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A Systematic Survey of the Technical Development of Hydraulic Brake Systems for Road Vehicles
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M Abstract

The first gasoline engine vehicle, the Benz “Motorwagen”, was introduced in 1886 and had an external contracting brake
in the power train unit. The Benz Vero, a four-wheel vehicle introduced in 1904 as a successor to the Motorwagen, utilized
exterior shoe brakes on its rear wheels. Exterior shoe brakes were typical vehicle brakes used around 1900. However, as
vehicles became faster and heavier, these primitive brakes could not control them well.

Around 1900, the external contracting drum brake on rear wheels was gaining in popularity in the marketplace. However,
due to concerns about it, such as tendencies for faster lining wear, brake force imbalance, and compatibility problems
between the service brake and the parking brake, the brake was gradually replaced with internal expanding drum brakes.
The servo brake (duo-servo or uni-servo brake) , which utilized the self-servo effect of the drum brake, was introduced to the
U.S. market in the 1930s. The servo brake was widely adopted and used until the late 1960s. At present, the servo brake is still
being used as a parking brake for vehicles with rear disc brakes.

Until the 1920s, brake force was transmitted from the brake pedal to the wheel brakes by a mechanical linkage, i.e.,
a mechanical brake. The weaknesses of the mechanical brake included large mechanical loss, imbalance in brake force
distribution to the wheels and difficulty of installation on front wheels. In 1917, American Malcolm Lockheed invented a
four-wheel hydraulic brake system to solve these problems. The hydraulic pressure was transmitted equally to each of the
wheel brakes, which were connected with a flexible brake hose through a brake tube. Consequently, imbalance in brake
effectiveness did not occur, and the swivel effect of the front wheels and bump impact to the wheels were avoided. The first
mass-produced hydraulic brake systems were then introduced by Duesenberg A in 1921 and by Chrysler six in 1924. In Japan,
the hydraulic brake system was planned for standard type vehicles in 1932 and put into production in 1935. This Lockheed
system was copied and implemented by the newly established companies Toyota and Nissan.

Following World War Il, the vehicle industry was revived through the Special Procurement boom provided by the Korean
War. In the 1950s, Toyota, Nissan, Hino and Isuzu launched true mass production of passenger cars based on their own
development and on technical licenses from European and/or American companies. Brake manufacturers in Japan also
contracted with European and/or American manufacturers for technical licenses in order to localize state-of-the-art production
of aluminum brake cylinders, duo-servo brakes and direct-acting vacuum boosters.

The opposed disc brake, debuted at the Le Mans auto race in 1953, gained in popularity and was adopted mainly by
sports-type vehicles in Europe. In the 1960s, besides the opposed type, the frame-type and fist-type floating disc brakes
were developed and soon after, brake manufacturers in Japan implemented these technologies on Japanese OEM passenger
vehicles. The duo-servo brake was used widely in the 1960s, but it was rapidly replaced by the disc brake, which had more
stabilized braking performance under high-speed conditions. In general, the disc brake has better braking stability but is not
significantly more effective than the drum brake. To use the disc brake, installation of the booster became popular to obtain
greater output force. By 2000, disc brakes had been adopted on 100% of front brakes and at present, disc brakes are used for
75% of all rear brakes.

Around 1965, Ralph Nader’s vehicle safety initiatives aroused the grassroots civil rights movement in the U.S.. Consequently,
many people were paying more attention to vehicle safety. As a result, technological improvements to brake systems
moved forward, resulting in the dual circuit brake system, brake failure indicators, proportioning valves, etc.lt is noted that
the number of Japanese vehicles being exported to the U.S. was rapidly increasing at this time, and international trade
interference was raised by the expansion of vehicle exports. At the same time, from a technical point of view, major problems
occurred in North America such as corrosion on disc brakes. The corrosion was caused by the application of rock salt, a snow-
melting agent scattered on roads around the Great Lakes to prevent icy conditions during the winter season. While this
problem occurred not only on Japanese vehicles but also on American and European vehicles, Japanese manufacturers were
the first to take action to seek a solution. However, the advanced solution that European manufacturers found, the complete
sealed slide design, became the most popular one and even now is being used in Japan.

The antilock brake system (ABS) , which is not specifically mentioned in this report, was introduced in 1971 and almost
all vehicles now sold have ABS. This popularity of ABS has greatly influenced total braking system design as well as master
cylinder structures. Furthermore, more advanced devices such as the electronic stability control (ESC) system and electronic
braking force distribution (EBD) system make it unnecessary to use proportioning values.

This report provides an historical review from the technical point of view, mainly of the hydraulic brake in Japan combined
with the evolution of global automotive technologies as well as influences by regulation and marketplace requirements.
Relevant aspects omitted from this report, including electronic brake systems such as ABS, brake systems for large trucks and
motorcycles, and friction materials that are a part of vital brake components, will be reported on in the future.
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DENWIRULIAFILETHD,

ERA—RE2ATD
o A—NILT

O

(X621 ABS B3 & L THflcRaseE iz Co/V (P) B TMC
(Km BT 8 EriR )

1990 FRFBEITIZ, BSTHUFaI—42—%FAL
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DOV —LRAIZI D IR, BEH AR RE
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BREINFZENICIHAKRE T 54 FEBNRUT 1w
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9 T L—XICEJ HEERFE (5 1908/14,901) A&
Stz SOTARY TL—XXEBMDT 4 XY
DHIEED 360 E, £FZ) VT RITEE>TWLSY
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