 1950s-1970s 

The first widely produced CVT transmission was by Hub van Doorne, inventor of the van Doorne belt 

transmission and co-founder of Dutch truck company DAF (“van Doorne's Automobiel Fabriek”). In 

1958, DAF produced the first mass-produced passenger car (the ‘600’) with a continuously variable 

transmission, called the ‘Variomatic’. DAF sold its passenger car division to Volvo, Sweden in the 

1970s, who continued to use the DAF Variomatic transmission in their 300- and 400-series automobiles 

until 1995.  The Variomatic transmission used two parallel steel belts with integrated steel ‘push blocks’ 

acting between variable diameter pulleys, making it an advanced version of the belt CVT concept. 

 

As for the toroidal CVT, Perbury Engineering Limited (UK), took up the concept for their own research 

and development in the 1950s, testing prototypes on small vehicles. 

 

In the 1960s, Charles Kraus (USA), a U.S. Inventor, developed and tested a toroid-based CVT for 

military applications, noting that they could also be used for automotive applications.  It is understood 

Output 

Shaft 

Input 

Shaft 

Power-
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that his technology has been licensed to a number of companies around the world, including 

Transmission Technologies Corporation (TTC), USA, which is understood to be commercialising a 

modified Kraus Transmission. 

 

In 1978, bearing manufacturer NSK Ltd, Japan started research and development on their own toroid-

based CVT. 

 
4.3 1980s-1990s 

Van Doorne continued to be associated with VDT (Van Doorne’s Transmissie), who continued to 

develop the critical steel belt component for CVTs.  This development effort was first seen in the CVT-

equipped subcompact Subaru Justy, which was introduced in 1987 and was in production until the mid 

1990s. They also supplied their CVT to Fiat and Nissan during this period.  At the time, maintenance 

costs and reliability were cited as problems, but Subaru continued to refine their CVT, with the most 

recent iteration emerging in the Japanese-market Subaru Pleo in 1998. 

 

Bosch Automotive Systems Corporation issued a press release in 1991 stating that at that time, CVTs 

had been installed in 3 million vehicles. 

 

Nissan released a belt-based CVT version of their Micra into the Japanese market in 1992. 

 

In 1993, VDT tested the feasibility of an experimental CVT (the ‘Transmatic’) in a prototype V10, 800 

horsepower Williams F1 racing car.  David Coulthard produced impressive results in this vehicle, but 

the FIA subsequently banned CVTs and other “driver aids” from single-seater racing in 1994. 

 
4.4 2000 onwards. 

VDT was bought by Bosch in 1995, and continued to improve the power-handling capability of their 

steel push-belt, demonstrating their CVT for a 5.4L V8 SUV (Sports Utility Vehicle) at the Detroit Motor 

Show in 2001. VDT now produces the Van Doorne push-belt component used in many CVT 

transmissions, including the European Ford Focus C-Max. The other major supplier of belt-CVT 

components is LUK, who produce the belt/chain for Audi’s (Germany) transmission. Audi’s chain-based 

CVT transmission utilizes the same principle as the VDT concept, but uses a different belt/chain design. 

 

By 2004, according to the Bosch Group which now own Van Doorne’s Transmissie (VDT), 5 million 

VDT transmissions were in use worldwide, with an annual production of approximately 1.2 million units 

(Pennings et al., (2004)).  Sales of Nissan CVTs topped 1 million in the 2007 fiscal year, a quadrupling 

of CVT sales since 2004, and representing 28.6% of its global transmission sales (Nissan (2008)). 

 

NSK's research led to the development of the Powertoros Unit, the half-toroidal CVT depicted 

conceptually in Figure 2. Central to this design is NSK's development of the 'EP steel' (Extremely Pure) 

used for the metal surfaces. A special EHD (elastohydrodynamic) fluid is used between the steel 

traction surfaces to transmit torque with low losses. These two technologies are at the core of the Jatco 

(Japan) Extroid CVT transmission, used in the Japanese-released 3-litre Nissan Cedric and Gloria 

models since 1999. 
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The Extroid CVT has an impressive torque capacity of 390Nm, and Nissan (Japan) claim an 

approximate 10% improvement in fuel economy over a conventional automatic.  The toroidal Extroid 

CVT transmission in the Nissan Gloria and Cedric has the highest torque capability of all CVTs 

currently in production, and is the world's first application of a CVT to large-displacement rear wheel 

drive vehicles. In a clear display of confidence in the transmission, Nissan use in their high-end Skyline 

model, featuring a 200kW turbocharged 3.5L V6 engine. 

 

Torotrak is a UK-based spin-off of Rover/Leyland/BTG, who have taken up the mantle of UK toroidal 

CVT development from Perbury. Torotrak have developed a full-toroidal IVT (infinitely variable 

transmission) using an elastohydrodynamic fluid between rolling metal-to-metal surfaces in the Variator 

(see Figure 3). They claim a 20% improvement in fuel economy over a standard 4 speed automatic. 

 

The Torotrak transmission works by splitting the power from the engine into two paths, where one of the 

paths traverses through a toroidal-based ‘variator’, which changes the ratio of that power flow. The two 

power paths are re-integrated in an epicyclic gearbox, which can operate in two regimes depending on 

which of the epicyclic gearbox elements is being driven by the ‘unmodified’ power path. 

 

 
 

Figure 3. Torotrak full-toroidal IVT schematic.  

From http://www.infrastructures.com/0503/torotrak.htm, last accessed 15th August 2008. 

 

Carraro of Italy have signed a licence enabling them to develop the IVT for medium-sized off-highway 

(agriculture and construction) and on-highway (bus and truck) applications. Torotrak have also 

demonstrated the transmission in a 5.4L Ford Explorer SUV (Sports Utility Vehicle), attracting further 

interest from a number of Tier 1 automotive manufacturers. Ford also field tested the Torotrak 

transmission in their Ford Mondeo with positive results, according to Torotrak. 

 

 

TM 

 
 



9 of 23 

 

5. KINEMATIC ANALYSIS OF DURNIN TRANSMISSION 

A kinematic analysis of the mechanism was undertaken using hand calculations and 3D CAD software 

(Solidworks™). Kinematic analysis provides a description (mathematical or otherwise) of how machine 

elements move relative to each other and through space – that is, the operational behaviour of a 

machine. 

 

The Durnin transmission uses multiple epicyclic (or ‘planetary’) gearsets. Relative to simple spur gears, 

epicyclic gearsets often have the advantages of high power density (high power-to-volume ratio), and 

simultaneous, concentric, bidirectional outputs from a single unidirectional input (Norton (2003)). Figure 

4 is a sketch of a single epicyclic gearset showing the main elements, together with its schematic 

representation. Directions of rotation are shown assuming the large ‘ring’ gear is fixed in space. 

Traditional nomenclature also describes the central gear as the ‘sun’ gear, the small peripheral gears 

as ‘planet’ gears, and the member carrying the planet gears as the ‘carrier’. 

 

 

                                   
 

Figure 4. The simplest epicyclic gearset. With the ring gear fixed, the planet gears are forced to rotate 

as the sun gear rotates, which also rotates the planet carrier. 

 

The epicyclic gearset depicted in Figure 4 has a single degree of freedom. That means that for a given 

Input Speed (eg sun gear), the Output Speed (eg carrier) is only determined by a third element or 

parameter (eg ring gear). This third parameter is named the ‘Control’ in this report. This relationship is 

depicted schematically in Figure 5. 

 

 

 

 

 

 

 

 

Figure 5. Schematic showing the variable speed ratio Output to Input relationship for an Epicyclic 

Gearset, determined by a third Control parameter. 

Ring 
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Lévai (1966) enumerated the 12 basic configurations of epicyclic gearsets as shown below in Figure 6. 

All compound epicyclic gearsets (including automatic automotive transmissions) are built from these 

elements or kinematic analogues of them. 

 

 
Figure 6. The twelve simple and complex epicyclic gearset configurations described by Lévai (1966). 
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Using this same notation, a conventional transmission diagram of the full Durnin transmission 

mechanism is shown in Figure 7. Note the Controls are driving intermediate shafts in the transmission 

via right-angle bevel gears. 

 

 

 

 
 

Figure 7. Durnin transmission mechanism rendered in functional schematic notation. 

 

The kinematic analysis of the Durnin transmission reveals a kinematic relationship between Input and 

Output with a single degree of freedom, as found in a single epicyclic gearset. In the Durnin 

transmission, for a given Input, each value of the Control produces a particular Output value. That is, 

for a given Input, varying the Control varies the Output. 
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5.1 ‘Black Box’ Distillation of Mechanism 

Keeping the same range of speed ratios between the Input, Output and Control elements, it appears 

that the Durnin transmission can be rendered in a simpler form, without some of the intermediate 

elements present in its current embodiment. This is because many of the components are ‘mirrored’, or 

doubled up, with elements in one half of the machine kinematically constrained such that they move 

identically to a matching element elsewhere in the machine. Figure 8 depicts a schematic of the 

transmission, with colours indicating elements that are kinematically linked (constrained to move 

identically). 

 

 
 

Figure 8. Durnin transmission schematic with kinematically linked elements indicated. 

 

Appendix 1 depicts the progression of steps that may be taken to eliminate components and 

decompose or distill the Durnin transmission into a simpler form, while retaining the desired output/input 

ratio and using either Control I or Control II. In other words, treating the device as a ‘black box’, the 

same functionality can be achieved with a device with fewer elements. This kinematic distillation gives 

rise to a single mechanism with input, output and two controls. When distilled even further, though, it is 

equivalent to the two simpler mechanisms shown in Figure 9, each of which is driven by one control. 

Note that these two mechanisms are kinematically equivalent to (i.e. correspond to) the Class I and 

Class III epicyclic mechanisms described by Lévai (see Figure 6). 

 

TM 

 
 



13 of 23 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Mechanisms that are kinematically equivalent to the Durnin transmission, and corresponding 

epicyclic gearset configurations as described by Lévai. 

 

Each of these two mechanisms can achieve the same kinematic functionality as the Durnin 

transmission – each is able to achieve the same range of Output/Input ratios given the same range of 

Control speeds. The mechanisms can also be combined as in the second-last step of the distillation 

shown in Appendix 1. The diameter ratios (gear ratios) between components must remain the same in 

these kinematic equivalents in order to achieve the same ratios as the original Durnin transmission. For 

example, the diameter of the Input sun gear in the modified version must remain as 1/3 the diameter of 

the mating planet gear. Control I must be geared onto the ring gear in the modified version, retaining 

the same 3:1 ratio between Control I and the ring gear as in the original. 

 
5.2 Speed Ratio Range using Control I or Control II 

The Durnin transmission has a single degree of freedom, meaning that the relationship between Input 

and Output (i.e. the gear ratio) is determined by the value of this additional ‘Control’ parameter. The 

Durnin transmission is built with two controls, Control I and Control II, but either of these alone would 

suffice to control the transmission. In order to effect an Output speed that is one-quarter of the Input 

speed, for example, either Control I could be driven at the Input speed or Control II could be held 

stationary. The relationship between the two controls is fixed such that a given Output/Input ratio can 

Class I epicyclic gearset Class III epicyclic gearset 
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be achieved either by driving one control at a particular speed or by driving the other control at a 

(different) particular speed. 

 

The kinematic analysis of the mechanism has provided two equations enabling the Output speed to be 

calculated based on the Input speed and the Control speed. The form of the equations shows that 

whether Control I or Control II is used, the Output is the weighted sum of the Input and the Control. This 

highlights the ‘summing’ characteristic of epicyclic gearsets: 

 

 InputControlIOutput ×−×= 125.0375.0 .....................................(Eq 1) 

 

 InputControlIIOutput ×+×= 125.075.0 .....................................(Eq 2) 

 

Table 2 outlines some of the possible kinematic states of the transmission, achieved by driving Control I 

or Control II at speeds between –Input and +Input. The values shown indicate the number of 

revolutions achieved by the transmission element for a single revolution of the Input shaft, or 

correspondingly, the speed of the transmission element if the Input shaft has a speed of 1. The results 

of the table apply whether the Durnin transmission is used in the form embodied in the prototype, or in 

the kinematic equivalents identified in Figure 9. Each of the kinematic scenarios (a) to (e) has a 

different Control speed. The speed of the Ring Gear element is also shown in the table. 

 

Scenario Input  
Speed 

Control I 
 Speed 

Control II 
Speed 

Ring Gear 
Speed 

Output 
Speed 

Output/Input 
Ratio 

(a) 1 -1 -1 -0.333 -0.5 -0.5 

(b) 1 0 -0.5 0 -0.125 -0.125 

(c) 1 0.333 -0.333 0.111 0 0 

(d) 1 1 0 0.333 0.25 0.25 

(e) 1 ∗ 1 1 1 1 

 

Table 2. Example kinematic states of Durnin transmission showing relationships between Input, Control 

and Output speeds. Column shading colours correspond to element colours used in Figures 8 and 9. 

 

The same information is depicted graphically in Figure 10. Each line captures the set of possible 

Output/Input ratios achievable using either Control I or Control II. Note that each of the scenarios in the 

table appears twice on the graph, as any given Output/Input ratio (i.e. any given y-value on the graph) 

is achievable either with Control I or Control II. 

 

                                                      
∗ Note that to achieve this scenario, Control I would need to be driven at a speed of 3. While this is certainly achievable, the 

analysis in this report assumes each of the Controls can only be driven up to the Input speed, for mechanical simplicity. 
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Figure 10. Plot of relationships between Durnin transmission Gear Ratio and Control multipliers. 

 

A number of noteworthy features are evident in Table 2 and Figure 10. 

 

Firstly, all of the scenarios except (c) are achievable by driving a Control at a speed of 0 or ±1. These 

scenarios can be achieved mechanically by physically braking the Control onto the gearbox chassis so 

it is a fixed stationary element (for a Control speed of 0) or by coupling the Control directly (via clutch) 

to the Input or to a counter-rotating Input (for Control values of ±1). This strategy is used to achieve 

multiple transmission ratios in a conventional automatic transmission, albeit with more rotating elements 

and more brakes and clutches. 

 

The ZF gearbox described in Table 1, for example, uses 3 clutches and 2 brakes to achieve its 6 

discrete transmission ratios. For comparison, Figure 11 shows the Output/Input ratios achieved in the 

ZF 6 HP-26 gearbox overlaid on the Output/Input ratios using Control II of the Durnin transmission. The 

first four gear ratios of the ZF gearbox lie within the ratio range of the Durnin transmission with Control 

II driven between speeds of 0 and 1. If the Durnin transmission were coupled to a device able to vary 

the Control speed between 0 and 1 (i.e. from stationary up to the Input speed), the Durnin transmission 

would provide a variable range of speed ratios spanning a very similar range to that offered by 

conventional automatic automotive transmissions. 

 

(a) 

(b) 

(b) 

(c) (c) 

(d) (d) 

(e) 

Control I 

Control II 
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Figure 11. Plot of relationship between Durnin transmission Gear Ratio and Control II multipliers with 

ZF 6 HP-26 gearbox Gear Ratios overlaid. 

 
5.3 Speed Ratio Changes using a single Control or multiple Controls 

The second notable feature is that using Control I, a range of negative to positive Output/Input ratios 

(including 0) is possible simply by varying the Control from 0 to 1. In other words, using Control I, the 

transmission can provide both ‘forward’ and ‘reverse’ Output with a positive Control speed. This would 

make Control I easier to implement that Control II, which requires both negative and positive Control 

speeds to achieve negative and positive Output speeds. 

 

The disadvantage of using Control I only is that the speed ratio range is limited – that is, assuming the 

Control is only able to be driven between the nominated speeds of –Input to +Input, the range of Output 

speeds is limited to less than that achievable using Control II (see Figure 10). 

 

The best features of Control I and Control II are ‘one-sided operation’ and ‘wide range’ respectively, 

and these could conceivably be combined in a multi-Control strategy. Referring to Figure 12, assume 

now that each Control can only be driven between speeds of 0 and +Input (as opposed to between 

-Input and +Input). In this case, Control I could be used to achieve Reverse, Neutral Gearing and Low 

Ratios, and Control II could be used to achieve Low to High Ratios. This could be implemented 

mechanically with a clutch that was designed to selectively couple some external variable-speed device 

such as a  CVT to either Control I or Control II. The simplest CVTs do not allow both negative and 

positive ratios, so using this multi-Control strategy would eliminate the requirement for the external 

variable-speed device (eg CVT) to produce both negative and positive ratios. This could allow for a 

simpler mechanical product (through enabling the use of a simpler CVT) than would be possible using 

Control I or Control II alone. 
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Figure 12. Plot of relationships between Durnin transmission Gear Ratio and Control multipliers greater 

than zero only. 

 

It would appear, then, that the Durnin transmission could be used to achieve a range of transmission 

ratios comparable to a conventional automotive automatic transmission in two ways: 

1) The Durnin transmission could be combined with an external speed-varying element such as a 

CVT able to produce speeds between -Input and +Input speeds, with that speed-varying 

element driving Control II, or 

2) The Durnin transmission could be combined with an external speed-varying element such as a 

CVT able to produce speeds between 0 and +Input speed, with that speed-varying element 

driving Control I and Control II selectively. 

 

These two potential embodiments are shown schematically in Figure 13. 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Potential configurations of a transmission system comparable to a conventional automatic 

transmission using the Durnin transmission as an element. 
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5.4 Dependence of Speed Ratio on sizing of gear elements 

The speed ratios available using Control I or Control II (as shown in Figure 10) are dependent on the 

selection of gear ratios between the various elements of the transmission. The relationship between 

Input, Output and Control could be ‘designed’ to target a specific behaviour of the mechanism, and 

implemented via particular choices of gear ratios between elements. In its current embodiment, for 

example, all mating gear elements are built on a 3:1 ratio, but different ratios would give rise to different 

Input/Output/Control relationships. Referring to Figure 10, changing the fundamental ratios between 

mating gear elements and/or the basic layout of the mechanism would change the slope and/or the 

point where the line crosses the x-axis.  

 

It could well be considered favourable, for example, to have neutral gearing achieved by setting the 

Control to a speed of 0 (though this is not possible with the current embodiment). To achieve this 

target, the topology of the transmission (‘what connects to what’) would need to be changed such that 

the operating line (Figure 10) would now pass through the origin – here, a Control of 0 gives an Output 

of 0. 

 
5.5 Torque requirement of Control shaft 

A three-shaft epicyclic drivetrain such as the Durnin transmission has at any time either one input and 

two output shafts, or two input and one output shafts, depending on how the power is flowing through 

the machine. The lowercase terms ‘input’ and ‘output’ here are according to the convention where 

‘input’ designates ‘power flowing in’ (i.e. torque is in the same direction as rotation) and ‘output’ 

designates ‘power flowing out’ (i.e. torque is in the opposite direction as rotation). The designation of 

‘input’ and ‘output’ shafts can in general be confusing, as it is possible for a shaft which is designated 

the ‘Output’ shaft (eg. the shaft from the transmission to the wheels) to become an ‘input’ (for example 

when the vehicle is being braked with the engine). 

 

Our designation of ‘Input’ and ‘Control’ shafts in this report is arbitrary in that both would conventionally 

be used to provide power. There is no inherent character of the mechanism that requires the Input to be 

the dominant power-providing element. The torque provided by the Control shaft will typically be of the 

same magnitude as the torque provided by the Input shaft. Kinematic analysis shows, for example, that 

at operating point (e) (see Figure 10), the torque on the Control shaft is equal to the torque on the Input 

shaft. The speeds of these shafts is also equal, so the power delivered to the transmission via these 

shafts must also be equal. In other words, 50% of the Output power comes from the Input, the other 

50% comes from the Control. 

 

The Control shaft (and associated mechanical elements) should be sized to this torque requirement 

accordingly – the Input and Control should be considered as parallel power paths rather than as ‘power’ 

and a ‘control’ elements respectively. 

 

 
6. POTENTIAL APPLICATIONS 

The Durnin transmission is operating as a conventional epicyclic gear set, combining power flows from 

three shafts in various combinations. It can be embodied as one of the twelve general epicyclic gearset 
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classes described by Lévai (1966), (i.e. as a Class I or Class III epicyclic gearset) or as a combination 

of these two gearsets. 

 

The Durnin transmission is strictly an element of an Infinitely Variable Transmission. In general terms, it 

can be used to achieve a range of speed ratios between two shafts (Input and Output) by varying the 

speed of a third shaft (Control). The Durnin transmission requires some external means of varying the 

speed of the Control shaft (and providing power through that shaft) to serve as a true IVT. 

 

This variable-speed Control shaft could be powered by an additional ‘variator’ component (a component 

capable of a continuously varying transmission ratio), for example a CVT. A combination of the epicyclic 

transmission described by Durnin and a variator component would produce a true IVT, for example, as 

demonstrated by Torotrak. This transmission has found use in on-road and off-road wheeled vehicles, 

but IVTs could be used in any application requiring power delivered by a rotating shaft in both ‘forward’ 

and ‘reverse’ directions and including geared neutral. 

 

Alternatively, the epicyclic transmission described by Durnin could be used as an element of a hybrid 

drivetrain. In this case, the Control would conceivably be driven by an electric motor/generator, enabling 

various modes of operation.  

 

Epicyclic gearsets are indeed currently used widely in hybrid transmissions because of their flexibility in 

summing and splitting mechanical power flows. Epicyclic gearsets can be used either to combine 

(‘sum’) the power flows from the engine and electric motor to a single output (the wheels), or to 

separate (‘split’) the power flow from the engine to drive both a generator and the wheels. A schematic 

of the Toyota Prius hybrid drivetrain (Figure 14) shows how the planetary gear set is used to relate the 

power flows between engine, two motor/generators and the wheels. Note that two motor/generators are 

used in this vehicle specifically to enable series/parallel hybrid operation, whereas the simplest hybrid 

configurations use a single motor/generator. 

 

  
 

Figure 14. Schematics of the Toyota Prius parallel hybrid drivetrain.  

From The Clean Green Car Company (2008) 
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If the Durnin transmission were used in this application, the ‘Control’ would be an electric 

motor/generator (or other auxiliary power system such as hydraulic motor/pump etc) connected to an 

energy storage device such as a battery. The most obvious configuration (parallel hybrid) is depicted in 

Figure 15.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Potential configuration of a parallel hybrid drivetrain using the  

Durnin transmission as an element. 

 

In ‘direct drive’ mode, the Durnin transmission would effectively be ‘transparent’, serving only to drive 

the Output (wheels) at a fixed ratio relative to the Input (eg petrol engine). A separate ‘direct drive’ 

mode would enable the Output to be driven simply at a fixed ratio relative to the Control (eg electric 

motor). 

 

In a ‘power summing’ mode, the Durnin transmission would serve to combine the Input and Control 

power (for example, combining the power of the petrol engine and the electric motor) to drive the 

Output, which would be wheels in the case of a road vehicle. 

 

In ‘power split’ mode, the Durnin transmission would serve to split the Input power into ‘Control’ power 

(i.e. the Control would be an output, driving the electric generator to recharge the batteries) and the 

Output wheels. 

 

In a ‘regenerative’ mode, power would flow from the wheels (and optionally also from the Input engine) 

to the Control, driving the generator to recharge the batteries as the vehicle braked. 

 

Other applications include wherever epicyclic gearboxes are currently used. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

a) I have inspected the well-executed prototype gearbox provided by Mr Durnin and I confirm that 

it operates as a form of conventional three-shaft epicyclic gearset, albeit with an additional 

fourth shaft providing an optional substitute for one of the three shafts. The gearbox can 

definitely act as the primary and key element of an innovative and valuable Infinitely Variable 

Transmission (IVT) system. 

b) The examined prototype includes an input shaft, output shaft and two intermediate control 

shafts (designated Control I and Control II for the purposes of this report).  Either of the control 

shafts alone would be sufficient to effect a range of operational regimes, in combination with 

the input and output shafts. 

c) If Control I on the examined prototype is driven between speeds of –Input to +Input (including 

zero), a continuous range of Output/Input ratios from -0.5 to 0.25 (including 0) is achieved. This 

includes a ‘geared neutral’ operating point where the output shaft produces torque at zero 

speed. 

d) If Control II on the examined prototype is driven between speeds of –Input to +Input (including 

zero), a continuous range of Output/Input ratios from -0.5 to 1.0 (including 0) is achieved. This 

includes a ‘geared neutral’ operating point where the output shaft produces torque at zero 

speed. This range of speed ratios is importantly very similar to the range of speed ratios 

achieved by a conventional 4- or 5-speed automatic automotive transmission (since the 

automotive industry is a prime potential application for IVT systems). 

e) A multi-control strategy has also been identified wherein Control I and Control II are able to be 

used at different times to achieve different Output/Input ratios. 

f) At any time, the transmission can operate as a Class I or Class III epicyclic gearset (Lévai 

(1966)) depending on whether Control I or Control II is being used. 

g) The forces and torques encountered in this transmission are of the same magnitudes as those 

found in conventional planetary transmissions (eg automotive automatic transmissions) of 

comparable size and subject to comparable loading.  This is important from a practical 

manufacturing and cost viewpoint. 

h) To execute true IVT operation in a single power source application (eg a petrol-engined 

automobile), the transmission would be required to be integrated with an external speed-

varying device such as a CVT. This speed-varying device would connect the power source to 

the Control of the transmission, enabling the Control to be different at varying speeds relative to 

the Input. The power from the power source, having been split into two parallel paths, would be 

recombined in the transmission to drive a single Output shaft. The Torotrak IVT transmission 

offers an example of how this could be achieved. 

i) The transmission could potentially form the valuable ‘power splitting’ or ‘power summing’ 

element of a broader hybrid-drive mechanism utilising two power sources (eg petrol engine and 

electric drive). Existing hybrid-vehicle drives such as that of the Toyota Prius offer examples of 

how this could be achieved. 

j) In our opinion, the Durnin transmission engineering concept as inspected, is sound.  We have 

however identified that it could be beneficially simplified to an even more compact transmission 
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having fewer components while executing the same function. A means to achieve the 

functionality of the Durnin transmission with a simpler epicyclic transmission has been 

described in this report.  The level of further development required is regarded as being 

relatively minor compared to the innovative development which has already occurred to 

produce the existing prototype ie. an incremental step.  Such further development is seen, and 

recommended, as a means of optimising the existing concept, thereby further increasing the 

value of any inherent Intellectual Property. 

k) IVTs enable improved performance and/or efficiency of vehicle systems by enabling the power 

plant (eg internal combustion engine) to operate continuously at peak power or peak efficiency. 

The Durnin transmission concept, when paired with external speed-varying elements (such as 

a CVT or electric motor/generator), enables true and valuable IVT operation. 

l) Additional development work, aimed at further increasing the value of any Intellectual Property, 

would include developing a speed varying control element able to transmit power comparable 

to the rating of the device, and then integrating this element into the simplified Durnin concept.  

Significant market potential exists for a compact, low-cost, efficient IVT transmission, and with 

further research and development as identified, the Durnin transmission concept could secure 

a place in that market. 
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APPENDIX 1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Remove duplicated elements 

• Relocate Output 

• Remove Right-Angle Bevel Gears 

• Replace large internal planet gear with 

smaller external planet gear to achieve 

same ratio (note sense of rotation is 

reversed). 


