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Continuously variable 

The continuously variable transmission (CVT) is a transmission in which the ratio of 

the rotational speeds of two shafts, as the input shaft and output shaft of a vehicle 

or other machine, can be varied continuously within a given range, providing an 

infinite number of possible ratios. The CVT allows the driver or a computer to select 

the relationship between the speed of the engine and the speed of the wheels 

within a continuous range. This can provide even better fuel economy if the engine 

constantly runs at a single speed. The transmission is, in theory, capable of a better 

user experience, without the rise and fall in speed of an engine, and the jerk felt 

when changing gears poorly.  

CVTs are increasingly found on small cars, and especially high-gas-mileage or hybrid 

vehicles. On these platforms, the torque is limited because the electric motor can 

provide torque without changing the speed of the engine. By leaving the engine 

running at the rate that generates the best gas mileage for the given operating 

conditions, overall mileage can be improved over a system with a smaller number 

of fixed gears, where the system may be operating at peak efficiency only for a small 

range of speeds. CVTs are also found in agricultural equipment; due to the high-

torque nature of these vehicles, mechanical gears are integrated to provide tractive 

force at high speeds. The system is similar to that of a hydrostatic gearbox, and at 

'inching speeds' relies entirely on hydrostatic drive. German tractor manufacturer 

Fendt pioneered the technology, developing its 'Vario [1]' transmission.  

 

https://en.wikipedia.org/wiki/Hybrid_car
https://en.wikipedia.org/wiki/Electric_motor
https://en.wikipedia.org/wiki/Fendt
https://www.youtube.com/watch?v=b_-LL0sCT-k


Infinitely variable 

The IVT is a specific type of CVT that includes not only an infinite number of gear 

ratios, but an "infinite" range as well. This is a turn of phrase, it actually refers to 

CVTs that are able to include a "zero ratio", where the input shaft can turn without 

any motion of the output shaft while remaining in gear. The gear ratio in that case 

is not "infinite" but is instead "undefined".  

Most (if not all) IVTs result from the combination of a CVT with an epicyclic gear 

system with a fixed ratio. The combination of the fixed ratio of the epicyclic gear 

with a specific matching ratio in the CVT side results in zero output. For instance, 

consider a transmission with an epicyclic gear set to 1:−1 gear ratio; a 1:1 reverse 

gear. When the CVT side is set to 1:1 the two ratios add up to zero output. The IVT 

is always engaged, even during its zero output. When the CVT is set to higher values 

it operates conventionally, with increasing forward ratios.  

In practice, the epicyclic gear may be set to the lowest possible ratio of the CVT, if 

reversing is not needed or is handled through other means. Reversing can be 

incorporated by setting the epicyclic gear ratio somewhat higher than the lowest 

ratio of the CVT, providing a range of reverse ratios.  

 

Electric variable 

The Electric Variable Transmission (EVT) combines a transmission with an electric 

motor to provide the illusion of a single CVT. In the common implementation, a 

gasoline engine is connected to a traditional transmission, which is in turn 

connected to an epicyclic gear system's planet carrier. An electric motor/generator 

is connected to the central "sun" gear, which is normally un-driven in typical 

epicyclic systems. Both sources of power can be fed into the transmission's output 

at the same time, splitting power between them. In common examples, between 

one-quarter and half of the engine's power can be fed into the sun gear. Depending 

on the implementation, the transmission in front of the epicyclic system may be 

https://en.wiktionary.org/wiki/turn_of_phrase


greatly simplified, or eliminated completely. EVTs are capable of continuously 

modulating output/input speed ratios like mechanical CVTs, but offer the distinct 

benefit of being able to also apply power from two different sources to one output, 

as well as potentially reducing overall complexity dramatically.  

In typical implementations, the gear ratio of the transmission and epicyclic system 

are set to the ratio of the common driving conditions, say highway speed for a car, 

or city speeds for a bus. When the driver presses on the gas, the associated 

electronics interpret the pedal position and immediately set the gasoline engine to 

the RPM that provides the best gas mileage for that setting. As the gear ratio is 

normally set far from the maximum torque point, this set-up would normally result 

in very poor acceleration. Unlike gasoline engines, electric motors offer efficient 

torque across a wide selection of RPM, and are especially effective at low settings 

where the gasoline engine is inefficient. By varying the electrical load or supply on 

the motor attached to the sun gear, additional torque can be provided to make up 

for the low torque output from the engine. As the vehicle accelerates, the power to 

the motor is reduced and eventually ended, providing the illusion of a CVT.  

The canonical example of the EVT is Toyota's Hybrid Synergy Drive. This 

implementation has no conventional transmission, and the sun gear always receives 

28% of the torque from the engine. This power can be used to operate any electrical 

loads in the vehicle, recharging the batteries, powering the entertainment system, 

or running the air conditioning system. Any residual power is then fed back into a 

second motor that powers the output of the drivetrain directly. At highway speeds 

this additional generator/motor pathway is less efficient than simply powering the 

wheels directly. However, during acceleration, the electrical path is much more 

efficient than an engine operating so far from its torque point. GM uses a similar 

system in the Allison Bus hybrid powertrains and the Tahoe and Yukon pick-up 

trucks, but these use a two-speed transmission in front of the epicyclic system, and 

the sun gear receives close to half the total power.  

 

https://en.wikipedia.org/wiki/Hybrid_Synergy_Drive


Non-direct 

Electric 

Electric transmissions convert the mechanical power of the engine(s) to electricity 

with electric generators and convert it back to mechanical power with electric 

motors. Electrical or electronic adjustable-speed drive control systems are used to 

control the speed and torque of the motors. If the generators are driven by turbines, 

such arrangements are called turbo-electric transmission. Likewise installations 

powered by diesel-engines are called diesel-electric.  

Diesel-electric arrangements are used on many railway locomotives, ships, large 

mining trucks, and some bulldozers. In these cases, each driven wheel is equipped 

with its own electric motor, which can be fed varying electrical power to provide 

any required torque or power output for each wheel independently. This produces 

a much simpler solution for multiple driven wheels in very large vehicles, where 

drive shafts would be much larger or heavier than the electrical cable that can 

provide the same amount of power. It also improves the ability to allow different 

wheels to run at different speeds, which is useful for steered wheels in large 

construction vehicles.  

 

 

Hydrostatic 

Hydrostatic transmissions transmit all power hydraulically, using the components of 

hydraulic machinery. They are similar to electrical transmissions, but use hydraulic 

fluid as the power distribution system rather than electricity.  

The transmission input drive is a central hydraulic pump and final drive unit(s) is/are 

a hydraulic motor, or hydraulic cylinder (see: swashplate). Both components can be 

placed physically far apart on the machine, being connected only by flexible hoses. 

Hydrostatic drive systems are used on excavators, lawn tractors, forklifts, winch 

https://en.wikipedia.org/wiki/Electric_generator
https://en.wikipedia.org/wiki/Electric_motor
https://en.wikipedia.org/wiki/Electric_motor
https://en.wikipedia.org/wiki/Adjustable-speed_drive
https://en.wikipedia.org/wiki/Turbine
https://en.wikipedia.org/wiki/Turbo-electric_transmission
https://en.wikipedia.org/wiki/Diesel-engine
https://en.wikipedia.org/wiki/Mining
https://en.wikipedia.org/wiki/Bulldozers
https://en.wikipedia.org/wiki/Hydraulic_machinery
https://en.wikipedia.org/wiki/Swashplate


drive systems, heavy lift equipment, agricultural machinery, earth-moving 

equipment, etc. An arrangement for motor-vehicle transmission was probably used 

on the Ferguson F-1 P99 racing car in about 1961.  

The Human Friendly Transmission of the Honda DN-01 is hydrostatic.  

 

Hydrodynamic 

If the hydraulic pump or hydraulic motor make use of the hydrodynamic effects of 

the fluid flow, i.e. pressure due to a change in the fluid's momentum as it flows 

through vanes in a turbine. The pump and motor usually consist of rotating vanes 

without seals and are typically placed in proximity. The transmission ratio can be 

made to vary by means of additional rotating vanes, an effect similar to varying the 

pitch of an airplane propeller.  

The torque converter in most automotive automatic transmissions is, in itself, a 

hydrodynamic transmission. Hydrodynamic transmissions are used in many 

passenger rail vehicles, those that are not using electrical transmissions. In this 

application the advantage of smooth power delivery may outweigh the reduced 

efficiency caused by turbulence energy losses in the fluid.  

http://pigeonsnest.co.uk/stuff/trilink/trilink.html
https://en.wikipedia.org/wiki/Formula_one
https://en.wikipedia.org/wiki/Ferguson_P99
https://en.wikipedia.org/wiki/Human_Friendly_Transmission
https://en.wikipedia.org/wiki/Honda_DN-01
https://en.wikipedia.org/wiki/Hydrodynamics
https://en.wikipedia.org/wiki/Controllable_pitch_propeller
https://en.wikipedia.org/wiki/Torque_converter
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