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You can't pull, push! (Part 1)
Articulated buses pushing circuit
Alexander Yakubenko, Vladimir Varaksin
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Forty-five years ago, a technical revolution took place in Germany that completely changed the
concept of articulated buses. The electro-hydraulic steering angle control system in the articulation
unit made it possible to drive the rear axle located in the trailer, which made it possible to lower the
floor height, reduce the noise level in the cabin and facilitate the maintenance and repair of buses. The
new scheme quickly spread to neighboring countries, and by the end of the 20th century, 75% of all
articulated buses were produced using this scheme.
Finding the Fundamentals
In the late 1960s. in the Federal Republic of Germany, the production of standard city buses began ,
but the standardization concerned only single buses. The public transport association VÖV (Verband
Öffentlicher Verkehrsbetriebe), with the support of the German Federal Ministry for Research and
Technology (Bundesministerium für Forschung und Technologie - BMFT), has decided to expand the
standard recommendation for standard buses to include articulated vehicles. In turn, BMFT asked Otto
Schulz, the chief engineer of the Fahrzeugwerkstätten Falkenried GmbH workshops, to design a
standard articulated bus.
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In June 1968, a typical recommendation was developed for a standard articulated bus, unified with the
S series in appearance, aggregate base and nomenclature of spare parts. However, the design of the
articulated vehicles was the same - a floor engine located in the base of the tractor and a floor height
of 920 mm, which was significantly higher than the maximum allowed by standardization standards.
Despite these shortcomings, in the fall of 1968, Hamburg announced a tender for the supply of 50
articulated standard buses, the winner of which was MAN with its MAN SG 192. Following Hamburg,
German transport companies began to actively buy articulated buses of the standard S series.

German articulated buses of the early 1970s: MAN 890 UG and MAN SG 192 standard series. Despite
the external differences, their design was the same: the engine in the base of the tractor and the floor
height of 920 mm
Complaints, complaints, recommendations
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In Hamburg itself, the MAN SG 192 received a lot of complaints both from the transport company
Hamburger Hochbahn AG (HHA) and passenger complaints for two years. Its main disadvantage was
the high level of the floor, which created significant inconvenience during the embarkation and
disembarkation of passengers. During peak hours, bus intervals on the main routes increased to 8
minutes, and the increased passenger capacity did not compensate for these shortcomings. In the
opinion of the NNA leadership, it was much more efficient to put two single standard buses on the line
than one articulated one. In addition, the repair base, reoriented to servicing rear-engined vehicles
and articulated buses with an engine in the tractor base, was not designed for these buses.
In 1970, HHA approached the BMFT ministry with a proposal to develop an articulated bus with a floor
level lowered to 725 mm, as required by standardization. Its creation was entrusted to Otto
Schultz. However, HHA added its requirements to the project, according to which, in order to reduce
the cost of maintenance and repair of rolling stock, the articulated bus must have a rear-engined layout
and an aggregate base from the Mercedes-Benz O 305 bus, which made up the majority of the
company's fleet. This recommendation put the experienced engineer in a difficult situation. Even
lowering the floor level was not as difficult as moving the power unit from the tractor base to another
location in the articulated machine.
Cart ahead of horse
Otto Schulz commissioned Hilmar Feutlinske, the lead engineer of the Falkenried workshops, to design
an articulated bus with an engine in a trailer. Otto Schulz proposed the same task to his friend engineer
Kurt Gier from Schenck Process GmbH und Co. KG.
Kurt Gere was the first to present his project. His proposal was that the engine was located ... in a
trailer. In this case, the second axis remained the leading one. From the power plant, the cardan drive
passes through the articulation unit along the CV joint shaft, transferring rotation to the gearbox of
the second axle. Otto Schultz noted that such a solution only seems simple, since it is the transmission
of torque through the "bend" that creates the need to carefully study the place of passage of the cv
joint shaft through the joint unit and significantly complicates its design and maintenance. In addition,
to fully load the drive axle, it is necessary to separate the gearbox from the engine and install it in the
tractor in front of the center axle. After rejecting the unsuccessful project of Kurt Geer, Otto Schultz
instructed his team to continue to work on finding the optimal technical solution.

Kurt Geer articulated bus project with a trailer engine and a second axle drive
Push trailer
Hilmar Voitlinske was well aware that the idea of cutting off the back of a bus with an engine and
attaching it to the tractor via an articulated joint is only simple in theory. Practical implementation will
3

be extremely difficult, since it is necessary to ensure the stability of the machine on the road and
controlled transmission of traction to the rear drive axle in the trailer.
At the end of 1970, Hilmar Voitlinske went on a business trip to the United States, where he turned to
leading car manufacturers who had considerable experience in finding original technical solutions and
their introduction into mass production. Having gained access to the technical documentation, he
began to actively study it, with the greatest interest aroused by the patent of the American engineer
Knut Heinrichsen for an articulated bus with a breaking frame, developed in 1944 by order of
Boeing. The main feature of its design was a two-section body, parts of which were connected by
means of a joint assembly, which could only move in a horizontal plane to increase rigidity. The bus
was controlled by the synchronous operation of two engines located in the front and rear
overhangs. The rotation of the machine was carried out through a power steering with a closed circuit
of the hydraulic transmission and two horizontal hydraulic cylinders located on both sides of the
frame. Unfortunately, this original bus has never been used in the USA. However, the idea of a
breakable frame was widely adopted in heavy wheeled tractors and articulated dump trucks that
became very popular in the early 1970s. Having studied the operating experience of these vehicles,
Hilmar Voitlinske developed his project of an articulated bus with a rear power unit and a rear axle
drive located in a trailer. At the same time, the control of the "bend" of the articulation unit and the
stability of the bus is ensured by the installed hydraulic cylinders and power steering with a closed
hydraulic transmission loop.

Articulated bus design by Knut Heinrichsen. 1944 g.
A revolution in the world of articulated machines
In 1972, Hilmar Voitlinske demonstrated his project to Otto Schulz. Once approved, his team began
building a prototype. Within two months, we designed all technical communications and
highways. The hydraulic control system, consisting of 4 horizontal hydraulic cylinders located on the
left and right in the articulation unit, a receiver (fluid accumulator in the anti-folding system), a power
steering with a hydraulic transmission and a pump, was especially carefully worked out. However, Otto
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Schultz considered that the transfer of energy in the form of a working fluid (oil) through the hydraulic
transmission would be impossible due to large losses when overcoming hydraulic resistances, which
would lead to a sharp decrease in efficiency and impair the handling and maneuverability of the bus.
To solve this problem, the engineer proposed using an electrical circuit, since a current can be used to
transmit a signal over a significant distance, which remains constant along the entire length of the
cable, and at its end it will be converted into voltage using a high-precision shunt resistor, thus
providing control of the hydraulic system and by bus.

The basis of the articulated joint is made up of two bearings combined with each other
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An important factor in the design of the articulated bus was its length. It was necessary to calculate
the length of the body so that the stability of the machine was preserved as much as possible even
with the increasing lateral swing of the trailer. We also calculated the optimal length of the trailer
wheelbase from the articulation unit to the rear drive axle to reduce the load from the buoyancy
force. The length of the bus was chosen to be 17 150 mm, which at that time was optimal for this
design.
Studies have shown that in order to avoid deterioration of maneuverability, the rear non-steer axle
can be used on articulated buses no more than 15.5 m long. steered trailer wheels.
In addition, the rear drive axle of the trailer significantly improves maneuverability than a conventional
non-steering axle. In addition to the length, we calculated the degree of freedom of both body parts
at the angle of folding, bending and twisting. The folding angle should be no more than 46 °, the
bending angle - 8 °, the twist angle - 3 °. After some time, when designing such articulated machines,
all these calculations will become basic.
This arrangement of the power unit made it possible to lower the floor level to the 725 mm stipulated
by the standardization requirements and made it possible to significantly reduce the noise level in the
cabin, facilitate the maintenance and repair of rolling stock, since it became possible to use
components and assemblies from standard buses.
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Possible mutual positions of both parts of the bus body
Microprocessor for bus
In 1973, the project received approval from the BMFT Ministry and funds for its implementation. Otto
Schulz, together with the engineers of Robert Bosch GmbH Heinz Leiber, Armin Chinchel, Hermann
Klotz, Friedrich Kluge, began to develop an electronic bus control system. Hilmar Voitlinske took up
the development of the mechanical and aggregate base. Since the main components and assemblies
were in the rear, and the controls were in the front, it was necessary to solve the problem of laying
through the joint of communications - these are electrical cables, cables, and pneumatic and hydraulic
lines. Hilmar Voitlinske laid them in such a way that the rubber parts flex when moved with the joint,
do not sag and wear is minimal.
In March 1974, the engineers of Robert Bosch GmbH presented the KWS electronic system
(Knickwinkelsteuerung ist ein System) with the FTI 990-30-E microcomputer system based on the Texas
Instruments TMS 9900 microprocessor. A year later, Robert Bosch GmbH received a patent for the
KWS electronic system and transferred the rights to use it to the Falkenried workshops.
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The electronic KWS system ensured the stability of the bus on the road through the pressure of the
working fluid of 7 atmospheres, thus the tractor and the trailer perfectly supported each other. To
perform the maneuver, the steering angle sender, mounted on the steering column, sent a signal to
the receiver, which supplied the working fluid to the hydraulic cylinders, which ensured a steering
angle of up to 46 °. At a critical turning angle, the KWS prevented the bus from skidding and folding,
and gave a warning signal to the driver. This system controlled the transmission of traction to the drive
wheels when reversing and reduced engine speed, which prevented damage and rupture of the
articulation.

Electronic system KWS
Concept from Illiquid
In May 1975, two decommissioned Mercedes-Benz O 305 buses were brought to Falkenried's
workshops, from which a tractor and a trailer were made, and the tractor was equipped with the same
small-sized wheels as the prototype of the standard FFG VÖV-Bus II bus . At the same time, the middle
axle, thanks to the gable tires, could withstand high axial loads. In order not to complicate the already
time-consuming repair and maintenance, Hilmar Voitlinske decided not to run the cable drive for the
manual gearbox through the joint. For this, an automatic 4-speed GMD Daimler-Benz W3D 080/2 was
installed on the bus.
The bus was designed for a total passenger capacity of 113 passengers with 57 seats. After assembling
and adjusting all systems, the prototype, designated FFG-O 305G, went for testing.
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The FFG-O 305G bus being assembled at the Fahrzeugwerkstätten Falkenried GmbH workshops based
on the front and rear body parts of two decommissioned Mercedes-Benz O 305 buses. Hamburg. 1975
year
Revolutionary conservatives
After the completion of the tests on August 28, 1975, Otto Schulz demonstrated the FFG-O 305G to
the head of the BMFT Ministry of Germany Hans Matthöfer, the management of HHA and the VÖV
Association of Public Transport Companies. Despite the fact that the new model showed excellent
results, many members of the commission did not support such a concept: the conservative opinion
of the majority was based on the fact that it is more difficult to push out than to pull, therefore an
increase in the load on the joint will lead to its rapid wear, and a lightly loaded center axle will increase
risk of skidding and "folding" the bus on a slippery road.

The head of the BMFT Ministry of Germany, Hans Mathöfer (right), thanks Otto Schulz (left) for the
revolutionary design of the articulated bus. Hamburg. 1975 year
Hans Mathöfer thanked Otto Schulz for his revolutionary articulated bus design and noted that bus
manufacturers are unlikely to want to produce such a complex and expensive model.
As a result of testing the FFG-O 305G on November 23, 1976, Otto Schulz and Hilmar Voitlinske
received a patent for the KWS articulation angle control system. The experienced bus itself continued
to operate in Hamburg until its decommissioning in 1981.
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FFG-O 305 bus at the Fahrzeugwerkstätten Falkenried GmbH workshops. Hamburg. 1975 year

End of Part 1.
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Bus Mercedes-Benz O 305G
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Frondeurs in the government
Despite the shortcomings of the FFG-O 305G bus, HHA continued to negotiate with the country's
leading automakers and the German government, convincing them that the revolutionary articulated
bus design has advantages for both passengers and transport companies, and that such buses are the
future. These efforts had a positive result: in March 1977, a meeting was held between representatives
of Hamburger Hochbahn AG and Daimler-Benz AG. HHA has invited car manufacturers to acquire a
license for the KWS system and start mass production of a modern articulated bus, thereby moving
away from the dependence of third-party manufacturers such as Walter Vetter Karrosserie und
Fahrzeugbau GmbH in articulated vehicles.
In May 1977, Daimler-Benz AG acquired a license for the KWS system from the Falkenried
workshops. However, during the design of the articulated bus, Daimler-Benz engineers made
significant changes to the design of the articulated bus. Peter Capek refined the valves on the hydraulic
cylinders, and Jost Knapp designed a better and safer bellows joint and developed stabilizers for
flexible accordion curtains. To prevent passengers from falling while driving, the turntable in the cabin
was fenced with guards with handrails.
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Articulation unit, arrows indicate hydraulic cylinders
Moscow epic
The first demonstration of the new Mercedes-Benz O 305G articulated bus took place in September
1977 at the IAA in Frankfurt. Its length was the same as that of the FFG-O 305G. The bus was offered
in 3 versions: a total capacity of 184 passengers with 49 seats, 171 passengers with 58 seats and 167
passengers with 66 seats, while the passenger compartment was unified with the cabins of standard
buses.
The trial operation of the new model of increased capacity took place in almost all transport companies
in the country. At the same time, special attention was paid to driving in winter conditions, all drivers
were thoroughly instructed. The novelty pleased many, but the first company to receive the MercedesBenz O 305G was the transport company HHA, with 19 articulated buses receiving the white and red
livery for the HHA House Colors advertisement.
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The turntable is fenced with semicircular guards with handrails that prevent passengers from falling
while driving. Flexible protective curtains "accordion" manufactured by Hübner GmbH
Bus Mercedes-Benz O 305G interested in many countries around the world, including the United
States, where in the summer of 1979, one copy was sent for testing. At the end of the same year, on
the eve of the XXII Summer Olympic Games, two Mercedes-Benz O 305G buses were delivered from
Germany to Moscow, which entered the 11th bus fleet. Based on the test results, it was decided that
it was inexpedient to operate articulated buses in the USSR with a rear power unit in a trailer and drive
to the rear axle. In addition, the maintenance of the KWS system was very expensive. Both buses
operated until the summer of 1984, after which they were decommissioned. The next time such
articulated vehicles came to the capital only in the mid-1990s ...
The Mercedes-Benz O 305G articulated buses were rapidly taking over the market with their successful
homologation. Competitors were bound hand and foot by patent restrictions and local industry
standards. Hence the conclusion - if you want modernization, then liberalize the requirements for
domestic products.
By the early 1980s, Daimler-Benz became a monopoly in the market for high capacity articulated buses
with an engine in a trailer.
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Mercedes-Benz O 305G bus during operation on route No. 90 of Voykovskaya metro station - Rechnoy
Vokzal metro station. Moscow. 1979. Photo by I.E. Kiseleva
Chasing two hares
However, the Kässbohrer Fahrzeugwerke GmBH concern did not stop patent restrictions. In the late
1970s, Italian and Swiss ski transport companies offered to increase the capacity of the Serta S 215
HUL. Seeing the advantages of a rear-engined layout, Kässbohrer engineer Erich Bollinger took up the
development of a new articulated touring bus, since Setra had extensive experience in building
different types of buses.
To reduce the cost of designing and manufacturing the prototype, the engineer decided to “kill two
birds with one stone”, fulfilling two tasks simultaneously - to create a new articulated tourist bus with
an engine in the trailer, and to use the aggregate base and the range of spare parts from the serial
model Serta S 215 HUL. However, his colleague Bernd Helmer expressed doubts about the success,
saying: "We have never built such buses!" Kässbohrer, like everyone else, produced articulated pulling
machines with an engine in the tractor base.
The development of a similar KWS system as that of Daimler-Benz AG was limited by patent law and a
high price when introduced into serial production. Erich Bollinger had to find another way to control
the joint. He turned to the Schenck Process GmbH & Co. KG, with whom Kässbohrer collaborated for
many years on the development of a braking system with ABS, as well as anti-folding in articulated
vehicles. Schenck's lead engineer Kurt Geer suggested that Erich Bollinger transfer control of the antifolding hydraulic cylinders to the electronic bus safety system, which was responsible for the stability
of the articulated vehicle on the road. With the approval of Erich Bollinger, he, together with HymerLeichtmetallbau GmbH & Co. KG started to build its own Schenck electro-hydraulic system.
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Fritz Lang and Jürgen Grassmuck joint, based on Hubner's development of the standard joint
In terms of the control method, it was similar to the KWS system, but in order not to violate patent
restrictions, it was necessary to abandon a number of technical solutions, in particular, the control
system for the transmission of traction to the drive wheels during the limiting folding angle and
reversing. For the Schenck system, engineers Fritz Lang and Juergen Grassmuck developed their own
articulation joint with a maximum bend angle of 49 °, inside which there were two horizontal
cylinders. Subsequently, the design was taken as the basis for the development of the Hubner concern
of the standard joint assembly used on most buses of this type.
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Gearbox control circuit with cable drive
Since the power unit was located in the rear overhang of the trailer, Erich Bollinger commissioned
Bernd Helmer to design the laying of all communications for the bus. Fearing that the automatic
transmission would not be suitable for this design, he decided to install the classic 5-speed 5 HP 600
ZF gearbox. Together with ZF, Bernd Helmer developed its control and laid a cable drive from the
gearbox lever through the articulation unit to the gearbox. The drive itself had two main and two safety
cables to increase safety. They worked synchronously, and in the event of a break in the two main
buses, the bus could safely continue moving.

Bus prototype Setra SG 220 HUL
The beginning of a big series
In 1983, at the IAA International Exhibition in Frankfurt am Main, the Prototyp Setra SG 220 HUL
articulated bus with a length of 17.43 m based on the Serta S 215 HUL was presented. Bus with
Mercedes OM 422 A engine with 330 hp. was designed for 110 passengers, including 70 seated, at
speeds up to 85 km / h.
Serial production began in the fall of 1984 after extensive testing, and the serial car, which received
the SG 221 HUL index, differed from the prototype in the design of the front end, the Mannesmann
center axle instead of ZF and the instrument panel from the standard VÖV bus. Otherwise, it was a
classic shuttle bus from Kässbohrer. Since 1985, at the request of the customer, an automatic gearbox
Mercedes-Benz W 4 A 110 Automatic has been installed.
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Setra SG 221 HUL serial bus
In search of a standard
After the concern Gottlob Auwärter GmbH took part in the development of a standard bus of the 2nd
generation VÖV, it was decided to create an articulated vehicle on its basis. In 1980, together with the
Falkenried workshops, an articulated prototype Neoplan N 421 SÜG was developed with a length of
18 m. The bus was equipped with a Mercedes OM 407 hA 280 hp engine, which allowed it to reach a
maximum speed of 75 km / h. The total capacity of the new model of the bus was 160 passengers,
including 34 seated, with one place for a baby stroller or wheelchair in the cabin. The bus was sent to
the customer, Fischer from Lehrte in Lower Saxony, in 1981.

Neoplan N 421 SÜG bus prototype
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After the successful start of operation of articulated buses with an engine in the rear overhang of the
trailer, the largest bus manufacturers in Germany faced the problem of their high cost, and 2/3 of the
costs fell on the manufacture and installation of an articulation unit with hydraulic cylinders and an
electronic stabilization system. In order to reduce the cost of production of articulated buses, DaimlerBenz AG, Kässbohrer Fahrzeugwerke GmBH and Gottlob Auwärter GmbH have asked the Federal
Ministry for Research and Technology of the Federal Republic of Germany to develop a unified
articulated joint. In turn, the Ministry of BFMT proposed to develop a standard joint assembly for the
concern Hubner GmbH & Co.

Coupling points of Hubner GmbH & Co.
In 1985, Hubner engineers Horst J. Gumpert and Robert Koch worked with Robert Bosch to develop a
standard joint. From that time on, all German buses of especially large capacity began to be equipped
with these articulations, and new products appeared in the production program of the Hubner
concern, which eventually became one of the main ones. Starting from the production of flexible
curtains and harmonics for rail transport, as well as buses, trolleybuses and self-propelled aircraft
ramps, by the early 1990s, Hubner became the main manufacturer of joints for buses and trolleybuses
with increased capacity. Today the company's share in this market sector is 80%.
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Mercedes-Benz O 405G bus with articulation from Hübner GmbH
Back to USSR
In the early 1990s, the Hungarian plant Ikarus entered the era of the free market and lost its main
customer, the USSR, although its shares continued to be managed by the Russian Avtoexport. In
Budapest and Szekesfehervar, work continued to create unique and advanced bus models despite
financial turmoil.
In 1995, Ikarus designers, together with the Hymer-Leichtmetallbau GmbH und Co. KG and engineer
Fritz Lang create the world's first fully low-floor articulated bus, the Ikarus 417, ahead of even its
Western European competitors.
The new bus was equipped with a 300 hp OM 447 hLA engine, which allowed it to reach a speed of 75
km / h. The bus could take on board up to 170 passengers with a total length of almost 18 meters.
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The world's first fully low-floor articulated bus Ikarus 417

The joint of the Hymer-Leichtmetallbau GmbH und Co. KG
Initially, Germany became interested in the advanced model and the city of Wuppertal ordered 17
buses. However, due to a number of technical problems, it was decided to abandon their operation,
some of the buses were returned to Hungary, the rest were transferred to Greece, and one bus ended
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up in Italy, in the vicinity of Milan. After some time, Ikarus made a second attempt to return to the
market lost after the unification of Germany at the end of 1989, however, the protectionist policy of
the FRG authorities, aimed at supporting their own producers, put an end to these plans.
Launched in the mid-1970s, the pushing system has become the starting point for a new generation of
articulated machines and a new era in transport engineering. By the end of the 20th century, 75% of
the world's articulated buses were already using this scheme.

Bus chassis with rear-engined powertrain layout
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