

[image: Cover: Voith Schneider Propeller: An Ingenious Invention by Birgit Jürgens & Dirk Jürgens. Logo: Koehler.]





Voith Schneider Propeller

An Ingenious Invention

Technology and History

Birgit Jürgens & Dirk Jürgens


[image: A mechanical device with a cylindrical body, featuring a series of protruding spikes at the base. It has various knobs and connectors on the side, indicating it may be part of a larger machine or system. The image is presented in a monochromatic color scheme.]

[image: A blue mechanical component with various pipes and fittings, mounted on a circular base with four metallic legs. The top features a round cover with bolts and a protruding pipe.]


[image: Logo: Koehler.]




Imprint

Voith Schneider Propeller An Ingenious Invention Technology and History Authors: Birgit Jürgens & Dirk Jürgens

Photo Credits Photos without individual credits are published by kind permission of J.M. Voith SE & Co. KG and the Voith company archives, administered by the Baden-Württemberg Economic Archives at Hohenheim Palace. The other photos carry individual photo credits.

The German National Library lists this publication in the Deutsche Nationalbibliografie; detailed bibliographic data are available online at https://dnb.dnb.de.

© 2026 by Koehler, an imprint of Maximilian Verlag GmbH & Co. KG Stadthausbrücke 4, 20355 Hamburg, Germany A Tammmedia company herstellung@koehler-mittler.de

eISBN 978-3-7822-1498-8

All rights reserved by J.M. Voith SE & Co. KG, Heidenheim. All rights reserved, especially the right of translation. 2026 for this edition by Koehler, an imprint of Maximilian Verlag, Hamburg.

This work, including all of its parts, is protected by copyright. Any use not expressly permitted by copyright law requires the prior written consent of J.M. Voith SE & Co. KG, Heidenheim.

A complete catalog of our available titles will be sent to you on request. Please send an email with your address to: vertrieb@koehler-books.de

Graphic design: Marcus Mantel – Mantel | Design Office Albrecht Werner – Voith

Project coordination: Adela Stiefel

Current and historical videos on the Voith Schneider Propeller and its applications in ships, as well as further information, can be found on the website: www.voith.com/VSP-An-Ingenious-Invention

[image: A black and white QR code consisting of various patterns of squares and dots arranged in a grid format. The code is designed for scanning with a mobile device to access information or a website.]
Basic Notes on the Designation of Voith Schneider Propellers (VSP)

Voith Schneider Propellers have been, and continue to be, manufactured as standardized types.

The type designation VSP XX indicates the blade circle diameter in decimeters.

For example, VSP 28R5 ECS/234-2 denotes a blade circle diameter of 28 dm, corresponding to 2,800 mm. The letters “R” and “ECS” indicate the specific characteristics of the VSP type. The number following the first letter denotes the number of blades, in this example five. The designation “/234” indicates the blade length in centimeters; “-2” stands for two gear stages.





Preface

For 100 years, the Voith Schneider Propeller (VSP) has fascinated ship-owners, seafarers, shipbuilders, and countless enthusiasts. What lies behind this fascination? With its vertical axis of rotation, the Voith Schneider Propeller differs fundamentally from the conventional screw propeller. Many people wonder: How can something like this even be a propeller—and why does it exist? These are the questions explored in this book. As authors, we approach the topic from two perspectives that complement one another, while also allowing each part to be read independently.

The “Technology” section is written from the perspective of a naval architect who has headed Research and Development at Voith Turbo Marine since 1999. Dirk Jürgens explains how the Voith Schneider Propeller generates thrust and why its very fast response and precise control in maneuvering are among its greatest strengths. At the same time, the book offers a behind-the-scenes look at its development—from classic experiments to modern numerical simulations. The most important VSP ship types are presented, and the book shows where this propulsion system comes into its own. Particular attention is given to the Voith Water Tractor—an invention that has fundamentally modernized tug operations.

The “History” section deliberately has a different character and invites readers on a fascinating journey. Birgit Jürgens, a historian, tells the story behind the Voith Schneider Propeller: of milestones and of the people with-out whose courage and powers of persuasion the Voith Schneider Propeller would never have come into being. The beginning of this story lies exactly a century ago. In 1926, Ernst Schneider and the Voith family of entrepreneurs carried out the decisive model tests at the Vienna Model Basin.

The journey from an unusual idea to a reliable product grew into a success story, shaped by a pioneering spirit, perseverance, scientific precision, and constant learning by means of practical testing.

This book bridges theory and practice, history and the present. It aims to explain why the Voith Schneider Propeller has fascinated people for 100 years—not as a myth, but as an efficient and modern ship propulsion system. At the same time, it invites readers to understand technology as a profoundly human endeavor.

We wish you an engaging and inspiring read.

Birgit Jürgens & Dirk Jürgens





Greetings


[image: A person stands behind a podium, wearing a black textured blazer and a light gray top. They have glasses hanging from their neck and are gesturing with their right hand. A microphone is positioned in front of them. The background is a soft gradient.]

Dear Readers,

The Voith Schneider Propeller is celebrating its 100th anniversary. My father, Hanns Voith, was especially proud of the propeller invented by Ernst Schneider and its development by the Voith company. As technical director—a position he had held since 1913—he always kept a close eye on the first test vessel, the ‘Torqueo’, on Lake Constance. Whenever possible, he took part in trial runs. He often took us along, and so, we were at Lake Constance and, even as children, were able to witness the unique maneuvering of the ship with the Voith Schneider Propeller.

After 1945, my father, who suddenly bore sole responsibility for Voith, decided to continue manufacturing the Voith Schneider Propeller—even though it wasn’t entirely clear where the company was headed. Success proved him right, and the Voith Schneider Propeller established itself as the perfect propulsion solution for many types of ships. The Voith Water Tractor is a particularly innovative development from Voith that also filled my father with great pride.

When my parents traveled aboard the passenger ship ‘Europa’ in 1960, which was powered by Voith Schneider Propellers, my father wrote enthusiastically about it in “Voith Mitteilungen”, the company’s in-house magazine. He described the docking maneuver, which proceeded elegantly with these propellers, and concluded by saying that he had once again been proud of his good old company, Voith.

The history of the Voith Schneider Propeller shows how important it is to skillfully combine inventiveness, courage, and perseverance. I hope you enjoy reading this. Immerse yourself in the world of this ingenious propeller and delight in a very special technical achievement.

Angela Voith



[image: A person stands with arms crossed, wearing a light-colored blazer over a black shirt. The background features large glass windows and industrial elements, suggesting a modern indoor setting.]

Dear Readers,

For 100 years, the Voith Schneider Propeller has stood for an idea that has fundamentally transformed shipping: precise maneuverability, safety, and efficiency—under all conditions. What began as a visionary invention is now used worldwide on tugs, ferries, offshore supply vessels, specialized vessels, and in many other applications—wherever maximum control is essential.

This book tells the story behind the technology: from the early pioneering years through milestones in research, testing, and practical application to the latest advances in electrification and digitalization. At the same time, it highlights what has always defined Voith: curiosity, engineering expertise, and partnership—with shipping companies, shipyards, pilots, crews, authorities, and research institutions.

Since the Voith Schneider Propeller was first developed, we have continuously invested in research and development—and will continue to do so. We are convinced that the Voith Schneider Propeller will maintain and further strengthen its technological leadership. We are consistently looking ahead: with electrified and hybrid systems, intelligent assistance functions, and solutions for autonomous vessel operation. The Voith Schneider Propeller will thus remain a key to safe, efficient, and sustainable shipping in the future.

My thanks go to everyone who has made this journey possible—the employees of Voith, our customers, and our partners worldwide. You have all contributed to the success of this unique technology.

May this book open up new insights into the technology and history of the Voith Schneider Propeller. Here’s to the next 100 years—with the same passion for solutions that set new standards.

Dirk Hoke

President and Chief Executive Officer Voith Group
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1 Selected References


[image: A large orange and yellow ship, named ‘Edda Fram’, is navigating through rough ocean waters, creating splashes as it moves. The ship has multiple levels and equipment on top, indicating it is likely used for offshore operations.]


[image: A tugboat navigating through rough ocean waters, with waves splashing against its hull. The boat features a yellow and orange color scheme, with various equipment and antennas visible on its deck.]


[image: A riverboat named ‘Viking’ is docked on a river with a city skyline in the background. The scene features the Gateway Arch and a bridge, illuminated by city lights at dusk. The water reflects the boat and buildings.]



Platform Supply Vessel

‘Edda Fram’

IMO 9356995



85.8 m x 19.2 m x 6.5 m

2 x VSP 32R5 ECR/300-2

2,500 kW each



The ‘Edda Fram’ is primarily deployed in the North Sea to supply drilling platforms.




[image: A large, bright yellow and red ship named 'Edda Fram' navigates through choppy ocean waters. The ship is angled slightly, with waves splashing against its bow. The sky is partly cloudy, and the sea appears turbulent.]



[image: Aerial view of a waterway in Venice, featuring several tugboats maneuvering near a construction site with two large concrete pillars. The surrounding area includes buildings with red roofs and a canal. The water is turquoise, and small boats are visible in the distance.]



Voith Water Tractors

‘Angelina’

IMO 9240081



30 m x 11 m x 4.25 m

2 x VSP 26GII/165

1,265 kW each

‘Lourdes C’ 

IMO 9170341



32 m x 11.25 m x 5 m

2 x VSP 28GII/210

1,900 kW each

‘Marina MC’ 

IMO 9170339



32 m x 11.25 m x 5 m

2 x VSP 28GII/210

1,900 kW each



Voith Water Tractors are maneuvering a mooring dolphin for the Adriatic LNG Terminal, located 17 nautical miles southeast of Chioggia near Porto Viro, Italy.




[image: A tugboat, colored red with the name 'Boxer', maneuvers alongside a large cargo ship named 'LT Cortesia', which is loaded with colorful shipping containers. The scene is set on a cloudy day with waves in the foreground.]


Escort Voith Water Tractor

‘Boxer’

IMO 9191890



37.33 m x 13.7 m x 5.3 m

2 x VSP 32GII/250

2,500 kW each



The Escort Voith Water Tractor ‘Boxer’ generates high steering forces and is shown here assisting  a container ship underway at speed.





[image: A large riverboat with multiple decks is docked on a river, illuminated against a twilight sky. In the background, the St. Louis skyline features the Gateway Arch and several buildings. A bridge spans the river, adding to the urban landscape.]


River Cruise Ship

‘Viking Mississippi’ 

MMSI 368261120



136.3 m x 23.2 m x 3.6 m

3 x eVSP 21X6/175

1,100 kW each



The ‘Viking Mississippi’ sails past St. Louis, Missouri, on the Mississippi River.






[image: A tugboat navigates through rough ocean waters under a cloudy sky. The vessel features an orange crane and various antennas on its deck, with waves splashing against its hull.]


Offshore Voith Water Tractor

‘Forte’

IMO 9529982



51.21 m x 15.9 m x 7.3 m

2 x VSP 36R6 ECR/285-2

4,060 kW each



The ‘Forte’ is primarily used off-shore in the U.S. oil and gas sector.




[image: A yellow Staten Island Ferry boat is navigating through the water, with the Statue of Liberty visible in the background. The ferry is marked with 'CITY OF NEW YORK' and 'DEPT OF TRANSPORTATION.' The scene features a clear blue sky and calm water.]


Double-Ended Ferry in New York

‘Dorothy Day’

MMSI 368217570



97.5 m x 21.3 m x 4 m

2 x VSP 36RV6 ECS/285-2

3,900 kW each



The ‘Dorothy Day’ and two sister ships play a vital role in providing an efficient ferry service between Manhattan and Staten Island in New York, USA.





[image: An offshore wind turbine installation vessel named Fred Olsen Windcarrier is positioned in the ocean. The vessel has a red hull with white and red smokestacks. A large crane is visible, and a wind turbine is being installed on a yellow support structure in the water.]



Wind Turbine Installation Vessel

‘Brave Tern’ 

IMO 9583782



130.8 m x 39 m x 5.8 m 

3 x VSP 36R6 ECR/285-2

3,800 kW each



The ‘Brave Tern’ is used worldwide to install offshore wind turbines efficiently.




[image: A car ferry is docked at a terminal, with several cars visible on its deck. A person stands on the ferry's ramp. In the background, another ferry is seen on the water. The sky is clear with a few clouds.]



Double-Ended Ferry on Lake Constance

‘Tábor’



72.5 m x 13.2 m x 2 m

2 x VSP 21GII/110

665 kW each 



Together with five other double-ended ferries equipped with VSP propulsion systems, the ‘Tábor’ provides an efficient and safe connection across Lake Constance.




[image: A tugboat navigates through a river near a cityscape featuring tall buildings and a mosque with two minarets. Several boats are docked in the background, and the water reflects the structures and sky.]



Voith Water Tractor

‘Mosaheb 1’

IMO 9429429



35.9 m x 12.5 m x 6.1 m

2 x VSP 32R5/265-2

2,640 kW each



The Voith Water Tractor ‘Mosaheb 1’ helps ensure smooth ship traffic in the Suez Canal, here in Port Said. In the background are the VSP ferries ‘Portfouad 3’ and ‘Portfouad 2’.




[image: A fireboat named 'L.A. Fireboat 2' is navigating through water, with water jets spraying from its nozzles. The boat features a red and white color scheme, and the words 'LOS ANGELES FIRE DEPARTMENT' are visible on its side. An American flag is displayed on the cabin.]



Fireboat

‘L.A. Fireboat 2’

IMO 9271535



29.9 m x 8.8 m x 4.6 m 

2 x VSP 26GII AE45/165

1,342 kW each



The fireboat ‘L.A. Fireboat 2’, deployed in Los Angeles, is based on the Voith Water Tractor design principle and is characterized by its exceptional maneuverability.




[image: A large cargo ship named 'YORK' is navigating through rough waters, accompanied by a smaller tugboat. The ocean is choppy, with waves splashing against the vessels. The sky is partly cloudy.]


Voith Water Tractor

‘Mistral 10’ 

IMO 9192600



30 m x 10.4 m x 4.93 m

2 x VSP 26GII/195

1,500 kW each



The Voith Water Tractor ‘Mistral 10’ has proven its performance even in challenging weather conditions at the entrance to the Port of Marseilles, France.





[image: A red and white support vessel named 'Kroonborg' is positioned near a large offshore platform with red and yellow structures. The vessel is equipped with a crane and is surrounded by water under a cloudy sky.]


Walk-to-Work Vessel

‘Kroonborg’ 

IMO 9704867



79.2 m x 16 m x 5 m

2 x VSP 28R5 ECS/234-2

1,850 kW each



With its two Voith Schneider Propellers at the stern and two Voith Inline Thrusters at the bow, the ‘Kroonborg’ is one of the most powerful DP vessels in operation.





[image: A pink ferry boat with the text "AS ONE, WE CAN" is navigating through water. In the background, a modern building with a wavy glass facade reflects the sky. Other buildings are visible along the waterfront under a cloudy sky.]


Hamburg HADAG Harbor Ferry

‘Neuland’ 

ENI 04814280



33 m x 7.6 m x 1.9 m 

2 x eVSP 9X5/100

200 kW each



Along with two sister ships of identical design, the ‘Neuland’ contributes to the safe transportation of passengers in the Port of Hamburg and is part of the public transit system.






2.1 Physics and Design of the Voith Schneider Propeller


[image: A blue mechanical component with various pipes and fittings, mounted on a circular base with four metallic legs. The top features a round cover with bolts and a protruding pipe.]



Hydrodynamic Operating Principle


Idea Generation

How did the idea of the Voith Schneider Propeller (VSP)—a propulsion concept fundamentally different from conventional propellers—originate?

Ernst Schneider's decisive inventive step was motivated by the so-called Welstrieb1—a technical imitation of the fish-fin movement. Figure 1 shows Franz Wels' 1923 patent application. It depicts the inspiration for the Voith Schneider Propeller: a technical reproduction of fish-fin motion.


[image: A technical drawing featuring two diagrams labeled 'Abb. 1' and 'Abb. 2'. The first diagram shows a wavy line structure, while the second diagram illustrates a mechanical system with labeled components and arrows indicating movement. The document is related to patent number 370193.]
Figure 1: Inspiration for the Voith Schneider Propeller: the Welstrieb, invented by Franz Wels. Drawing from the German Reich patent application (No. 370193), published on February 28, 1923

The inventor Franz Wels (1873–1940)2 impressively tested his development with experimental models (Figure 2) and then implemented it in a full-scale version.3 Franz-Wels-Gasse in Vienna was named after him. It should be noted that the name Welstrieb is not derived from the German word for catfish, as is often mistakenly assumed, but rather bears the name of its inventor. The Voith Schneider Propeller can rightly be regarded as a bionic development, as it was inspired by the Welstrieb, an imitation of fish propulsion. We owe the great inventive leap from the Welstrieb to the Voith Schneider Propeller to Ernst Schneider's alert mind (see chapter 3.1).



Fundamental Principle of Operation

The Voith Schneider Propeller is unique in the world of ship propulsion systems, as it is the only propeller type of significant technical relevance that is not based on the principle of a horizontally rotating ship propeller or a rotating pump impeller (as is the case with water jets or pump jets, for example).4 Only the paddle wheel, which is hardly used in new shipbuilding today, differs similarly significantly from ship propellers.

The Voith Schneider Propeller is a ship propulsion system that allows the thrust direction and magnitude to be adjusted quickly and precisely. It is also characterized by high efficiency. From a hydrodynamic point of view, it is a controllable-pitch propeller that allows continuous variation of thrust magnitude and direction through 360°.

Since the Voith Schneider Propeller generates both propulsion and steering forces, additional attachments such as shaft brackets, shaft bossings/fairings, rudders, pods, or propeller shafts are not required on ships equipped with Voith Schneider Propellers.


[image: Close-up view of a mechanical device featuring wooden components and metal parts. The image shows a mechanism with a lever and two curved metal blades, likely part of a tool or machine. The background is plain, emphasizing the details of the device.]
Figure 2: Ship model of the 1923 Welstrieb


So what are the technical features of the Voith Schneider Propeller? First, there is the vertical axis of rotation and the movable, oscillating blades. Another technically unique feature is the control system for thrust accord-ing to Cartesian coordinates—an X/Y logic that will be explained in more detail below. These unique features make the Voith Schneider Propeller exceptional.



The Vertical Axis of Rotation

Conventional screw propellers have a horizontal axis of rotation for thrust generation. To change the direction of thrust, the propeller shaft must be rotated, which requires considerable energy and time. The high energy requirement for changing the direction of thrust results from the strong hydrodynamic forces when the propeller is at an angle to the flow and the large moment of inertia due to the mass and the additional hydrodynamic mass. With the Voith Schneider Propeller, on the other hand, only a small amount of energy is required to change the thrust. Figure 3 illustrates the difference between the horizontal and vertical axes of rotation of the two propeller types.


[image: A diagram showing two mechanical components. On the left, a propeller with curved blades and an arrow indicating forward movement. On the right, a cylindrical component with vertical fins, rotating, and arrows radiating outward, representing flow direction.]
Figure 3: Horizontal axis of rotation for a conventional screw propeller (a) and vertical axis of rotation for a Voith Schneider Propeller (b)



The Oscillating Blades

In order for the Voith Schneider Propeller to generate directed thrust, its blades must continuously change their orientation during rotation. The forward half of the blade circle is called the forward run, while the rear half is called the return run. Figure 4a shows different blade positions from the perspective of an observer moving with the propeller. Figure 4b illustrates the superimposition of the blade oscillation movement with the forward movement of the propeller from the perspective of a stationary observer. The resulting trajectory of a blade corresponds to an extended cycloid.5 Therefore, the Voith Schneider Propeller is also commonly referred to as a cycloidal propeller. The Voith Schneider Propeller is primarily referred to as a blade-wheel propeller (крыльчатый движитель) in Russian-speaking countries.



[image: A diagram featuring three circular graphs. The left graph shows directional angles labeled from 0° to 360°, with points marked at various angles. The center graph is a smaller circle with similar angle markings. The right graph displays a wave-like pattern with labeled angles and dimensions.]
Figure 4: Blade movement in the Voith Schneider Propeller: forward and return runs from two perspectives, each for the thrust-free state:

a) for a moving observer and b) for a stationary observer




Thrust Control Using X/Y Coordinates

The Voith Schneider Propeller is used on ships that need to maneuver frequently and precisely or maintain a desired position despite wind, waves, and currents. This task is referred to as dynamic positioning (DP).

To change thrust direction and magnitude as quickly and precisely as possible, the Voith Schneider Propeller adjusts only the blade oscillation (phase and amplitude). In contrast, ships with azimuthing screw propellers—this type of propeller is designated as a Z-drive or an azimuth thrust-er—have to rotate the entire drive. This is significantly more time-con-suming and energy-intensive.

Figure 5 shows this important feature of the Voith Schneider Propeller: thrust control according to Cartesian X/Y coordinates. The thrust can be independently adjusted into a longitudinal force (X-component Tx) and a transverse force (Y-component Ty). In contrast, thrust control in conventional screw propellers is based on polar coordinates: The thrust is aligned in one direction (thrust angle δ) and then adjusted in magnitude for this angle.

If, for example, the respective propeller type is initially required to generate thrust in the longitudinal direction (Tx) and simultaneously in the transverse direction (Ty) (Figure 5a), but subsequently a negative thrust force is required in both directions (Figure 5b), this change occurs directly through "zero" with the Voith Schneider Propeller. This means that even when the Voith Schneider Propeller is rotating, no thrust is generated—this is a significant advantage of this propeller. With an azimuth thruster with a variable-pitch mechanism, a change via zero is also possible, but with the disadvantage that in the opposite direction only a low thrust can be gener-ated, as the propeller geometry is no longer optimal for this operating condition. Azimuth thrusters are predominantly designed as fixed-pitch propellers. When turning through an angle of δ, such a propeller also generates an unwanted transverse force, which can negatively affect the maneuver and cost valuable time.


[image: Diagram comparing VSP and Z-drive propulsion systems. VSP uses Cartesian coordinates (X,Y) with axes labeled for ship's longitudinal and transverse axes. Z-drive uses polar coordinates (θ,T) with similar axes. Each section includes directional vectors (T_x, T_y) for VSP and (θ, T) for Z-drive.]
Figure 5: Thrust control according to X/Y logic (a) and, for comparison, according to polar coordinates (b)

Direct control logic based on X/Y coordinates and the associated rapid thrust generation are crucial for safe maneuvering—especially in response to unpredictable events, such as the failure of a propulsion system on a ship with multiple propellers or a sudden collision hazard.

Ships with automatic control systems, such as those used in dynamic positioning or in autonomous or remote-controlled shipping, can experience signal delays (latencies) or sensor failures. In such situations the fast-responding Voith Schneider Propeller offers a considerable safety advantage and significantly reduces the risk of accidents.

This advantage has not yet been sufficiently recognized in shipping, as it cannot be easily evaluated in monetary terms. However, it is appropriate to take this aspect into account for sustainable and safe shipping.



[image: A diagram illustrating vector relationships with a central point O. Arrows labeled u, w, and ve indicate different vector directions. Red circular paths are shown, with a diameter labeled D/2. The point N is marked, and various vector equations are noted, including w = u - ve.]
Figure 6: Velocity triangles on the VSP blade for eight positions during rotation for the thrust-free state

The blade profiles are in the direction of flow and do not generate lift




	O
	Axis of propeller rotation



	N
	Intersection point of normals for the thrust-free state



	D
	Blade circle diameter



	Pn
	Axis of blade rotation



	u
	Peripheral speed



	ve
	Speed of advance



	w
	Resultant inflow at the blade








Thrust Control Based on the Law of Intersecting Normals

The generation of the thrust is explained in detail below. To understand the thrust mechanism of the Voith Schneider Propeller, it is helpful to follow Ernst Schneider's creative approach. A key point is that the large maximum blade angles (ε > 50°) do not correspond to the thrust-relevant inflow angle α, i.e., the angle of attack of the blade profiles. Rotor rotation and advance speed produce a specific inflow at each blade position, which defines the zero-thrust angle of attack. Only when the blades are set be-yond this thrust-free angle does thrust actually occur. Therefore, a distinction is made below between a thrust-free and a thrust-generating state.



The Thrust-Free State

The starting point is a theoretically idealized thrust-free state of the propeller. The blades are aligned so that the inflow does not generate lift in any blade position but only overcomes the comparatively low blade drag.

This resistance is neglected in the following basic considerations. Similarly, the angle of attack of the inflow, varying over the chord length, is not taken into account. This results in a simplified theory of thrust generation that reflects the core principle of the flow physics of the Voith Schneider Propeller. Strictly speaking, this consideration only applies at the pivot point of the blades, but the resulting deviations are acceptable for physical understanding.

Figure 6 shows the flow conditions for this. The resulting flow w is a vectorial addition of the flow velocity resulting from the rotation of the propeller u and the propeller's speed of advance ve. The speed of advance ve is the inflow speed at the propeller; all influencing factors are taken into account, such as ship speed, ship motions (maneuvering and motions in a seaway), waves, interaction with other propellers, and the effect of the ship's hull.

The velocity triangles for the thrust-free state are shown in Figure 6 as examples for eight blade positions. The triangles can be used to determine both the magnitude and direction of the inflow velocity w to the blade. In a thrust-free state, the blades are aligned so that they always point in the direction of the resultant inflow at the blade.


In the velocity triangles, the perpendiculars (normals) to the blade chords, and thus to w, are shown. All perpendiculars intersect within the blade circle at a point N, which is designated as the intersection point of normals.

This law can also be derived geometrically by comparing the velocity triangles with triangles formed by the line segment ON, the radius D/2 of the blade circle, and the perpendicular to the blade OPn.

Ernst Schneider discovered this rule and called it the law of intersecting normals. He referred to the resulting blade motion as “strict blade motion” to emphasize that the blades follow this law exactly. The practical implementation by means of a mechanical gear is accordingly designated as strict kinematics.

The angle ε of the blades in the rotating rotor casing can be represented over a complete rotation of 360°. This representation is referred to as the blade angle curve.

The law of intersecting normals can be expressed by the following simple formula:


[image: Mathematical equations and formulas related to trigonometry and physics, including expressions for sine, pressure, wavelength, and angular limits. Variables such as p0, λ, u, and J are defined, along with relationships between angles φmin and φmax.]

ε denotes the blade angle; it is the angle between the tangent to the blade circle and the chord of the blade profile. The angle of rotation of the rotor casing φ and the pitch ratio p₀ are the two variables in the formula. p₀ describes the pitch ratio for the thrust-free state.


The pitch ratio p0 is calculated from the distance ON relative to half the blade circle diameter D:


[image: p subscript 0 equals fraction numerator O N over denominator D divided by 2 end fraction.]

For the thrust-free case, the pitch p0 is equal to the coefficient of advance λ:


[image: lambda equals v subscript e over u comma]

where u is the peripheral speed of the blade. This is calculated from the rotational speed n and the blade circle diameter D:

u = π · n · D.

The advance coefficient λ is typically used in the theory of the Voith Schneider Propeller, whereas the coefficient of advance J is primarily used for conventional screw propellers. Both variables describe the relationship between advance speed and propeller rotation, but differ in their definition by a factor of π:

J = π · λ.

The maximum blade angles relative to the tangent are precisely defined at the points Φmax = 90° + εmax and Φmin = 270° - εmax.

The strict blade angle curve for the thrust-free state is shown in Figure 7 for different p0 pitch ratios.


[image: A line graph displaying the relationship between ε (degrees) on the vertical axis and φ (degrees) on the horizontal axis. The graph features multiple blue curves, with annotations at 0.4, 0.6, and 0.8 indicating specific values. The background is light blue with a grid pattern.]
Figure 7: Blade angle curve for the thrust-free state for pitch ratios p0= 0.4, 0.6, and 0.8




The Thrust Generation

The following section explains the decisive operating condition of the Voith Schneider Propeller: thrust generation. Until now, we have considered the thrust-free state. In order to generate thrust, the intersection point of normals N' is adjusted specifically. The intersection point of normals N of the thrust-free condition serves as a reference for determining the angle of attack α of the blade profiles.

This angle of attack is decisive for the generation of lift and drag forces on the VSP blades.


[image: A diagram illustrating angles and vectors related to a circular motion. It includes points W, R, N, N', and A, with arrows indicating directions and angles labeled as α. A red circular outline surrounds the diagram, with dotted lines and a curved arrow indicating motion.]
Figure 8: Shift of the intersection point of normals from N to N' for thrust generation

Figure 8 illustrates the underlying relationships. Two intersection points of normals are relevant for fully explaining the thrust generation:


	the intersection point of normals N of the thrust-free state, which is now determined exclusively by the velocity components w and ve;

	the set intersection point of normals N', which influences the blade movement and thus causes thrust generation.



The blade angle curve with the intersection point of normals N' can also be represented by substituting p instead of p0 in the blade angle curve formula. In the Voith Schneider Propeller, p defines the thrust-generating pitch:


[image: A mathematical equation displayed in a clear format: p = ON' / (D/2). The variables are presented in italicized font, with the division indicated by a horizontal line. The equation is centered on a white background.]

Figure 9 shows the blade angle as it results for the thrust-free state (p₀ = 0.65) and a specific thrust case (p = 0.80). The difference between the two blade angle curves corresponds to the inflow angle (angle of attack) α. The inflow angle α in a typical thrust case is in the range of about 15° – a range that is common for blade profiles and in which no stall occurs. In addition, due to the highly unsteady inflow, the blades of the Voith Schneider Propeller can sustain higher inflow angles without stalling than blades in steady flow.


[image: A graph showing the relationship between ε (degrees) on the vertical axis and φ (degrees) on the horizontal axis. Two curves are plotted, with labels indicating values 0.80 (a) and 0.65 (b). An arrow points to a peak labeled α.]
Figure 9: Blade angle ε of the VSP blade for the thrust-free (b) and thrust-generating (a) states. The difference is the angle of attack α of the blade profile.


The inflow at an angle α creates hydrodynamic lift—the dominant force component in the thrust generation of the Voith Schneider Propeller. It is important to note that the Voith Schneider Propeller—like the conventional screw propeller—primarily uses hydrodynamic lift to generate thrust. This results in high efficiency.


[image: A diagram of a circle with a center labeled 'O' and a point 'N' on the vertical diameter. Arrows indicate movement around the circle. The circle is outlined in red, and the lines and arrows are in blue. The diagram illustrates circular motion or rotation.]

[image: A diagram of a circle with a red circumference and a central point labeled 'O'. Blue arrows indicate directions from 'O' to points on the circumference, with one arrow curving towards a point labeled 'N'.]

[image: A circle with a red outline and a center labeled 'O'. Two blue arrows indicate movement, one curving upwards and the other pointing downwards. A point labeled 'N'' is positioned below the center. Two additional blue shapes are placed on the left and right sides of the circle.]

Figure 10: Change in thrust direction and thrust magnitude

Figure 10 illustrates how the thrust can be changed by shifting the control point N' from "forward" to "zero" to "astern" for three positions.

The direction of rotation and rotational speed of the Voith Schneider Propeller remain constant; only the amplitude and phase of the blade oscillation are varied. The control point N' can be adjusted completely variably, so that thrust forces can also be generated in the transverse direction. Figure 11 shows a corresponding example scenario.

To better understand the Voith Schneider Propeller, it is recommended to use the interactive iVSP program from J.M. Voith. It offers a clear explanation of the operating principle and the opportunity to maneuver various VSP-propelled ships precisely and actively.

The pressure conditions in the Voith Schneider Propeller can best be illustrated using computational fluid dynamics (CFD).


[image: A red circle with a center labeled 'O'. Several blue arrows point outward from the center to various points on the circle's circumference. A point labeled 'N' is located below the center, with another point 'N'' above it. The arrows indicate direction and movement around the circle.]
Figure 11: Adjusting simultaneous longitudinal and transverse thrust


[image: ]
Interactive program explaining the operating principle of the VSP and active maneuvering with VSP ships




Figure 12 shows the calculated pressure distribution for a specific rotor casing position.


[image: A visualization showing several cylindrical shapes in a gradient of colors on a yellow background. The color scale on the right indicates varying values of cp, ranging from 1.000 to -2.000. The shapes display a spectrum from red to blue, representing different data points.]
Figure 12: Numerically calculated pressure distribution of a Voith Schneider Propeller

At this point, it is worth taking a look at the history of the hydrodynamic theory of the Voith Schneider Propeller. The first fundamental work on the theory was published by Voith employee Dr. Hans Kreitner back in 1931.6 This work is remarkable because it provides the first comprehensive physical and technical explanation of the fluid dynamics and interaction of the Voith Schneider Propeller with the ship's hull.

A significant initial contribution to the theory of the Voith Schneider Propeller outside the Voith company was made by the renowned Göttingen fluid mechanics expert Prof. Albert Betz (1885–1968), who gave a presentation at the conference on "Hydromechanical Problems of Ship Propulsion" held by the Hamburg Ship Model Basin in 1932.7

Hans Kreitner represented Voith at this conference; and from the University of Göttingen, the world-renowned fluid mechanic Prof. Ludwig Prandtl (1875–1953) also attended. It is interesting to note that Betz considered the Voith Schneider Propeller capable of achieving higher efficiency than the screw propeller.



[image: A technical diagram showing cross-sections for a twin-screw drive and a Voith-Schneider propeller. The diagram includes two circular shapes at the top and a shaded rectangular area at the bottom, with lines indicating symmetry and alignment.]
Figure 13: Albert Betz's illustration of the influence of the swept area on the efficiency of the screw propeller and the Voith Schneider Propeller, 1932

He explained that, in addition to the advantage of maneuverability, "there are other advantages, in particular better efficiency".

Prandtl also commented on the question of the efficiency of the Voith Schneider Propeller in comparison to the screw propeller at the Hamburg conference: Taking all this into account, it seems to me that the Voith-Schneider propulsion system is more favorable than the conventional propeller in terms of losses due to the unevenness in the speed distribution of the propeller wake.

In his conference paper, Betz also described the positive influence of the large VSP swept area in the form of the drawing shown in Figure 13 and in clear wording.

He writes: A Voith Schneider Propeller therefore allows for a significantly larger propeller area than a screw propeller. This means a reduction in the load on the propeller, and if this load is high, as is the case with tugs, a significant improvement in efficiency can be achieved, in certain circumstances potentially double the amount. In addition, the shaft lines, especially the shaft fairing structure, in multi-screw ships usually generate significant additional resistance, which is eliminated with the Voith Schneider Propeller.

These interesting considerations by the two excellent fluid mechanics experts—Prandtl and Betz—proved to be groundbreaking for Voith. The propeller developed by Voith was and is in fair competition with steerable screw propellers with regard to efficiency. In terms of bollard pull, the Kort nozzle (patented in 1936) has certainly given screw propellers an advantage. The thrust-to-power ratio of a conventional open screw propeller is generally inferior to that of a Voith Schneider Propeller. Above a certain speed, this also applies to a ducted screw propeller—for tugs, for example, at speeds above approximately 3 to 5 kn.





Design of the Voith Schneider Propeller

This chapter explains how the hydromechanics of thrust generation described in the previous chapter is implemented in technical design. Ernst Schneider took the decisive creative step and laid the foundation with his invention of the hydromechanics of the Voith Schneider Propeller. However, he was also aware of the next necessary step: technical implementation. This was no less challenging. To this day, it remains an ongoing task for Voith to continuously improve the VSP system in order to proactively meet the ever-growing demands of the market.

Voith began the technical implementation of Schneider's idea immediately after tank tests at the Vienna Model Basin were successful in 1926. Ernst Schneider was actively involved in the technical implementation from the outset. Although he was not an employee of Voith, he was nevertheless part of the team, as evidenced by numerous surviving documents stored in the Baden-Württemberg Economic Archives (for a detailed history, see chapter 3.1).

The challenges that Voith faced together with Ernst Schneider were considerable. They had to break new ground and, for the first time, technically realize a variable-pitch propeller with a vertical axis of rotation.

At this point, we should also remember the entrepreneurial courage of the Voith brothers, who invested considerable resources in a completely new propulsion technology. It is thanks to this entrepreneurial spirit and the commitment of the enthusiastic engineers and mechanics at Voith that Ernst Schneider's idea became a product—an important contribution to the shipping industry. That is why the unique propeller with its vertical axis of rotation rightly bears the name Voith Schneider Propeller.


What were the main technical challenges?


	Realization of the blade angle curve: The biggest challenge was certainly to move the blades according to the law of intersecting normals—or as close to it as possible—while the rotor casing rotates.

	Thrust adjustment: In order to be able to vary the thrust continuously according to X/Y logic, a complex hydraulic control system had to be developed, the core of which is a control rod, comparable to a joystick. The thrust immediately follows the movement of the control rod in terms of magnitude and direction.

	Energy transfer: A solution had to be found to transfer energy from the horizontally rotating prime movers (usually diesel engines) to the vertical rotation of the rotor casing with the blades. This was made more difficult by the fact that the rotational speed of the Voith Schneider Propeller is only about 30% of that of a conventional screw propeller. This meant that high gear reduction ratios and, therefore, high torques had to be transmitted for the same power output. This required advanced gear technology.

	Bearing and sealing: The oil-filled propeller with oscillating blades posed major challenges for the engineers. Oscillating seals and plain bearings are rarely found in engineering. There was and is no comprehensive calculation theory or published measurement data, as is the case with rotating bearings and seals.

	Dimensioning of the blades, kinematics, and rotor casing: Voith Schneider Propeller blades are subject to high alternating loads, as the suction and pressure sides of the blade vary during rotation. The hydrodynamic loads on the blades, together with the inertial forces, impose loads on the kinematic components and the rotor casing. Today, Voith engineers are in the comfortable position of being able to determine the loads very accurately using computational fluid dynamics (CFD) and structural mechanics (FEM). In 1926, engineers could only dream of such data. They had to approach the complex task step by step, building up the expertise that we still draw on today.





[image: A mechanical device with a transparent blue casing and metallic components. It features a circular top section with various attachments and four elongated, shiny metallic legs extending downward. The design suggests a complex engineering structure, possibly for industrial or robotic applications.]
Figure 14: CAD representation of a modern single-stage Voith Schneider Propeller

The basic design of the Voith Schneider Propeller has not changed since 1926. The main elements are the blades responsible for thrust generation, which are located in a rotor casing together with the kinematics. Other important components are the stator—essentially the propeller housing— and the thrust-adjusting elements such as the control rod and hydraulic cylinders. Figure 14 shows a single-stage, modern Voith Schneider Propeller in a transparent 3D CAD representation.


[image: A cross-sectional diagram of a mechanical assembly, featuring various components in blue and red. Key parts include a motor, pipes, and valves, illustrating the internal structure and connections. The diagram is set against a white background.]
Figure 15: Sectional view of a single-stage Voith Schneider Propeller

1 Input shaft 2 Bevel gears 3 Thrust plate 4 Roller bearing 5 Rotor casing 6 Blade 7 Kinematics 8 Control rod 9 Servomotor


Figure 15 illustrates the structural design of a single-stage Voith Schneider Propeller. It consists of three main assemblies: the stationary part, also known as the stator, shown in white in the figure; the rotating parts, shown in red; and the control elements, shown in blue. Some of the control elements also rotate, while others remain stationary. The control elements influence thrust generation and are unique compared with those of other turbomachines.

The power required for thrust generation is supplied to the propeller via the input shaft (1). A distinction is made between single-stage and two-stage Voith Schneider Propellers. In a two-stage Voith Schneider Propeller, a flanged spur gear unit is additionally mounted on the input side to reduce the rotational speed in two stages. The first gear stage is the spur gear unit, which is not present in all VSP types.

The bevel gears (2) are a central component in all mechanical Voith Schneider Propellers, as they transmit the power from the horizontally rotating input shaft to the vertical rotational movement of the rotor casing. Currently, mechanically driven Voith Schneider Propellers are manufactured exclusively with bevel gears. In the past, a small number of versions with vertically arranged electric motors were also used, which drove the rotor via a spur gear unit. In the past, worm gears were also used instead of bevel gears for minesweepers, as it is only since the 1990s that bevel gears have met the quality requirements for underwater noise-critical applications.

Following the energy flow further, the thrust plate (3) and the roller bearing (4) are jointly responsible for supporting the Voith Schneider Propeller.


This enables the necessary rotational movement of the rotor casing (5) with the blades (6) and allows the resulting high hydrodynamic thrust forces to be absorbed.

Voith Schneider Propellers use different bearing principles: Either a combination of plain bearings and roller bearings is used, as shown in Figure 15, or roller bearings are used exclusively.

Plain bearings or special roller bearings are used to support the blade shafts. The blades (6) perform an oscillating movement due to the controlling effect of the kinematics (7), the short name for the blade-actuating gear. The amplitude and phase position of the blade movement are determined by the position of the kinematics. The center of the kinematics – and thus the thrust magnitude and thrust direction – is changed via the control rod (8).

The control rod is operated by two servomotors (9) offset by 90°. The ahead/astern servomotor adjusts the pitch for the longitudinal thrust of the ship (forward and reverse), while the steering servomotor causes the transverse thrust (movement to port and starboard).

Both servomotors enable a control system that uses Cartesian X/Y coordinates (identical to the ship's main axes) and not polar coordinates, as is often mistakenly assumed.

Thrust changes can be controlled from a thrust-free state ("from zero"). For example, the thrust can be directed from full ahead to full astern at constant rotational speed without generating transverse forces.

The separation into propulsion thrust and steering forces, i.e., a Cartesian control system, enables the skipper to handle the ship in a clear and user-friendly manner.

The mechanically driven Voith Schneider Propeller is a self-contained propulsion and maneuvering system that, apart from the input torque, requires no additional energy sources. This is made possible by directly coupling one or more oil pumps on the drive side to the propeller’s power input, thus providing the lubricating and control oil.


The stepless and direction-independent variable-pitch propeller characteristics of the Voith Schneider Propeller are made possible by sophisticated kinematics. During the development of the Voith Schneider Propeller, various mechanical kinematics and oil-hydraulic blade-actuating gears were developed and used. The important issue of kinematic development is discussed in more detail in the next chapter. The current VSP types are exclusively equipped with robust crank-type kinematics. Figure 16 illustrates the kinematic principle of the Voith Schneider Propeller.


[image: A technical illustration of a mechanical component with a central rotating part and two handles. Arrows indicate rotational movement in a clockwise direction around the central axis and a counterclockwise direction for a lower component. The design is outlined in blue with red dotted lines highlighting the movement paths.]
Figure 16: Kinematic principle of the Voith Schneider Propeller

If the center of the lower spherical bearing is located in the center of the rotor casing, the blades are not angled relative to the tangent of the blade circle (Figure 17a). However, if the lower spherical bearing is moved from the center of the rotor casing by the action of one or both servomotors via the lever action of the control rod, the blades are variably angled relative to the path tangent as they rotate (Figure 17b).

As the eccentricity increases, the maximum angle of the blades is increased. Since the blades are largely balanced – i.e., the resulting force due to hydrodynamic action and inertial force acts in the area of the extended shaft axis – the eccentricity can be varied very quickly and with low servomotor forces due to the large lever action of the control rod (Figure 16). This technical solution enables the sensitive and rapid thrust adjustment of Voith Schneider Propellers.

For design reasons, the mechanical eccentricity, i.e., the position of the lower spherical bearing (Figure 17), is much smaller than the position of the hydrodynamic control point N or N' (see Figure 8).

Due to the characteristics of the variable-pitch propeller, the Voith Schneider Propeller can be operated at a constant rotational speed. However, it is common practice to vary the rotational speed and pitch in order to optimize energy consumption.


[image: Two diagrams of a mechanical structure with multiple arms and propellers, arranged in circular patterns. Each diagram features a central hub with arms extending outward, connected by joints. The structures are outlined in blue with red circles surrounding them.]
Figure 17: Generation of blade oscillation with kinematics: a) zero pitch and b) pitch adjustment for thrust generation



[image: A 3D rendering of a mechanical assembly featuring a central cylindrical component with multiple metallic arms extending downward. Each arm has a flat, rectangular blade at the end. The assembly is shown against a white background, highlighting its intricate design and structure.]
Figure 18: Blade, kinematics, control rod, and servomotors of a modern eVSP 32X8/285

Voith Schneider Propellers are currently available in power ranges up to 4,000 kW. The blade circle diameter varies between 0.9 m and 3.6 m. Propellers with four-, five-, six-, or eight-blades are manufactured. Figure 18 shows the most important VSP components of a modern, eight-bladed eVSP 32X8/285 in a transparent CAD representation.

To illustrate the size of typical VSP components, a bevel gear wheel (Figure 19) and a VSP blade (Figure 20) are shown as examples. Both components belong to the largest VSP type, the VSP 36RV6/285-2, with a maximum input power of 4,000 kW.


[image: A person stands beside a large, circular, gear-like object with a textured surface and multiple holes. The individual is wearing a black shirt and blue jeans, gently touching the object. The background features a storage area with shelves.]
Figure 19: Bevel gear wheel for a VSP 36RV6/285-2 for transmitting 4,000 kW at a rotational speed of only 63 rpm, with development engineer Eszter Schmidt-Hantos, 2025


[image: A person stands next to a large, metallic object with a textured surface, suspended from a crane. The object has a tapered top and a cylindrical body. The setting appears to be an industrial workshop with machinery in the background.]
Figure 20: Propeller blade of a VSP 36RV6/285-2 with a blade length of 2.85 m, with development engineer Sven-Dietmar Schmidt, 2025




Kinematic Development since 1926

The key idea behind the Voith Schneider Propeller is to allow the blades to oscillate while the rotor casing rotates. The combination of rotor casing rotation and blade oscillation is what generates the thrust. The underlying hydromechanics has been explained.

The task for the Voith engineers and Ernst Schneider was now to translate the idea patented in 1925 (Figure 21) into a functioning ship propulsion system.

There are two basic ways to achieve blade movement. One is mechanical kinematics, the other is individual blade drive, for example by means of electric or hydraulic motors.


[image: A geometric diagram featuring a circle with points labeled E, P, A, M, K, and N. Various lines and angles are drawn, including perpendicular lines and arcs. The diagram includes notations for angles and segments, indicating relationships between the points.]
Figure 21: Ernst Schneider's basic patent with shifted control point Nx, registered on December 7, 1925

As innovative developers, Ernst Schneider and Voith engineers Josef Ehrhart and Hans Kreitner naturally immediately considered the possibility of an individual drive. An application for this was submitted to the Austrian Patent Office on August 11, 1927. Figure 22 shows the corresponding joint U.S. patent application dated August 9, 1928.8

Why was mechanical blade adjustment chosen, which is still the standard solution for the Voith Schneider Propeller today? To answer this question, numerous important criteria must be considered, such as the safety and precision of blade adjustment, efficiency, manufacturing and maintenance costs, and the respective state of development of the available technologies.

Mechanical blade adjustment using kinematics offers numerous advantages: it is extremely robust and enables precise adjustment of the blade angle, causes only minimal energy losses during the adjustment process, and is characterized by low manufacturing and maintenance costs.

From the outset, kinematics was the focus of research and development activities at Voith. However, the focus shifted significantly over time. In the early years, the biggest challenge was to find a technical solution that would allow the blades to be controlled as precisely as possible according to the law of intersecting normals during the rotation of the rotor casing. After the first technical implementations of the blade angle curve, rapid progress was made.


[image: Patent drawing for a blade wheel with a movable blade, dated September 15, 1931. It includes multiple figures (1-8) showing various components and mechanisms. The document lists inventors Ernst Schneider, Josef Eirhart, and Johann Kreitner, with their attorney C. P. Gupel.]
Figure 22: U.S. patent drawing of a single-blade drive, August 9, 1928, U.S. Patent No. 1,823,169


Optimization possibilities in terms of reliability, costs, ease of installation, maximum pitch, and efficiency were quickly recognized.

Numerous solutions for blade adjustment were developed during the development of the Voith Schneider Propeller. Ultimately, crank-type kinematics prevailed as a particularly reliable and cost-efficient variant and still forms the basis of the standard kinematics of the Voith Schneider Propeller today.

The current focus of its further development is on improving efficiency and increasing smoothness of operation. Modern calculation tools are used for this purpose.

A key element for the safe operation of the kinematics is the dimensioning of the bearings. The kinematics run exclusively in low-wear oscillating plain bearings. For their design, complex measurements were and are carried out on a special bearing test bench, as existing empirical knowledge is almost exclusively limited to rotating bearings.

The expertise of the engineers is crucial for the continuous further development of the kinematics. Decades of experience are invaluable for new developments. The knowledge gained has been and continues to be carefully documented through full-scale measurements, tank tests, numerical calculations, and close coordination with production and service, and is used as the basis for further development. It is therefore particularly interesting to look at the individual development steps—especially the development of the kinematics, the heart of the Voith Schneider Propeller.



Ring Kinematics

From the outset, Ernst Schneider searched intensively for solutions to implement the oscillating movement of the blades. On February 2, 1928, Voith successfully registered a patent for Ernst Schneider's idea for ring kinematics (Figure 23). This enables a blade angle curve according to the law of intersecting normals, which was also used in 1926 in tank tests at the Vienna Model Basin with the model propeller.

Ring kinematics offers numerous advantages:


	The blade angle curve is implemented according to the law of intersecting normals. This achieves a high degree of efficiency.

	Familiar elements of mechanism theory are used, in particular the slider-crank mechanism.

	Relatively few mechanical elements are required.

	Technical problems rarely occurred with ring kinematics.



However, there were also decisive disadvantages that led to the abandonment of ring kinematics:


	Only maximum pitches of p = 0.63 were achieved. This is insufficient for efficiency reasons, because the greater the pitch (up to p = 0.85), the better the efficiency.

	The rotor casing with the kinematics was accessible from inside the ship and was not sealed. Therefore, this design was not suitable for use on ships in rough seas and with large changes in draft.



Ring kinematics is still occasionally used today in controllable model propellers to demonstrate the steering characteristics of the Voith Schneider Propeller. It is relatively easy to implement technically.


[image: A technical drawing of a mechanical device, featuring a conical structure at the top, connected to a cylindrical component. The base includes two triangular sections and various mechanical parts, including bolts and a lever. The drawing is in black and white, showcasing detailed engineering elements.]

[image: A technical drawing of a circular mechanism featuring concentric rings and connecting rods. The design includes a central circle and several radial lines, indicating movement directions with arrows. The overall style is schematic and monochromatic.]

Figure 23: Propeller with ring kinematics. Top: Longitudinal section. Bottom: Kinematics representation




Oil-Hydraulic Blade-Actuating Gear with Synchronization Device (Manufactured 1930–1933)

The disadvantages of ring kinematics mentioned above provided motivation for the development of a new control principle. One of the main goals was to be able to propel seagoing vessels with high power requirements.

An interesting idea was developed in 1930 by Ernst Schneider, Josef Ehrhart, and Hans Kreitner: the oil-hydraulic blade-actuating gear. In this design, a displacement piston was moved by a crank loop in accordance with the law of intersecting normals, and the displaced oil drove a rotary piston that was directly connected to the blade. Figure 24 shows a longitudinal section of the oil-hydraulic propeller and the blade adjustment.

Advantages of the oil-hydraulic drive:


	It is possible to manufacture propellers with large blade circle diameters.

	The rotor casing is easy to seal and can therefore also be used on ships operating in rough seas. 

	The blade angle curve according to the law of intersecting normals, which was long considered the optimum efficiency, can be achieved relatively easily with a crank loop.

	There is considerable design freedom in the construction of the rotor casing, as no kinematic elements need to be accommodated.



However, the following disadvantages ultimately led to the abandonment of this control principle after eight versions of the oil-hydraulic drive had been implemented:


	Small leaks in the rotary pistons led to inaccuracies in the blade position and thus to a deterioration in efficiency and smoothness of operation. A synchronizing device developed for this reason was unable to completely compensate for the inaccuracies in the blade position.

	The hydraulic system had quite high losses compared to a mechanical blade control system. This had a negative effect on the overall efficiency of the Voith Schneider Propeller.

	The system was more expensive and more prone to failure than a mechanical solution.




[image: A technical diagram illustrating a mechanical device with a claw-like mechanism at the top, connected to a cylindrical body. The diagram includes various lines and symbols indicating movement and control elements, with a circular component on the right side.]
Figure 24: Oil-hydraulic drive for the blades of the Voith Schneider Propeller. Above: Longitudinal section. Below: Blade adjustment




Kinematics of the Guide-Lever Type (Used Exclusively 1934–1948, Manufactured until 1965)

In 1933, new goals were defined for the Voith


	A new kinematics was to be developed: The oil-hydraulic blade-actuating gear was too prone to failure and, despite numerous design improvements, could not meet the requirements for a competitive propeller. The ring kinematics had efficiency disadvantages and limited the use of the Voith Schneider Propeller to inland waterway vessels.

	The propeller housing, bearings, rotor casing, and control rod were also to be significantly improved.

	The following specifications were therefore set for further development: The propeller was to be designed, constructed, and manufactured to be more robust, simpler, more cost-effective, and with a significantly lower overall height. The weight of the propeller had to be reduced.










	This kinematics has proven to be very robust and cost-effective.

	Higher pitches could be achieved than with ring kinematics.

	The kinematics operates in a closed rotor casing filled with oil – an important step in the development of the Voith Schneider Propeller. This enabled the propeller to achieve great depths of immersion, allowing it to be used in rough weather and when the ship's draft changes.





	The limitation to a pitch of p = 0.73 led to efficiency losses.

	In order to ensure the most accurate synchronization possible, connecting rods of different lengths had to be used. This creates a risk of confusion.




[image: Two diagrams of a mechanical system with six arms arranged in a circular pattern. The left diagram shows the arms in one configuration, while the right diagram displays a different configuration. Both diagrams include a central hub and arrows indicating rotational direction.]





Bell-Crank Lever Kinematics (Manufactured 1948–1980)







	Pitches of p = 0.8 were achieved. This significantly increased hydrodynamic efficiency.

	There are no different coupling rod lengths as with sliding lever kinematics.





	The bell cranks were difficult to manufacture and not cost-effective.

	Under heavy impact loads, such as those caused by ice or floating debris, the bell cranks and the driver in particular were at risk of breaking.

	The drive mechanism consisted of a large number of components and was too complex.





[image: Two diagrams of a mechanical system with eight arms extending from a central hub, each labeled with numbers 1 to 8. The left diagram shows a counterclockwise rotation indicated by a red arrow, while the right diagram also features a counterclockwise rotation with a similar setup.]





Crank-Type Kinematics (since 1953)







	Fewer and simpler components are used, as the linkage of all blades is connected directly to the control rod.

	The kinematics is extremely robust, as has been proven over many decades.

	The kinematics completely dispenses with sliding joints with crosshead solutions. Only pivot joints are used. This has significantly simplified component manufacturing, reduced wear, and increased operational reliability.

	Pitches of p > 0.8 are achieved, which further increases hydrodynamic efficiency.





[image: Two diagrams showing a kinematic system with six arms connected to a central hub, rotating in opposite directions. Each arm is labeled with numbers 1 to 6. A red circle outlines the system, with dotted lines indicating axes of rotation.]





Evaluation of the Individual Blade-Actuation Concepts





	The total energy required for blade adjustment across all blades during rotation is very low and cannot be undercut by any electrical, hydraulic, or pneumatic system. Since the blades are connected via the kinematics, energy is automatically fed back to those blade positions where the hydrodynamic effect brings the blades into their required angular position. The mechanical connection of the blades is ideal for this purpose.

[image: A circular mechanical component featuring multiple circular openings around the edge and a central gear mechanism. The surface is metallic with a dark finish, and there are visible bolts and intricate details in the design.]
Figure 28: Eight-bladed kinematics of the eVSP 32X8/285


	The mechanical kinematics allows for a large number of blades; currently, eight blades have been implemented.

	The positioning accuracy of the blades is high and stable over time. 

	The costs are low compared to other systems.

	The crank-type kinematics allows for a relatively large variability of the blade angle curve.







[image: A kinematic of a Voith Schneider Propeller with a central rotating gear and multiple connecting rods. It has four tall, flat legs and various cylindrical components attached, showcasing a complex design. The surface is shiny and reflective, indicating a polished finish.]
Figure 29: Servo cylinder, control rod, bevel gears, crank-type kinematics, and propeller blades of a five-bladed Voith Schneider Propeller







	Increase in efficiency

	Improvement in running smoothness

	Ability to build eight-bladed Voith Schneider Propellers

	Increase in input power relative to the blade circle diameter








The electric Voith Schneider Propeller (eVSP)— a Gearless Steerable Thruster








[image: Three illustrations of a cylindrical device with legs, showing different configurations. The first has a side tube, the second features a knob on top, and the third has a textured cap. Each device is depicted with circular arrows indicating rotation.]
Figure 30: Options for driving the VSP rotor casing with integrated thrust-generating blades: a) Use of bevel gears with a mechanical shaft, b) drive by one or more electric motors via a spur gear unit, and c) by direct integration of an electric motor into the VSP (gearless solution)





First electric Voith Schneider Propeller (1933)













[image: A technical diagram illustrating a control circuit for a Voith Schneider Propeller. The diagram includes various components such as valves, pumps, and electrical connections, labeled with symbols and annotations. The title indicates it is for a motor vessel on Lake Constance, produced by Siemens-Schuckertwerke AG.]
Figure 32: Schematic diagram of the diesel-electric VSP drive of the ‘Kempten’ with synchronizing device, 1933





[image: A technical diagram of a mechanical component, showing a cross-section view. It includes various parts such as coils, a central shaft, and two elongated elements at the bottom, likely representing pistons or similar mechanisms. The diagram is labeled with 'Voith' and 'V SP.']
Figure 33: Sectional view of an electric propeller with mechanical blade control, 1934




Second electric Voith Schneider Propeller (1956)










Figure 34: Electric Voith Schneider Propeller on the ‘Theodor Heuss’. Above: Longitudinal section. Bottom: Assembly in Heidenheim, 1956


[image: A technical diagram illustrating a circuit schematic. It includes labeled components such as motors, generators, and switches, with connections between them. The diagram is divided into sections labeled Bb-Fahrkreis, VSP-Fahrkreis, and Stb-Fahrkreis, indicating different operational circuits.]
Figure 35: Schematic diagram of the on-board electrical system of the ‘Theodor Heuss’ with an electric Voith Schneider Propeller as bow thruster, 1956




The Third-Generation electric Voith Schneider Propeller (2021)








[image: A detailed 3D rendering of a blue industrial machine with a circular copper coil and a transparent casing. It stands on four metallic legs, showcasing internal components and a motor on top.]
Figure 36: a) Electric Voith Schneider Propeller with integrated PM motor in a cutaway CAD view and b) mechanical VSP with an input shaft and bevel gears







[image: A large blue industrial machine is suspended from a crane in a factory setting. A person stands below, observing the machine. The environment features various machinery and tools in the background, with large windows allowing natural light to enter.]
Figure 37: First electric Voith Schneider Propeller with integrated PM motor, the eVSP 26X5/230, with development engineer Eszter Schmidt-Hantos, February 2021








[image: A person in blue work attire stands next to a large blue industrial machine with a black base and four metal legs. The machine is suspended by yellow straps from a crane above. The background shows a factory setting with various equipment.]
Figure 38: The electric Voith Schneider Propeller eVSP 9X5/100 with fitter Christian Aumüller, November 18, 2023


[image: A large red ship named 'Edda Breeze' is sailing on the ocean. The ship features a yellow upper deck and various equipment on top. The background includes a cloudy sky and a small sailboat in the distance.]
Figure 39: The first ship with the new eVSP 26X5/230 electric Voith Schneider Propellers, the ‘Edda Breeze’, 2022




OEBPS/Images/S_26_27_amv_VSP_LosAngeles_Fireboat_VWT_LA2-upscaled.jpg





OEBPS/Images/Bild_20_VT_VSP-OLLIS_18_NN_1.jpg





OEBPS/Images/Bild_7_2017_-_11.png





OEBPS/Images/Bild_38_VT_Edda_Breeze_22_nn.png





OEBPS/Images/Bild_6_Geschwindigkeitsdreiecke_VSP_25.png





OEBPS/Images/Bild_2_Funktion_B0080_F68816882_01.jpg





OEBPS/Images/pub.jpg
Koehler





OEBPS/Images/Bild_5_VT_Marine_VWT_FORTE_NN_TITEL.png





OEBPS/Images/Bild_1_Edda_Fram.jpg





OEBPS/Images/Bild_13_POG_aem_a205171_Kroonborg-Wagenborg_FF69225.png





OEBPS/Images/Bild_1_Edda_Fram_titel.png





OEBPS/Images/Bild_2_76-Mooring_Dolphin.jpg





OEBPS/Images/Bild_12_Pressure_distribution_2012-11.jpg





OEBPS/Images/Bild_12_VT_Marine_VWT_York.jpg





OEBPS/Images/Bild_29.jpg





OEBPS/Images/250326_OLV3764_print.jpg





OEBPS/Images/Bild_11_Thrust_variation_a_2012-11.png
/






OEBPS/Text/nav.xhtml




Table of contents





		Cover



		Title



		Copyright



		Preface



		Greetings



		Contents



		1 Selected References



		2.1 Physics and Design of the Voith Schneider Propeller



		2.2 Research and Development for the Voith Schneider Propeller



		2.3 The Voith Water Tractor, a Game-Changer in Towage



		2.4 Ship Types with Voith Schneider Propellers



		3.1 Ernst Schneider and the Development of the Voith Schneider Propeller (1894–1932)



		3.2 The Development of the VSP under National Socialist Rule (1933–1945)



		3.3 The Development of the VSP under the Occupying Powers and in the Federal Republic of Germany (1945–1975)



		3.4 VSP Development in the Service of Environmental Protection and Safety (1976–1999)



		3.5 The Dawn of the Digital Computing Era (2000–2026)



		Notes/Image Credits



		Acknowledgments



		Authors



		Back Cover















Landmarks





		Cover



		Title



		Copyright



		Contents



		Preface



		Start of Content



		Notes/Image Credits



		Acknowledgments



		Back Cover













Page List





		1



		2



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		54



		55



		56



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		136



		137



		138



		139



		140



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		159



		160



		161



		162



		163



		164



		165



		166



		167



		168



		169



		170



		171



		172



		173



		174



		175



		176



		177



		178



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196



		197



		198



		199



		200



		201



		202



		203



		204



		205



		206



		207



		208



		209



		210



		211



		212



		213



		214



		215



		216



		217



		218



		219



		220



		221



		222



		223



		224



		225



		226



		227



		228



		229



		230



		231



		232



		233



		234



		235



		236



		237



		238



		239



		240



		241



		242



		243



		244



		245



		246



		247



		248



		249



		250



		251



		252



		253



		254



		255



		256



		257



		258



		259



		260



		261



		262



		263



		264



		265



		266



		267



		268



		269



		270



		271



		272



		273



		274



		275



		276



		277



		278



		279



		280



		281



		282



		283



		284



		285



		286



		287



		288



		289



		290



		291



		292



		293



		294



		295



		296



		297



		298



		299



		300



		301



		302



		303



		304



		305



		306



		307



		308



		309



		310



		311



		312



		313



		314



		315



		316



		317



		318



		319



		320











OEBPS/Images/VT_VSP-X-Type-Standalone_Frei_21_SVG.png





OEBPS/Images/S_32__127_HADAG.png
k%%\’:ﬁ\‘.‘tih






OEBPS/Images/QR_Code25941995602009.png





OEBPS/Images/VT_Marine_VWT_FORTE_upscaled.jpg





OEBPS/Images/Bild_22_US-1823169-A_I_Einzelflugel.png
Sept. 15, 1931, E. SCHNEIDER ET AL 1,823,169

BLADE WHEEL WITH MOVABLE BLADE

Filed Aug. 9, 1928

Lrnst Schneider
Josef [lAriard
Vokznmn I(?‘et?ner

Y OV dipne

bheir Attorney.





OEBPS/Images/Bild_9_Kurven_Anstellwinkel_VSP_25.png
0O 30 60 90 120 150 180 210 240 270 300 330 360
@[]





OEBPS/Images/Bild_3_Drehachse_Horizontal_vertikal_25.png
DE

- =





OEBPS/Images/Bild_23_1_VST_A9.jpg
 S——





OEBPS/Images/S_12_13_Boxer_w-ships_Jan06_022-upscaled.jpg
LT CORTESIA
MAJURO






OEBPS/Images/Bild_23_2_VST_A10.jpg





OEBPS/Images/Bild_9_POG_aem_a205428_VSP_Arthur_Titel_neu.jpg





OEBPS/Images/VSP_Torqueo_Freisteller_F5392_002.jpg





OEBPS/Images/Bild_21_Schneider_Grundpatent_AT105723B.png





OEBPS/Images/Bild_15_Schnitt_VSP-X-Type_25.png





OEBPS/Images/Bild_7_Kurven_Fluegelwinkel_VSP_25_EN.png
e [°]

60

40

20

-60

-60

-60

30

60

90

120

150

0.8

180 210

240 270 300 330 360
@[]





OEBPS/Images/Bild_8_Verschiebung_Normalenschnittpunkt_25.png





OEBPS/Images/Bild_30_Antriebsarten_eVSP_25.png
UE oE @E





OEBPS/Images/Bild_13_sw1.jpg
Fig. 6.
Nutzbare Querschnitte bei einem Zweischraubenantrieb
und beim Voith-Schneider-Propeller.
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