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1.0 INTRODUCTION

This report was developed as the result of an effort conducted by Advanced
Technology, Incorporated to perform a world-wide 'survey of new technological
concepts which might offer the potential for improving the operational and hydro-
dynamic capabilities of advanced amphibian vehicles. The survey, particularly the
foreign sources part, was conducted principally through the use of the mail service.

1.1 BACKGROUND

The Marine Corps pioneered the development of a doctrine during the 1930s
which is the foundation of the United States' capability for the projection of combat
power ashore through amphibious assault., During the 1940s, with World War O serv-
ing as a catalyst, the basic elements of amphibious warfare were refined. In addition
to a significant doctrinal evolution, one major equipment improvement occurred: the
amphibious LVT was introduced for ship-to-shore movement of assault troops, their
equipment, and supplies. The LVT also provided assault forces with a capability to
move inland from the initial landing sites.

Following World War II, a new, more efficient vehicle was developed by the
Bureau of Ships, using the LVT3 as the design basis. This vehicle, designated as
LVT3C, was equipped with an armor cover over the cargo compartment which was
opened easily, but which did not interfere with cargo handling. In addition, a small
turret equipped with a machine gun was fitted to the vehicle. These early LVTs
suffered from marginal waterborne performance because of poor hydrodynamic effi-
ciency.

In the latter part of 1950, the Bureau of Ships initiated a program to develop a
new family of standardized advanced design LVTs. This new vehicle, the LVTPS5, was
a much larger and heavier vehicle than any of its predecessors of World War II, with
greater cargo and personnel carrying capacity. Overall land and waterborne
performance was superior to that of previous LVTs, although only marginal gain in
water speed was achieved.

The LVTP7 was born out of a Marine Corps requirement initiated in 1964, (for
which Concept Formulation/Contract Definition contracts were awarded to two




firms) for an improved Assault Amphibian Vehicle to replace the aging LVTP5Al1
family of vehicles. The contract to design, develop, and fabricate prototypes incorpo
rating the latest technology and refinements in all vehicle system areas was awarded
in early 1966. The vehicle, constructed primarily of aluminum, was lighter and
smaller than the LVTP5. The specifications also called for greater land and water
performance, better maneuverability, reduced fuel consumption, greater reliability,
among other requirements, and all at reduced production and operating costs.
Compared to its predecessor, the LVTP7 has one-half the horsepower, and yet, is
approximately 20% faster in the water. Increased water speed was achieved by a
narrower and somewhat more streamlined hull form and by the use of water jet
propulsion which also improved maneuverability and control.

Amphibious vehicles throughout their history have been developed on an evolu-~
tionary basis, incorporating relatively minor improvements in vehicle capability, by
using technology and components that were fully developed at the time. Amphibians
and other combat vehicles currently undergoing concept development or being
proposed for future development appear to offer only marginal improvements in
capabilities, performance, and mission effectiveness. If signifieant improvements in
vehicle performance and combat effectiveness are to become a reality, innovative
concepts, in addition to substantial product improvements in materials, components,
and subsystems, must be developed and applied to military vehicles. Unique system
concepts, designs, and approaches and spinoff or technology transfer from industry,
military, and other Government agencies (e.g., NASA), which could be used toward
achieving the desired amphibian performance goals, must be identified and developed

to assure success prior to vehicle concept development.

1.2 DATA SEARCH

Application was made to the Defense Documentation Center for appropriate
bibliographies. The bibliographies were received and a large number of the docu-
ments listed in Appendix A were reviewed for technology leads. Another part of the
research effort was conducted as a mailing campaign to private industry and was
followed up by telephone calls, when required. Of the 93 letters posted, 13 responses
were received. The responses are inciuded in Appendix B. As a result of a visit to
the U.S. Patent Office, copies of numerous patents relating to amphibian vehicle and
marginal terrain vehicle technology were obtained and are included in Appendix C. In




some cases, only telephone contacts were made and a list of those contacts is in
Appendix D.

1.3 FINDINGS

The major finding is that there is nothing of a revolutionary nature that could
be applied, at this time, to an advanced amphibian to improve its performance
significantly. However, major improvments in vehicle performance are likely to be
achieved through the use of new lightweight materials and new designs of suspension
system components such as th:2 hydropneumatic suspension unit.

Of the nearly 100 amphibian vehicle related patents examined at the U.S.
Patent Office (most of which are deseribed in Appendix C), only the following three
offered even a slight hope that they might be useful to amphibian developments: the
Amphibious Air Track, page A-39; the Ground Traction Device, page A-46; and the
Shock Absorber Wheel Hub, page A-52. The remaining patents in Appendix A are
included as evidence of the paucity of assualt amphibian technology ideas of an
innovative and useful nature.

A potential mechanism for improving power conversion efficiency is a new
traction device concept, being developed by NASA, which promises to reduce noise,
weight, and unit complexity. It is called the NASVYTIS Traction Drive and is de-
seribed in Appendix B. NASA has tested the devices in sizes from 30 horsepower to
500 horsepower and 3.25-to~1 to 48-to-1 reduction ratios. Although the device is only
a speed reducer at present, it potentially could replace gears in transmissions for
tracked vehicles,

A common characteristic throughout the industrial vehicle technology com-
munity was the apparent lack of interest or even moderate effort being applied to the
solving of hydrodynamic or mechanical problems already known to exist with existing
amphibian vehicles, as well as developmental problems likely to be associated with
future amphibians.

Within the past year, the University of Michigan College of Engineering has
established the Office for the Study of Automotive Transportation (OSAT). The
objectives of OSAT are to provide a focus for the automotive industry's major prob~-




lems, both technical and non-technical, and to enhance interaction between industry
and Government groups.

1.4 CONCLUSIONS

The trend of amphibian vehicle developments has been evolutionary since the
vehicle's inception, and the projected trend continues to be of an evolutionary nature.
One of the major causes of such an evolutionary process is the lack of a strong pro-
ponent, in industry, for the development of advanced technologies which are focused
on amphibian vehicle mission requirements. As a result of efforts to uncover new
technology that could be applied to an amphibian, this investigation has concluded
that the main reason for a lack of industry interest is the lack of Government incen~
tives for industry to be more agressive and innovative in the advancement of tech-
nology for use in the development of advanced amphibian vehieles. The production
runs for the unique Marine Corps amphibian are not very large nor do they run for
extended periods, as is the case with some other large military vehicles,

In view of the high operational payoffs offered by vehicle weight reduction
efforts, a major project should be undertaken to examine not only lightweight ma-
terials and systems but also a combination of lightweight materials and improved
armor. Armor systems other than monocoque construction with 5083 aluminum may
offer significant reductions in hull weight and improvements in ballistic protection.
Use of Kevlar as a blanket liner for suppression of spall and fragmentation is seen as
one of the most significant improvements that should be considered. Use of harder
materials, such as 4340 steel/5083 aluminum composite plate, to defeat the AP
threat on the sides of the vehicle would reduce the weight of these hull plates.

Within the hull and frame subsystems, two areas appear to offer the greatest
payoff: the hull form; and the type of armor material. Further development in these
areas may offer improvements in the performance of the vehicle which outweigh the
costs incurred to incorporate the new concepts. Emphasis should be placed on
developing a hull shape which will cause the vehicle to maintain a positive dvnamie
trim while underway and prevent water from covering bow and obscuring the driver's

vision.

Very few areas for payoff exist as a result of development of the marine drive




subsystem. The possibility exists for development of a new waterjet which would be
more applicable to an advanced amphibian. The design goal should be aimed toward
development of a waterjet with low weight, small size, high efficiency, and a high
degree of control.

1.5 RECOMMENDATIONS

The following actions should be taken to advance, appropriately, the technology
base needed to support the development of a cost-effective amphibian for the 1995-
2000 time period:

1. A major program, such as the Marine Corps Surface Mobility Exploratory
Development Program, should be tasked to initiate actions which would provide
incentives for industry to push technologies that offer high payoffs for an amphibian
vehicle of the future.

2. A major and coordinated effort should be devoted to the development of
lightweight materials, including armor, which can be applied to amphibians in order
to enhance, significantly, their mobility effectiveness and survivability.

3. Hull shape design efforts should provide for a positive dynamic trim while
underway.

4, An advanced waterjet should be developed which has a low weight, small
size, high efficiency, and a high degree of control.

3. University research centers, such as Michigan's Office for the Study of
Automotive Transportation, should be investigated as potential high-risk/high-payoff

contributors to the objectives of Marine Corps amphibian vehicle programs.
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AD Number

AD 689 057

AD 857 588

AD 754 831

AD 769 743

AD 779 550

AD 886 165

AD 881 357

AD 890 381

AD A047 784

AD 857 588

AD 858 222

AD 859 719

Sub Heading

System Description

Feasibility and Prelimi-
nary Design Study

Support of Riverine
Operations

Trafficability Test

Design Construection
and Testing

1/4 Ton Floater/
Swimmer

The Problems of Off-
The-Road Mobility

Development of Improved

Transfer Line-Barge

A-2

Report Title and Author

High Speed Wheeled Amphibians, A Con-
cept Study: Clifford J. Nuttall, Jr.

Preliminary Studies of a Wheel Pump for
the Propulsion of Floating Vehicles:
Robert 1. Ehrlich, C.J. Nuttall, Jr.

An All-Terrain Amphibious Vehicle: LS.
Blalock

Amphibious Vehicles: A.P. Stepanov

Mathematical Model of Wheeled Vehicles
Exiting from the Riverine Environment:
Peter M. Jurkat

An Analytical Model for Predicting Cross-
Country Vehicle Performance.

Appendix D. Performance of Amphibious
Vehicles in the Water-Land Interface:
Claude A. Blackmon, Beryle G. Stinson
Jack K. Stoll

Engineering Design Handbook; Wheeled
Amphbians: No author listed

A Review of the Status of Air Cushion
Technology including Suggestions for a
Canadian Research and Development
Program: P.A. Sullivan, R. Placek, Peter
M. Jurkat

The BMP Equipped Motorized Rifle Bat-
talion in the Offense: Richard S.
Kosevich

A Critical Review of Vehicle Tests in
Thailand and Their Relevance to Austria-
lian Military Ground Vehicle
Requirements: N.J, Munro

The Shock Resistance of Various Light
Construction Intended for Increasing the
Shock Strength of M-113 Vehicles: . R. U.
Jongenburger

Limited Trafficability Tests with Major/
Minor Wheel Vehicle Equipped with
20x14x10 Tires: Robert P, Smith

s A e

e R TTT

T

it aanbie oo 8




AD 512 558

AD 697 160

AD 706 234

AD 691 724

AD 695 671

AD 473 279

AD 872 657

AD 990 505

AD B003 601

AD 473 144

AD 637 843

AD 667 251

AD 801 964

AD 476 158

AD 641 119

AD 664 693

AD 423 539

AD 423 540

Development of Tanks

Test Vehicle

USAMERDC-1949

Production and Com-
parison Tests

Production

MTP-2-3-035

Material Testing

Endurance Test

Design

Design

Design

Design

Drag

Drag

Hydrodynamics

Menueverability

Meneuverability

Mobility and Vehicle System Require-

ments for Future Amphibious Forces:

George M. Brinton; Vietor J. Croizat

Studies of Off-Road Vehicles in the Rive- r
rine Environment. Volume II. Analytical
Method for Egress Evaluation: D, Sloss,
I.R. Ehrlich, G. Worden

-

Studies of Off-Road Vehicles in the

Riverine Environment. Volume IIl. Asso-

ciated Environmental Factors: [.R. Ehr-

lich, R. G. Kolb, D.A. Sloss,

L.M. Corridon [

Study of an Electrically Propelled, High
Speed Air-Cushion Amphibian: Dietrick J.
Roesler !

Wheeled and Tracked Off-The-Road High-
Mobility Vehicles L.I. Selivanov l

Assault Amphibian Personnel Carrier
LVPTX12, Vol II. Program Plan and Man-
agement: No author listed

Landing Vehicles, Wheeled and Tracked:
No auther listed

«MTP T&E of Military ground and amphi-
bious vehicles...

Planning Ski Conversion to Stand-off
armor

Development of Plenum Air tread Amphi-
bian (PATA)

Design of Wheeled Vehicles

A Parametric Study of High Speed Sup-
port Amphibian

A Review of Current & Future Amphibian
Surface Vehicles Vol. 1 Vehicle Review

Devices for reducing the Hydrodynamic
Resistence of Amphibian Vehicles

Drag Studies of Coupled Amphibians

Hydrodynamic Research on Box Type
Amphibians

Project Wheeltrack I Vol II

Project Wheeltrack I, Vol I

A-3




Composite Material

Surface Effect Vehicles

Inspection Comparison

Cost Effectiveness

AD Number  Sub Heading
AD 906 452L Reviews
AD 911 552L
AD 916 000L
Arctic Region
AD 914 033L  Engineering Test/
Arctic Phase
AD 883 831L
AD 502 776L
AD 885 604L, USSR
AD 914 295L

AD B028 676L

AD 502 972L

AD 921 789L

AD 501 033L

AD 877 159L

AD 852 213L

Amphibious Vehicles

Operations

Design

Evaluation

Vehicle Development

Study of Amphibious
Logistics

Environmental Test

Report Title and Personal Author

Air Cushion Vehicle; Selection from VDI
Nachrichten: John Bentley

An Amphibious Cross-Country
Vehicle: Fred Klevenow

Arctic Surface Effects Vehicle Program,
Volume 11. Summary: H.K. Hite

Arctic Surface Effeet Vehicle Program,
Volume 6, Task 2.1.5 Powering Systems:
Hurden, Dennis, Jofre, J. Ricardo, John L.
Allison, Thornton, C. Wilford, H.K. Hite

A Brief Summary of Foreign Vehicles
Tested by USATACOM; Edward H.
Czajkowski, Jr.

Cost/Effectiveness Study for the Mech-
anized Fighting Vehicle: Mary Kay
Valsoano, Warren W. Wells

From the "Russo-Balt" to the 60 PB
(I1): K. Miede

A Fully Amphibious Swedish Light Tank:
Klwvenow

Independent Evaluation Report of

Swedish BV202 and BV206 Small Unit
Support Vehicle (SUSV) Carrier, Cargo,
Amphibious, Articulated, Tracked 1-1/4
Ton: Gerald J. Schueler

Intensified Confirmatory Test of the
General Sheridan M551 AR/AAV: WH.
Warren

The Marine Corps Wheeled Vehicle inven-
tory (1975-1984): John Toben, Richard E.
Manuel, Richard D. Myers

Mechanized-Infantry Combat VEhicle
(MICV70), XM723: Mich Warren

Military Potential and Mobility of the
Amphibious Infantry Support Vehicle
(AISV): Jack A. Simmons, L. J. Tremblay

Military Potential Test of Boat, Shallow
Draft, Air-Propelled: Donavon F. Woos-
ter




AD 822 115L

AD 904 438L

AD 856 457L

AD 910 335L

AD 870 227L

AD 913 007L

AD 859 292L

AD 876 604L

AD B011 992L

AD 902 131L

AD 520 594L

AD 520 593L

AD 911 551L

AD 923 407L

AD 502 969L

AD 505 525L

Preliminary Studies

Evaluation

Environmental Test

Mobility Environment
Research

Study of Amphibian
Logisties

Mobility Engineering
Research

Trafficability

Transport Cargo
Vehicles

Sandwich Construction

Coordinated Engineering

Service

Coordinated Engineering

Service

Reinforced Plastics

Military Vehicles

Mobility Study

Strategic Warfare

A-5

NATO Methods for Surmounting Water
Obstacles: Hasso, Erb

Performance and Durability Tests
XM701 (MICV065) Prototype Vehicle
E. J. Rupnick

Product Improvement Test of Carrier,
Command and Reconaissance, Armored,
M114A1 Under Desert Conditions: Mich,
Warren

Proposed Method for Determining Mobil-
ity of Vehicle and Motorized Units on the
Road and Cross-Country: S. Areshoug

Simulation of Electric Drive Vehicles:
Robert M. McKechie

Solo.750 - The First German Amphibian
Vehicle: Hasso, Erb

The Soviet 4 x 4 (8x8) Armored Truck
BTR~40P. The Next Generation of Armor-
ed Vehicles: Trans. of Soldat and Technik

The Soviet 8x8 Armored Personel Carrier
BTR~60P: Safir

Special Analysis of High Mobility Vehicles
Author not listed.

Synthetic = Amphibious  Cross-Country
Vehicles: A Material Study by Messers-
schmidt~Beolkow Blohm: Hasse, Erb

Vehicle Classification: S. F. Torok, V.A.
Formica

Vehicle Classification Manual: S. F.
Torok, W. A, Formica
A Vehicle Made of Plastic: Trans for

Soldat and Technik

Wheeled Vehicle Follow-on Generation
Ernst Ferber

A Mobility Study of Four Vehicles: John
N. Andrews, Jr.

Application of the Surface Effect Vehicle
to the Strategic Strike Force Mission:

DTS




Westwood Research, Inc. and Rosenblatt
(M) and Son.

AD 688 965 Problems of Off-The- Studies of Off-Road Vehicles in the
Road Mobility River ine Environment. Volume I, Perfor-
mance Afloat I. R. Ehrlich, 1.O. Kamm, G.
Worden
AD 867 755L PTS-M Soviet Amphibious Truck: Peter
O. Safir
AD 868 240L. Marine Surface Pro- Waterjet Propulsion Kit for MI113-Al
pulsion Armored Personnel Vehicle: P. N. Baxter
AD 881 147L  Modern Amphibians The French "Gillois" Stream Crossing

Vehicles. Modern Family of Amphibious
Engineer Vehicles: PeterSafir

AD 894 957L  Plastic Amphibious Vehieles Made of Plastic:
Fest

AD 900 362L  Shrouded Propellers Sprocket-Driven, Nozzle-Propeller
Propulsion Systems Performance Tests on
Mechanized Infantry Combat Vehicle:
F.C. Whaley

AD 900 363L  Shrouded Propellers Waterborne Performance Test of Mechan-
ized Infantry Combat Vehicle, SM701E1
with Nozzle-Propeiler Propulsion. Devel- ‘
opment of Bow-Wave Suppression De- ;
vices: W. Flannery, F, Whaley !

AD 905 175L The Infantry Cannon Vehicle 91: Hans
Ulfhielm

AD 909 924L Arctic SEV Program: Author not listed

AD 914 386L. Coordination Water Performance Tests of the BTR-50
pu Armored Personnel Carrier: David A.
Sloss

AD 915 801L  Surface Effect Vehicles Arctic Surface Effect Vehicle Program.
Volume 9. Task 2.2.10(A) Surface Traction
System: Douglas D. Joyce, Jr,

AD B006 271L Armored Reconnaisance Vehicle (Model)
2.: Hasso
AD B013 724L The "Transportapanzer 1" A New German

Six-Wheel Multi-Purpose Armored Ve-
hicle: Hasso, Erb

AD B014 708L Operations Produet Improvement Test of Landing
. Vehicle, Tracked, Assault, Amphibian,




AD B020 788L
AD 872 657L

AD 473 347L

AD B019 863L

AD 818 615L

AD 423 538L

AD B002 767L

AD B021 147L

AD B011 992L

AD B008 651L

AD B008 652L

Military Requirements

Test Methods

Amphibious Vehicle
Sleds

Amphibious Cargo
Carrier

Infantry

Meneuverability

Landing Vehicle Assault

Personnel Carrier, LVTP7 (Modified) E. F.
Northon

Military Off-Road Vehicles: Arnost, Farka

Landing Vehicles, Wheeled and Tracked:
No author listed

Potential Test of Amphibious Sled: No
author listed

New Armored Transport Vehicle

Military Potential & Moiblity of
Amphibious Infantry Support Vehicles.

Project Wheeltrack I, Vol I

Landing Vehicle Assault Technology
Mechanized Infantry Combat Vehicle
(MICV), XM723 Systems, Operational Test
1I, Vol. I

Special Analysis of High Mobility Vehicles
(HMO)

U.S. Army Trans-Hydro Craft Study 1975-
1985 Executive Summary

U.S. Army Trans-Hydro Craft Study 1975-
1985 Main Report
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LIST OF TELEPHONE CONTACTS

Firm Contact Telephone Number
ALCOA Aluminum B.F. Holcombe (804) 788-7541
AM General R. Johnson (313) 493-3000
Bell Aerospace J. Cannon (716) 297-1000
Caterpillar Tractor J. Dennis (309) 578-6071
FMC R. Naulk (408) 289-3086
Grumman Aerospace W. Aubin (516) 575-2233
Lockheed Aerospace Dr. Tietz (415) 494-5678
National Waterlift W. White (615) 345-8641
Rockwell International R. Margolis (313) 435-1983
Troy Continental Motors E. Blackborne (616) 724-2812

D-2




National Aeronautics and
Space Administration
Lewis Research Center

Cleveland. Ohio
44135

.
NP SR WIIPS VP

2612 \ October 5, 1979

'ﬂep'y to Ann of

Mr Costa Brown

ADTECH

7923 Jones Branch Drive
Suite 500

McLean, VA 22102

Dear Mr. Brown:

Thank you for your inquiry of October 1, 1979. With regard to our research on
the NASVYTRAC multiroller traction drive, I have enclosed the first
NASA technical report on its evaluation and some additional illustrations.

The photograph illustrates the range of sizes of units that have been
built and tested. The smaller of the two drives in the photograph is

a 30 HP turbopump test drive having a 3.25 to 1 ratio and an input speed
of 95,000 rpm. It weighs nine pounds. This unit was designed for the
liquid hydrogen boost pump on a rocket engine. The larger test drive
transmits 500 HP, has a ratio of 48 to 1l and an input speed of 53,000 rpm.
It weighs 210 pounds.

A derivative of the test unit reported in the enclosed NASA TP was
retrofitted to a Chrysler automotive turbine engine in place of a helical
gear set. A schematic of the installation is enclosed. The drive
performed well in this application. We are now in the process of putting
together another report on this test program. I have also enclosed a
cross-section and closeup of the NASVYTRAC assembly showing the key
elements.

With regard to your 600 HP engine application, it is difficult to furnish
the data you request without knowing more of the specific requirements,

such as input/output speeds, peak torque loading, service life requirements,
expected duty cycle, installation envelope, the type of engine, etc.

However, let me point out that we have studied the possibility of using
NASVYTRAC drives on systems ranging from a 25,000 hp destroyer propulsion
drive down to a 100 watt high speed vacuum pump unit. In most of these
cases, we have felt that the NASVYTRAC offered certain performance advantages
over conventional gearing.

- Enclosure (4)
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In summary, the NASVYTRAC drive seems tu irave promise from a noise,
spced ratio and weight to power ratio standpoint. The drive functions
as a large roller bearing, so that a high speed shaft can be supported
with only one additional bearing with good stability.

We at NASA believe that this transmission has a significant role to play

in future industrial and aerospace drive train applications. If you have
any additional technical questions or comments, we would be most happy

to address them. For information concerning a possible future

application, we would suggest that you contact Mr. Richard C. Klein,

NASTEC, Inc., 1700 Ohio Savings Plaza, 1801 East Ninth St., Cleveland, Ohio,
44114, telephone (216) 695-5157.

Sincerely,

St Frendtdl

Stuart H. Loewenthal
Project Manager

5 Enclosures
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Technical Paper 1378 Technical Report 78-36

Performance of a Nasvytis
Multiroller Traction Drive

Stuart H. Loewenthal

Lewis Research Center, Cleveland, Obio

Neil E. Anderson

Propulsion Laboratory, AVRADCOM Research and Technology Laboratories
Lewis Research Center, Cleveland, Obhio
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SUMMARY

Parametric tests were conducted on a high-speed, 14.7-to-1 fixed-ratio Nasvytis
Multiroller Traction Drive. The test drive was arranged in a single-stage, planetary
configuration with two rows of stepped planet rollers contained between the concentric
sun and ring rollers. The drive was equipped with an automatic roller-loading mech-
anism that maintained a constant design traction coefficient. Two drives were tested
concurrently in a back-to-back arrangement - one functioning as a speed increaser,
the other as a speed reducer. A synthetic, cycloaliphatic traction fluid was the test
lubricant. Test parameters included nominal sun-roller speeds to 73 000 rpm and in-
put power levels to 127 kW (170 hp). Three design traction coefficients - namely,
0.039, 0.048, and 0.057 - were tested by varying the geometry of the automatic roller-
loading mechanism.

Both the speed increaser and reducer operated smoothly and efficiently through
the full range of test conditions. A nominal peak efficiency of 95 percent was measured.
Transmission efficiency increased with the applied torque but varied relatively little
with changes in operating speed. Varying the design traction coeffici:nt had a relatively
small effect on efficiency, creep rate, or operating temperatures. However, with a
traction coefficient of 0. 057, both drives showed signs of impending slip at high torque
and sun-roller speeds greater than 57 500 rpm. Both test drives exhibited good speed
regulation, with speed efficiencies greater than 98.4 percent.

INTRODUCTION

The development of practical, cost-competitive traction drives for a variety of
commercial applications, from machine tools to automotive transmissions, is a rapidly
expanding field. Although presently about a dozen companies in the United States mar-
ket traction drives (ref. 1), their widest acceptance has been in Europe, where thou-
sands are in commercial service. Interest is also remarkably high in Japan and the
Soviet Union. The majority of these commercial drives are limited to light-duty ap-
plications, less than 11 kW (15 hp) (ref. 1).

Because of the high contact stresses associated with high power transfer, many
of these traction drives must be unattractively large in order to meet reasonable in-
dustrial service life requirements. Progress is being made in developing more com-
pact drives by using cleaner vacuum-processed bearing steels with greater fatigue re-
sistance and traction lubricants with improved tractive properties (ref. 2).




Traction drives combine the potential of smooth, quiet, highly efficient (> 90 per-
cent) power transfer and reliable operation at extremely high speeds (>110 m/sec
(20 000 ft/min), ref. 3). Unlike power transmission with gear teeth - which, even
when perfectly machined, will generate significant torsional oscillations as the load -
transfers between teeth - power transmission through traction is inherently smooth
and quiet. The tangential compliance of the thin elastohydrodynamic lubricant film be-
tween contactiiig rollers, together with the elastic compliance of the rollers themselves,
provides an effective damping action to further reduce vibrational disturbances. Be-
cause of their smooth power-transfer characteristics, traction drives often prove to be
a cheaper and quieter alternative to high-speed, high-precision planetary gear sets.

An example of this is given in reference 4, which reports the design and construction

of a simple planetary traction speed reducer. It was designed to replace a precision :
planetary gear set for a 50 000-rpm pneumatic head on a vertical grinder. The traction
drive was not only quieter and smoother running, but also less expensive to manufac-
ture.

Although the concept of power transfer by traction appears, in principle, to be I
straightforward, the physical mechanisms involved and the proper design criteria to be
followed are not well established. The interaction of the lubricant with the nonideal
(rough) roller surfaces under the combination of high contact pressures and high lubri-
cant shear rates is extremely difficult to model analytically. For the most part, prac-
tical design information for traction contact has been empirically obtained on a partic-
ular contact geometry for a specific range of test conditions.

Some of the earliest investigations into traction contact phenomena as they relate
to traction drives were conducted by Lubomyr Hewko (refs. 5 to 7). Hewko obtainec 4
traction and efficiency performance data for roller contacts of several geometries over |
a wide range of operating conditions for several lubricants (ref. 5). He varied such
parameters as rolling velocity, normal load, temperature, and speed ratio (ref. 5).
Hewko later extended much of these data to roller contacts that operate at very high
surface speeds (to 127 m/sec (25 000 ft/min)) (ref. 6). Much of this test information
served as a data base for the construction of several fixed-ratio, simple planetary
traction drives. One of these planetary traction drives, of 3. 5-to-1 ratio, was tested
against z planetary geared drive of similar size, ratio, and power capacity (ref. 7).
The planetary traction drive had significantly higher pari-load efficiency and a lower
noise signature than the comparable planetary geared drive.

Generally, a single-stage, simple planetary traction drive has a practical speed-
ratio limit of about 7. Above this speed ratio the size of the sun roller relative to the
ring roller becomes so small as to unfavorably overload the sun-roller contact for ap-
preciable power transfer. A remedy to the speed-ratio limit of single- stage planetary
traction drives was devised by A. L. Nasvytis (ref. 3). His drive system uses the
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sun and ring rollers of the simple planetary traction drive; but, instead of a single row
of constant-diameter planet rollers, Nasvytis substituted two or more rows of "stepped"
(or dual diameter) planet rollers. With this new "multiroller”" arrangement, practical
speed ratios as high as 150 could be obtained in a single stage with three rows of planet
rollers. In addition to the immediate size, weight, and simplicity benefits of a high~
ratio, single-stage drive, the Nasvytis Multiroller Traction Drive also minimizes the

‘ . need for bearings by restricting their use to only the last row of planet rollers and

; either the ring or sun roller.

In reference 3, Nasvytis reports the test results for several versions of his multi-
roller drive. The first drive tested was a 373-kW (500-hp) torpedo drive of three-
planet- row construction with a reduction ratio of 48.2 and an input speed of 53 000 rpm.
The outside diameter of the drive itself was 43 em (17 in.), and it weighed just 930 N
(210 1b) with a lightweight magnesium housing. It demonstrated a mechanical efficiency
above 95 percent with sun-roller surface speeds greater than 86.4 m/sec (17 000 ft/min,
ref. 3). To investigate ultra-high-speed operation, Nasvytis tested a 3.7-kW (5-hp),
three- row, 120-to-1 ratio speed increaser (ref. 3). The drive was preloaded w"d op-
erated without torque at 480 000 rpm for 15 minutes and ran for 43 consecutive hours
at 360 000 rpm without lubrication but with air cooling. Two back-to-back drives were
operated for 180 hours at speeds varying from 1000 to 120 000 rpm and back to
1000 rpm. They transmitted between 1.5 and 2.2 kW (2 and 3 hp, ref. 3). Another
3.7-kW (5-hp), three-row speed increaser, with a speed ratio of 50, was tested for
more than 5 hours at the full rated speed of 150 000 rpm with oil mist lubrication and
air cooling. It successfully transmitted 3.7 kW (5 hp) at 86 percent efficiency (ref. 3).

Smooth, quiet, high-speed operation are inherent qualities of the Nasvytis Multi- i
roller Traction Drive concept. These qualities make it attractive for high- ratio speed
reducer applications such as those associated with high-speed, gas-turbine prime
movers.

The research reported herein was conducted to determine (1) key operational and !
performance factors of a high-speed, high-ratio Nasvytis Multiroller Traction Drive, i
such as drive efficiency, roller creep, lubrication requirements, temperature distri-
bution, and roller cluster stability and (2) the effect of design traction coefficient on
these operational characteristics over a wide range of speed and torque. Parametric
tests were conducted on a back-to-back transmission test stand with 14. 7-to-1 fixed-
ratio Nasvytis Multiroller Traction Drives. Test parameters included speeds to
73 000 rpm and input power levels to 127 kW (170 hp). A synthetic, cycloaliphatic trac-
tion fluid was used as the test lubricant.
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TEST DRIVE, TEST STAND, AND PROCEDURE
Test Drive

The Nasvytis Multiroller Traction Drive tested in this study is shown in figure 1.
The test drive is a single~stage planetary configuration with two rows of five stepped
planet rollers contained between the concentric sun and ring rollers. Either the sun
or ring roller may act as the input or output member. Reaction torque is carried to
the housing by a pair of rolling-element ball bearings installed in the second (outer) row
of planet rollers. The first (inner) row of planet rollers and the sun roller require no
bearings, so that the number of total drive bearings is greatly reduced. The reaction
torque bearings are located in the optimum position, the outer planet-roller row, where
the reaction forces and operating speeds are relatively small. The ring-roller assem-
bly is positioned by its contact with the second row of planet rollers and is splined to
the low-speed input-output shaft.

Because the planet rollers in the test drive are the three-point contact with adja-
cent rollers, the roller cluster has a high degree of stability: The first row of planet
rollers and the second row of planet rollers (to the extent of bearing internal clearance)
will shift under load until a nearly ideal force balance is established. Consequently,
slight mismatches in roller dimensions, housing distortions under load, or thermal
gradients will have little effect on drive performance other than to cause a slight change
in roller orientation. From a roller manufacturing standpoint this roller cluster flex-
ibility will accommodate rather crudely matched rollers. Differences between contact-
ing roller diameters as great as approximately =0, 02 mm (+0. 0008 in.), several times
those of ordinary mass-produced roller bearings, should cause few, if any, operational
difficulties.

The number of planet-roller rows, the number of planet rollers in each row, and
the relative diameter ratios at each contact are variables to be optimized according
to the overall speed ratio and the uniformity of contact forces. In general, drives with
two planet rows are suitable for speed ratios to about 25, and drives with three planet
rows are suitable for ratios to about 150 For the nominal design speed ratio of 14.7,
two rows of five planet rollers each were selected. The speed ratios across the con-
tacts between the sun roller and the first row of planet rollers, between the first and
second rows of planet rollers, and between the second row of planet rollers and the
ring roller were 1.28, 3.87, and 2. 97, respectively, for a total speed ratio of 14.7.

The test drives were equipped with a loading mechanism that automatically adjusted
the normal contact load between the rollers in proportion to the transmitted torque.
This mechanism operated above some preselected, minimum preload setting. The
automatic loading mechanism insured that the ratio of traction forces to normal con-




tact forces, or the design traction coefficient p*, was constant under all operating
conditions. The loading mechanism consisted of eight 6-mm by 6-mm rollers contained
in wedge-shaped cam pockets on the outboard sidc of each ring roller (fig. 1). The in-
side diameters of the two-piece ring-roller set were slightly tapered. This taper
caused the drive cluster to be radially loaded when the cam rollers squeezed the ring-
roller halves axially together under torque.

The design traction coefficient y* could be varied by simply changing the slope of
the wedge-shaped cam pockets. In this investigation, three values of u* (0.039,

0.048, and 0.057 at the contact between the sun roller and the first row of planet
rollers) were examined.

The ring roller and the planet rollers were manufactured from consumable vacuum-
melted (CVM) SAE-9310 steel that was case carburized to a Rockwell-C hardness of
60 to 63. The sun roller was made of through-hardened, CVM AISI-52100 steel with a
Rockwell- C hardness of 61 to 63. All roller running surfaces were ground to surface
tinishes from 0.1 to 0.2 um (4 to 8 pin.) rms. The remaining drive components and
structure were fabricated from low-carbon steel.

The test drives were sized to transmit 149 kW (200 hp) continuously although test-
stand power limitations restricted testing to 127 kW (170 hp). They had transient over-
load capability of 261 kW (350 hp), based on yielding stress considerations.

Each test drive was approximately 25 cm (10 in.) in diameter with a main-body
length of approximately 11 cm (4.3 in.). The rotating drive components weighed 87 N
(19.7 1b). An extra-stiff, welded steel housing added 170 N (38. 6 1b) to the total weight
of each drive. It is estimated that about 35 percent of this structural weight could be
saved by using a cast aluminum housing. With a cast aluminum housing, which would
be used in a production drive, the weight-to-power ratio for the test drive would be
0.76 N/KW (0.13 lb/hp) on a transient basis and 1.34 N/kW (0.22 Ib/hp) on a maximum,
continuous basis.

Lubricant

The test lubricant used in this study was a synthetic, high-traction cycloaliphatic
hydrocarbon fluid. Its traction coefficient is approximately 50 percent greater than
those of conventional mineral oils (ref. 2). This fluid exhibited good fatigue-life per-
formance in the tests of reference 8. Its properties are given in table I.

Test Stand

The NASA fixed- ratio, traction-drive test stand uses the back-to-back or
recirculating-power principle, which permits accurate efficicncy measurements to be
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made (typically within +0.3 percent as compared with >+1 percent with input-output
torquemeters). A schematic of the test stand is shown in figure 2. Two drives with
individual lubrication systems were tested concurrently. The high-speed shafts of
these drives were directly coupled by a high-speed, flexible gear-coupling. The low-
speed shafts were coupled by parallel-shaft stand gearboxes that were individually con-
nected to the case and rotor of a hydraulic torque motor. The hydraulic motor loaded
the gearboxes and test drives when it was pressurized through the oil supply housing
(hydraulic slip ring). The torque level in the test drives was controlled by a closed-
loop, servocontrol system that regulated the pressure difference across the hydraulic
motor through a servocontrol valve. When the drive motor rotated the hydraulically
loaded test drives, a power flow was established in the closed loop in which one trans-
mission acted as a speed increaser and the other as a speed reducer. The drive motor
supplied only the power required to rotate the test drives and test- stand gearboxes un-
der the test load. This power was equal to the total test-stand power losses.

Efficiencv was measured by comparing the total test-stand power losses when the
test drives were in place with the test-stand tare power losses when the test drives
were removed, at the same test conditions. The test-stand tare power losses were
measured under load by replacing the test drives with a dummy shaft. With this tech-
nique, peak efficiency can be determined accurately to within +0.3 percent. Drive-
motor input torque and loop torgque at the speed reducer's output shaft were measured
with rotary transformer torquemeters.

Speeds were accurately measured with magnetic and proximity probe pickups to one
part in 10 thousand at test-drive input and output shafts so that the small changes in
speed ratio due to creep (slight relative motion between driving and driven rollers)
could be detected.

Temperatures of the lubrication oil into and out of the test drives and the test~
stand gearboxes were recorded. Input oil temperatures were maintained by an auto-
matic controller. Sun-roller temperatures were measured approximately by placing a
thermocouple junction less than 0.3 ¢cm (0.1 in.) above the roller surface. The
inner- race temperature of the second row of planet rollers and outer- race temperature
of the low-~speed shaft bearing were measured by imbedding thermocouples in copper
plugs in contact with these races. Skin temperatures of both drives and the stand gear-
boxes were also recorded.

Pressures of the lubrication and hydraulic torquemeter systems were measured
with strain-gage pressure transducers. O0il flow rates were measured with turbine
flowmeters. ‘t'riaxial accelerometers were mounted on the test drives to detect ab-
normal vibration during the test and to perform cursory vibration analysis.

Sun- and ring- roller radial and axial positions were monitored during the tests
with eddy-current proximity probes. The test drives' lubrication svstem consisted of
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an ll-liter (3-gal) sump, a pressure pump, an oil heater and cooler, 3-um absolute
supply and return filters, and a scavenge pump to keep the drive housing relatively dry.

Test Procedure

Before each test the test drives were completely disassembled and the components
were cleaned in an ultrasonic vapor degreaser to insure maximum cleanliness. Also,
the lubricant in the test drives' lubrication systems was circulated for several hours
through 3-pum absolute filters. After the transmissions were reassembled and the min-
imum preload adjusted, the high-speed shafts of the two test drives were alined in a
mounting fixture and coupled by a lightweight, high-speed gear-coupling.

The tests reported herein were parametric tests. The parameters that were
maintained constant throughout the tests are listed in table II. Increaser input speeds
were 830, 1660, 2770, 3870, and 5000 rpm; and reducer output torques were 23, 57,
85, 113, 141, 181, 226, and 282 N-m. The test procedure was to set a speed and then
to increase the torque level stepwise to the required test condition. When the maximum
torque level was attained, the next increment of speed was set and the procedure was
repeated. To insure steady-state readings, typically 45 to 60 minutes of running was
required between speed changes and 5 to 15 minutes between torque changes.

RESULTS AND DISCUSSION
Effects of Speed and Torque on Drive Efficiency

The effects of speeds to 73 000 rpm and input torques to 285 N-m (2520 in-1b) on

multiroller-traction-drive power loss are presented in figure 3 for a design traction
coefficient of 0,048, With recirculating-power test systems it is not feasible to di-
rectly measure individual test-drive power loss, so an average power loss per drive
is normally assumed. However, a better estimate of increaser and reducer drive per-
formance can be obtained by splitting the total power loss for both drives in proportion
to the relative heat transferred to the cooling oil and convected through the housing.
A sample calculation using this heat-loss balance is given in appendix A. With this
technique the reducer generally had a slightly higher power loss than the increaser.
However, as discussed later in this section, these differences in power loss have a
much smaller effect on relative test-drive efficiency.

It is apparent from figure 3 that the test-drive power loss was mildly dependent on
torque and significantly dependent on speed. In fact, an increase in speed caused a
nearly linear increase in power loss, as illustrated in figure 4, where the torque loss
at the input shaft for the test drives is plotted against input speed for two input torques.
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The torque loss was nearly constant over the operating speed range and varied only
slightly with input torque. This variation in torque loss with speed and load is quite
similar to that of spur gears (ref. 9) and to that of traction-drive contacts (ref. 5).

Because speed seems to have little overall effect on mechanical efficiency at con-
stant torque (fig. 5), the windage losses were probably relatively small. However,
mechanical efficiency did improve with an increase in transmitted torque, with effi-
ciency levels rising to approximately 95 percent for both increaser and reducer at the
highest torque level tested. The upward trend of these performance curves shows that
slightly higher efficiencies might have been attained had not the torque limit of the test
stand been reached.

Figure 6 shows the variation in test-drive efficiency with input power. Both in-
creaser and reducer appeared to have nearly the same overall efficiency, except at
the two lowest operating speeds. At low speeds, the small power differences between
the drives (~0.5 kW (0.7 hp)), as shown in figure 3, resulted in about a 2- to 3-
percentage point efficiency advantage for the increaser. However, these differences
in efficiency are probably not significant because of the inaccuracies associated with
the heat-balance technique at these lower power levels.

It is clear from figure 6 that, for best efficiency at any required horsepower, the
traction drive should be operated at the lowest possible speed since this will require
the highest possible torque (fig. 5). This is the most efficient way of operating most
mechanical and hydraulic drive systems as well as most internal combustion engines.
However, the efficiency advantages of operating for prolonged times at high torque
levels might be offset by a reduction in drive-system fatigue life.

Unlike gear-to-gear contacts, the exact speed ratio across a traction contact is

not independent of torque. A small speed difference will exist between lubricated, .
elastic, rolling bodies under torque transmission. This difference is due to the com- ¥
bination of tangential, elastic deformation of the roller material (ref. 10) and the
viscoelastic straining of the lubricant's elastohydrodynamic film (ref. 11). As long as ;H
the peak traction coefficient of the lubricant within the contact is not exceeded, this ’

relative motion will be a veryv small percentage (typically <0.5 percent for cylindrical ;
contacts) of the contact's rolling velocity. This small relative motion is commonly [
referred to as creep. The traction performance of lubricants is usually given in the

form of traction-coefficient- versus~creep curves. The traction coefficient is generally r

a linear function of the creep rate below approximately 75 percent of the peak traction

coefficient Above this value the traction coefficient rapidly levels off with an increase
in creep rate as nonlinear viscoclastic cffects become important. At high creep rates,
thermal effects cause a reduction in traction coefficient until gross slip, or 100 percent
croon, is reached. To insure against gross slip. it is common design practice to keep

-

e design traction coetficient somewhat less than 75 percent of the anticipated maxi-
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mum available traction coefficie t at the required operating conditions.

The creep rate also represents a loss in power that is equal to the product of the
speed difference and the transmitted torque. This can be expressed in terms of speed
efficiency 7 s’ which is defined as follows:

= Measured output speed

s Design output speed

Figure 7 shows that speed and load have little effect on the measured speed efficiency
of the test drives. The speed efficiencies presented are accurate to +0.05 percent.
Speed efficiencies in excess of 98. 6 percent were recorded for both test drives. Thus
the total creep rate across three traction contacts was held to less than 1.4 percent by
the automatic loading mechanism.

All remaining power losses, apart from the creep power loss, can be expressed in
terms of torque efficiency Mg which is defined as follows:

where n is the overall model efficiency. Torque efficiency plots for the test drives
are given in figure 8. Because of the high values of 7 s’ these curves are quite similar
to those of figure 5.

In general, traction-drive torque efficiency is a measure of the power losses due
to contact misalinement, spin (for contacts with tapered or varying transverse curva-
tures), rolling resistance, and miscellaneous drive losses. Miscellaneous drive losses,
such as windage and support-bearing tare losses, can become a significant portion of
the total power loss, particularly at light loads.

Effects of Design Traction Coefficient on Drive Efficiency

The geometry of the wedge-shaped cams in the automatic loading mechanism was
varied to study the effects of design traction coefficient u* on traction-drive efficiency.
As shown in figure 9, the three design traction coefficients tested had little effect on
performance. Nor did these three values of u* have any significant effects on any
other operating variable, such as roller temperatures or speed efficiency. However,
both test drives, when operated with the 0. 057-percent-design-traction-coefficient
cams, did show some signs of impeding slip at sun-roller speeds above 57 500 rpm at
high torque levels. It is well known that the available traction coefficient u will de-
crease with an increase in rolling velocity. Apparently, at the high surface speeds of
the sun roller (385 m/sec (16 700 ft/min)), the available coefficient of traction u for
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the traction lubricant - contact combination approaches 0.057, the value of the design

traction coefficient u*. This would suggest using a lower value of ¢*, that is, applying

more normal load, to insure against gross slip. On the other hand, using too low a

value of u* would greatly increase the normal load acting on the contact and thereby .
adversely affect fatigue life and possibly part-load efficiency. |

Effects of Speed and Torque on Temperature

Operating speed, as shown in figures 10 to 12, had a far greater effect than torque
on the operating temperature of components in the test drives. Varying sun-roller
speed from 12 000 rpm to 73 000 rpm at constant torque increased sun-roller absolute
temperatures by 12 to 17 percent. However, varying sun-roller torque from 2 N-m to
20 N-m (18 in-1b to 180 in-1b) at constant speed caused only a 2 to 4 percent variation.

This observation is consistent with the far-more-dominant effect of speed on power
loss, as discussed earlier (fig. 4).

Although the hollow sun roller was cooled effectively by lubricant that flowed under
the contact surface and out through radial holes, contact temperatures - as measured
by thermocouples just above the contact surface - approached 422 K (300° F) at maxi-
mum speed. This temperature is the practical operating-temperature limit for drive
components made from AISI 52100 steel. The reason is that above this temperature
AISI 52100 steel experiences a significant reduction in hardness, which would adversely
affect fatigue life (ref. 12). A bearing steel with good hot-hardness retention, such as
AISI M-50, is recommended for prolonged sun-roller speeds above 73 000 rpm. The E
average temperatures of the planet-bearing inner race (fig. 11) were only about 22 K
(40 deg F) above the oil inlet temperature at the maximum test conditions.

The sun roller, planet bearings, and housing of the reducer seemed to operate
slightly cooler (<3 percent on an absolute temperature basis) than the corresponding
components in the increaser (figs. 10 to 12). The temperature differences were rela- |
tively small, in part because of the slightly lower reducer oil inlet temperature
(~3 K (5 deg F).

The effects of input power and operating speed on the temperature rise across the
cooling oil are shown in figure 13. As would be expected from the power-loss measure-
meats, a change in operating speed had a greater effect on oil temperature rise then
did a change in transmitted torque.

The oil temperature rises of the reducer and increaser were comparable at sun-
roller test speeds above 40 500 rpm. However, at lower test speeds, the reducer's
oil tempe rature rise was approximately 2 K (3.5 deg ) greater than the increaser's
@t 12 000 and 24 000 rpm. These differences are indicative of slightlyv, but not signif-
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icantly, higher power losses for the speed reducer as calculated from the heat-balance
analysis detailed in appendix A and depicted graphically in figure 4.

Roller Motions

As previously mentioned, the sun roller and first row of planet rollers are free
floating and rely on contact with adjacent rollers for location. Radial positioning of
the roller cluster depends primarily on the location and spacing of the reaction bearings
in the second-row of planet rollers. Little, if any, positioning is provided by the ring
roller through its spline connection with the low-speed input-output shaft. Multiroller-
cluster radial stability is discussed in detail in reference 3.

Axial roller stability of the sun roller and the first row of planet rollers was pro-
vided by special, tapered, convex-concave roller contacts that were designed in accord-
ance with the criteria of reference 13. These contoured surfaces greatly minimized
axial roller motions without the need for roller flanges as an axial restraint. Roller
flanges not only are susceptible to damage from high differential sliding velocities,
but also are a source of appreciable power loss.

Proximity probes were installed in the test drives to monitor roller motions under
a variety of operating conditions. External proximity probes were located radially at
the neck of the sun roller near the coupling, and internal probes were located axially
at the end of the sun roller. The first and second rows of planet rollers operated very
stably (less than 0.05-mm (0. 002-in.) peak-to-peak motion) thro.ghout most of the
parametric tests. Representative time traces of sun-roller motions at a nominal
speed of 56 500 rpm are shown in figure 14. Total peak-to-peak motions were 0.10 “
and 0.15 mm (0.004 and 0.006 in.) radially and 0.05 and 0.10 mm (0.002 and 0. 304 in.)
axially for the increaser and reducer, respectively. 5

The increaser's sun roller operated very smoothly, but the reducer's sun roller
exhibited some minor oscillations at the low-speed output-shaft frequency of 65 Hz.
These oscillations are probably due to slight misalinement (approximately 0. 080) be-
tween the ring-roller axis and the output-shaft axis. This causes the drive cluster to ;
cock slightly and to nutate at the output-shaft speed. Subsequent measurements of |
axial motion at the ring-roller face confirmed this hypothesis. Improvement in the
alinement and piloting of the reducer's ring-roller spline should alleviate much of this
motion.

The high-frequency oscillations shown in figure 14 occur at a sun- roller rotational
frequency of approximately 940 Hz. The radial motions at this frequency are largly
due to unbalance of the high-speed, flexible gear-coupling together with a small amount
of roller surface runout. Although the high-speed coupling was dynamically balanced
on a fixture to 106 dyne-cm (0.0015 oz-in.), unavoidable misalinement between the
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sun-roller spin axes and the necessary radial clearance between male and female
spline teeth undoubtedly contributed to the unbalance experienced during operation.
For vibration- sensitive, high-speed applications, in-place dynamic balancing techni-
ques or more sophisticated coupling methods are recommended.

SUMMARY OF RESULTS

Parametric tests were conducted on two high-speed, 14.7-to-1 fixed-ratio Nasvytis
Multiroller Traction Drives. The test drive was arranged in a single-stage, planetary
configuration with two rows of stepped planet- rollers between the concentric sun and
ring rollers. It was equipped with an automatic roller-loading device that maintained
a constant design traction coefficient. Two drives were tested concurrently in a back-
to-back arrangement. A synthetic, cycloaliphatic traction fluid was used as the test
lubricant. Test parameters included nominal sun-roller speeds to 73 000 rpm and in-
put power levels to 127 kW (170 hp). Three design traction coefficients - 0.039, 0.048,
and 0. 057 - were tested. The following results were obtained:

1. The test drives operated smoothly and efficiently throughout the full range of
test conditions. A nominal peak efficiency of 95 percent was measured.

2. Transmission efficiency increased with torque. The effect of operating speed
on efficiency was small.

3. Varying the design traction coefficient had a relatively small effect on overall
efficiency, creep rate, or operating temperatures. However, with a design traction
coefficient of 0. 057, the test drives showed signs of impeding slip at high torque when
operated at sun~-roller speeds above 57 500 rpm.

4. The measured speed efficiency of the test drives exceeded 98.6 percent. Thus,
the total creep rate across the three traction contacts was limited to 1.+ percent.

Lewis Research Center,

National Aeronautics and Space Administration,
Cleveland, Ohio, August 17, 1978,
305-04.
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APPENDIX A
TEST-DRIVE PERFORMANCE CALCULATIONS
Speed Efficiency and Creep

Creep, where the test-drive speed ratio changes with a change in torque, repre-
sents a power loss in traction drives. The definition of speed efficiency is

- Measured output speed % 100

n
s Design output speed

Referring to figure 15(a)

S3

n. .= —___ 100
s,1 $4 x DR,

n = Rl x 100 (Al)
s,1 DRl
and
Ng,2 = S x 100
<DRz)
D
Ng. 2= R2 x 100 (A2)
Ry

Thus the speed efficiencies can be expressed as a ratio of the measured speed ratio to
the design speed ratio. The design ratio is the geometric roller radius ratio under load
conditions.

Creep is the percent change in the output speed from the design output speed.

CREEP, = (1 - g ;) x 100 (A3)
CREEP = (1 - 11 4) x 100 (A4)
13
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Power Loss

To determine efficiency in square-loop testing, the test-stand power loss when
the test drives are in place is compared with the test-stand power loss when the drives
are removed and replaced by a connecting dummy shaft, Referring to figure 15(b), the
test-stand power losses HP7 are measured at the drive-motor input. The gearbox
power losses CALHP1 and CALHP2 are determined as a function of speed and torque
from calibration tests with the test drives removed. Since torque is measured only
at the HP2 and HPT locations, it is necessary to do a power flow analysis to arrive
at HPLOSS.

HPLOSS = HP4 - HP2

(HP5 + HPT - CALHP1) -~ HP2

(HP6 + HP8) + HP7 - CALHP1 - HP2

(HP2 - CALHP2) +HP8 + HPT - CALHP1 - HP2 (A3)
HPLOSS = HP8 + HP7 - CALHP1 - CALHP2 (A6)

The only unknown quantity is HP8, which is found as follows:

HP8 = K[ TORQS6 (S5 - S6)| (AT)
2 -

TORQG = L HP6 _ L (HP2 - CALHP2) A8)

K S6 K S6

Speed is accurately measured at S4 and S2:
S6 = —2 (A9)
2.765
S5- 56= =8 (A10)
2.765

After substituting equations (A8) to (A10) into cquation (A7), the hvdraulic torque- motor
input power can be determined as follows:

(HP2 - CALHP2)(S{ - 82)

3 )

Hpg =

(A1D

Taue the total power loss for both units HPLOSS can be found from equation (A6) by
Jasing eyuation 1A1D and the measured variables.

14




Thermal- Power- Loss Balance

The square-loop method of testing does not provide a direct method to determine
individual test-drive power loss. Often an average efficiency is assumed for both test
drives based on the calculated HPLOSS. If the efficiencies of the drives are high, this
will be a good approximation. If the efficiencies are low, as in part-load testing, the
input power levels to each drive will be significantly different and identical efficiencies
would not be anticipated. Since much of the testing reported herein was done at part-
load conditions, a method of splitting the total power loss on the basis of heat rejection
to the cooling oil and convection to the atmosphere was developed. It is assumed that
the percentage of the total power dissipated in each test drive is in the same propor-
tion as the percentage of total heat lost by each drive to the cooling oil and the atmo-
sphere. Referring to figure 15(c) the thermal horsepower THP is defined as follows:

THP = QHP + QCONV

where

QHP heat rejected to cooling oil

QCONV heat convected to atmosphere

RQHP percentage of power lost in increaser

THP,
RQHP = ——— —— (A12)
THP1 + ’I'HP2
The power lost in the increaser is
H PLOS1 = HPLOSS x RQHP (A13)
and that for the reducer is
HPLOS, = HPLOSS - HPLOS; (Al4)

Overall Efficiency and Torque Efficiency

From the power-loss split from equations (A12) and (Al3) it is now possible to ob-
tain the overall efficiencies as follows:

HP4 = HP2 + HPLOSS

HP3 = HP4 - RQHP x HPLOSS

15
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so that

and

HP3 (A15)

HP2 ' (A16)

=01 (A17)

20,2 (A18)

where n s 1 and p g 9 are determined from equations (A1) and (A2).

Example Calculation

As an example, a test condition consisting of an increaser input speed of 1666 rpm
ana a reducer output torque of 284 N-m (2507 in-1b) are used. Refer to figure 15(b).

Measured quantities:

S =1632 rpm

S3 = 24 270 rpm

St = 1666 rpm

TORQZ = 284 N-m (2507 in-1b)
HP2 = 48 42 kW (64.9 hp)

HP7 = 9.97 kW (13.33 hp)

33 24 270

Derived quantities:

CALHP1 = 2.78 kW (3. 72 "p)
CALHP2 = 2.63 kW (3. 52 hp)
THP, = 2.81 kW (3. 76 hp)
THP, = 3.29 kKW (4.41 hp)
DR, = 14.69

DRE =14.74

Mg, 17 T
54 x DR1 1666 < 14

= 0. 992, or 99.2 percent
.69




) 3322
2 1632 0.991, or 99.1 percent

n. - =
's.2 (82 (21271
\DR,) \14.74

CREEP1 =1-0.992=0.008, or 0.8 percent

CREEP, =1 - 0.991 = 0.009, or 0.9 percent
HPLOSS=HP8 - CALHP1 ~ CALHP2 + HP7
=HP8 - 2.78 - 2.63 +9.94

=HP8 +4.33

(HP2 - CALHP2)(%4 - S2)
S52

) HP8 =

Hps = (48:42 - 2.63)(1666 - 1631) _ o 983 kW (1.31 hp)
1631

HPLOSS = 0.983 +4.53 = 5.51 kW (7.37 hp)

TP 2.81
THP, + THP, 2.81 +3.29

RQHP = =0.46

HPI_.OS1 = RQHP x HPLOSS = 0.46 x 5.51 = 2. 54 kW (2. 40 hp)

HP4 = HP2 + HPLOSS = 48.42 + 5,51 = 53. 93 kW (72.11 hp)

HP3 = HP4 - HPLOS1 =53.93 - 2,54 = 31.39 kW (68.71 hp)

=HP3_51.39_ 0.953. or 95.3 percent

_HP2 _ 48.42=0.942, or 94.2 percent
,=abs - 4842
%= HP3 51.39

)
=-21-093_4 961 or9e6.1 percent
Mg ) 0.992

= 0.951, or 95.1 pereent




APPENDIX B
SYMBOLS

CALHP1 gearbox 1 power loss, kW (hp)
CALHP2 gearbox 2 power loss, kW (hp)

CREEP test-drive creep, percent
DR test-drive design ratio
HA test-drive effective convective heat-transfer coefficient multiplied by sur-

face area, kW/K (hp/°F)
HPLOSS total power loss in both test drives, kW (hp)

HPLOS power loss in one test drive, kW (hp)

HP2 reducer output power, kW (hp)

HP3 reducer input power or increaser output power, kW (hp)

HP+4 increaser input power, kW (hp)

HP5 shaft power level at location 5, kW (hp)

HP6 shaft power level at location 6, kW (hp) i

HPT drive-motor power, kW (hp) y

HP8 torque-motor power, kW (hp) ;

K constant defined in eq. (A7), kW ( _hp ) 1
N-m.rpm \in-lb- rpm L

QCOXNYV convective heat loss to atmosphere from test drives, kW (hp) |

QHP heat loss to cooling oil from test drives, kW (hp)

R measured drive ratio

RQHP fraction of HPLOSS from increaser

STM torque-motor rotational speed, rpm

S2 reducer output speed, rpm

K9 reducer input speed or increaser output speed, rpm

> increaser input speed, rpm ]

S5 shaft speed at location 5, rpm

S0 shaft speed at location 6, rpm




TORQS6
TR
TSRAV

thermal horsepower; includes heat loss to cooling oil and convective heat
loss to atmosphere, kW (hp)

shaft torque at location 6, N-m (in-1b)

room temperature, K CF)

average test-drive surface temperature, K (°F)
test-drive cooling oil temperature rise, K (deg F)
overall efficiency

speed efficiency

torque efficiency

avajlable traction coefficient

design traction coefficient

increaser

reducer

18
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TABLE I. - PROPERTIES OF SYNTHETIC CYCLOALIPHATIC

TRACTION LUBRICANT

Additive . . . . . . . . e e e e e e e e e e e e e Oxidation inhibitor
Kinematic viscosity, cmz/sec, at -

244K 200 F) e« v o e e e e e e 31 600x10~2

BILK (1002 F) . o v v e et e e e e e e e e 23x10"2

BT2K 10 F) . o v e e e e e e e e e e e e 3.7x10"2
Flashpoint, K; OF . . . . . . . . i i it it et e it et e e e e 422. 300
Firepoint, K; OF . . o o 0t it it e e e e e 435; 325
Autotgnition temperature, K; O°F . . . . . ... .. .. ... ... 589, 600
Pourpolnt, K; OF . . . . . . i i ittt e 230; -45
Specific heat at 311 K (100° F), J/kg'K; Btw/Ib-°F . . . . ... ..... 2130; 0.51
Thermal conductivity at 311 K (100° F), J/m" sec-K; Btw/hr-ft-°F. . . 0.10; 0.060
Specific gravity at 311K 100° F). . . . . . . . . . . .o e 0.886

TABLE II. - CONSTANT OPERATING PARAMETERS

Ol inlet temperature to increaser, K °F) . . . . 339 (150)
o1l inlet temperature to reducer, K CF) . . . . . 336 (145)
Ofl flow to test drives, liter/min (gal/min) . . . 8.33 (2.2)
Oil flow to sun rollers, liter/min (gal/min). . . 5.30 (1.4)
Sun-roller jet oil pressures, kPa (psig). - . . . . 276 (40)
Oil inlet temperatures to gearbox, K (OF) ..... 327 (130)
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Figure 3. - Test-drive power loss as function of input torque for five input speeds. Design traction co-
effictent, 0.048; 100-percent input torque: 258 N-m (2520 in-1b) for increaser, 19 N-m (168 in-1b)
for reducer.
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REYNOLDS ALUMINUM

RESEARCH AND DEVELOPMENT

1979 August 14

Mr. Costa T. Brown
Advanced Technology, Inc.
7923 Jones Branch Drive
McLean, Virginia 22102

Dear Mr. Brown:

Enclosed is the information for your Advanced Amphibian
Vehicle Potential Application.

I have also enclosed several Reynolds booklets which may
be of interest.

Sincerely yours,
' . 1

o )rw /o
S .\ /oo
B. F. Holcombe
Contracting Officer
Product Development Division

TR S

djw

Enclosures

REYNOLDS METALS COMPANY PRODUCT DEVFLOPMENT DIVISION
5TH AND CARY STREETS - RICHMOND, VIRGINIA 23261 - 804/788-7541

L o




ADVANCED AMPHIBIAN VEHICLE POTENTIAL APPLICATIONS

COMPANY NAME

Reynolds Metals Company
Product Development Division
5th & Cary Streets

Richmond, Virginia 23219

POINT OF CONTACT & PHONE NO.

(804)788~7563
B. F. Holcombe
Contracting Officer

DESCRIPTION OF TECHNOLOGY, COMPONENT, ETC.

Aluminum products, ingot, sheet, plate,
armor, rod, bar, and wire.

CLAIMS

Light weight construction.
Corrosion resistance.
Excellent armor protection.

ENGINEERING STATUS

Readily available.

EARLIEST DATE FOR FEASIBILITY DEMONSTRATION

extrusions,

DEVELOPMENT COSTS (INCLUDING FEASIBILITY DEMONSTRATION)

OTHER IMPORTANT FACTORS

s -




Holyhead Road,

? . - . Coventry CV5 8JH.
AlVlS lei’[ed Telephone: Coventry (0203) 25501.
Telex : 31353,
Leyland Special Products Cabies: Alvis Coventry Telex.
AGL/PH/79351 27 August 1979

BY AIR MAIL

Mr Costa T Brown
Advanced Technology Inc
7923 Jones Branch Drive
Suite 300

McLEAN Virginia 22102
USA

Dear Mr Brown

Thank you for your letter of 6 August 1879, which was received here on
21 August 1979,

We are extremely interested in the project for the US Marine Corps,

and I have pleasure in enclosing your proforma, duly completed. The

items marked "A" refer to our current range of vehicles, the CVR(T)

series; those marked '"'B'' refer to the FV600 series, which was in :
production from 1952-1973, of which Stalwart was a member. The R
FV600 series is perhaps of passing interest only, but serves to indicate

our involvement with armoured and amphibious vehicles during the past

thirty years.

I am sending separately a set of pamphlets giving details of the members
of the CVR(T) series.

There is one addition to the family which is still being developed - a large
personnel carrier. We shall be happy to give you further inform ation on
this vehicle.

s et

I understand that Mr Cole of the UK Defence Supply Office has already
been in touch with Mr Tarkir, and has expressed our interest. Also,

I hope that Brigadier Hopkinson, our Military Sales Manager, who will
be visiting the US next month, will be able to make contact with you.

I understand that you might consider coming to Alvis for discussions.
You would be most welcome, and we would like the opportunity of showing
you some of our activities.

Yours sincerely




ADVANCED AMPHIBIAN VEHICLE POTENTIAL APPLICATIONS

COMPANY NAME

Alvis Limited

Holyhead Road
COVENTRY CV5 8JH

POINT OF CONTACT & PHONE NO.

Major General A G Lewis - Man aging Director

Telephone: Coventry 595501 .

DESCRIPTION OF TECHNOLOGY, COMPONENT, ETC. !
A: Family of 7 highly mobile light armoured vehicles (the CVR(T) series). 1
A

B: Stalwart HMLC (part of Saladin, Saracen series) i
}i

CLAIMS
A Exceptional mobility. Weight c.8 tons. Amphibious capability.

High mobility, amphibious 5-ton load carrier.

v

(03]

ENGINEERING STATUS

A: In service with UK and several overseas countries' armed forces.

B: In service with British and Swedish armed forces.

EARLIEST DATE FOR FEASIBILITY DEMONSTRATION

A; Has been demonstrated in USA. Further demonstrations can be arranged
with UK MOD/Alvis. !

B: Demonstrated 1963 in USA.
DEVELOPMENT COSTS (INCLUDING FEASIBILITY DEMONSTRATION) ,

A: Fully developed. Demonstration costs to be agreed.

B: Fully developed.

OTHER IMPORTANT FACTORS ]
A: In full production. More than 2,090 have been produced.

B: No longer in production. Approx 1,000 produced.
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DAIMLER-BENZ AKXKTIENGESELLSCHAFT

¢ STUTTGART-UNTERTORKHEIM

Daimier-Benz Aktiengesellschaft - Postfach 202 - 7000 Stuttgart 60

Mr. Costa T. Brown
Advanced Technology Inc.
7923 Jones Branch Drive
Suite 500

McLean, Virginia 22102

e v v e

- Teleton-Durchwahi Tc'ex-Durchwant

Inre Zeichen. thre Nachricht vom Unsere Zeichen (0711) 302- 7210- Datum
: EVB karp-rau 2680 20.9.79
i Karpinski

Bei Antwort biite angeben

Amphibian vehicle

Dear Mr. Brown,

thank you for your letter of August 6. We have pleasure
in forwarding you enclosed informations of the armored
truck 6x6 "Transportpanzer 1".

The amphibious truck "TPZ 1" has been developed by order
of the Federal Office for Military Technology and “
Procurement and belongs to the wheeled armored follow-
up generation of the German Armed Forces.

Yours sincerely ?
Daimler-Benz Aktiengesellschaft i

\ 4
)

(4

)///,) oy /v—‘ '( (2 ;; 1 (

Mayenburg Schwarzroék L
10
Siz der Geseilsghalt Srutigart, Feg stergencht S'ur'gan, MRE-Nr. 173

Vorsiizercer ces Aulsichtsrats Dr. rer. pol. W.i'tied Guth - Vorstand: Pret Dr jur Joachim Zahn, Vereinze o0 heinz © Heora Werer N cler
Or. jur. Richard Oncwa’d, Or jur. Gerbord Prinz: ECzara Radten He nz Schmadt, steivertrelond Wer o Brecsnhwerct

PRPLIIRARLIS ], | CorrteZeme =t Creesmer Bim0 &G T =51 c e ye .‘r (ST Lam oes .2 € yn 3 Sty kD e
NESSRCT AT DCIENNEL b B ID E SRV TV N T L SR L SR AR LN TR B IEENT R R N R o NS
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@ VOLKSWAGEN
OF AMERICA |INC.

Traenwo0a T
tew Jersey DRIl
NJ 201,/894-280C0
NY 212/736-551C
Cavle Folikscar
Engiewood Citts
western Union

September 7, 1979 Tetex 135-427

Costa T. Brown

c¢/o0 ADTECH

7923 Jones Branch Drive
Suite 500

McLean, VA 22102

Dear Mr. Brown:
Thank you for your recent letter directed to Volkswagenwerk AG

in Germany requiring information about characteristics and possible
details of an amphibious vehicle.

Volkswagenwerk AG is not participating in the design construction
or manufacturing of amphibious vehicles and, therefore, we cannot
provide you with the kind of contributions you have asked for.
Therefore, this corporation is not in a position to provide you
with up-to-date details in this field of activity.

3e that as it may, we certainly appreciate your interest in our
product. '

Sincer .

b

F.W. Doerr
Customer Assistance Manager

e —————— T
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5 )
H S TEYR-DAIMILERS-PUCH
f AKTIENGESELLSCHAFT ‘
' WERKE GRAZ
SIFYRDMHLER-PUCH Altiengesslischaft, Warke Grax, Postf. 823 A 8011 Grax Drahtwort: Farnruf: Fernschreiber: :
b

A Stayrpuch Grae Graz 425 21 Serie 1315 sidpwg @

Advanced Technology Inc.

7923 Jones Branch Drive
Suite 500 AIR MAIL
McLean, Virginia 22102
Usa ’
Mre Zeichen Ihre Nachricht vom Unsere Zeichen Graz, ‘ ‘
GVG/GE August 31, 1979 ,1
1

- Betrifft: ),
1

Dear Sirs:

Reference is made to your letter of August 6th in which you
indicated that you are working on a project involving an
advanced amphibian vehicle for the U.S, Marine Corps.

e v - oy
LT P

Unfortunately, we cannot be of help to you, since the Pinzgauer
cross-country vehicle which 1is produced by us was not con-
ceived as an amphibian vehicle and its construction would

not permit an appropriate modification of the design. |

We regret that we cannot be of service to you and remain,

Sincerely yours,

STEYR DAIMLER PUCH
Aktiengesellschaft

B dﬁ\

{1.V. Herud) (i.A.IGettler)

v

Enclosure (2)




%@JE VO/PER THORNYCROFT (UK) LIMUTED

PAULSGROVE - PORTSMOUTH « PO6 4QA

TELEPHONE: COSHAM (07018) 79481 TELEX: 86115 VT PSTH(G) CABLES: REPSOV PORTSMOUTH

OUR REF: YOUR REF:

20th August, 1979

Advanced Technology Inc,
7923 Jones Branch Drive,
Suite 500,

Mclean, Virginia 22102,
USA.

Dear Sirs,

Thank you for your letter of 6tin August 1979, enquiring as
to our interests in participating in the Marine Corps advanced
surface mobility program.

I expect you know that our Company is a ship and hovercraft
design and build organisation, and we try to avoid getting involved
in too many consultancy type projects. As it seems unlikely that
we would be able to sell our products in the United States of
America, for this program we regret that we must decline your
invitation, as it does not appear that any of our projects would
be particularly suitable.

Yours faithfully,
VOSPER THORNYCROFT (UK) LIMITED

,. A. L, Dorey
Technical Gerneral Manager




e o a . e h e m e mme ot s amar em - sweaem taemvmeer s e e o e -

W e saLESLTD

Rocester Staffordshire England ST14 5JP Your et
Telephone Rocester (0889) 590312 Telex 36154

Curret

Cae 28th August 1979

Advanced Technology, Incorporated,
7923 Jones Branch Drive,

Suite 500,

McLean,

Virginia 22102,

USA.

For the attention of Costa Brown

Dear Sir,
Thank you for your letter of 6th August asking for any information

we may have to help you with your investigation. Unfortunately,

we do not have any information which would be of us to you.

Yours faithfully,

S Lo e

A R HAGGER

Product Manager

———



MAGIRUS-DEUTZ AG Ulm, August 28th, 1979

DER VORSTAND

Advanced Technology, Inc.
Att. Mr. Costa Brown
7923, Jones Branch Drive

Mclean, Virginia 22102
U.S.A.

Dear Mr. Brown,

we thank you for your letter of 6.8.79. Unfortunately we have to
inform you, that we are at present not realizing any-one of the

developments, specified therein.

v
Sincerely, /

/
MAGIRUS-DEUTZ AG
/

(A. Wun.;.che)




Vickers Limited Engineering Group

Defence Systems Division

Elswick Works
Our Ref: TD/RLM/MH Newcastle upon Tyne NE99 1CP

Adt ech IHCQ ’

7923, Jones Branch Drive, Telephone 0632 (Newcastle) 738888

Suite 500, L Telegrams and Cables
:J&cé kean, Virginia 22102, Vicastrong Newcastle upon Tyne

Telex 53-104 Vicels G
For the attention of: Costa T, Brown

11th September, 1979

Dear Mr. Brown,

Thank you for your enquiry dated 6th August, 1979
regarding the investigation you are conducting for Advanced Surface
Mobility Vehicles,

It was not clear to me from your enquiry and the
attached application form precisely what information we could supply
to you to assist. In view of this I have attached for your
information a draft scope showing this Company'!s capabilities and
facilities.,

We have a long history of activity in Armoured Fighting
Vehicles of many kinds and currently work in conjunction with the
British Ministry of Defence in the design and manufacture of
Armoured Fighting Vehicles. In addition we design and make our own
vehicles for export markets,

If you could let me have a more specific enquiry we
would be pleased to respond.

Yours faithfully,
FOR:
VICKERS LIMITED,

) oy ’
LAY vdi.(/.x;s.cd&'/_‘”_

-

R.L. MacDonald,
Technical Director
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ICS IPMIIHA IISS
1ISS FM ITT 18 1145

PMS MCLEAN VA

AWC266 VIA ITT FWB135 ZYX167 XXE869

USNX CO FRXX 056

PARIS TELEXE DE STCLOUD 56/54 18 1841 B

BEP, OF TELEPHONE TELEGRAM

ADTECH “0’7?2%%5323 L 4_.75
ADVANCED TECHNOLOGY, INC By/93 | &<3p 17 );fg,_/

EJIUUOIS WAB 172(1208) (1-119273G261)PD 09/18/79 ll45sa,\9 M

7523 JONES BRANCH DRIVE l

SUITE 500 )
MCLEAN, VIRGINIA 22102

URGENT '

ATTENTION MR COSTA T. BROWN

DULY RECEIVED YOUR LETTER DATED AUGUST 6, IS79 ABOUT
AMPHIBIAN VEHICLE,

T3 $P-1201 (RS-89)

~

079 SeP 19 o 1: 31

OWING TO HOLIDAYS PERIOD WE HAVEN'T BE ABLE TO.ANSWER SEFOKE.
WE WILL DO IT BECAUSE WE ARE INTERESTED,
REGARDS
H. PUGA
GENERAL DIRECTOR
COL TECHNOLOGY, 7923 500 MCLEAN, 22102 6, 1979 HAVEN'T
NNN
NNNN

SF.1201 (R3-8M)
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United States Patent 1 (i 3,983,832
Kinder (451 Oct. 5, 1976
[S41 PLANING SKI CONVERSION TO 145h.01) 771969 Johnson 11366 S H
STAND-OFF ARMOR J.4K6.477  12/1969  Pender . 11871 R
1821560 70870 Vehlhuire S tis/t R
[75] Imentor  Floyd A. Kinder, Ridgecrest, Calif, OREIGN MTF;T‘;(';;"AM CATIONS
1731 Assignee: The United States of America ay | §3%.10% - c:‘!%x l» n-_. ’ .I.lﬁll R
represented by the Secretary of the R ' fanee '
Navy, Washing C. .
avy. Washingtoa. D.C Primary Evanuner —Trygve M. Blix
1221 Filed: July 18, 197§ Assistang Foraaminer —Charles B Frankfort
‘ Anorney, Agent, or Frm—R S Scascia; Roy Muller,
2] Appl No. §97.8§ . S ’
(211 Appl No Rsd Gerald F Ruaker
l52| US.Cho 118/1 l::ljl/:tl\(:?{ lg7l ABSTRACT
1S1] Int. CLE.. Bbbi‘ '{,00 An amphibious vehicle is provided with pivoted plates
[-SR) Field of Search 11S/1 R, 70. 1 B on either side for movement between an extended po-
. 9/310 R 310 A. 310 B. 310 C. 310 E. sivon approximately horizontal and a “folded™ puosi-
1 N)bh < R 66 5'}:‘ ‘23' 1RO/ H 5 R" tion approvimately vertical with respect to the normal
o * ' “8(.)18 9 position of the vehicle. A third plate may also be at-
- ! tached beneath and paratlel to the bottom of the vehi-
[56] References Cited cle. These plates are so shaped that in the extended
’ S position they serve as planing skis and are fabricated
UNITED STATES PATENTS from a material which will afford armor protection to
1L3SS.937  10ite20 Brosnan 1147122 the vehicle when the plates are in the folded or re.
2400112 Sivde Ponter 113665 H tracted pusition.
24530149 11119a8 MceCutchen.. 0 L 1snas
2514488 1/19%0  Male etal... .. NS/ R 9 Claims, 4 Drawing Figures
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3,983,832

1

PLANING SKI CONVERSION TO STAND-OFF
ARMOR

BACKGROUND OF THE INVENTION

This invention relates to amphibious vehicles and
more particutarly to amphihious vehicles which are
used as lunding craft and most specifically to armored
assault craft, for example, for military purposes.

The present invention may be advantageously uti-
lized, for example, with the amphibious cargo carrier
disclosed in assignee’s prior U.S. Pat. No 2,456,542
issucd Dec. 4, 1948 10 B. A, Swennes. Such assault
craft ure displacement sehicles which are slow in water,
having a speed of around R knots.

SUMMARY

According to the present invention with the addition
of planing surfaces on cither side of the craft, speeds of
up to S0 knots or more may be obtainable depending
upon the payload. Additionally, these planing surfaces
are advantageously constructed of anti-brisance mate-
rial and when retracted are designed to act as stand-off
armor 1a the retracted position when the craft reaches
the beach and is operated on land.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is front clevational view of an amphibious
vehicle according to the present invention with the
planing skis extended;

FI1G. 2 is a view simil -~ to FIG. 1 with the planing skis
in retracted position;

FIG. 3 is a side clevation of the vehicle in the FIG 1
configuration; and

FIG 4 is a side clevation of the vehicle in the FIG. 2
configuration.

DESCRIPTION AND OPERATION

The amphibious vehicle generally indicated at 10 in
FIG. 1 comprises a conventional amphibious vehicle
hody 12 to which has been added planing skis or plates
14, 16, and 18 on the right and left sides of the vehicle
body and the bottom thereof respectively. These skis or
plates are connected to the vehicle body 12 by means
of telescoping hydrauhic struts 20, 22, and 24 respec-
tively The attachment of plates 14 and 16 may also
include hinged or sliding stubilizing fittings 30 and 32
respectively.

When the planing <kis or plates 14, 16, and 18 are
cxtended as shown in FIG. 1, they cffectively form
planing ski surfaces designed to facilitate the move-
ment of the vehicle across the water. Propulsion is
accomplished in the usual manner by plates or cleats on
the drive tracks 26, 28 and stecring is generally by
sclective braking the drive tracks. The prime mover,
the propulsion means and the steering of these amphib-
1wus vehicles may be better understood by reference to
the prior U.S. Pat. No. 2,456,542 referenced above.

In some applications it may be advisable to include
propubsion dissist units on the side plates as indicated at
M, 36. For cxample, expendable and jettisonable reac-
tion motors may be used to accomplish the initial thrust
necessary 1o boost the vehicle from the displacement
made to the planing mode of operation.

FIG 2 shows the vchicle of FIG. 1 after it has
reached the beach and is proceeding on lund. The
plates 13, 16 and 18 have been retracted to a position
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spaced from and generally parallel to the sides and
bottom of the vehicle respectively and the tracks 26, 28
are engaging the ground.

As shown in FIG. 3, the forward cnds of the planing
skis 14, 16 und I8 are curved slightly and are prefer-
ably connected to the body 12 by a plurality of tele-
scoping haudraulic struts as illustrated at 20 and 20°.

As will be seen in the FIG. 4 view of the vehicle, the
side plates when in the retracted position, shield the
entire sides of the cargo area of the vehicle. These side
plates along with the bottom plate 18 are preferably
constructed of anti-brisance materials and form a
standoff armor that is very effective against most weup-
ons encountered from their respective directions in the
usual lunding operation In fact, this type of armor may
be sufficiently effective that the normal armored sides
of the vehicle may be reduced in thickness and the total
weight of the reduced sides and the stand-off armor
may. therefore. compare favorably with the weight of
the vehicle witaout the plining skis

Even thoug the reduction in the usual armored sides
might make 7ae craft more vulnerable in approaching
the beach. *' ¢ greater speed obtainable with the plan-
ing ski construction would offset the danger by making
the vehicle less of a target for a shorter period of time

The planing skis of course need not be made from
steel or other ferrous metal but may be made from a
laminated plastic armor plate or the like and may in-
clude honeycomb or other similar construction which
will add buovancy to the vehicle in the extended con-
figuration when in the marine environment.

The illustration of the planing shi and armor con-
struction of the invention in connection with a particu-
lar vehicle is not intended to limit the scope of the
invention to such a vehicle and it should be understood
that the arrangement may be cqually applicable to
other vehicles including other propulsion systems and
also including surface effect vessels.

What is claimed is:

1. In an amphibian vehicle the combination of a wa-
tertight vehicle body having a cargo space thercin;

means for propelling the vehicle cither over lund or

through the water, and

a plurality of planar plates of sheet material fustened

to portions of said body for cxtension and retrac-
tion with respect thereto,

suid planar surfaces including first and second side

plates substantially coextensive with the sides of
the budy of the vehicle and being hinged thereto
for movement from a first retracted position
spaced from and parallel to the sides of said vehicle
to a sccond extended position wherein said plates
are orthogonal to said sides and substantially paral-
lel to the bottom portion of the vehicle and copla-
nar o cach other; and

a planar surface attached to the bottom of said vehi-

cle for movement between a retracted position
closely spaced from the bottom of said vehicle and
an extended position which is coplanar with the
side plates in their extended position.

2. The vehicle of claim 1 further including said plates
being fabricated of an armor material and in the re-
tracted position serving the additional function of
stand-off armor protec*ion.

3. The vchicle of claim 1 further including said plates
being fabricated of anti brisunce maternial in a cellular
construction which adds boyancy to the vehicle in the
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SFA HORSE PULLING UNIT
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Tucson, Ariz. 85716
Filed Feh. 2, 1968, Ser. No. 703,237
Int. CL. B63h 1/34

US. CI. 115—63 § Claims

ABSTRACT OF THE DISCLOSURE

A marine propulsion system consists of two pulling
units. each comprising a gear belt running in a vertical
arhit positioned in a longitudinal channel in the bottom
ot the hull of a ship. one unit 10 starboard and the other
to port. The hull bottom also has a longitudinal cen-
wal concavity running from bow 1o stern. The gear helts
have gear tceth on the inner surface and many scoops,
closely spaced. on the outer surface. Each belt is driven
by & number of toothed drums positioned within the belt
orbit and meshed with the belt at both upper and lower
orbit limbs, Fach drum is driven by an individual elec-
e motor. The scoops draw water from the how and
impel it 1omard the sicin and toward the central cavity.

BACKGROUND OF THE INVENTION

This invention relates 10 marine propulsion systems,

Muodern ships aie usually diiven by one or more piopel-
lers of the serew 1y pe located at or near the stern. The
propellers e diisen by one or seseral Lirge  prime
movers. Vibiaton in these large units is frequently con-
siderable. and precise and rapid control of the power
developed by a large printe mover may be difficult.

SUMMARY OF THE INVENTION

This invenuon is for use on ships of any size, includ-
ing the Lugest. The invention provudes a hull bottom con-
Laining o longidinal central slot or channel, concave
downward. The bottom also has a pair of kecls extending
downw.aid from the sides of the hull. The bottom also
contains a pair of longitudinal propulsion channels, each
one Iving between a heel and the central concavity and ex-
tending for the entire length of the bottom.

The invention provides two similar cndless belts, one
in cach loagiludinal propulsion channel, each rotating in
asertical orbit, at least the lower limb of the orbit be-
ing helow water. Each belt is provided with a number
of scoops attached 10 the external surface, the scoops be-
ing angled seothat, as the belt rotates, the scoops in the
lower mb of the orbit impel water both toward the stern
and inward toward the longitudinal center line of the bot-
tem and into the central slot,

Thus, as the swoups push the water steenward, the reac-
tion on the belt may be said 1o pull the ship forward.

Waier intake s at the forward cads of the two longi-
tudinal propulsion channels, which may therefore be
termed intahe ports.

The inner surfuces of the belts are provided with teeth,
thus forming gear belts. Each belt is supported and driven
by a plurality of toothed drums meshing with the belt;
cavh drum is deiven by an individual electric motor. All
motors of cach belt are controlled in concert and are
driven by a prime mover such as a steam turkine con-
nected to an alternating current generator.

On¢ object of this invention is 10 provide a propulsion
syaiem which reduces wurkulence below that inherent in
sorew propeller systems. This s g result of the much
greater coupling from machine 10 water due to the many
soups simultaneous!y in contact with the water. Reduc-
non of nnbuelence and maintenance of laminar flow im-
prone ctliciency.
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Another ohject of this invention i 10 improve contrul
by emploving many, relatively small clectric motors, easier
o contiol than very Luge units, und by making the two
belis separately controllable.

Anuther object of this invention is to reduce or elini-
nate vibration because, insicad of one to four large screw
propellers, the coupling 10 the water is provided by a
large number of slowly-moving scoops.

BRIEF DESCRIPTION OF THE DRAWING

A further understanding of the invention may ke se-
cured from the detailed description and the Jdrawing, in
which:

FIG. 1 is a bottom view of the hull of a ship designed
to contain a pair of the pulling units of this invention.

FI1G. 2 is o bow clevation of the hull shown in FIG. 1.

FIG. 3 is a side ¢levation of one pulling unit.

F1G. 4 is 2 plan view of the pulling unit of FiG. 3,
viewed from above.

FIG. § is a cioss section of the pulling unit on the
line 5-5. FIG. 3.

DESCRIPTION OF THE PRFFERRED
EMBODIMENT

Referring now 10 FIG. }, the view shows a how, 11,
and a stern 12. A longitudinal center channel or slot. 13,
concave downward. has the profile shown at 13 in FIG.
2. This channel 1uns from bow to stera. Two heels, 14
and 16. FIGS. 1 and 2, extend downuward from the sides
of the hull. Between heel 14 and channel 13 there is pro-
vided a longitudinal propulsion channel, 17, cxiending
from bow 10 stein and aaving a downwardly concave
¢ross section as shown in FIG. 2. The bow end of this
prorulsion channel. 18, may be termed its intahe port.
An identical longitudinal propulsion channel, 19, with in-
take port 21 is provided Fetween keel 16 and the center
channel 13. Two identical pulling units aie provided in
the longitudinal propulsion channcls, as generally indi-
ciated in outline at 22 und 23.

One pulling unit is shown in greater detail in FIGS. 3,
4 and S. An endless belt 24 is positioned 1o rotate in a
vertical orbit, and preferably has «uch length as 10 ex-
tend over a major part of the length of the ship, as indi-
cated in FIG. 1. The belt is provided on its inner surface
with gear tecth 26 extending substantially the full widith
of the belt. The helt carries a plurality of scoops. 27, each
scoop extending not quite the full width of the belt, leas-
ing a space on cach side between the end of the scoup
and the cdge of the belt. Each scoop is obliquely posi-
tioned on the belt and has a concave surface which, in
the lower limb of the orbit, faces both toward the stern
and toward the longitudinal center channel,

The belt is provided with (wo tensioning idlers, 28
and 29, each provided with gear tecth meshing with the
gear belt. Fach temsioning idler is adjustable and holds
the belt taut by tension of springs, as indicated at 31
and 32.

Within the orhit of the belt there are a pluratity of
drums, indicaied in FIG. 3 by the five drums 33, 34, 36.
37 and 38. These drums are spaced closely together. Each
drum has a length substantially equal to the helt width,
and carries on its periphery teeth extending longitudinally
of the drum for its cntirc length. These tecth are de-
signed to mesh with the belt teeth and the dium diameter
is such that the drum tecth mesh with the gear belt in
boh the upper and lower limbs of the orbit. Fach drum
is individually diiven by an electric motor, as indicated
at 39, 41, 42, 43 und 44. All of the mutors of a pulling
unit arc preferably controlled in concert.

Between each dium, in the lower limh of the belt
orbit, there is an idler drum, indicated at 46, 47, 48 and
49. These idler drums have as their function the presen-
tion of too much water pressine going te the top of the
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DISPLACEMENT CRAFT
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(57) ABSTRACT

The invention relates to a flank drive for propelling a
boat wherein a plurality of propeller housings are rotat-
ably mounted in & wheel body about and in driving
engagement with a normally stationary guide wheel

sbandoned. centrally of the wheel body, which wheel body is ro-
tated about its own central axis by means of a propul-
{S1] Iot. LI it aae B63H 1/10 sion motor to carry the housings about the whee! body
[52) us. Q... - 115/50; 416/108 axis and rotate the housings about their own axes, so
[58] Field of Search .........cccccceinnnnnne. 114/147é 148; that the propeller housings undergo epicyclic motion.
113/45-54; 416/108-111 propeller blade in each propeller housing can be
(6] Ref Cited adjusted relative 1o its housing passively by relative
eclerences motion between abuttments or positively by means of
U.S. PATENT DOCUMENTS an automatic hydraulic control to the most effective
. angle of attack, whereby the blades mainly exert flank
lgig% g;};:; g:;:;m """""""""""""" :::;‘Zg force to the surrounding water. The guide wheel may
3134443 5/1964  Snow ... . 18/50  beswivelled to steer the boat.
3,442,242 5/1969 Laskey et al. . 1147148
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1

FLANK DRIVE FOR PLANING HULL AND
DISPLACEMENT CRAFT

This is a continuation of application Ser. No. 549,558
filed Mar. 17, 1975 and now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates as indicated to a flank
dnve for planing hull and displacement craft, which
dnive includes a wheel body mounted in the craft or
boat for driven rotation about a vertical axis. A plurality
of propeller housings are rotatably disposed within the
wheel budy. The propeller blades are adjustable and
move through the water ia sinuating lines at each revo-
lutton of the wheel body. As a result, the propeller
blades exert manly flank forces, that is, forces trans-
verse 10 the direction of the boat, to the surrounding
water.

Screws are well known as a means for propelling
planing hull craft and high speed displacement crafts,
but have proved disadvantageous due to thetr decreas-
ing efficiency at high boat speeds and the high propelier
r.p.m. incident thereto.

The buoyancy principal of ship screws as well as that
of convenuonal vane-screw propellers having a high
circumferential speed in relation to the boat speed re-
sults in a high unit load on each propeller blade, and in
heavy turbulent water, this results in a considerable loss
of propulsion. This is in marked contrast with the pres-
ent invention which employs a flank drive wherein
more water is seized athwartships with increasing boat
speed thereby resulting in a Jow acceleration of the
wafer.

SUMMARY OF THE INVENTION

The flank drive of the present invention can be used
either in a single or multiple arrangement and is prefera-
bly nstalled in the front of the craft where it would
work in the undisturbed upstream water and not in the
decellerated water and the boat rear. Arrunging the
flank drive in the dead water of another drive is also
possible and significant advantages would be derived
from such arrangement.

The flank drive design of the present invention is
based on the genersl vane-screw propeller having a
wheel body rotatably inserted into the well of the boat
bottom, with prapeller blades being eccentrically piv-

oted relative to the wheel body axis. Even under full ¢

load all propeller blades of the flank drives are singly
pryoted an rotatable swiveling devices which, in turn,
are backed by 3 - ring drive such that the swivehing
Jdevices do not e ibout their axes in relation to the
hoat

For steening the boat, the flank dnve can be rotated
about the wheel body axis by means of an adjustable
restoring drive.

A simplified Mank drive having a lower efficiency can
also he cbtain~d by means »f underbalanced propelier
hiades. In this case of passive swiveling devices. the
surfaces behind the swiveling axes of the propeller
blades are greater than those in front of the asxes
whereby the prapeller blades move ineffectively along
their sinuaiing lines in the upsircam giving no propul-
stan until the cwivehing motien is stopped at the most
effective angle of antach between the propelier blades
and their sinuating hines.

4,084,537
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A more cfficient flank drive is obtained by means of
sutomatically controlled swiveling devices which are
similar to the common reversible propeller systems for
rudder and anti-rol) devices. In this arrangement, the
propeller blades are continuously pasitively pitched 1o
the most effective angle of attack.

If the avtomatic control of the swiveling devices
reverses the most effective angle of attack of the propel-
ler blades suct. that the blades are pitched to starboard
instead of to port during their motions transverse to the
direction of travel of the boat, the boat will stop or
reverse its heading.

The sutomatic control permits the propeller blades to
be adjusted 10 different angles of attack. for cxample a
larger starboard angle than port angle. even dunng their
motion transverse fo the boat heading. This arrange-
ment generates different flank forces 1o both sides trans-
verse to the boat heading thereby changing the course
of the boal. Such change of vourse can be intensified by
simultancously pstching all propeller blades to only one
side.

BRIEF DESCRIPTION OF THE DRAWINGS

In the application drawings,

FIG. 1A is a fragmentary side elevational view of
part of the boat. showing the wheel body mounted
therein;

FIG. 1B is a frugmentary top plan view of the boat.
more clearly showing the guidewheel and rescrsible
propeller housings;

FIG. 1C is an enlarged. sectional view through a part
of the propeller housing:

FIG. 1D s an enlarged, partially fragmented und
scctioned view showing in more detail the construction
of the propeller housings and the manner in which the
dnive is carried by the boat, and

FIGS. 2A, 2B, and 2C are diagrammatic representa-
tions of the operation of the flank dnve, showing the
movement diagrams of a propeller hlade.

DETAILED DESCRIPTION OF THE
PREFFERED EMBODIMENTS

Referring now in derail 1o the application drawing,
wherein like parts are indicated by like refere..c nu-
merals, the flank drive constructed in accordznce with
the present invention includes a wheel body 2 mounted
in the end of a boat shown frogmentarily at 1. The body
2 is rotated about its central vertical axis 30 by means of
a propulsion motor 3, shown in dashed lines in FIG. 1B
and having geer 31 drivingly engaging the dnven gear
teeth 32 of the wheel body 2 A guide wheel 4 is cen-
trally mounted at 37 for pivotal movement in the
mounting 37 of the wheel body 2, with the periphery of
the wheel 4 being formed with teeth 23 engaging with
teeth 34 formed in the penphery of each of the propeiler
housings S, as can be seen in FIG. 1D. The number of
teeth 33 on guide wheel 4 is the same as the number of
tecth 34 in each housing 5. As wen in FIG. 1B, the
propeller housings § are eccentrically mounted selanve
to the axis 30 for rotary movement in the wheel body 2
by mountings 38. If the pesinon of the wheel guide 415
not changed with respect to the course 9 of the beat, the
reversible propeller housings 5§ are controlled by the
guide wheel 4 <o that the prop-iler housings 5 do not
rotate about their own vertical axes 36 with respect to
each position of the wheel body. By rotatably adjusting
the guide whee! 4 about aus 30 by adjustment means
which are not shown, the direction of all the reversible
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ABSTRACT OF THE DISCLOSURE

A hydrofoil propelled watercraft which presents drag
<tructure to sclectively increase the drag force on the wa-
tereraft at the low velucities 10 (a) develop an upward
force acting upon the watercraft and causing the water-
oraft 10 be lifted upon hydrofoils at refatively low ve-
locities and (b) provide a system for recovering a por-
tion of the surplus cnergy expended at low velocities and
directing the cnergy into the drive line to incrcase the
efliciency of the pomer source or 10 auiliary appliances.
The hvdrofoil Flades are adapted to engage the water
cxclusively below and inside the outer periphery of the
watercraft so that the outer limits of the reach of the
v drofoil blades is hknown.

—————————

The invention relates 10 improvements in hydrofoil
watcreraft vehicles and is a continuation-in-part of my
vapending patent application Ser. No. §18.970, filed Dec.
30, 1965, now US Patent No. 3.403.654 and the entire
specification of said copending patent application is in-
vorporated herein.

It has bwen found that hydrofoil watercraft will be
lilted ount of the water upon the hvdrofoil blades during
displacement only when a suflicient drag foree is exerted
s as o eenerate an npwardly dicected lift foree. At low
Lo maderate selocitios, i resistanve is not suffivient drag
o develop a lift force powerful cnough 1o maimuin the
watercradt out of the water. The present invention pro-
vides aosystem for selectively generatine artificial drag to
develop the nesded ling force to maintain the watercraft
upon novel hvdrofoil blades and at the same time serve
as a supplemental source of encrgy at low to moderate
veloaaties,

Devices which generate supplemental cnergy are known
m the art, for evainple. see U.S. Patent 1.831.835. The
haown devices are designed 1o present as little resistance
as possible 1o the normal forward movenient of the ve-
bicte to which they are attached,

It v a primary olject of the invention (o provide an
auviliary system for a watereraft hy drofoit vehicle 1o
Jevelop a drae foree and at the same time provide a sup-
plemental <sonrce of cnerey.

It is another important object of the invention 10 pro-
vide a novel Bydrofeil Blade arranzemient to increase the
cMiviensy und ease of handiine of the watercraft,

Ancther §portant object of the imvention is to pro-
vide a more eicient, sufe watercraft sehicle.

Tiese and other objects ard features of the present in-
vention wiil become maore fully apparent from the fol-
lowing description and appended claims tuken in con-
pinction with the accompantyiang Jdrawings wherein:

FIGURE 1 s a diveammatic representation of one
rresently preferred encbodiment of the hydrofoil Blide
drive swatem and Jdras unit;

FIGURF 2 is a schematic frazmentary illustraton of a
watereraft vehicle comprining the drive system embedi-
vant of FIGURE 1 <hown in partial orose section:

PIGUR' 3 whemoticadly shown another presently pre-
forved embodiment of the drve cvaem and Jdrag uni

10
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FIGURES 4 and § schematically illustrate two present-
ly preferred embodiments of the generating system for
convaiting the rotition of the drag unit 10 uscful cnergy;
and

FIGURE 6 is a schematic fragmentary perspective of
presently preferred siructure for controlling the amount
of drag force developed by the drag unit.

With refercnce 1o FIGURES | and 2, the drive sys-
tem, generally desiznated 12, comprises drive wheels 14
and 16 and idler wheels 18 and 20. The wheels are sub-
stantially identical and cach wheel is provided with radial-
ly-cxtending peripheral Munces 22 and 24 which define
a recessed, centrad groove 26 therebetween. The groove
26 is adapted 1o receive a portion of an endless driving
track 28. The driving truck 28 is preferably formed of
semcwhat yieldable material and is provided with a
plurality of base members 31, integrally attached to the
track at spaced locations 8 along the outer periphery.
(Sce especially FIGURE 2.)

An air plenum 25 or 27 (FIGURF 1) is optionally
located immediste!y above the lower inside portion of
cach track 28, Air forced through each air plenum 25 and
27 from a forced air svstem (not shown) will exert a
downward farce upon the adjacent track 28 which helps
o prevent deformation of the part of the track spanning
between the lower parts of the wheels 14 and 18, and 16
and 20. Thus. the tiack 28 will remain essentially lincar
even when there is condiderable weight in the watercraft.

Each blade 3 is anached to the adjacent base member
31 by a Luerally movable hinge 29 (sce FIGURE 2).
The hinge 29 i« lovated on the cutward edee of the base
31 and blade 30 o that cach blade 30 may open verti-
cally in respanse to centrifupeal force when not opposed
by a witer-caused force and recdily close to the illus-
trated horizontal position when a given blade cnzapes
the water 33 When o Flade 30 is in the water 33 the tip
38 is directad inwardiv. Sienificantly, the inward dis-
rosition of the hyvdrofoil bldes 20 makes it possible for
the operiator of he hydrofoil craft 10 position the craft
close 1o a dock or the ike without cansing dumace to the
hydrofoil Bades or the dock.,

The drive wheels 14 and 16 are powered by encrgy
orizinating at a powcr source or motor 32 which is trans-
mitted throngh a ditferential mechanism 34 and Jelivered
10 the respective drive wheels 14 and 16 through axles
36 and 28. The Jifferential 34 is also connected by a
d-ive shaft 40 and a difTereatial 42 to an auxiliary shaft
<4 comprising part of a drag unit 46 An auniliary motor
48, preferably adapied to provide an essentially constant
spead input, is aiso connected into the differentinl 42,

The drag unit 46 also comprises a pair of oppositely
disposed impeller blades $0 which, desirably, have a
Tectively variable pitch (not shoan). The drag unit 46 is
maintained substantially below the lower-most portion of
the buovant watereraft structure 54 (FIGURE 2) and
is mechanically connccted 1o the <haft 44 through eear-
boxes £6 and €8 and connecting shaft 60.

I{ desired. the amcunt of drag produced by the aunil-
iary drag unit 46 may be controlled by the structore il-
lustrated in FIGURF A Morce specifically, the connecting
shaft 60 is joincd intcarilly with a braking Jisk 140, The
peripheral edee of the brauding dish 120 is distlaced be-
tuween jaws 142 and 144, cach of which containe 3 blind
bore 146 which iv in fluid communication.with nvdraulic
lines 148 and 170, A (ylinder 152 with a reciprow (hle pis-
ton (not shown) s sitnated within cach blind bore 146.
Fach piston iv adapied 1o mosve in gecponse 1o pressure
from the hydiaulic lines 148 and 150 to excrt a controlled
amaunt of braling force arainst Jisk 140,

Iherefore. when increased pressure is developed in
the b tranlic Tines and 148 ard 150, <och as by applicas
tion of a conventional ke s 'l fpot shown), each pis-

se-
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1
PROPULSION SYSTEMS

RACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to amphibious vehi-
cles, and more particularly a marine propulsion system
for I nd vehicles such as tracked military vehicles.

2. Description of the Prior Art

Prior art vehicles of the type referred to hercinbe-
fore, as well as land vehicles including a hybrid or half-
track using both wheels and a crawler track, have em-
ploved various mecans to propel the vehicle both on
water and on land.

One such system has utilized propellers and conven-
tiona) land wheels, requiring separate complex drive
trains, including many gears and other controls, for
each propulsion system. In another case, a water jet
propulsion apparatus has been proposed for amphibi-
ous vehicles claiming to give the vehicle highly efficient
muncuverability in the water while achieving near opti-
mum cfficiency during normal land propulsion.

SUMMARY OF THE INVENTION

The present invention provides an improved and
novel water propulsion means for a self-propelled am-
phibious vehicle arranged so as to employ the same
prime mover and associated power transmission and
power control means that are used for land locomotion.
The sprocket driven ducted-propeller units consist of a
housing structure containing a planetary speed up gear-
set mounted coaxially to the track sprocket. From this
1s driven a miter gear box which drives the ducted pro-
pelier.

It has been determined that where use of the com-
mon power transmission means results in concutrent
operation of the land propulsion elements, such as
whecls or tracks, the water propulsion means is devised
10 achicve a water speed that would be attained by
these wheels or tracks when on land. This is of particu-
lar importance to the control of the amphibious vehicle
n the critical stage of egressing from a moving stream
or from the surf onto a steep beach.

To achieve directional and speed control in the water
this invenuion may utilize the same steering means used
for the land mode of propulsion and control On tracked
vehicles, where differential track speeds are used for
steering, this same means may be employed by speed-
responsive water propulsion devices. On articulated ve-
hicles, steered by turning segments of the vehicle, the
water propulsion force is redirected for steering by the
same action. The same steering action may be aschieved
when the water propulsion means is secured 1o » steer-
able wheel on a wheeled vehicle.

The water propulsion means may be any of a clzs of
such standard devices which are driven by mechanical
power and produce thrust by sccelersting the water ‘:
which the vehicle is immersed. This thrust is controlle:
by variations of input speed and directiof. = s

The preferred mounting for the Prff;red. Tand loco.
in juxtaposition with an euterior. Po sprocket, or

. wrack dnve
moti ent, such as the ; .
dr'v:m he’e;n(rom which the watef propulsion system is

ive whee

powered Structural connections from the propulsion
owere

device to the \elhlc
and react its drivin

Power conneclion 15 m3
dard engaged and disengaged power 13

g forces whese neceesary.
de through a class of stan-
nsmission de-

4 i itate
je are pmndcd to transmit its thrust 6
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vices such as o dog clutch or splined couplings. Con-
nection is thereby made to the power train at or neur
the final driving elements to retain a requisite portion
of the braking, steering and speed changing capabilities
of the land locomotion power driving train.

The propulsive means may be manually positioned,
installed, engaged, and siructurally secured for use. An
alternative emobodiment may have this propulsive
means permanently installed on the vehicle and posi-
tioned, engaged, and secured in the operating or
stowed position, manually, or by powered means which
are locally or semotely controlled.

The sprocket-driven ducted-propeller system pro-
vides a marked improvement in waterborne perfor-
mance. The vehicle's speed is increased from 4 miles
per hour to 6.5 miles per hour. The yawing action is sta-
bilized by front-sprocket-driven propellers so that a
steady course may be held without frequent steering.
The propellers provide its craft with a highly controlla-
ble mancuverability. Ducted propellers have several
inherent advantages over cqually efficient open screws.
Primarily the overall diameter is 19 percent to 22 per-
cent smaller. The engine torque requirement under
static pull conditions increases only by about 6 percent,
while that of an open screw rises 22 percent. Conse-
quently the nozzle propeller is able 1o sustain greater
static thrusts, Finally, the nozzle ring also forms a guard
for its impeller.

Other advantages of the precent invention will be-
come apparent to those of ordinary skill in the art by
the following description when considered in relation
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of the forward end
of an amphibious vehicle embodying preferred teach-
ings of our invention;

FIG. 2 is a fragmentary section view taken along the
fine 2—2 of FIG. 1, and

FIG. 3 is a front elevation taken on line 3—-3 of FIG
1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the accompanying drawings,
wherein like reference numerals denote corresponding
parts throughout the scveral views, numeral 10 desig-
nates the forward portion of amphibious military vehi-
cle which travels on land on a pair of tracks 12 pou-
tioned along opposite sides of vehicle 10. Each track 12
comprises an endless link assembly of the general type
riding on sprocket wheels, not shown on the drawings,
at the cxtreme forward or rear ends of travel and s
group of bearing wheels 16 indicated in phantom.

Vehicle 10 has standard drive mechanism for tracked
;’:h';’"-_i €., 8 combustion engine means, not shownn
Wie’a’r,:;wm:,' for driving the vehicle connected through
them € Power transmission means to tracks 12 to drive

The :

FIG zsi"‘c‘c*el-c_inven propulsion system, as shown in
* * comprised of two four-bladed propellers 14,
cach supported and h i
Eac Oused in its own kort nozzle 18.
cach bronze propelle
peller 14 mounts on and is driven Dy
a keyed tapered drive <h; P ’
] i aft 19, Propelier 14 rotates in-
side the cast aluminum st
faired 1ing 20 draw rut supported nazzle duct or
18 and e II‘ fawIng water in the front of hort nozzle
a expeiling it out the rear Propeller 14 and its
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157) ABSTRACT

Propulsiun mechamsm for water craft comprses o
power driven pulse jet pump which operates at a se.
lected shallow smmersion depth, preferably on o
smooth wake created by a planing surface of the craft
The pump comprises a propulsion wheel having conca-
vo-convex curved blades mounted with their concase
sides facing in the dircction of forward rotation of the
wheel, and the tp cdges of the blades are sharpened
At and above cruising speed the blades are immersed
substanually less than one half of their width, and are
so angularly adjusted that each bladce slices cleanly into
the wake and in effect scvers a “chip™ of water there.
from in somewhat the same manner as a blade of o
power wood planer or metal-milling cutter These
water “chips™, by incrua, are forced upwardly and
around the concave faces of the blades, so that by a
combinution of the rotative orbit of the blades, and
their curved conformation. the “chips™ are discharged
rearward'y through the air at a velocrty greater than the
tip specd of the blades, therchy generaung a reaction
thrust which propels the craft forward The wheel pref-
erably s vented 10 act additionally as an air impeller <o
as to discharge a high velocity air stream rears ardly
along with the pulse jet stream of water “chips ™

19 Claims, 10 Drawing Figures
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TANGENTIAL FLOW PULSE JET PUMP
PROPULSION FOR WATER CRAFT

BACKGROUND OF THE INVENTION

Various types of wheels have previously been em-
piloved 10 propel water craft, ynd some of these wheels
have been provided with curved blades. A study on
such wheels is reported on in a publication of Naval
Ship Research and Development Center dated Sept.
1969, No. ATD-11 So far as is known, however, such
priot type propulsion wheels lack an important feature
of the present invention, and such loose water as 1y
caused by the normal and designed operation thercof
w ncapable of attaining a discharge speed in excess of
the tup velocity of the wheel

PURPOSE OF THE INVENTION

A pnimary object of the present invention is to propel
a water craft by means of & pulse jet pump hiving a
wheel with concavo-convex curved blades mounted
with their concave sides when at the bottom of the
wheel facing aft. The pump is mounted so that at cruis-
ing speed and above, preferably the wheel operates on
a4 smooth wake created by forward motion of the boat
in the water The immersion depth and speed of rota-
uan, of the wheel, and the tip entrance angle, width and
curvature of the wheel blades are so designed, that
each successive blade scvers and elevates a segment or
“chip™ of water from the surface of such wake and dis-
charges it rearwardly at high speed, preferably along an
air stream generated by the rotation of the wheel. The
blades optionally are rotatively adjustable about indi-
vidual axes paralle] to the axis of wheel rotation, in
which case blade adjusting means may be provided 10
adjust all of the blades simultancously.

The foreguing objectives and advantages of the in-
senpon will be apparent from the following description
and the accompanying drawings, wherein:

FIG. 1 1s a frugmentary, somewhat diagrammatic,
side, elevational view of the stern portion of a boat hav-
ing propulsion means incorporating the present inven-
tion mounted therein, portions of the internal mecha-
nism being shown in broken lines.

FIG 215 a top plan view of FIG. 1.

FIG Jisa fragmentary, diagrammatic, sectional vicw
through one of the drive wheels of FIGS. 1 and 2 taken
along a fore.and-aft vertical plsne, the action of the
lower blades on the flat wake being shown, other blades
being omitted.

FIG 415 a sectional view taken along line 4--4 of
FIG. 3.

FIG 5 is a fragmentary sectional view of the lower
portion of a wheel gencrally similar to that shown n
FIG 3 but having angularly adjustable blades.

FIG 6 15 a fragmentary sectional view taken along
hine 6--6 of FIG S.

FIG 715 4 side elevational view of a modified form
of Jdrive wheel embodying the invention with gear
driven blade adjusting and reversing means,

FIG 8 is an elevatiunal view looking in the direction
of the arrows 8—8 of FIG. 7, portians being broken
4w ay

FIG. 9 1s & diagram showing succes<‘ve stages (n the
action of a blade during the severing, eicvating and dis-
charging of 4 water “chip™ element of the pulse et
stream for propelling a4 vessel upon which the blade 1s
mounted
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FIG. 10 s o dagram an the nature of & perspecting
vicw shawing in perspective successive stages the sev-
vrance and discharge of a3 water “chup’ from the flat
wake.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to the drawings in detail, and convidering
first the non-adjustable vane structure of the pulse jet
pump embodying the invention shown in FIGS. 1 - 4,
a pair of propulsion wheels A and B are mounted on
powcer driven shaft means 10 journaled to extend trans-
versely of a hull C. The type of hull, the number and lo-
cation of dnive wheels, and the type and arrangement
of power drive mechanism employed ate not, per se,
features of the invention, und are subject to usual selec-
tion and modification by the designer of a craft in
which the invention is 1o be embodied. Details thereof
are, therefore, omitted.

The illustrative hull C is of planing type, and the pro-
pulsion whecels A und B ure mounted in housing reces-
ses 11 and 12, respectively, provided one in each side
of the hull near the stern. Since the wheels A and B are
similar, only the port une B is illustrated and described
in detail herein.

The illustrative hull C has a conventional forward
step 13, and the hull bottom 14 shead of the drive
wheel B preferably s flat, so as to create a flat wake 185,
see FIGS. 1, 3,9 and 10, upon whirh the wheel B oper-
ates. Opuionally a step vane 17, see FIGS. 1 and 2, may
be mounted in a shallow recess provided in the hull bot-
tom ahcad of the wheel, and is adjusicd by a conven-
tional jack 19 about a forward, transverse pivotal ans
20, therceby to control the level of the flat wake and the
immersion depth of the wheel.

The wheel B comprises a pair of side disks 21 and 22
fixedly secured co-axially on the shaft means 10, the
latter being journaled in usual water tight heanings 23
and 24, sce FIG. 4,1n the hull C. A pair of conventional
internal combustion gas turbines D and E are arranged
to drive the wheels A and B through suitable transmis-
sion mechamism F. While a well known type of night-
angle drive transmission mechanism F s illustrated. 1t
will be understood that the engine or engines may be
mounted axially parallel to the propulsion wheels, in
which case suntable alternate type transmission mecha-
nism of a well known type will be employed

A plurality of concavo-conver hlades 25 of suitahle
matcenal, such as, for example, stairless steel, extend
between the disks 21 and 22 with the concave udes of
the bladces facing in the direction of forward rotation of
the drive wheel B Whiie the blades illustrated heren
are shown as of substantally right circular cylindercal
curvature, the specific curvature 1s not a feature of the
invention, and tests and calculations at this stage of de-
velopment are not conclusive as to an optimum size or
shape for the blades.

The plane defined by the longitudinal edges of each
blade 28, and represcnted by broken line 27 10 FIG 3,
is tilted rearwardly toward the blade tip by an angle 28
relative to a radial plane of the wheel, represented by
broken line 19, through the blade tip 30. The magni-
tude of thys angle 28 1s such that the designed ratio of
the wheel peripheral specd to the relative speed of the
flat wake 18 provides a positive angle of attack of the
blade tip, which Causes the hlade during each orbit to
swoop a “chip” of water from the flat wake The radial
width and curvature of the hlade and the position of its
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[87] ABSTRACT

A propulsive force gencrating device is provided for
marine sehicles consisting of parallef rollers rotating
within a space on the underside of the vehicle and a
sheet of Aeaible material of suitable length across the
space.

In operition the sheet is immersed 0 the water and
dynamic pressure forces the sheet into the gaps
hetween the rollers which forms convolutions which,
during the rotation of the rollers, causes a succession
of ripples which engage with the water to produce a
propulsive force.

S Claims, 2 Drawing Figures
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1 .
PROPULSIVE FORCE GENERATING MEANS FOR
MARINE VEHICLES =

This mmvenuon s concerned with propulsine torge
poenetatimg means for manne sehicles

Lhe term “manine sehicles™ s mtended o coner ve-
hicles which operate on or i close provinnty o the sur-
face ot waters examples bemg ships and aor cushion e
hicles

Propulaen devices are Anown m which a ppeamati-
callv mfluted Nevble roller is rotated in provimin to a
water surface over which st tinels Such a roller has a
rgd internal framework arranged <o that when bydro.
dynamac forces operating on the Mevible surface of the
roller eveead those created by inflation pressare. the
flenble surtace of the roller is indented o form propal-
sion blades Problems anse when woroller of this type s
revohad to produce a propulsion toree Figstly, the
centrifugal force produced by the rotation urges that
part of the flenible surtace not subjected to hydrody -
namic forees to fly outwards, and seeomdiy . out of bal-
ance retan forees are geneanted by the rotany path of
the flenible surface bemg at varving distances from the
anis of the roller

The presentinmvention provides in or for a manne ve-
hicke propubsion force generiting means including
plurabity of Jongitudinally extending parallel rollers
evenhy spaved fromand around a common s and in
operation of the device being arcanged to rotate around
the common anis soas o preseribe a path of movement
which s parth within o space formaed in the underside
of avwchicle to which the device s attached. o sheet of
lenble impermeable material arranged for attichment
on the andersile of the vehicle soas to extend across
the space and having a longer length between hines of
Mtachment on the underssude of the sehicle than the
length of that part of the path of movement of the rol-
lers which s onvternal of the space i the underside of
the vehicbe, and mcans arranged for co-operation with
cach end of the device and with the veluele tor preyvent-
mg cntry of waler to the mtenior of the device

One ecmbodiiment of the mvention wall now be de-
sonbeds by of evample only . with refcrence to the
avcompanying drawangs, o which

PG 1 v schematic side elesation of o propulsive
torce generatimg device according to the invention, and

FIG 208 oo oxploded perspective siew of the deviee
Mlustrated wm FIG 1,

Fhe undersude structure 11 of a marme sehicle (not
showno s comstructed soas o have an arcuate space 12
withimn which s drive shaft 13 carrving in the proxim.
iy ot cach end g star wheel 14 arranged to rotate with
the drne shatt LA Corresponding aems on cach star
wheel 14 are interconnected by asles 18, amd carned
by amd ruriing on these andes 18 are rollers 16, The rol-
lors 1o e ot alength so that they occups the space be-
tween the star wheels 14 and hove sutficient clearance
hoth betwoen the star wheels 14 and on the andes 18 to
turn trech

The drve shatt L3 s arranged to be drnven through
S ansisson 17 i o prime mover (not
shoneny The drne Shatt 1A rotates the star wheels 14
and thoreby Cause the andes 18 carrving the rollers 16
to e roteted aronnd the drive shaft avs and to pre-
sonibed o path of movement which s parth within and
parth external of the space 12,
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A sheet of flevable imp_rmeable matenal I8 s ar
ranged for attachment to the underside structure 11
Aloag Iines of attachment 20 and 21, The sheet 18 ex-
tends aczoss the space 12 and has a longer length be-
tween the lines of attachment 20 und 21 than the length
of that part of the path ¢f mosement of the rolters 16
which is external of the space 12, Preferably the length
of the sheet 18 between the lines of attachment 20 and
21 is withm a range 1.3 to 1.7 umes the length of the
puth of movement prescritbed by cach roller 16 external
of the space 12.

The sheet 18 s hounded on its free ends by conical
fairings 19 of flevuble impermeable material which
sene o present the entey of water into the space
bounded in part by the underside structure 11 and in
part by the sheet 18 without linsung the flevibiling of
the shect I8,

In operation of the device. when the manine ehicle
v operating on or i close provmity to o water surface,
so that the shect of flevible material 18 is immersed in
water. the dynamic water pressure forces the sheet 18
into the gaps between the rollers 16 so that the sheet
18 has o plurabity of convolutions. cach comvolution
conforming to g roller 16, When the deve shaft s
driven by o prime mover to turn the star wheels the rol-
lers are rotated around the drise shaft and that part of
their path of movement which tahes place externad of
the sehacle structure causes the comvolutions o move
across the sheet as a succession of aipples or blades
which ¢ngage the water o produce a propulsine foree
The dircction of the propulsive force is dependent on
the discction of rotstion of the rollers.

The device may be used ather singly or as o muluple
of units to provide propulsion for ships or aie cushion
vehicles When used s multiple units one or more unats
iy be located in cach wall of a nigid sidewall tpe of
e cushion vehicle Alternatnely . one or more units
may boeonstalled on the underside of a ship at the hull
centerhne to provade forsward or reverse propuision, or
they may be positioned on the torward part of a ship
with the avis of rotation of the device paralle! with the
loneitudinal aas of the ship o act as a transverse pro-
pulsion unit

b cliim as oy invenuon:

L Inor for a manne sehicle, propulsive foree gener-
ating means meluding a plurality of longitudinally ex-
tending parailel rollers evenly spaced from and sround
s commuon axis and in operation of the device bang ar-
ranged to rotate around the conumon avis so as to pre-
scribe a path of mo.ement which is partly within a
space formed in the underside of a vehicle to which the
device is attached. o sheet of flevble impermeable ma-
terial arranged foo ttachment on the underside of the
schicle soas to entend across the space and having a
longer length between haes of attachment on the un-
derside of the cehicle than the length of that part of the
path of movement of the rollers which s external of the
spowe i the underside of the vehicle, and means ar-
ranged for cocoperation with cach end of the device
and wath the schicde for presenting entny of water to
the mterior of the deviee

2. Propulsne torce gencrating means as Clumed in
clam Lowhercm the rollers are carned on andes extend-
ing between and suppoerted by arme of surtably spaced
star wheels

3. Propubine force pencratimg means as clauned n
clam 2, wherem ashaft evtends through the centres of

o b
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[57) ABSTRACT

The hull of a propeller driver plining boat powered by
an inboard engine is provided on the underside thereof
with a channel extending longitudinally of the hull from
the stern towards the bow, with the channel being of
maximum depth at the stern to accommeadate a propet-
ler thercin adjacent the stern, said channcl wideming
and becoming shallower until it merges with the hull
surface, and with the cross-sectional perimeter of the
channel being of the same length along the length of
the channel so that the surface area of the channel re-
mains constant as a wetted arca throughout the length
of the channel. This provides a contour of the channel
adapted to ensure that water will flow, during motion
of the hull, through the channel without producing
cddy currents, cavitation, aeration or other fluid flow
effects likely to affect the operating efficiency of the
propeller in the channel.

8 Cleims, 10 Drawing Figures
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1
PROPELLER DRIVEN BOATS

‘This invention refates to high specd propeller drrven *

plamiag boats powered by an inhoard cngine.

In boats of this type the protection of the propeller
from dumage by floating objects or grounding of the
boat has created a number of problems and in attempt-
ing 1o salve this problem it his been propuosed to guard
or shicld the propeller or include the propellerin a tun-
nel formed 1o the boat hull. These proposals have the
disadvantage that the efficiency of the propeller is so
scnously affected that they are not acceptable to boat
builders.

The principal object of the present invention s to
provide a boat hull construction whereby the propeller
or propellers is or are substantially protected by the
boat hull and in such manner as not to affect the oper-
ating efficiency of the propeller or propellers.

With the abave satcd object in view a boat hull, ac-
cording to the present invention is provided on the un-
derside thercofl with a chunnel extending longitudinally
of the hull from the stern towards the bow, with the
chaanel being of maximum depth at the stern 10 ac-
commodate a propeller therein adjacent the stern, said
channcl widening and becoming shallower until it
merges with the hull surface and with the cross.
scctional perimeter of the channel being of substan-
tislly the same length along the fength of the channel.

The surface area of the channel when plotted onto a
planc surface resolves into a rectangle having a width
equal to or substantially equal to the widest part of the
channel at the forward end thereof and of a length
greater than the width, so that the surface area of the
channel remains constant as a wetted area throughout
the length of the channel.

In the case of a single propelier hull the axial plane
of the channel aligns with that of the kcel and in the
casc of a twin propeller hull the channcl for each pro-
peller 1s posiioned on cach side of the keel.

Viewing the channcel from the forward end to the
stern end thereof, the width of the channel decreascs
and the depth of the channel incrcases over a substan-
tial part of its length.

The contour of the channel is adapted to ensure that
water will flow, during motion of the hull, through the
channel at all rates without producing eddy currents,
cavitation or acration or other fluid flow effects likely
1o affect the operating efficiency of the propeller in the
channel.

The forward end of the channel is preferably rear-
wardly of the plaming arca of the boat hull to thereby
avoid the likelihood of acration of water ¢ntering the
channel to reduce operational cfficicney of the propel-
ler

In order that the inveniion muay be more readily un-
derstood reference will now be made to the accompa-
nying drawings dlustrating & boat hulf constructed n
accordance with the present invention

In these drawings

FIG 1 s an undersde plan of the stern porton of a
wungle propedfer boat hull incorporating o channel con-
structed according to the invention,

FIG 2 a section on hine 2 — 2 of FIG L,

FIG X s rear elevation of that part of the boat hull
shown n FiG 2,

FIG 4, 5,6, 7 and R are diagrammatic sections on
correspandingly numbered section lines on FIG 1

20

30

40

45

S0

$S

60

65

2

showing the development of the channel from the bow
towards the stern, and

FIG. 9 1s a diagrammatic representation in perspec:
uve of the channed plotted onto a plane surface and
FIG. 10 is that representation shaped in the form of the
channel, the hroken lines corresponding to the sections
shown in FIGS. 4 10 8.

FIGS. 1, 2 and 3 illustrate the relevant parts of a sin-
gle propcller, inboard engined, boat hull 20 having 1n-
corporated therein on the underside a channel 21 con-
structed according to the present invention.

The channc! 21 extends forwardly from the stern 22
and longitudinally of the hull and at the stern is sub-
stantially hemi-spherical in cross-section at the end sec-
tion 21g as shown in FIGS. 3 and 8. The section 21a1s
of a maximum depth to embrace the propelier 23 poss-
tioned in that section 21a on the end of shaft 24 which
is supported in the usual manner by hearings 25. The
length of section 21a of the channel 21 1s not arbitary,
it may terminate immediately rearwardly of the propet-
ler 23, however, in the embodiment illustrated the stern
and termination 21b of the section 21a is in a stern re-
cess 26 accommodating twin rudders 27 and 28 cach
of which are disposed on cither side of the channcl ¢nd
21b.

The rudders 27 and 28 each have portions 29 extend-
ing below the hull and forwardly of their pivot bearings
30, said extensions 29 increasing the steering surfaces
of the rudders and also providing reverse acting forces
which reducc the forces necessary for operation of the
rudders during movement of the boat in the water.
Guard fins 31 arc provided on the hull forwardly of the
rudder extensions 29 to deflect floating or other objects
and thereby prevent damage 1o the rudders.

From the inner or forward end 21¢ of channel section
21a the channel 21 extends forwardly towards the bow
of the hull becoming wider and shaliower until at the
forward end 21d it merges with the underside surface
contour of the boat hull at a point rcarwardly of the
planing arca of the boat hull.

The boat hull, as illustrated, is of the type in which
the battom of the boat is formed of two inclined sec-
tions 20a cxtending from the hoat sides 20b towards the
keel 20c as shown in FIGS. 1, 2 and 3 and while the for-
ward end 21d of the channel 21 is shown, for conve-
nicnce of illustration, as terminating in a defined linc,
it will be apparent, more particularly from the section
shown in FIG. 4 that the channel merges into the con-
tour of the hull surfaces at this point to provide a sur-
race offering no obstruction to the flow of water when
the boat is in mation in the water.

The channel 21 as shown in the progressive sections
in FIGS. 4 1o 8, 15 so furmed and dimensioned that the
dimension of the cross-sectional peaimeter of the chan-
nel section at 21a 1s the same or at least substantially
the same at any crosssectional point throughout s
length, This i dlustrated mn FIGS 9 and 10 where the
rectangle 31 represents the channel 21 plotted onto a
planc surface, the broken lines 4, 5,6, 7 and 8 thereon
representing the carrespondingly numbered section
lines on FIG. 1. The rectangle 31 represents the surface
arca of the channel with the width cyual to the widest
part of the channe! and of a leagth grecter than the
width so that the surface atca of the channel remains
cvonstant as a wetted arca throughout the length of the
channel FIG 10 represents that plance rectangle 31 of
FIG 9 shaped and contoured into the form of the chan-
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1
MARINE PROPULSION SYSTEM

BACKGROUND OF THE INVENTION

The theoretical advantages of so-called surface type
propeflers for high speed power boats have long been
recognized. and many attempts have been made to uti-
lize such propellers. The term “surface propeller”
arises because the propeller, instead of operating fully
submerged as does a conventional propzller, is so posi-
tioned that its center, or hub, is approximately at the
level of the water in which it is operating. That is, the
propeller has a portion of its effective disc area in the
water and the remainder of its area in the air. Thus the
blades succesively dip into the water as the boat ad-
vances, and the propeller develops its thrust only on the
faces (pressure sides) of the blades.

These surface propellers, more recently termed semi-
submerged supercavitating propellers because their ac-
tion creates voids in the water on what would normally
be termed the suction or back sides of the blades, are
capable of driving a given hull at speeds substantially
higher than can be obtained from either a fully sub-
merged conventional (non-cavitating) or a fully sub-
merged supercavitating propeller operating at the same
shaft horsepowers. This increase in performance with
the surface propeller results from the fact that there 1s
no appendage drag associated with converting the rota-
t've power of the pritne mover into propulsive thrust to
propel the bull, Also, there are no adverse effects due
10 cavitation on a surface propeller. Cavitation will de-
crease the etiiciency (or hft/drag ratio) of a fully sub-
merged consentional propeller. The design perform-
ance of the fully submerged supercavitating propeller
will be altered Jue 1o the fact that the design condition,
corresponding 10 a cavitation number equal 1o 2ero,
cdn never be attairzd short of an infinite speed.

The problem, and one which has been a major obsta-
cle to the adoption of surface propellers, is their inabil-
ity to develop adequate thrust at low speeds, when the
hoat is requtred 1o make the transition from the dis-
placement mode of eperation 1o the planing state. This
lack of thrust at low speeds is not the result of any lack
of engine power, but rather the inability of the propei-
ler to utilize the available power. At low speeds, techni.
cally known as low advance ratios, a phenomenon
called cavity blockage occurs. When the advance of the
boat is zero or very small, in relation to propeller rota-
tion, the cavity left by one blade is in the path of the
next blade, so that the following blade encounters this
cavity rather than undisturbed water. As the forward
speed of the boat increases, this cavity blockage takes
another form in which the cavity formed by the leading
blade does not actually impinge on the following blade;
at this point the blades and their large attendant cavi-
ties cause an actual choking of the flow through the
propeller disc. Either of these cavity blockage forms is
usually sufficient to prevent the surface propeller from
gencrating the required thrust to get the craft through
the transition region, often termed the resistance
hump. into planning condition.

Various means have been proposed and emploved,
<ich as using excessively farge propellers, or using a
supplementary propulsion system, ta enable the boat to
be driven through the resistance hump. Still another
approach has involved mounting the surface-type pro-
peller uft of the transom so that at speeds below planing
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the propeller may have some additional disc area im-
merscd in the stern wave that builds up behind the tran-
som at low spced. This last-mentioned expedient cre-
ates major problems in providing adequate propeller
shaft strength to withstand the stresses resulting from
the inability to provide bearing support close to the
propeller, and also places the propeller and propeller
shaft in a position where they are easily subject to acci-
dental damage.

SUMMARY OF THE INVENTION

In accordance with the present invention, it becomes
possible for the first time to have a propulsion system
which permits semi-submerged operation of a super-
cavitating propeller under optimum conditions for high
hull speeds, yet cnables the same propeller to operate
effectively at low hull speeds so that it can readily de-
velop the thrust necessary to get the craft through the
resistance hump and up onto plane.

This is accomplished, in accordance with my inven-
tion, by providing a tunnel in the underbody of the boat
and mounting the propeller in the tunnel so that the
upper part of the propeller, above the hub, is within the
tunnel, while the portion of the propeller below the hub
is exposed below the hull. At low hull speeds, before
planing, water flows into the tunnel ahead of and 1o the
propeller and the propeller operates fully immersed.
with its thrust cnhanced by the shrouding effect of the
tunnel partially surrounding the propelier.

At higher speeds, aided by special flow control means
ahcad of the propeller, the flow of water is caused to
bypass the tunnel so that the propetler operation under-
goces a transition to the semi-submerged mode, with its
high propulsive cfficiency. Under these conditions,
with the flow of wuter strecaming aft under the hull and
below the tunnel. and with the tunnel vented to atmo-
sphere through its opening at the transom, the tunnel
and its flow control means cause no appreciable drag.

DESCRIPTION OF THE DRAWINGS

In the drawings illustrating a preferred configuration
of the tunnel of my invention and disposition and ar-
rangement of the propulsive and flow control elements
therein, as well as showing the utilization of the propul-
sion system in typical single and twin-screw embodi-
ments,

FIG. 1 is a top plan view, partly in section and taken
on the line 1—1 of FiG. 2, showing the structural con-
figuration and arrangement of the propulsion system.

FIG. 2 is a sectional clevation of the structure shown
in FIG. 1, taken on the line 2—2 of said Figure.

FIG. 3 is a tectional detail of the tunnc! and adjacent
portion of the hull, taken on the line 3—3 of FIG. 2
looking forward.

FIG. 4 is a view in clevation of the aft end of the
structure, looking forward as indicated at 4—4 in FIG.
2 and showing a portion of the stern transom of the
hull.

FIG. Sisa.iew, on a vmalier scale than FIG. 4, show-
ing the stern of a typical V-bottom vessel suitable for
high-speed operation, illustrating the disposition of the
propulsion system in a single-screw installation on the
center line of the craft.

FIG. 6 is a sectional detail of one of the flow control
elements located ahead of the propeller and thown in
section in FIG. 2.
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(57] ABSTRACT

Boat Drive System comprising as an integral unit, 3
propelier, propeller driving shaft with suitable bear-
ings and scals, a duct having an inlet and outlet end
oriented essentially parallel to the longitudinal axis of
the boat within which said propeller rotates in a plane
essentially normal to the longitudinal axis of the duct,
and stecring and reversing vanes within the discharge
end of such duct. Said boat drive incorporates priof
art ducted fan principal to improve efficiency, per-
formance, safety, and reduce cost of boat drive sys-
tems available principally for pleasure craft.

9 Claims, 3 Drawing Figures
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1
HOAT DRIVE

This invention relates to boat drive systems primarily
for pleasure craft wherein the application results in an
improvement over currently available drives in effi-
ciency, performance and safety and is relatively less ex-
pensive and lighter in weight; as an example. a typical
apphication of this invention in a water ski boat pro-
vides optimum performance at both low speed and high
speed. skier protection from propeller injuries and pro-
peller protection in shallow water when beaching. Ma-
ncurerability, braking and reversing are also improved
with less weight and mechanism complication thereby
minimizing cost. The boat drive systems of this inven-
tion transforms the driving engine shaft power to thrust
for the purpose of propelling the boat as do other prior
art boat drive syvstems.

Prior art boat drives may generally be identified in
vne of four catagories; (1) The outboard motor which
incorporates an offset drive with exposed propeller and
integral engine all of which is rotatable about an ap-
proximate vertical axis for steering. The outboard de-
pends upon rotation of the entire unit about a lateral
anis for obstruction clearance and beaching. The out-
board 1s limited in power because of transom strength.
The effective draft of a boat with outboard drive is in-
vreased by propeller diameter plus approximately 15
percent when in the normal drive position. (2) Inboard
aut drives which are comprised of a through the tran-
som offset stecrable unit with exposed propeller
wherein the engine is mounted in a fixed inboard posi-
tion and 1s Tess restricted in horsepower. Obstruction
clearance provision and effective draft are essentially
the sume as the outboard. (3) The jet drive which is a
unit incorporating an inboard engine driven impeller,
the housing of which is completely inboard and/or does
not add to the effective draft of the boat. the inlet to
said impeller terminates as a bottom mounted flange so
that propulsion water flow to the impeller diverges up-
ward from the longitudinal axis of the boat at angles in
the vrder of 30°% The exit of the jet drive converges to
a steerable nozzle at approximately the static water
linc. (4) The inboard which consists of an exposed pro-
peller located beneath the stern of the boat and for-
ward of a rudder. Said propeller is driven by a shaft
which passes through the bottom of the boat at a shal-
fow angle und is supported oy suitable bearings and
water seals attached directly to the boat. Said shaft is
driven by an inboard engine usually equipped with a
clutch and forward and reverse gear transmission. No
provision 1s made for obstruction clearance and effec-
tive draft is essentially the same as 1 and 2.

All of the aforementiohed prior art drive systems
have himitations and or disadvantages over which the
hoat drive system of the present invention constitutes
a substantial improvement.

According to a preferred embodiment of the inven-
tion, a hoat drive system is provided comprising a duct,
defining the propulsion fluid flow path having a for-
ward facing inlet, said duct forming the other casing of
said dnive and designed to be oriented on and partially
within a boat hull so that its longitudinal axis is essen-
t.ally parallel to the longitudinal axis of said boat, a pro-
peller driving shaft, extending through said duct wall at
1t~ uppermost point near the forward or inlet end at an
angle not exceeding 10° from the longitudinal axis, said
shaft being free to rotate within suitably supported
bearings and sealed aga:nst water leakage at the point
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where the shaft passes through the duct. The aft end of
said shaft termunates at a point centrally located within
said duct which is cylindrical in shape at said termina-
tion point. A propeller is affixed to the aft end of said
shaft and having a minimal tip to duct wall clearance
and driven by said shaft, said shaft being driven by an
integrally mounted **V'" gear drive. Said V' gear drive
is driven by an cngine suitably coupled to the driving
shaft of said V'™ gear drive and mounted (o the boat
structure. Said duct comprising the outer structural
shell of the boat drive of this invention incorporates
controlling and reyeming vanes and rudder controllable
by the boat operator, said controlling and reversing
vanes being aft of the propeller and faired within said
duct exit walls and/or within said duct exit.

In preferred practice the above noted duct is reduced
in arca aft of the propeller by approximately 1/2 the
propeller disc arca and the reversing vanes are
mounted in such a manner as to be flush with the aft
duct walls in the faired or straight forward boat operat-
ing mode. Thus. the duct exit area can be between 40
and 60 percent of the duct area at the plane of said pro-
peller.

A feature of the present invention is the utilization of
prior art technology of ducted fan systems combined
with the manipulation of fluid flow by the use of
semibalanced vanes thereby eliminating expense and
weight of complex reversing gears, clutches and steer-
ing mechanisms. The boat drive of this invention also
provides propulsion fluid flow exhaust at or below nor-
mal boat water line thereby improving boat wake which
is an important consideration to water skiing.

Since the boat drive described herein incorporates a
ducted propeller, personal safety and obstruction pro-
tection is essentially equivalent to the jet drive. An ad-
vantage is optimum performance at both low speed and
high speed, lack of protrusions aft of the trarnsom,
adaptability to both "V bottom and flat bottom hoats,
minimum effective draft increase and propeller/drive
shaft damage protection.

The invention will be more clearly understood by the
description below of a preferred embodiment taken in
connection with the accompanying drawing wherein

FIG. 1 is a side longitudinal partial cross-sectional
view of the boat drive installed in a typical manner ac-
cording to the invention.

FIG. 2 is a bottom view of the installation according
to the invention.

FIG. 3 is an end view of the installation as compared
with conventional propeller type installation.

Referring to the drawing, FIG. 1, there is shown a
boat drive 1, having a duct 2 with inlet 3 and outlet or
exhaust 4 through which the propulsion water flows.
Said duct 2 is circular in cross section from the plane
of the propeller forward. Within duct 2, propeller 6 is
centered at a point of maximum diameter of duct 2.
Propeller 6 is affixed to and driven by shaft 7 which is
free to rotate within bearings 8 and 9. Bearing 8 is sup-
ported by strut 10, which is affixed to the upper inside
wall of duct 2. Bearing 9 incorporates a seal or packing
gland to prevent water leakage into the boat. Bearing
9 is also affixed to and supported by the upper wall of
duct 2. Gear box V" drive 11 is affixed 10 the upper
outside wall of duct 2 and connects with suitable cou-
pling to the driving end of shaft 7. {t will be noted that
the important alignment of the propeller, shaft, bear-
ings and gear box 6, 7, 8,9, 10 and 11 may be accom-
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BOAT PROPULSION SYSTEM
BACKGROUND OF THE INVENTION

In conventional propellor-opcrated boat propulsion
systems, the centrigual movement imparted to the
water by the rotating propeilor tends to reduce the
oversll efficiency of the propulsion system. To offset
this. varnious propellor shrouds have been proposed for
circumferentially confining the water displaced by the
propellor, but many such shroud arrangements have
increased appreciably the drag on the boat.

In recent ycass boats have been provided with van-
ous jet propulsion systems which have the disadvantage
that the water used for propulsion must undergo an
abrupt change in direction, with a consequent waste of
powcr.

SUMMARY OF THE INVENTION

The present invention is directed to a novel and im-
proved boat propulsion system which largely over-
comes the dnadvantages of prior propellor-driven and
jet propulsion systems.

In the present system, a downwardly-facing, open-
bottomed recess on the bottom of the boat conducts
water with progressively increasing velocity and with-
oul abrupt change in dwrecuon to the inlet side of a
propellor. The propellor is circumferentially enclosed
in a passage having a ventun throat close behind the
propellor The venturni acuon of the water displaced by
the propellor draws i water through auxiliary passages
to increase the effectiveness of the slipstream in propel-
ling the boat forward. A valve in the discharge passage
behind the propellor may be closed, causing the water
displaced by the propellor to flow through the auxiliary
passages and be discharged forwardly to produce a
reverse thrust on the boat. Either auxiliary passage may
be closed. in which case the flow of the propeller-dis-
placed water through the other will produce a turning
thrust on the boat. Prvoted arcuate rudders at the back
end of the propellor discharge passage act to confine
the shipstresm and they effectively determine the steer-
ing of the boat. Preferably, the valve 1n the propellor
discharge passage has vernical stabihizers which reduce
swirling of the shipstream.

1ty a prancpal object of this invention to provide a
novel und tuproved boat propulsion system,

Another object of this invention is to provide a novel
propeflor-operated boat propulsion system which sub-
stantiatly avords any abrupt change 1 the direction of
the water displaced by the propellor.

Another ahject of this invention is to provide a novel
propelior-operated boat propulsion system in which an
open-bottomed water intake recess provides a positive
flow of water to the mlet side of the propeflor

Another object of this invznnon s to proside a novel
propellur-operated boat propulsion systenmin which the
water displaced by the propellor produces a4 ventun
action fur drawing in additional water to the shipstream
hehind the propetior

Anather object of this insention s to pros.de a novel
propellor-operated boat propulsion system which s
readily reversible 1n a aovel and consemient manner

Further objects cad adsantages of this invention will
be apparent from the following detnled description of

certan presently preferred  embodiments thereaf,

which are iltusteated i the accompanying drawings. in
which
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FIG. 1 s a fragmentary longitudind sectional view
taken at the stern of a boat along the bottom, alung the
line 1 — lin FiG. 2, showing the principal parts of the
present propulsion system, .

F1G. 2 is a top plan view of the propulsion arrange-
ment shown in FIG. I;

FIG 3 is a perspective view showing the back end of
the propelior discharge passage in this propulsion sys-
tem, with the valve therein in its fully-open position;

FIG. 4 is a view similar to FIG. 3, but showing the
valve almost fully closed in the propellor discharge
passage;

FIG. § is an end view looking into the propellor dis-
charge passage having a valve therein with vertical
stabilizers;

FIG. 6 1s a longitudinal section through the propelior
discharge passage in FIG. §;

FI1G. 7 is a perspective view showing pivoted, arcuate
rudders on the back cnd of the propellor discharge
passage,

FIGS. 8, 9 und 10 arc top plan vicws showing the
present propulsion system with the arcuate rudders of
FI1G. 7 in different sicering positions;

FI1G. 11 is a rcar elevauonal view of a boat having
stabilizers operated hydraulically from the present pro-
pulsion system;

FIG. 12 is a perspective view showing a boat pro-
vided with trim tabs operated hydraulically from the
present propulsion system; and

FI1G. 13 is a fragmentary longitudinal section showing
the inboard-outboard mounting of a propellor in the
prescnt boat propulsion system.

Before explaining the disclosed embodiments of the
present invention in detail, it ts to be understood that
the invention is not limited in its application to the
details of the particular arrangements shown, since the
invention is capable of other embodiments. Also the
terminology used herein is for the purpose of descrip-
tion and not of limiaton.

Referning to FIGS 1 and 2,1n the propulsion system
of the presentinvention a casting 20 on the bottom of
the boat toward the stern provides a Jownwardly-fac-
ing, open bottomed recess 21 that extends lengthwise
centrally along the bottom of the boat to a propellor
22. The propellor is on a shaft 23 chat is driven by the
boat engine (not shown) The shaft extends through a
longitudinal strcamhined fin 24 on the casting 20 that
c¢xtends down into the recess 2. The fn 24 enclases
the propellor shaft 23 for most of the latter’s extent
inside the casting 20 to avad the additional deag on the
boat that a rotating shuft would exert f expased to the
water in the recess 21,

Alternatively, as shownan FIG. 13, the propellor may
be driven through a4 conventional board-outboard
drive having a streambined housing 25 attached to the
roof of the casting 20 near the rear end of the latter’s
open-bottomed recess 21,

As bestaeen i FIG 1, the curved top of the cusuing
20 at the front end of the recess 21 extends at an angle
of not more than 25 degrees to the bottom surface 26
of the boat immedrately 1o front of i, <o that there s no
abrupt change of direction for the water entering this
recess gy the hoat moves forward 19 the water Rear-
ward from the front end of 1s recess 21 the top of the
casting 20 curses very gradualiy to extend subctyntially
horizental for most of ats extent,

As shownoan FIG 2, the casting 20 has a margingl,
substantially honizontal bp 27 extendiag along its oppe-
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[57) ABNTRACT

A deep-V tunnel stern boat has the forward portion of
the tunnel shaped for uniformly distributing the resur-
gent flow acrass the width of the tunnel and for
smoothly forming the entrance curve to the tunnel to
optimize a suction tending to lift the water into the
tunnel. This is done by recessing port and starboard
halves of the tunnel into the sides of the hull bottom
so the tops of the tunne! halves are approvimatels par-
allel with the sides of the hull bottom at the deep-V
angle and meet at an obtuse angle above the heel line
The tops of the tunnel halves are gradually shaped
into a semi-cylinder around the upper half of the pro-
peller, the tunnet sides are flared outward aft of the
propeller, and exhaust ports are located in the flared
tunnel sides. Such tunnels are also adapted for twin
tunnel stern boats.

11 Claims, 21 Drawing Figures
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DEEP-V TUNNEL STERN BOAT

RELATED APPLICATIONS

This ppheation s o continuationan-part of my co-
peadimg parent apphication. Ser No o 08675, filed
Oct 23 1973 enntled DEEP.V TUNNEL STERN
BOAT, and abandoned upon the filing of this applica-
won

THE INVENTIVE IMPROVEMENT

Vhe invention springs from several veans” experience
wt deep-Vownne! stern planing bouts including vanous
tunnel shapes and flares, propeller positoning in tun-
nelsand tuanct exhaust svstems, and this eaypenience
has shown that slight variation in same of the parame-
ters can have surprising effects. The imvention seeks to
improve on the performance and reduce the noise of
prioe art deep-V tunned stern boats, and the imeention
invobves recognition of a better tunnel shape for unt-
formiy distributing the resurgent flow and surfice ten-
sion hift across the width of the tunnel, o better exhaust
susteme and optimuem postioning of the propeller in a
flured tunnel.

SUMMARY OF THE INVENTION

The mvention apphies to o boat hasving port and star-
bourd sides of the hull bottam inclined upward from
the heel hine in o deep-V oangle and having o propeller
substantlly housed an o stern tunnel The port and
starboard halves of the forward region of the tunnel are
recessed respectinehy into the sides of the hull bottom
to g depth progressively increasing with distance aft
from the forward cnd of the tunnel. The tops of cach of
the hahves of the forward region of the tunncel are gen-
crally Lt and approvmatedy parallet with the swdes of
the hull bottom at the deep-V oangle and meet at an
obtuse angle abosve the keel line The halves of the
tunocl have a constant width of shightly maore than the
radius of the propelier, and the tops of the tunnet
halves are gradually shaped into a semi-cyvlinder around
the upper half of the propeller. The tnvention also
mcludes an aft-of-propeller region terminating in a
plane perpendicular to the rotational axis of the propel-
ler with the tunnel opening radially outward around
substuntially the entire penmeter of the tunnel at the
alter edpe of the aft-of propeller region,

DRAWINGS

FIG s g longitudinal cross-sectional siew of o pre-
ferred cmbodinient of the imentive deep-V otunnel
stern boat;

FIG 2 s fragmentars, hottom view of the stern end
of the tunnel of the boat of FIG. 1;

FIG s a fragmentary, rear-clesational view of the
tunnel of the boat of FIG. 1 with the rudder removed,

F1GS 4 and § are fragmentary, bottom sicws of the
stern ond of alternative tunnels for the boat of FIG. ¥

FIG 6 1s a fragmentary, rear-clesavonal view of the
tunnel of FIG S wath the rudder removed,

FIG 7w a fragmentary, bottom view of the tunnel of
the bogt of FIG. 1 with cquipment removed,

FIGS  B-12 are respective cross sectional
tiken wlong the indicated hines for the tunnel of FIG 4

F1G 13 s a fragmentany bottom view of 4 twin tunngl
version of the imention,

FIG 14 s o crossasectional view of the boat of FIG,
14 tahen along the Time 14 =14 thereof,
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FIG T3 s o traementany stern elevational view ot thy
baat of FIG 1A

FIG 16 s o fraementary bottom view of another twin
tunnct version of the invention,

FIG 17 s o fragmentay crossacctional view ol the
hoat of FIG 16 taken wdong the hoe 17 =17 thereof,

FIG 18 s a fragmentary stern clevational siew of the
boat of FIG te;

FIG. 19 s a fragmentary rear elevational view of
another preferred embadiment of the imventive tonne)
stern boat with the rudder remosed to better dlustrate
@ preferred tunned shape,

FIG 20 s a fragmentary, longitudinal crossesectional
view of the boat of FIG 192 und

FIG 21 s fragmentary I ottom view of the boat of
F1G. 19.

DETANLED DESCRIPTION

As shown m FIG 1, boat 10 has a deep-\ hull 11
having a stern tunnel 12 pradually enlarging above keel
hne 14 as 1 exviends aft to transom 13, A propeller 18
s turned in tunned 12, and a movable rudder 16 and o
fived vane 17 are arranged aft of propeller 18 for steer-
ing boat 10. In the region of propeller 18 the top of
tunned 1248 semi-cslindrical and fits fairly closely over
the top of propeller 158, The invention imvolves a mure
efficient shape for tunnel 12, a hetter exhaust system
for boat 10, and the correct positioning of propeller 13
in tunnel 12, as described befow.

As best shown in FIGS. 2 and 3, tunnel 12 fits fairly
closely around propeller 1S with a clearance of an inch
or less and extends aft of propeller 15 4 short distance
and then flares horizontally outwardly. The aft-of-
propelier region of tunnel 12 has a4 shape fitting around
propeller 15 and extending aft of the truiling edge of
the blades of propeller 15 us indicated by broken line
I8 for 257 to 0% of the radius of propeller 13 10
broken line 19, The aft-of-propelier region of tunnel 12
enliarges shyghtly in cross-sectional area as it extends aft
from line 18 to hine 19, hut any outward taper of tunnel
12 between hnes 18 and 19 is preferably very shight and
dues not exceed 5°to 7°0 A lurger taper would permat
rearward ventilation reducing efficiency and causing
noise and sibration from cavitation The space extend-
ing for 25% 10 0% of the propeller radius in the uft-of-
propeller regon of tunnel 12 between lines 18 and 19
holds the water in tunnel 12 sufficiently to prevent
propefler 18 from casituting, but does not extend so far
as toincrease the turbulence and drag. The stream of
w.ater thrust aft by propeller I8 tends to expand stighthy
as it procecds aft, and the distunce between lines 18
and 19 1n the aft-of-propeller tegion of the tannel s
short enough so as not to interfere with the natural
expansion of the water stream from propeller 15, Ex-
tending the aft-of-propeller region of the tunnel aft by
more than 307 of the propeller radius causes turby-
lence, noe. and drag. and shorteming the aft-of-
proncller region to less than 2577 of the propelier ra-
dius causes cavatation, efficiency loss, and nose

Funnel 12 has a discharge region aft of hine 19 4nd
the aft-of-propeller segion, and the discharge region
cutends to teansom 13 at the after end of tunnel 12
where tunnel 12 opens out @t the stern of boat 10, In
the discharge region the side walls 20 of tunnel 12 Nre
sharphy outward horizontally at preferably 30° or more
from the keel Ime 14 o allow plenty of room for the
hallooning or cxypanding water stream from propeiler
18 and clearance for operation of rudder 16, Alo.
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{571 ABSTRACT

A propelling device for a propeller-driven boat com-
prising a longitudinally extending tunne) disposed at
the aft portion of the boat housing a propeller for rota-
tion at a level above the keel of the boat. A pair of
deflector fins are pivotally carnied for rotation about
parallel vertical axes located on opposite sides of the
longitudinal axis of the tunnel at a position rearwardly
of the propeller. A curved deflector piate is pivotably
supported for movement about a horizontal axis rear-
wardly of the fins for movement betwcen a raised inop-
erative position and a lowered operative position.

§ Claims, 13 Drawing Figures
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DEVICE FOR PROPELLING BOATS )
CROSS RELATED APPLICATION

This application is a continuation of application Ser.
No. 476,034 filed June 3, 1974 (now abandoned).

This invention relates to a new device for propelling
boats and is directed principally towards increasing the
output of the propellers and the reliability of the pro-
pelling system.

The devices used at present for propelling boats,
either for sport or commercially, may be of the propel-
let type or the jet type.

In the case of boats of the propeller type several
varants are used, such as attaching the engine inside
the hoat with the propeller fixed beneath the hull; at-
taching the engine outside the boat, or both inside and
outside the hoat, with the propeller mounted on a mov-
able leg.

The jet type boats may use an inside pump with an
outside, generally movable, jet; or a movable pump
attached outside the boat.

Over the years the propelier system has been modi-
fied many times, increasing the mechanical complexity
as well as the capital investment and the operating and
maintenance coSsts.

It is thus necessary to develop mechanical devices
that are simpler, perform better and cost less. The art
arrived thus at the hydrojet system which meets the
first two requirements but is somewhat costly.

The propelling device according to the presemt inven-
tion is mechanically simple, of high performance and
low cost and has additionally a number of very impor-
tant advantages.

The propelling device of this invention uses a propel-
ler of conventional or special type that rotates in the
end of a tunnel-shaped cavity, open below, provided in
the hull; the rotation of the propeller being such that
the circumference described by the end points of the
propeller blades lies in a plane normal 10 the axis of the
passage and over the keel line of the boat.

The propeller thus operates partially encased, mov-
ing the water coaxially with respect 10 the axis of rota-
tion of the propeller. The thus activated mass of water
passes between two biasable fins rotatably mounted on
vertical shafts and capable of deflecting horizontally
the mass of water, thus controlling the bearing.

The reverse motion is obtained by means of a curved
plate interposed in the exit section of the mass of water

and deflecting the same downwards and forwards, thus S

producing by reaction the breaking or reverse motion
of the boat, the direction being controlled by the com-
bined actions of the biasable fins and the curved plate.

In a vanant, the tunnel-shaped cavity extends from
the stern transom to the outside of the lull by means of
a tubular casing the upper part of which extends be-
yond a rear end section, forming housings for the shafts
of two parallel fins arranged at each side of the propel-
ler, adjacent to the said end section, and for a third
shaft which is perpendicular to the said two shafts and
suppurts the curved plate; in addition, three partitions
are provided inside the tunnet.

The propeller thus operates with a marked improve-
ment in performance, and the propelling system com-
bines the simplicity and high yield of the jet systems
with the refatively fow cost of the conventional systems.

In fact, by producing the reverse motion of the boat
by reversal of the direction of movement of the mass of
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water, it is not necessary 1o reverse the rotation of the
propeller in the driving device, which simplifies the
structure of the latter as the gears may be replaced by
belts with the consequent lowering of costs.

On the other hand, the fact that the propelier, the
biasable fins and the curved plate controlling the re-
verse motion are above the keel line makes it possible
to drag the hull along a beach, up a ramp, or onto a
conventional truck, without damaging the said parts.
Furthermore, the boat may be sailed in low water or
where there are obstacles without endangering the
propeller or the steering device.

The arrangement of the variant allows the device of
this invention to be adapted to normal vessels, improv-
ing the performance of the prime mover without any
major maodifications and obtaining the reverse motion
of the boat without reversing the running of its engine.

In order to explain clearly this invention and the best
made for carrying it out, a preferred embodiment of the
same will now be described with reference to the an-
nexed drawings in which:

FIG. 1 is a side elevation ‘ein of a boat embudying
the propeliing systems according to the present inven-
tion, using a belt control;

FIG. 2 is a plan view of a boat embodying the said
propelling system, using direct control;

FIG. 3 is a front elevation view of the stern transom
of a boat embodying the propelling system of this in-
vention:

FIG. 4 shows schematically the biasable fins tumed
towards the left;

F1G. § shows schematically the biasable fins turned
towards the right;

FIG 6 shows schematically the curved plate in break-
ing or reverse motion position;

FIG. 7 shows schematically the curved plate in an
intermediary position;

F1G. 8 shows in longitudinal section a boat equipped
with the varant of the propelling device according to
the invention;

FIGS. 9 to 11 are views of the boat, such as the one
shown in FIG. 8, seen from the stern and in vanous
positions of the biasable fins;

FI1G. 12 is a view similar to that of FIG. 8, but show-
ing the reverse motion plate in operative position; and

FIG. 13 is a perspective view of a boat equipped with
the device according to the vaniant shown in FIG. 8.

In these drawings, the same reference numbers iden-
tify identical or corresponding parts of the device ac-
cording to this invention, which comprises a propelier 1
mounted on a shaft 2 and housed in a tunnel 3 at the aft
scction of the hull of boat 4, the tunnel being open
below, the height of which tunnel increases towards the
stern of the boat 4 so that the circumference 4’ de-
scribed by the end points of the propeller blades lies in
a planc normal to the axis of passage , which of the
tunnel is situated above the keel line of the boat 4. The
propeller 1 operates partially encased in the tunnel 3,
practically as if it were a jet system pushing the water
towards the stern coaxially with respect to the shaft 2.

Bia<able fins 7 and 8 are mounted relatively on shafts
5 and 6 and are arranged parallel to each other so that
the mass of water impelled by the propeller 1 passes
between them; thus, by changing the position of the
said fins the direction taken by the mass of water may
be changed and consequently the direction of move-
ment of the boat may be controlled (FIGS 4, 5,9, 10
and 11) !n order 1o keep the fins 7 and 8 paralle! to
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{57} ABSTRACT
This invention of an amphibious air track vehicle con-

sists of five major assemblies There ure two equally
spaced and parallel floatable elongated bodies cach of
which is encompassed by a belt having a plurality of
extended space, parallel and Lsterally disposed float-
able cleats; and dnive sprockets which rotate the belts
about the clongated bodies. Rotation apparatus for the
belts is contained within each body: und a plurality of
buoyant wheels each having low  pressure  tires
thereon, and secondly wheels being mounted end to
end on g single axis to form 4 floatable box ike wheel
unit, there being two separate boxvlihe wheel units, one
at euch end of the vehicle and positioned laterally be-
tween cach of the floatable clongated bodies, and
Lastly, a body structure that forms a top deck. rectan-
gular n form, that extends over top of both the two
floatable clongated bodies and their belts and the two
box-like wheel units. The underside of the bods struc-
ture is provided with a plurabty of literally extending,
parallel and equally spaced vertically-disposed semu-
flexible curtain-like structures that divide the rectan-
gular space un the under side of the bady structure
and between the floatable clongated bodies that are
located with one body on and under cach side of the
body structure and between the boxlike two wheel
units that provide four rigid support outer walls for air
lift chambers that are divided into a plurality of com-
partments each of which is supplied with a downward
flow of air under pressure from a separate blower
mounted on top of the bady structure and back of the
control cabin power plant and forward of the deck
space.

6 Claims, 15 Drawing Figures
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ENDLESS TRACK

The invention relates to a track specially for vehicles
which have to move on muddy ground, in particular
cquipment fitted with endless tracks such as bulldozers.
crane, tractor shovels or others.

The invention therefore relates to a track for all
ground vehicles, in particular for equipment fitted with
endless tracks, characterized in that it consists of a suc-
cession of tubular members periodically entering into
coniact with the ground. The tubular members are hol-
low cylinders closed at their two ends, these cylinders
heing fixed during rotation of the endless track around
a circuit defined by conventional sprocket and retum
wheels.

According to a characteristic of the invention, cach
cylinder s fixed 10 the chain of the endless track by
means of a2 U-section onto which are welded two of its
generatrices, the section itself being bolted on the links
of the chain.

According to another characteristic, each tubular
member is mounted so that it can oscillate on an axle
which is transversal 1o its generatrices.

The invention also covers all ground vehicles such as
cquipment fitted with endless tracks and equipped with
a track according to the invention.

A track according to the invention is illustrated by
way of a non-limitauve example, on the accompunying
figures in which:

FIG. 1 is a schematic plan view of the track on a trac-
tor provided with a levelling blade,

FIG 21s a cross-sectional cut of one of the cylinders
of the track,

FIG 3 is an axial view of one of the cylinders
cquipped with a tubular extension piece,

FIG $is a plan view illustrating the oscillation of the
tubulur members,

FIG § s a cross-sectional view of FIG. 4, along the
axis AA.

The track consists of a succession of tubular mem-
wers 1 in the form of hollow cvlinders completely
sealed at their ends: these cylinders have, in the exam-
ple under consideration, a length of 0.85 m and a diam-
eter of U.14 m, each of the cylinders being fixed to the
usual chain 2 of the equipment fitted with endless
tracks by meuns of sections 3 having a transversal sec-
tion 1 the form of a U.

Euach section 3 (FIG. 2) is connected to the link 4 of
the chain by meuns of pins and nuts §, each cylinder
being welded at 6 oato the upper edges of these sec-
tions.

The two welding areus extend over the whole length
of the sections following two of the generatrices of the
cyhnders.

The cylinders 1 extend over the whole perimeter of

the chain so as to enter successively into contact with ~

the ground a» the chain moves driven by the sprocket
wheel 7 whosc teeth 8 engage with the links 4 of the
chain These oyvlinders, as represented in FIG. 1, ap-
proach one another in the straight parts 9 of the chain
and divert progressisely in the two curved areas 10 on
account of therr winding themselves onto the sprocket
wheet 7 und the return wheel 11, which enables the
mud asccumulated between the ¢ylinders 1 to be evacu-
2red uimply by gravity.

These ovlinders overlap each side of the chain 2 and
cviend over a relatisely considerable width thereby ap-
preciably increasing the surface contact area of the

=

w
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track links with the ground. This increase in the surface
area, comparcd with the use of the traditional track-
links used with equipment fitted with endless tracks.
enable the nsk of equipment sinking into muddy
ground, particularly when the equipment is used in
draining or clearing operations related to marshes or
pools, to be avoided.

In addition. these cylinders increase the general di-
ameter of the track enabling the equipment to sur-
mount without difficulty such obstacles as slopes or
others.

The carrying surface of the equipment can be further
augmented by mecans of tubular extension pieces 12
(FI1G. 3) which axially prolong the cylinders 1, these
tubular extension pieces being maintained in position
by the sleeves 13 which surround a part of the cylinders
and overlap a part 14 of these extension pieces.

The sleeves 13 comprise, at their extremity fixed
toward the interior of the endless track. an end piece

20 15 bent to 90°, this angle piece can be opposite another

25

identical angle picce 16 welded at 17 on the cylinders
1, these angle pieces 18 und 16 being fitted by means
of bolts and nuts 8.

In order to avoid deforming the tubular extension
pieces 12, it is possible to use elastic elements, notably
large diameter tires, mounted on the axis 19 and 20 of
the return wheel and the sprocket wheel Thus the cyl-
inders are maintained in position by the track of the
tire. which plays the role of a shock absorber and thus

30 avpids the axial deformation of said cylinders.

50
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As represented on the FIGS. 4 and §, cach tubular
member | may be mounted so that it can oscillate on
an axle 28, on which turns a axle sleeve 26. Thus each
tubular member 1 1s provided with a axle sleeve 26,
welded at 27, this axle sleeve, a part of the tubular
member surrounds axle 28, and can turn with respect
to the axle 25 which is fixed to remain perpendicular
to the axis of the tubular member during rotation of the
endless chain. Thus, as illustrated in FIG. S, the axle 28
is maintained at its two extremities in the two rings 28,
welded on the U-section 3, which is screwed onto the
link 4 of the chain. The axle 25 is immobilised during
rotation by the pins 27, which pass through it and pene-
trate into the rings 28. The tubular member 1, inte-
grally connected to axle sleeve 26 at 27, can rotate
around fixed axle 28 in a direction perpendicular to the
length of the tubular member 1. Ax!s sleeve 26 sur-
rounds fixed axle 2§, hut is of lesser length and of
greater diameter than axle 28.

The lesser length of axle sleeve 26 allows axle 25 to
be fixed to the chain link by rings 28 welded on LU-
section 3. The greater diamcter of axle sleeve 26 allows
rotation of the axle siceve and the intzgrally connected
tubular member 1, around the axle 28,

On account of this design, cach tubular argan of the
track s mounted so that it can rock and it can therefore
take up various angular positions, of the type showed
by the hatched lines on FIG. 1 50 as to pass over any
obstacle, whether it is a stene, a tree root, or other ob-
stacle in the puth of the moving track.

This oscillating mounting of the tubular members has
the advantage not only of enabling the track to ignore
obstacles, but also to preserve the chain from any
unecessary strains which might reduce its life. Thus, as
the tubular members are mounied sa that they can os.
cillate, the chain 1s always in the same plane and is
therefore not under unccessay strain,
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157} ABSTRACT

A composite wheel, for a heavy duty setidde, hivang o
barrel member with anomner laser of Linanated tape
structure wound on an out of round shaped mandret
The barrel member hasa plurality of formed sections of
chopped fibers i an epory resin The mner surface of
ciach section conforms to the out of round tape struc-
ture and the outer surface forms the tire bead retainers
and drop center portion of the wheel Anouter laver of
laminated tupe structure surrounds the formed see-
tions. A wheel web member, made of chopped fibers in
an epoxy resin has its outer surface conforming to the
out of round configuration of the harrel member The
weh member is made of two sectinns which are secured
to the barrel member.

2 Claims, 14 Drawing Figures
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(57] ABSTRACT

A ground traction device s disclosed which copiprices
ground engagimg members including first wud second
parts, the parts being mounted for rotation on a Hinved
axts and being rotationally offset with respect to each
other about the axis The periphieral surface of calh pan
includes three individual arcas arranged in the form of
an equilateral triangle with ends of adjacent aress heng
joined by lobe portions The ground engaging porinns
are constructed of molded rubber and prosate e
proved traction in soft ground. The propertios of the
rubber are selected inrelation to the wershtof g vl
to be moved so that the ground enwaing tivmber o
e [l

tates aboeut aotrne rothme radias over nord oo and

10 Chiims, 5 Drawing Fizures
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1
GROUND TRACTION DEVICES

THIS INVENTION rclates 10 ground traction de-
vices, and particularly to such devices for operation
over soft ground. The ainvention s applicable to many
different types of vehicle or structure that it is desired to
move, but for convenience it is described herein in its
application to a helicopter fitted with a2 skid-type undes-
carnage.

In operation, helicopters having such undercarriages
may be required 1o land on unprepared soft ground that
1s incapable of supporting the weight of the helicopter
as applied by the skids, so that the skids sink into the
surface and make the fitment of ground handling wheels
difficult or impossible. Even if it were possible 1o fit the
ground handling wheels, movement of the helicopter
would necessitate seme form of towing apparatus
which may itself be restricted, due to the soft ground
state. Furthermore, in some operational environments
such towing apparatus either may not be available or its
use may not be convenient.

Conventional wheeled attachments are not suitable
for permanent fizment to the skids, due to the relatively
large size which would be required to support the
weight of the helicopter on soft ground and the inevita-
ble drag penalty caused thereby during flight.

Accordingly, in its broadest aspect, the invention
provides a ground trachon device including 8 ground
cngaging member arranged for rotation about an axis
and having a peripheral ground engaging surface gener.
ated by motion of a line generally parallel to said axis,
and in a path comprizing a plurality of individual arcs
each of a suuilar radius that is greater than the shortest
distance between the axis and the generated surface.

Ends of adjacent arcs may be blended together so as
to provide curved lobe portions having a radius prefera-
bly less than the distance between the axis of rotation
and the generated surface.

Preferably, the ground engaging member comprizes
first and second parts having similar peripheral shapes,
the parts being rotationally fixed to cach other and
rotationally offset about the said axis of rotation. The
first and second parts may be axially spaced-apart and
may be connected to a common dnive shaft, and mcans

" may be provided (o rotate the shaft so as (o cause simul-
taneous rotation of the first and second parts of the
ground engaging member.

The ground engaging member s, preferably. con-
structed of rubber, and the properties of the rubber may
be selected in refation to the weight of a structure to be
moved so that, when operating on a hard surface, the
ground engaging member behaves as a generally circu-
lar wheel of condant radius.

In a preferred embodiment of the invention. the pe-
ripheral surface of cach of the first and sccord parts s
generated by three individual arcs arranged generally in
the form of an e juilateral triangle, the first and second
parts of the ground engaging member being rotationally
offset, convenently, by approumately 60°. Preferably,
the radius of each arc 1s at least twice the said shortest
distance dimension, and in the particular embodiment
described below 1s 238 percent of said distance dimen-
sion The radius of lobe portions at the junctions be.
tween said arc-generated portions s, preferably, ap-
proxmately one half of smd distance dimension.

In another aspect the invention extends to a vchicle
fitted with at least one ground traction device of the

s
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aforesand comstruction. The vehicle may comprize a
helicopter that may be fitted with a Jad undercarnage
comprizing two laterally arranged tubular skids sup-
ported from a fusclage and generally parallel toa longi-
tudinal centreline ihereof  Conveniently, in such an
arrangement, a ground tractuon device may be prosided
adjacent each end of cach skid, each device having,
preferably, first and second parts of a ground ¢ngaging
member located on opposite sides of its respective skid
and connected by a common drive shaft estending
through the shid. A power unit and transmission system
may be located within the tubular skid for cach device,
and may be operatively associated with the drive shaft
Power and control supplies may pe routed throceh
hollow struts supporting each <kid. ard contre ] means
may be provided in the helicopter to effect indepondont
rotation of the ground tractor devices ot varihie
speeds and in both duectians of ratation

In yet another aspect the invention prosides a heh-
copter having a skid undercarriage comprizing two
lateral tubular <kids supported from a fuseluge and gen-
erally parallel to a longitudinal cenir hine thereof, a
ground traction device attached adjacent both ends of
each tubular skid, each device including a ground en-
gaging member arranged for rotation about an axis and
comprizing first and second parts located respectively
at opposite sides of the skid, each part having a periph-
eral surfice generated by motion of a hine about an aus
of rotation, parallel with said line, in 4 path comprized
of threc arcs of similar radius and arranged gencrally in
the form of an equilateral triangle, the radius heing of
greater dimension than the shortest distance between
the axis of rotation and any point on the surface, the first
and second parts of the ground engaging member being
rotationally fixed at the ¢nds of a drive shaft extending
through the tubular skid and being offset rotationally
with respect to each other by approximately &0, a
power source and transmission means jocated within
the tubular skid and operatively associated with snd
drive shaft so as to cause simultancous rotation of the
first and second parts of the ground engaging member,

The invention sl now be described by way of exam-
ple only und with reference 1o the accompanying draw -
ings, in which

FIG. s a fragmentay side elevation of one ond of 4
helicopter skid undercarnace fitted with a grouad trac-
tion device constructed i sccordance with one embods-
ment of the invention,

FIG 28 a part secthioned view taken on bnes A - A
of FIG 1,

FIG 3 v a part sechoned planvies of FIG T,

FIG $isadetat view of o part M e cround sract on
device, and »

FIG. § 1 a fragmentary planvien of a heteopic:
having a shid undercarriage ftted wath ground sraction
devices according to the s ention.

Referring o FIGS 1, 2and 3, 2 tubiiar vhid 11 fiim-
ing part of a hehcopier sod underenrnaee s atta hed 1o
3 hebicopter (not shown) by at least one tubular sirut 12

A zround traction device, penerally indicated at 13018
lovited adjacent one end of the skid 11 and comjnises a
ground engaging member 14 arranged for roation
sboutanaxis 18, The ground engaging member 14 com-
prizes two coaually arranged parts, 140 and 144 respec-
tively, located one at cach side of the <bid 11 and rota-
tionally fixed 10 a <haft 16 <ujported in bearings (not
shown) located in houangs 17 formed in the hod 1t
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(57) ABSTRACT

Disclosed is ¢ shock ahsorbing wheel hub for anach-
ment 1o the axle of a vehicle. The hub has a centrad
flange portion and an snnular rim The nim has a par of
spaced mounung surfaces farmed on the penipheny
thercof for attuching a pair of pncumatic tires with
inclined road-cngaging treads. A flange 1s formod on
the Nnm between the mounting surfaces and extends
radially outward betwcen the ures. A cyvlindncal
contact surface i formed on the exterior of the flange
and carries a tread thercon. The central flangl s pro-
vided with bores for attachment to the Jug bolie of 4
vehicle axle. Circumferentially sjaced resilicnt spokes
extend radially from the central flunge and are con-
nected to the hub. A pair of inflatton check valves are
attached 1o the nm to communicate respectively with
the interior of each pneuma ¢ tire. A flow passage s
provided in the rim interconnecting the pneumatic tires
for allowming air flow therebetween An interchangeable
flow restocter is mounted i the nim for centroiling the
flow of air between the two tires. In ancther emibodi-
ment, the spokes have semispherical bearing surfaces
formed thereon resiliently held in receptacies formed in
the nim. In yet another embodunent, the road-engaging
surfaces of the ures are curved from <ide to sde

13 Claims, 7 Drawing Figures
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SHOCK ABSORB!ING WHEEL HUB
REFERENCE TO RELATED APPLICATIONS

This appheation s a Continuation-in-Part of an car-
licr filed co-pending applicanon enuitled “Shock Ab-
sorbing Wheel Hub™, Ser. No. 579,476 filed May 21,
1976, now abandoned. which was a Continuation-in-
Part of co-pending applhication Ser. No. 483,147 filed
June 26, 1974, entitled “Automabile Wheel”, now ULS
Pat. Nc. 3.915,503.

BACKGROUND OF THL INVENTION
The present invention relates generally to wheels for
use on vehicles. In another aspect, the present invention
relates to a safety wheel for use in attaching pneumang
ures to a vehicle which minimizes the danger resulung

from blowout of the tires and provides improved con-
trol stability of the tire. In addition, resilient spokes are

provided in the wheel and act as springs to smooth the 2

ride of the vehicle.

In the design of wheeled vehicles. such as automo-
biles, trucks. trailers, and the like, it has been common
10 use pneumatic tires to obtain a smooth and comfort-
able nde. These pneumatic tires are conventionally
mounted on the exterior of a metallic rim and are in-
tlated through a check valve attached to the nm. The
tires are conventionally manufactured with an outer
wall constructed from a flexible material.

Although these pneumatic tires provide a soft, com- ]

fortable nde, they have not been entirely satisfactory
under all conditions of scrvice. One undesirable aspect
1 that if a sharp object inadvertently comes into contact
with a tire. a hole or puncture can be formed in a tire

allowing the tire 1o deflate, thus suddenly reducing the

tire's effective radius. This sudden reduction in the
effective radius of a tire of a vehicle moving at a high
rate of speed can muake steentng and contrel dificaly, of
not impossible dunng the dangerous period while the
vehicle 1s decelerated to a safe speed. In addition, dam-
age can be caused to the ure by it's being compressed
between the nm and the roadway duning the bringing ot
th= automobile to a halt. Also, movement of the vehiele
10 a safe place where the tire may be removed is diffi-
cult with these convenfional tires.

It has also been conventional to use wheels having
more than one tire thereon. These conventional dual
tire wheels, when used on the front of highway vehi-
cles, tend to wobble at high speeds.

SUMMARY OF THE INVENTION
Therefare, according to the present invention, an
improved safety wheel s provided having a pair of
parallel mounted pneumatic tires thereon and a flange

which extends substantially outward between the pair

of paeumatic tires to support the vehicle when the tires
hecome deflated and prevent Jdamage to the tires. A
passigeway 1s formed in the wheel 1o interconnect the
ckambers of the pneumatic tires to equalize the pressure
therein to improve the performance of the tires. In
additton, an interchangeable flow controlling device 1s
»rovided to control the flow of air throuzh the passage-
way hetween the two tires A desired flow rate through
the chamber can be ubtained by placing the appropriate
flow control device in the wheel, thus making the wheel
have univeraal apphication for vanous velcles.

The present invention also contemplates the use of
uatque pneumatc tires having road-engaging treads

s
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which are inchined toward the cutade of the ure Tions
narrows the running Jdrag of the tire, making steenie 2
caster and reducing Lateral whoel stresses

Fhe present s cnnon also coteemplates the use i a
two-piece hub structure wherchy a nm s formed of
aluminum material and wherein a steel central Tange
portion is fired to the nm The central portion s pro-
vided with g plurahity of reslient srokes which Livorb
shock and reduce overall stresses in both radial and
latzral directnions

The presentansention aleo contemiplates the use of 4
two-prece hub structure wherchy the spokes of the
central flange portion are connected to the rim by ball-
receptacle type connections whereby the freedom of
movement between the run and spokes assists 1o absorb-
ing radial and lateral shock and «<tress

The present invention also contemplates the use of
wheels with tire treads which are curved from side to
wide to reduce wafTle.

More particularly, the present iavent.on contem-
plates the use of the hub having an aluminum nm with
a pair of annular pneumatic tire mounting surfaces for
supporting a pair of pneumatic tires thercon in a spaced
relationship The tires have treads which are inchined in
a direction toward the outside of the wheel. A restricted
flow passage 1s formed in the rim and interconnects the
pocumatic tires to maintain the tires at an equal pressure
in operation A remaovable flow control device s pro-
vided to control the flow of air through the low pas-
sage to regulate the deflation of one tire Gpon o of
pressure in the other tire. A pair of inflavon check
valves are presvided in the rim for separately mifllating
the trres. A flange is provided on the rim between the
ures 10 extend radially outward a substannial distance
for supporting the vehicle when the tires are inflated A
steed center spohe assembly 18 provided for connecting
the nim to the axle of the vehicle The center spoke
assembly has a plurahity of radially exendinge resthient
spohes which engage the nim and resthently connect the
rim to the aale. In one embodiment, tabs are formed oo
the <pokes and mate with corresponding <hoped recep-
tacles in the nim. In another embodiment, semr ~hernical
hearing surfaces are formed on the - pokes and er v e
receptacles in the nm

The advantages of the presentansention will be ap-
preciated by those of ordimary skl in the art o the wime
becomes better understood by reference to the follow -
ing detailed dew ription when consdered 1in connection
with the accompanying Drawings in which

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1illustrates a perspective view of one embrdi-
ment of a wheel shown partly 1n section and 1acorporat-
ing the present invenuon,

FIG. 2 Hustrates a wde elevanon of the wheel Wllus-
trated in FIG. J;

F1G Y illustrates a «ection of the device taken along
hine 3 -3 of F1G 1, looking i the direction of the ar-
TOWsS,

FIG 415 a view wmilar to FIG 3 lustzating the
embodiment of F1G 1 with nne of the ures punctured.

FIGS 5 and 6 are views similar (o FIG 3allustratng
a second emtodiment of the device. and

FIG. 715 a view smilar to FIG 3 1Mustranng a third
embodiment of the device
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TRACK WHEEL FOR CRAWILFR TYPE VERICLES
BACKGROUND OF LHE INVENTION

Crawler wactors, for cvonple, are prosuded with
power driven chans on cither side of the triactor frame.
ftade up of a plurabty of pivotally hinked shoes sus-
pended over o rear deve sprocket and supported by
wheels The weight of the machine is carnied on the
lower run of the chains The track whecks are therefore
subjected to g wide varety of impacts and forces which
cause the wheek to deflect. vbrate, and cmit undersir-
able none

Since work sehicles of this type are often used in
highly populated areas. it s desieable to provide idler or
uther wheels which do not produce disturhing nones

Thas insention therciane fesides ina unigue construe
ton of track wheels which hasve clements which fune-
ton Lo supress vibrations of the wheels

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 v a diagrammatic frontal view of un example
idlcr wheel of ths invention, and

FIG 2 is a diagrammatic sectional view tiken along
hine 011 of FIG 1.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings. wheels 10, for example
utler wheels. are associated with the continuous track
of a crawler type vehicle, as is known in the art. The
wheel 10 s constructed with a hub member 12 con.
nected o an annular nm 14 by fiest and second spaced
apart idler pancis 16,18,

The idler pancls 16,18 cach have a contral opening
20 and are connected about therr outer periphers o
the nm 14 and about their central openmg 20 1o the
hub 12. A plurality of Giest and second plites 22,24 are
cach connected to the idler pancis 16,18 for stabilizing
the pancls 16,18 apanmst deflection

Each of the plates 22,24 hive respectne fisst and
second ends 26,28 and 30,32 and opposed flarges
3436 and IR0 cvtending outwardly from the fiest
cnds 26,30,

The Manges 34.36 of the first plates 22 are cach con-
nected to respective first and second panels 16,18 with
therr second ends 28 cach connected 1o the hub 12,
The flanges A0 of the second plates 24 are cach
connccted to respectine first and second panels 16 I8
with theit second ends 32 cach connected to the nim
4.

In the installed posiion, the plates 22,24 are posre
toned at preselected spaced posiions relatine ong 1o
the others Preferabhy, the plates 22,23 cach entend
radially outwardhy relative to the hub 12 However, it
should be understooad that the plates can be orentod
diffeeentdy relative tooa radial plaine of the hub without
departing from thevinvention The Tanges 38,40 of the
second plates 24 are also poaitioned a greater distance
from the hub than the Qunges 36,38 of the first plates
22,

As can be better seen i TG 20 the preferred plates
22,28 are cach of g peneral T confipuration and the
Manges MI6IRI0 cach oxtend nto g h‘\{‘:‘n!l\u
cpening 42 dn 0 respedtne pane! 16,18 and are fivedls
connected thereto by welding. tor evample

Iy suppress vibrations, the funges ot the first and
woond plates 22223 e connedted o the panch
locanons at which the radiad planc, 17 tor example, of
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atleastone. preteradidy aliof the fiest Mg coene,
locations on cack pancl e arcaanels Moot fromn
tadial planes 17l 1
Mange locations on the sospeatng panel Pretosam
this spacing s common and the fiest plates 22 are o
nected at substantuatly the median of the atcuate dis
tance between adpcent second plates 24, 1 urther. the
radial distarces "G from the hub 12 1o the connecting
locations of the first plates 22 are g range of abone
onc-third to about two-thirds, preferably st one
half times the cadead distance between the hub memhe s
12 .nd the nim 14,

The flunges 34,36 of the first plates 22 can be con
nected to the pancis 16 18 a4t locations at which the
srevate dintance hetween adpacent conneenting boca
tions of fiest flanges and second anges on cach pand
are cach substntially cqual

By so comstructing the wheeh of this anvention the
frequency of the wdier pancis 16,18 m cttectch shitted
o i frequency that s at deast T2 more preforabiy 2 o
ur more times the cnitical freguency of the pancis
16.18. By the term “entical frequenay ™ 10 s meant the
frequency at which the propagiation speed of the bend
ng wasve m the pancl s the samue as the speed of soan!
e Theretore s the thickbess anid size of the pore
changes, the crincal frequenay of the panel e o
Hence, anter the viaable of the panet have boen ot
mincd. the number of first and second plarc
can b readiy determined bor assuninge e
panel’s resonance frequency toea valie 1
tmes the el fieguencs

It should be umderaond that the hae 12, o 14,
Panch 10K, and associated platis 2223 (.0 b
utitary clement without departing trem thas wentior

Other aspedts, objects and advantages sl beconi
apparent drom o stody ot the diawaing . the diac o,
and the appended Cloms

What s clanned i

LA wheet tor cartvimg continuons track chams o
crawler Bpe sehicles, comprsamg

4 hub member,

an annular nim,

fiest und second spaced pancls each connedtng thy
hub to the nm,
plurality of fiest plates cach having Arst and second
ends und opposed outwardhy exvtending langes on
the first end, sand thanpes cach bemg conneated 1o
tespective firstand second pancls and cach seoond
end bemy conpedted to the hub with wad st
plates beng posiioned at spaced locations, and
Pluralitn of second plates cach having fiest and

To ons opde ol i

R RIPS

sevomd ends and opposed ontwarndly evtendine
fHanges on the st end. said Manges cach being
connedted o tepectine it and secomd pangis,
cach second end Beng connected ta the i sth
sand second plates bemg positiosed at spaced loca
tons sad tlanpes of sand secend plates Soug

greater dintance froom sand bty than s Monees o1

sod it plates ana cad second plates B
ey spacad from el Ploaes o the et ;e

2 A wheel ae ot fontk i e 1.
aned secomd Plate e g ponoral Tooonbe oo
oA wheel as et torth an lam 1,
n.ln_L'c\ of the fiesr secetid plates o

whersooa b

st N

FONPUCTING CPCTIND L respoatine panel
4.8 wheel s ot ootk m ohem |

= - i
fhanpes o the firsy 3 bres are Connected toothe pardd

wreron th

Proations at vhich the srcuare g od betwe n i
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1S7) ABSTRACT

A multi-terriun vehicle having ground-enggme tires
arranged for orbital movement along upper and lower
surtaces of sponsons located outboard of the hull The
tires are interconnected by means of chains, catldes or
simialar flexible elements so that the tires move olong
the ground surface in one direction to Jeselop vehicle
propulsion thrust in the opposite direction The tres
are arranged to be gradually loaded and unloaded due-
ing their periods of engagement with the sponson
lower surface to ounimize pitching and heaving of the
vehicle.

1 Claim, 6 Drawing Figures
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1
ANTEPTTOHING AND ANTLHEAVING
SUSPENSION FOR WHEELED VEHICLES
The mvention doseribed hercm may be manatac-
tured, used. and heensed by or for the Gonernment 1or
porvernmental purposes without payiment toous of am
rovalty thereon

BACKGROUND OF THE INVENTION

A chicles of the present type hase boeen previoushy
suppested, see for example US Pat No 3183048 18
sacd to A G Fevher and US Pat Noo 29160006 issucd
to L Crandall The prosent mnvention praposes . tiee
and arrangement imtended toommimnze the tendeney of
such vchicles to heave or patch up and doswn dunimg ve-

hicle mosememt
SUNINVIARY OF THE INVENTION

The present amvention proposes o arfangement
whorem essentially fhat lower sarfaces of the sponsons
catend as nearly as practicable an even nomber of tre
pitches and whercm sach 1lat lower sarfaces are cen-
tered on a tansverse plane passing throueh the vehicle
center of gravaty The essentialiy flat fower surtaces ot
the sponsons are preterabhy shightly sloped 1o provide
trapezontal tie loadmye dstnibution and balaneed tire
load moments about the sehidle center of graaty The
Amas to onimize selicle pitchimg and heavimg duning
steadhy state rede and rapid speed changes . A adds-
tonal aemos te achiese the ant-patchimg acton wathout
matenially sacrihiang the turnmg capadbibitios of the ve-

hid b
THE DRAWINGS

FIG Las coside clesational view of g vehicle incorpo
rating the possentanvention

FIG 2 s o top plan vies ot the FIG T vebhacle

FI1G Vs asectional view tahen on hine 3—3 i FiG
3.

FIG 4 an enlarged fragmentary vew tiken n the
same dhirection as FIG T ata poant midsway between the
front and rear ends of the velnele.

Flte S v an enlarged vies of o sponson-tire structure
usal i the FIG T sehacde

FIG 6 s o chart depacting o trapezoidal tire loading

provided by the FIG § structure
THE DRAWINGS IN DETAIL

FIGS 1 and 2 allustrate a mulu-terrinn schicle 10
compriang an open topped hall 12 having o bottom
wall 14, tront wall 16, rear wall 18 and side walls 20
and 220 Disposed within the hull is g propulsion engine
24 cquipped wath a transnssion 26 and steerning umt 28
hoaving Laterally oxvteoding output shafts extending
through opentngs m the hull side walls 20 and 220 The
stecning umit s employed to selectivedy operate the out-
put shatts at sarable specds in the forward or rearward
directions in accordance wath the desired vehicle speed
and dircction of vehicle movement The driver’s seat,
Aot shown s located above and to one side of transois-
stonn 26, 0 ~hort distance Bohind windshield 20, passen-
pors and o cargo can be accommuadated in the space
21 behimd ongme 240

[ owated onthound of bl 1Y e two loneiadmally

N

X

LAY

4

15

S

exvtendimy spensons 320 cach oo mron imaee ot the "

other A oot m FIG 3 the nghtmost sponson com
Prses anmnet sde s ol 3 scocared to ) side wall 22,

At onater side o swall Mg o uppoer wall AR, e a loseer

62

)

Walt A As scenn FIG T the sponson upper ad hower
walls e gomed together by a generally ethiptical front
nose structure 42 and g generally etliptical reas nose
stracture 44,

fuach of the sponson walls 38 and 30 mclude o rigad
metal underwall and a resilient elastomenic outer wall
or shin, the underwall provides sponsan rigidity | and
the shin provides o tread surfuce for tractive engagment
with the pround engaging tires 46.

Artanged tor orbital movement about cach sponson
A2 0 1T pround engaging tires or wheels 36, Each tise
tranerses an endiess orbit defined by upper sponson
waall R, frontal nose structure 42, fower sponson wall
40, and rear nose structure 440 When the vehicle s
trascthing i the forward direction, as denoted by ny-
moral 480 FIG 1, the tower ones of tires 46 will be
travcelhing rearwardly along sponson surface 40, and the
uppei cnes of tires 46 will he traselling forwardiy along
sponson surtace 3K Tire mosement i accd mplished
threugh o power means which includes endless Chane
SO0 sprocket-type drine wheels 82 at the sponson tron-
tal nose and adler wheels 84 at the sponson rear nosg
Chans S0 could be teplaced by cables it desired or nec-
essary, cables are advantageous in that they are less
susceptible to matfunction due to twisting, bendmg,
clogging, cte

As shown i FIG Y, cach set of chinns 800 tramned
aroend drive sprocket 82 and adier wheel 84, addion.
ally cach set of Chams s connected to the varous e
avdes Jo. Accordingly, powered mosemient of the
sprochet wheels by the aforementioned engine 24
pronfoaces i arhited movement of the chams 30 and the
vonnected tires 6. The vehicde weight s borne by the
tures while engaped with firm ground surface 38, As.
sumung the sehacle s tin elling in the forward dircction
over firm tcrtan, the ground-cagaged tires will be com.
pressed between pround surface 88 amd sponsan lower
watl 400 Tire compression will produce foctional trac-
tne forces between the tire lower surfuce and the
ground. and between the tire upper surface and the
sponson - Such tractive forces combine with chain
translational moscments to propel the vehicle over firm
terrain

In very Joose terrain, such as deep snow or swamps
or loose sand, the veticle weight can cause the vehicle
to sink inte the terrain so that the vehicle weight s
borne durectly by the sponsons rather than by the tires
Under such conditions the tires are subjected o re-
duced weight loads, and hence reduced tractine ene
giagement with the terrain, the tires may then tend to
shid on the sponson fower wall. Translitional move-
ment of the lower run of cach chain wiil then transhate
cach tire i piston-hike fashion through the terrn,
thereby bodily displacimg the terran and reacting the
vehicle i the arrow 48 direction Cassuming the chains
are moving m the FIG 1 directicisy Indeep water op
crations the vehicle control may he enhanced by means
of a propeller 60 located at the stern of the hull and
stably connected to cnpme 24, as hymeans of adine
shatt 62 Lind Aevible couphing (not shown For over
Lind opcerations the propetfer may be reteacted ap-
wardhv fromats F1G T position By g satable ud s hin
dor 64,

TIRY CHAIN RED A TION

FIG Xallastiatos the goncral construgtional featares

of a4 reptesentatine tre and s Gonnedtion to the pro
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[57] ABSTRACT

A multi-terrain sehicle having ground erpaging tires
arranged for orbital mosement along upper and lower
surfaces of sponsons located outhoard of the hull The
tires are intcrconnected by means of chans, cables or
similar flexible track elements; the tires mose along
the ground surface in one direction to develop vehicle
propulsion thrust in the opposite direcuon This inven.
tion relates to mechanisms for controlling the tension
in the flexible tire-connector clements, thereby pre
venting the clements from breaking or steetching or
disengaging from thewr guide wheels Tension control
is achieved by restraining the tires against twisting or
moving faterally, and also by maintuning the sponson
surfaces relatively free from accumulations of debrs
such as mud. twigs, ctc that would tend to space the
tires away from the sponson surfaces, the primary ten-
sion control instrumentality is a lurd cvlinder acting
on the dler guide wheels for the tire-connector ele-
ments.

4 Claims, 13 Drawing Figures
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TENSION CONTROL FOR FLENIBLE TIRE -
CONNECTORS
The imvention described herom may be manutfac-
tured, used, and Bieensed by or toe the Government or
governaental purposes without payment o us of any
rozvalty thereon,

BACKGROUND OF THE INVENTION

US Pat No 3153048 issued to A G Fisher and
U'S Pat No 2910006 idducd to 1 Crandall show
amphtbious multi-terriin vehicles adapted for use in
water, mud and deep snow, as well as on conventional
roads In cach case the sehicle is powcered by means of
tires. whose andes are connected to endless belts or ca
hles trained around pulless at the tront and rear ends
of the sehicle The tires thus orbitin the fushion of end-
less treads The present imvention as directed o mi-
provements i this type ot velhaele

THE PRESENT INVENTION

Fhe prosent mvention proposes virious mechanisms
tor preventing undertension or overtension of the flexi-
ble tire-connecting clements, thereby precluding the
tre-connecting ciements from being stretched, bent or
thromn oft then gude wheels The tension-control
e ckanisms include structures for restraining and guid-
g the tires n thair orbital movement Tension control
s dabso achicved by special means for keeping the spon-
son surfaces relatisely free of debris, wherehy  the
chams or cables maintain their originai spacing relative
0 the sponsons, 1 ¢ the chains retain their original or-
bits and thus therr original state of tension.

THE DRAWINGS

FIG s aside clevatonal view of o vehicle incorpo-
rating the mvention

FIG 2 s o top plan view of the FIG 1 vehicle

FIG 3 s asectional view tihen on line 3—3 mn FIG
4.

FIG 4 s an enlarged fragmentary view in the same
direction as FIG 1, but at a point midway between the
tront and rear ends of the vehicle

V1G S s ragmientany side clevational view of a rear
nose area of sponson formmyg part of the G 1T yveh-
cle

FIG 61 o fragmentary top plan view of the FIG. §
structure

FIG 7 s an end elevational view of the FIG 6 struc-
ture, parts thereof baing shown in section on line 7-—-7
wm PG &,

FIG 8 s o sade elevational view of o debris deflector
tovated at the fronmt of the sponson.

HiG 9 s o side elesational view ol debris detlector
located at the rear of the sponson.

FIG 10 0 side elesational view of a tread surtace
cmploved on the upper face of 4 sponson used in the
FIG 1 vehagle

FIG 1E s o top phan view ot the FIG 10 structure.

FIGS 12 and L3 are fragmentary sectional views
tabhon on mes 12 12 and 13 - L3 an HIG 1L

THE DRAWINGS IN DU AN

FIGS 1 oand 2 llustrate o multeerram sehicle 10
comprmng an oaen topped holl 12 havine o bottom
wall 14, 1 ot wall 16, rear swall T8 and sude wadls 20
220 Disposed wathn the hulhssan propulaion engine
24 cqepped wath o transmission 26 and voanred stecning

3,902,

h

20
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71
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768
2

umit 28 havinge lateralby -extendimg output shatts extend-
g through opaings i the hull side walls 20 and 22,
Fhe stecnng unit s cmployed to selectively operate the
output shatts in the forvard or rearsward dircctions in
accordance with the desired vehicle speed and diree-
tion of vchicle movement, The driser’s scat, not shown,
s located above and to one side of transmission 26, a
short distince behind windshield 30, Passengers and. or
cargo can be accommodated in the space 28 behind en-
gine 24,

Located outboard of hull 12 are two tongitudinally -
avtending sponsons A cach o mirror-inuge of the
other. As seen an FIGE 3 the rightinost sponson com-
prises an nner side wall 33 secured to huall side wall 22,
an outer side wall 36, an upper wall I8 and & lower
salb 400 As seen i FIG 1 the sponson upper and lower
walls are jomed topether by a generathy elhiptical front
nese stiucture 42 and apenerally ethptical rear nose
structure 44,

Fach of the sponson wills 38 and 40 includes a rigid
metal underwall and o resibient clastomenic outer wall
or shin the underwall provides sponson ngdity | and
the shin provides o tread surface for tractise engage-
ment with the ground-cngaging tires 36.

Arranged tor orbital moscement about cach sponson
32 are seventeen ground-engaging tires 46, Fach ure
traverses an endless orbit defined by upper sponson
wall AR, frontal nose structure 42, lower sponson wall
20, and rear nose structure 44, When the vehiele s
travelling in the forward direction, as denoted by nu-
meral 48 in FIG. 1, the lower ones of tires 36 will be
travelling rearwardly along sponson surface 40 in a rel-
ative sense, and the upper ones of tires 46 will be tray -
elling forwardly along sponson surfiace 38, Tire move-
ment iy accomplished through o power means which
mcludes endless chams 80, sprocket -ty pe drive wheels
£2 at the sponson frontal pose, and idler wheels 84 at
the sponson rear nose Chains 20 could be replaced by
cables if destred or necessary, cables are advantageous
in that they are less susceptible to malfunction duce to
twisting. bendimg. clogging, ete.

As shown in FIG 1, cach sct of chains 50 is triauned
around drive sprocket 82 and wdier whee! §4, addition-
ally cach set of chins s connected to the vanous tire
andes 6. Accordimgly, powered movement of the
sprocket wheels (by the aforementioned engine 24
produces an arhital movement of the chians 20 and the
connected tures 460 The vehicle weght is borne by the
tres while engaped with firm ground surface S8 As.
suming the sehicie s travetling in the furward direction
over firm terrain, the ground-engaged tires will be com-
pressed between ground surfice 538 and sponson lower
wall 40, Ture compression will produce frictional trac-
tive forces between the ure lower surface and the
pround, and between the tite upper surface and the
sponson - Such tractive forces combine with chain
translationd movements to propel the vehicle over fim
terraan.

In very foose terram, such as deep snow or swamps
or loose sand, the vehicle weight can cause the sehicle
to sk mto the terran so that the vehicle waght s
borne directly by the sponsons rather than by the tires
Under such conditions the tires are subgected toore
dueed woereht Toads, aml henee scducad tradcthine ¢n
pagement with the torran, the tres man then taad to
shid on the spoason lower wall Tramshational mosg

moent of the loaeer ran of cach chaar wall thon transhag
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157} ABSTRACT
A hollow body including spaced apart side walls, with

a plurshity of longitudmally spaced. Literally extending
wall-support members sunmounting a plurahity of Liter-
ally spaced longitudinatly extending floor remforee
ment members. A track structure meludimg o plurabity
of laterally disposed track structure support members
projecting exteriorly of sad walls in longnodinad align-
ment with, and secured to, said wall support members
Swid track structure further mcluding an upper fived
runway and, substantialiy  paraftel thereto, o lower
fixed runway, both elongated fongiudinallhy of the se-
hicle. A supplementary runway surmoenting said up-
per, fived rupway. Means o sccure sud supplemen:
tary runway above sid upper, fined runway Means
urging siasd supplementary runway toward sad upper.
fixed runway, and means adjustably resisting said urge.
10 space said supplementary runway from said upper.
fined runway. An cendless chain dove, and means 1o
drive said chain. Wheels carried by sind endless chain
about said track structure, and comprising a lower
span upon which the track structure and hence the ve-
hicle rests, and an upper span which moves over said
supplemientiry runway. The adjustability of the sup-
plementary runway may compensate for slack in sind
chain.

23 Claims. 8 Drawing Figures
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|S7) ABSTRACT

An craphibious vehicle of the type ncluding oppositc
uide endless track assembbes The sehicie mddudes o
miun central body portion which extends fongitadimaliy
of the rvehuicle and defines o hollow clorgated sealed
flotation compartment abose which the operator s po-
sitton and dniving motor of the vehicle may be dis-
posed. The vehicle further includes opposite side later-
ally outwardly projecting and elongated generally horr-
zontally disposed stub wing-type housings which are
also scaled and define opposite side flotation compart-
ments. The opposite side tracks of the sehicle enaircle
and are for the most part supported from the opposite
side housings on either side of the main body portion
and the endless tracks are trained about drive and dle
sprocket wheels disposed at corresponding ends of the
tracks spaced endwise outwardly of the corresponding
ends of the opposite side housings [he combimed
buoyancy of the main bady portion flotation compart.
ment and the opposite side flotation compartments s
sufficient to float the velicle with an aperator thereon
with the water level disposed at east slightls below the
upper extrenuties of the oppoate wide fletation com

partments whereby the sehicle, when floating, wiil have
resistance to rolling about s longitudimal anas

6 Claims, 9 Drawing Figures
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1
ALL TERRAIN VEHICLE

The all terrain vehicle of the instant invention has
been specifically designed to provide an apparatus
which may be ridden over all types of terrain and which
may also be utilized to travel over the surface of a body
of water. Propulsion of the vehicle while moving over
the surface of a body of water is accomplished by the
endless track components provided on opposite sides
of the vehicle having a paddle wheel type action on the
water upon which the vehicle is floated. The driving
camponents including the endless track assemblies, the
motos and the vanous shafts for drivingly connecting
the output shaft of the motor to the drive sprackets for
the endless track assemblies are all exposed exteriorly
of the vanous flotation compartments and thus the flo-
tation compartments are maintained air and water-tight
without the utilization of complex water and airtight
seals. Of course, steerage of the vehicle on water is ac-
complished in the same manner as when the vehicle is
traveling on land in that selected endless track assem-
hlies may be driven either forward or in reverse or
brahked, as desired.

The main object of this invention is to provide an all
terrain vehicle that may be readily operated over vari-
ous types of terrain and over the surface of a bady of
water as well.

Another object of this invention, in accordance with
the immediately preceding object, is to provide a vehi-
cle whose controls enable the vehicle to be steered on
water in the same manner in which steering operations
are accomplished on land.

Yet another object of this invention is to provide an
all terrain vehicle of the amphibious type provided with
center and opposite side flotation compartments dis-
posed in relation to the driving components of the vehi-
cle in a manner such that complex air and water-tight
seals need not be utilized in connection with the dnive
train of the vehicle.

A final object of this invenuon to be specifically enu-
merated herein is to provide an all terrain vehicle in ac-
cordance with the preceding objects which will con-
form to conventional forms of manufacture, be of sim-
ple construction and easy 1o use 5o as to provide a de-
vice that will be economically feasible, long lasting and
relatively trouble free in operation.

These tugcther with other ubjects and advantages
which will become subsequently apparent reside in the
details of construction and operation as more fully
heremafter deseribed and claimed. reference being had
to the accompanying drawings formmg a part hereof,
wheren like numerals refer to ke parts throughout,
and 1n which.

FIG 11s a perspective view of the all terrain vehiele,

FIG 215 an enlarged side elevational view of the ve-
hicle,

FIG 3 i fragmentary transverse vertical sectional
view taken substantially upon the plane indicated by
the section hine 3 -3 of FIG 2,

FIG 4 0 a bottom plan view of the vehicte withats
dnve components remuved,

FIG %1 atop plan view of une of the spring mounted
double bogie wheel assemblies of the vehicle:

FIG 615 a perspective view of one of the bogie wheel
spring mounting brackets, and

FIGS 7 through 9 are side elevational views of the
vehicle illustrating the maraer in which the lower
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reaches of the endless truck members thereof may be
deflected along with the attendant bogie wheels for
conforming to irregulur surfaces.

Referring now more specifically to the drawings the
numeral 10 generally designates the all terrain vehicle
of the instant invention. The vehicle 10 includes a main
longitudinally extending body referred to 1n general by
the reference numeral 12 and including a lower fully
enclosed and fluid tight sealed housing portion 14 de-
fining a center huoyancy tank. The body 12 also in-
cludes a pair of opposite side longitudinaily extending
and generally horizontally disposed side housing por-
tions 16 defining opposite side flotation tanks or com-
partments. The housing portion 14 includes top and
battom walls 18 and 20 interconnected by meuans ot up-
standing opposite side walls 22 and front and rear walls
24 and 26. The housings 16 cach includes top and bot-
tom walls 28 and 30 interconnected by an outerside
wall 32 and at their oppaosite ends by means of front
and rear walls 34 and 36, The inner sides of the hous-
ings 16 are closed by the corresponding side walls 22
of the housing portion 13 from which the top and bot-
tom walls 28 and 30 and the end walls 34 gqnd 36 are
suppornted along therr inner marginal edge portons If
desired, front and rear transverse braces 38 may be se-
cured through the housing portion 14 in sealed relation
with the side walls 22 thcereof and in the housings 16,

The vehicle 10 includes a forwuard engine housing or
shroud 40 comprising a part of the body 12 and 1n
which an engine 42 and a clutch mechanism 44 are dis-
posed. The engine 42 drives the clutch mechanism 43
through an endless belt 46 and the clutch mechanism
drives the input shaft of a transmission (not shown)
whose output shaft 48 1s drivingly connected to the
front opposite side driving shafts 50 of the vehicle 10
by mecans of endless flexible drive members §2.

The rear portion of the body 12 includes a hollow
storage compartment §4 upon which a scat cushion 56
1s mounted and the vehicle 10 includes suitable con-
trols (not shown) for selectively drniving and briaking
the opposite side cndless track assemblies to be set
forth more fully heicinafter driven by the drive shafts
50.

The opposite ends of the housings 16 include front
and rear extensions S8 und 60 of the side walls 32
which project forward and searward of the correspond-
ing front and rear walls 34 and 36. The opposte side
drive shafts hase their outer ends rotatably recened in
bearing journals 62 supported from the oxtenaons §8
and therr inner ends rotatably supported in sinular jour-
nals (not shown carned by the opposing outer sarface
portions of the side walls 220 I addstion the vuter ends
of 4 simular pane ot rear dler <hafis 63 are rotatahly se-
ceved in bearmg joureais 66 supported frem the extens
stons 60 and ther mner ends are rotatably recenved in
simlar beanng journals (ot chown) sapported from
the opposing outer suntace portions of the sde walls 220

A parr of Literally spaced guide rods 68 are cupported
in shghtly forward upwardhy anclined relation above
and from each of the upper walls 28 with the front und
tear ends of the guide 1ods 68 Curved downwardiy and
secured to the upper o top wall 28 as at 70 and 720
Also, the bottom wall 30 of cach of the housings 16 1n-
cludes a pair of laterally spacad tongiudinally extend.
ing and downwardhy projecting guard flanges 74 be.
tween whose mid-portions a pair of mounting brackets

-
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AIR CUSHION WHEEL
The invention described herein may be manufic-
tured and uscd by or fur the Governmeat of the United
States of Amenca for governmental purposes without
the payment of any royalties thereon or therefor.

BACKGROUND

The present invention is in that class of vehicle sup-
ports which cun operate in more than one fashion.
There are many uses for such devices; for example, an
airplane landing wheel that could be converted to a ski
configuration would allow the airplane to land on snow.
An off-the-road capability would be built into any vehi-
cle whose conventional running gear could be con-
verted to a tracked configuration.

The most desirable combination of supports is a
wheel and an air cushion pad. A wheel supports a vehi-
cle on a hard surface with no eneray input, while an air

cushion pad will alfow the vehicle to triavel over water,

spow, sand, etc. although requiring some cnergy input
10 maintain the cushion of air. Such a device when used
on an airplane would allow it to land on any surface ex-
cept water (unless the air cushion pads were made im-
pracucally large); the pilot would select the wheel con-
figutation for a hard surface runway, and the air cush-
wn pad for snow, sand, ctc. Field artillery pieces have
been abandoned in muddy areas when towing vehicles
could not approach them; a wheel that converts to an
air cushion pad would altow the artillery piece to be re-
trieved from deep mud. Additionally. the air cushion
could be utilized as part of the recoil-absorbing system
for the urtillery piece. Running gear of this type would
also be ideally suited for use on vehicles used in the
Arctuic regions; the whee! canfiguration would be used
on packed snow and ice, and the air cushion pad would
be used on loose snow.

The prior art shows many air cushion pads, but none
which are combined with conventional wheels. Air lift
casters, wherein a spherical ball rides within a hemi-
spherical housing on a film of air, are also well known
to the art; however, these are impractical for use on
soft terrain hecause the weight is concentrated at the
puint of contact of the sphere with the ground rather
than being spread out over a large area.

SUMMARY OF THE INVENTION

The present invention is an air cushion pad that is an
integral part of a wheel assembly. The wheeel s on a
relatively lurge diameter hub, the non-rolling parnt of
which 1s exposed. Attached to this non-rolling part of
the hub is a flenible skirt which defines an air cushion
chumber when the wheel hub is rotated 90° to bring the
skirt in contact with the ground. Air or other fluid 1s
then fed to the chamber to form the air cushion.

OBJFCTS OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a vehicle wheel that can be converted to a
Jifferent 1ype of vehicle support.

It is a further object of the present invention to pro-
vide a comvertible sehicle support whose operational
position can be changed at will.

1t s a further object of the present invention to pro-
vide 4 wheel that can be converted to or from an air
cushion pad
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Other objects and advantages of the present inven-
tion will be apparent from the following specification
and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a front view of o vehicle showing the vehicle
supports in the wheel position;

FIG. 2 isa front view of a vehicle showing the vehicle
supports in the air cushion pad position, and

F1G. 3 is a sectional view. looking parallel to the axis
of the vehicle. of the convertible vehicle support of the
present invention.

FIG. 4 <hawy a rigid skirt attached to the aon-rolling
part of the wheel hub;

FIG § shows a rigid skirt attached to the rolling
wheel assembty.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

F1G. 3, which is a cross section view of the device of
the present invention, shows the vehicle support 10 1n
the air cushion pad position Skirt 12 is shawn as being
attached to the stationary part of the hub in order that
it will not be subjected 1o any centrifugal stresses when
the device is used in the wheel position, however, for
some applications it may be desirable 10 get as great a
skirt diameter as possible, hence it might be necessary
to attach the skirt to the rotating puart of the wheel as-
sembly. Skirt 12 can be made of any conventional air
cushion skirt material and cun he flexible or ngid. de-
pending on the requirements of cach particular apph-
cation. FIG. 4 <shows a rigid skirt 13 attached to the
non-roiling part of the wheel hub, and FIG. § shows a
rigid skirt 1§ attached to the rolling part of the wheel
assembly. 1t could also be removable, stowable, or re-
tractable.

The non-roiling hub 14 is comprised of a circumfer-
ential portion 16 and central portions 18 and 20, which
are joined by a convex disc portion 22. Hub 14 will thus
be seen to form a plenum 24. Plenum 24 is fed air or
other fluid through duct 26, which is shown as a flexible
conduit; however, any suitable means may be used to
pressurize plenum 24,

Tire 28, which may be of any construction, is re-
tained on nnm 30 in the conventional manner. Rim 30
is rotatably joined to non-rolling hub 14 by conven-
tional ball or roller bearings 32. When skirt 12 is at-
tached to hub 14 as shown in FIG. 3, bearings 32 do not
necd 1o be thrust bearings since there is no appreciible
tuteral force on them in the air cushion pad position.
However, if the skirt is mounted on rim 30, bearings 32
will have to support a portion of the weight of the vehi-
cle in the air cushion pad configuration and some type
of thrust bearing may have to be included.

Convex disc 22 has a lug 34 on it which fits into a siot
in support strut 36. A locking pin (not shown). which
15 inserted into holes 38 in the strut and lug, 15 used to
lock the vehicle support in the wheel position as will be
cxplained later.

Support strut 36 terminates 1in a sphenical pivot 40
which is clumped between central portions 18 and 20
of hub 14, Sphenical prvot 40 allow s the vehicle support
to pivat f-eely when in the air cushion pad position, as
will be evpluined later.

The annular gap 42 hetween rim 30 and circumferen-
tial porton 16 of hub 14 can be expanded to provide
for the incluvion of 3 brake mechanism (for use when
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1
VEHICLE DRIVE AND SUSPENSION

The invention described herein may be manufac-
tured, uscd, and licensed by or for the Government for
gorernmental purposes without payment to me of any
royalty thereon.

BACKGROUND AND SUMMARY

Drive arrangements are Anown wherein drive forces
are transmitted to four of the vchicle wheels. Suspen-
sion systems arc known wherein cach road wheel is
carnied by a support arm having extensive travel for
improved cushioning of the vehicle: the supportarm is
swingably attached to the sehicle hull. In such systems
an clastic force-absorption means may be associated
with cach road wheel support arm to cushionably sup-
port the sprung weight of the hull.

The present invention involves the incorporation of a
wehicle drive means within four or more of the swing-
able suspension arms, thereby obtaining the combined
advantages of multi-wheel drive and long trasel suspen-
slon

THE DRAWINGS

FIG. 1 schematically shows in top plan a vehicle
ncorporating the invention.

FIG 215 a side clevational view of the FIG. 1 vehicle.

FIG Jis an cnlarged sectional view taken through a
suspension-drive unit emploved in the FIG. 1 vehicle.

FIG. 4 is a fragmentary sectional view taken on line
4—41in FIG. 3.

FIGS. 1| AND 2 (GENERAL ARRANGEMENT)

FIGS. 1 and 2 schematically show a vehicle compris-
ing 3 hull 10 having a front wall 12, rcar wall 14, side
wulls 16 uand bottom wall 18.

An internal combustion engine 28 is connected to a
conventional transmission 30 for rotating the propeller
shaft 32, Connected to the rear end of shaft 32 is a
manually-controlled steering unit 34 having laterally.
directed shafts 36 and 38 sclectively or simultancously
rotatable according to the positions of manual control
arms 40, Steerning unit 34 s a commercially available
item. for example the stecr unit marketed by the Glen
L. Bowen Co. of Detroit, Michigan under #s designa-
tion DS-50. Other steer units are shown in US. Pat.
Nos 2,525,190 and 3,353,616 and 3,760.896

Shufts 36 and 38 are connected to coventional diree-
ton-changing gear units 42 that trunsmit rotational
power to the longitudinal shafts 17 and 19. As scenn
FIG 1, cach shuft 17 or 19 is comprised of a number of
flanged shaft sections 174, 17h or 194, 196 connected
together The sectional character of cach shaft s
merely for installation and service purposes; operation-
ally cach shaft 17 or 19 may he considered a single
shaft Each sectional shaft runs throupgh four shafl
housings 44 contaming mechanisms for transmitting
power to gear train units located in wheel support arms
(RN

FIG 3

FIG 3w oan enlarged sectional view taken on line
AV FIG 201 . asectional view taken on g horzon-
tad planc at the centerhine of the power shaft 19 (or 17)
The shaft support housing 34 comprises a4 main casting
46 urtablv bolted at vartous points 48 to the hull wde
wall 16, The housng o located an or dircectly abosve the
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hull bottom wall 18; additional bolts (not shown) run
theaugh housimg Nunge 49 into the hull bonom wall

The illustrated shaft section 19a (FIG. 3) 1s sup-
ported at spaced points in anti-friction bearings 50, 52
and §4. Beanings 82 and 54 are carried in a cage 56
suitably bolted onto casting 46. The shaft carries a
bevel gear 88 that meshes with a bevel gear 60 carried
by a drive sleeve 62, whose outer end carries a spur
gear 64 located within road wheel support arm 13,

Arm 13 comprises a main casting 66 that defines a
barrel 68 centered on swing asis 15, spaced walls 70
and 72 extending normal to the swing axis, and a tubu-
lar support waitll 74 for wheel axle 71, Cover plates 76,
78 and 80 are botted onto casting 66 to facilitate access
1o the various gears. Plate 76 serves also to mount a
plug clement 89 that is splined to a hollow rod 94.

Barrel portion 68 of the support arm is machined on
its outer penipheral surface to form a semi-circulur
cross sectioned groove 820 A mating groove 84 1s ma-
chined in the inner surfuce of casting 46. Anti-friction
ball clements 86 are introduced into the raccway
formed by the mating grooves. To fucilitate introduc-
tion of the balls, the casting is formed with a ball-loader
opening 88 that is subsequently closed by a plug 90.
Groove 84 is machined in the casting with the plug in
place: the inner end of the plug thereby constitutes part
of the raceway surface. The plug is temporarily re-
moved to load balls 86, This method of manufacture
minimizes the radial thickness of barrel 68 and casting
46, thereby reducing the outside diameter of housing
34 while still having adequate space within the barrel
for accommaodation of drive sleeve 62, A relatively
small housing O.D. is desiruble to minimize the unus-
able vertical space within the hull. In an illustrative
vehicke such unusable space is only about 9 inches.

Swinging movement of cach road arm 13 about axis
15 is resiliently resisted by an elastic force-absorption
means 21 comprised of an clastomeric annulus 92
bonded to sleeves 93 und 95. Sleeve 93 s keyed to a
torgque rod 94 that extends crosswise of shuft 194 t0 a
connection at 89 with road arm 13. Sleeve 95 is heyed
or otherwise anchored to a casing 101 that bolts onto
housing 44, as at 97. Therefore swinging movement of
road arm 1Y ubout axis 15 places shearing loads on
clastomeric annulus 92,

Interior space 98 is oil-filled {through a filler opening
99). To solate clastomeric annulus 92 from the oil-
filled space, there may be provided a removable end
wall 96,

Wall 96 carries asleeve bearing 87 which centers and
locates tarque rod 94 on swing axis 15, Torque rod 94
intersects and crosses the axis defined by shaft section
194. However the rod and shaft do not interfere with
one another because the rod is formed with a trans-
verse clearance opening 91, Shaft section 194 can ro-
tate freely on ats awas; rod 94 can rotate to a limited
extent, ¢ g 66°%n the swing plane defined by aus 18,
Rod 94 is designed to transmit torsion force from road
wheel arm 13 o clastomeric anpulus 92, The celastie
annulus constitutes a torsional force absorption ele-
ment between the road arm and the hull

Wheel-driving forces are transmitted from shaft sce-
tion 19 through bevel gears S8 and 60 to 4 sleeve 62
that is rotatably mounted within barrel 68 by means of
anti-friction bearings 83 and 85, Sleeve 62 drives gear
64 that meshes with an dler gear 81 carned onapmn 79
fixed within road arm 135 needle beanngs 77 permat
free rotation of gear 81 around the axas of pin 79, Gear
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pivotally connected on the vehicle body. Problems of
stress on the drive train as the wheel legs rock up and
down on rough terrain are avoided through a speed-
reducing coupling at the pivotal leg connection and »
torsional energy-storing drive shaft between the cou-
pling and the wheel which absorbs small torques in-
duced by the rocking of the legs and by rotational nd-
vancements and retardations of the wheels as they ride
over local bumps in the terrain.

10 Claims, 10 Drawing Figures
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1

ALL-TERRAIN VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a self-propelled vchicles and
more particularly to steering, suspension and transmis-
sion arrangements for such vehicles, especially arrange-
ments intended for use in off-road all-terrain vehicles.

2. Descniption of the Prior Art

Numerous prior proposals have been made for all-ter-
rain vehicles having specialized transmission and steer-
ing control apparatus and suspension and drive appara-
tus designed for meeting the problems inherent in pro-
pelling and steering a vehicle over rough terrain. All
such prior proposals of which the inventor is aware
have been subject to certain disadvantages and defects.
The nature of these disadvantages and defects, and the
manner in which they are overcome by the present
imention, are discussed more fully in the following
description.

SUMMARY OF THE INVENTION

In accordance with this invention a vehicle having
front and rear wheels at each side, has a suspension and
drive for each wheel comprising a coupling between the
w heel and one end of a longitudinally-extending torsion
bar dnve shaft which is supported on the vehicle body
for pivoting about a transverse axis at the other end,
where it s coupled through a speed-reducing drive, e.g.
a worm gear meshing with a reducing worm, to a trans-
verse driven shaft supported on the vehicle body. This
form of suspension and drive allows the vehicle body to
be supported high above the wheel axles and permits
signtficant]ly greater ground clearances e.g. of the order
of 15 inches, than can be readily obtained using the
conventional axle dnves. Whereas it has been proposed
1o support vehicle wheels independently on longitudi-
nally-evtending legs prvotally connected on the vehicle
bady, in prior proposals of which the applicant is aware,
the front and rear axles on each side of the vehicle have
been drniven through chatns engaging sprockets on the
wheel aales. This presents the disadvantage that if the
chains connected to the respective wheels are turned to
differing extents or in opposition to one another, the
chains may castly be subjected to tensions which are
sufficient to break them. While attempts have been
made to avord this difficulty by employing frictional
clutches in the cham drives, this has not proved satisfac-
tory since poseer s lost through slippage at the clutch,
and the clutches are liable to wear rapidly and to over-
heat The apparatus of this invention avoids the above
disadvantages and moreover provides an advantageous
suspension and drive which mav reduce rocking of the
wheel leg about the transverse axis when torque is ap-
phed 1o the transverse dove shaft, since, by virtue of the
speed-reducing drive, only a small turning moment is
inparted to the wheel leg and therefore the suspension
hetght of the vehicle ts substantiaflly unaffected by the
amount of power transmitted to the vehicle wheels.
Further, the torsion har drive shafis allow cach wheel
to be momentanly advanced and retarded with respect
1o the other wheels, for example when nding over a
local bump n the terrain, without unduly stressing the
drive train This allows the veticle to have a four wheel
drive without needing to use differentials or clutches.

43

D
(<]

b

3]

2

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be more fully described, by
way of example only, with reference to the accompany-
ing drawings, in which:

FIG. 1 shows a perspective view of an all-terrain
amphibious vehicle, with the body shell indicated in
broken outline;

FIG. 2 shows a side view of the transmission and
steering control apparatus of the vehicle partly in sec-
tion on the line 2—2 of FIG. |;

FIG. 3 shows a section on the line 3—3 of FIG. 2;

FIGS. 4 and § are side views corresponding to FIG.
2 illustrating the action of the transmission and steering
control apparatus;

FIG. 6 shows the reversing gear on the right hand
side of the \ehicle partly in horizontal section on the
line 6—6 of FIG. 1;

F1G. 7 shows one of the wheel-supporting legs of the
vehicle partly in section on the line 7—7 of FIG. I;

FIG. 8 shows an axle for a wheel of the vehicle in
section on the line 8—8 of FIG. 1, with a detent be-
tween the drive and the whesl axle in engaged position:

FI1G. 9 shows pneumatic circuitry associated with the
suspension of the vehicle; and

F1G. 10 shows the arrangement of pneumatic valves
employed in the suspension system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, the vehicle has a unitary
body 10 formed a sheet metal. A rectangular opening at
the top of the body is defined by an inwardly projecting
fip 11 from which a front panel 12 of the body slopes
outwardly and merges with a flat botiom panel 13
which is generally cruciform in shape including a front
portion 13a, two lateral portions 135 and ¢ and a rear
portion 134 from which an angled rear panel 14 extends
upwardly to the lip 11. The front pane! 12 and the un-
derlying front portion 13a provide between them a
space for the driver's legs and the rear portion 13d
supports the cngine 16 of the vchicle.

The body 10 is symmetrical about the longitudinal
median line, and has at each side a flat side panel 17
which extends downwardly from the lip 11 and from
the side edges of the front and rear panels 12 and 14.
The panel 17 has cut-outs defining the openings of front
and rear wheel wells 18 and 19 and a central downward
extension 21 which joins with the outer edge of the
adjacent lateral portion 13 b or ¢ of the bottom panel 13,

The wheel wells 18 and 19 cach have a curved upper
panel 22 joined at the outer side to the adjacent side
pane! 17 and at the inner side to an inner vertical panel
23 which ts connected to the side of the adjacent front
or rear portion 13 2 or 13 d of the bottom panel 13 Each
of the inner panels 23 1s formed with an inward rectan-
gular recess 24 which accommaodates a support leg 26 g
or b for the front and rear wheels 27 g and 6 Each
recess 24 has an inner wall 28 off-<et inwardly fram the
inner panel 23 and joined at its Jower edge 1o a recessed
edge of the adjacent front or rear portion 13 g or 13 d of
the bottom pancl 13, a panel 29 at one end, and an in-
chned top pancl 31. The opposite end of cach recess 24
1s constituted by an inclining well 32 which connects at
the lower cdge with the adjacent transverse edge of the
adjacent lateral portion 13 & or ¢ of the bottom panel 13.
The top edge of the inclining wall 32 connects with the
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(571 ABSTRACT

An amphibious vehicle for travel in water or on land
with transversely spaced power driven buoyant drums
fore and aft of the vehicle and intermediste buoyant
idler drums likewise transversely spaced around which
are recved spaced flexible endless belt tractic: appara-
tus formed with buoyant cross tread such as elongated
transversely mounted pneumatic tires or gas filled tubes
to provide driving traction in the manner of a crawler
type tractor. Also, a single steering control and system
for directional control of the vehicle in water or on all
forms of terrain surfaces is devised and power from a
Diesel-Generator system is transmitted to an electric
motor 1o drive the respective buoyant power drums at
either the fore or aft end of the vehicle in each respec-
tive spaced belt or track. Such drive arrangement of the
respective drums maintains tautness in the belt and re-
duces tensile load on the traction belts reeved over the
midmounted buoyant idler drums between the respec-
tive fore and aft buoyant power drums when the power
drums are selectively driven in either a forward or a
reverse direction.

2 Claims, 14 Drawing Figures
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AMPHIBIOUS VEHICLE

BACKGROUND OF THE INVENTION

This is a continuation of application Ser. No. 729,813
filed Oct. 5, 1976 now abandoned which is a continua-
tion-in-part of prior application Ser. No. 657,230 filed
Feb. 11, 1976 and entitled AMPHIBIOUS VEHICLE,
now abandoned.

FIELD OF INVENTION

The present invention relates to endless track means
for amphibious Janding vehicles, such as land and water
vehicles capable of travel over terrain of all descriptions
and 1n water without preparatory conversion to com-
pensate for either medium.

DESCRIPTION OF PRIOR ART

Heretofore, prior 1o the present novel invention there
have been developed and patented many forms of am-
phibious vehicles, namely for exampile U.S. Pat. Nos.:
2,416,679, Curtis. Mar. 1947, 2,306,577, Walker, Dec.
1932, 2,359,586, Sayler, Oct. 1944, 2,146,035, Bonmar-
tint, Aug. 1964, 3,180,305, Gower-Rempel, Apr. {965,
3,204,713, Shanahan et al., Sept. 1965, 3,238,913, Slem-
mons, Mar. 1966, 3,396,690, Tsunazawa, Aug. 1968,
3,481,654, Hartlerode, Jr., Dec. 1969.

However, these prior devices have not provided for
single steening wheel and propulsion control means to

provide optimum maneuverability of endless track )

means on Jand of all terrain formations and on water
surfaces. Also, the present invention is an improvement
of the prior art by the highly efficient steering and lever
control of an electric transmission system coupled to
traction drive belts.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to improvcments in
Landing Craft and contemplates an amphibious vehicle
employing identical propulsion, steering and control
mechanism on land and water.

More particularly the landing craft in design is essen-
nally a crawl type tractor employing two laterally
spaced belts of suttable durible flexible matenal, such as
plasuc, each belt passing over and around a series of
revolvable drums with the fore and aft drums being
Jdrivably coanected with electric power transmission
means. The actual number and size of the drums are
cabibrated and projortioned to produce a displacement

when half submerged to thereby develop sufficient $

buosaney 10 provide a payload capability that will jus-
u:fy the cost of operation. Containers are now commer-
crally avalable to meet such payload requirement.
Further n regard to optimum payload requirements
in the event more vehicle speed or enhancement in
pasload capability is needed, without increasing the
length of the vehicie, each drum may be provided with
two suitable cacks and valves so positioned that air in
the respective drums may be replaced with gas means,
such as helium. This should be done before the drums
are assembled in the vehicle drive belts. These belts are
laterally spaced to provide for suitable protrusions on
the drum surfaces, such as annular fins around the drum
wirfaces 10 prevent lateral crawl of the respective belt
means as shown in the accompanying drawings. The
drawings alw iflustrate means of simultaneous inflation
of suitably attached transverse tires disposed trans-
versely of the dnve belts, such as tubeless pneumatic
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tires. If helium is substituted for air as discussed herein-
before the speed of the vehicle as well as the payload
may be increased.

The motive power of the vehicle is provided by a
reciprocating diesel motor driving a dual output D-C
generator provided with a self-exciting exciter.

The transmission of the vehicle of the present inven-
tion is completely electrical. Change of direction from
forward to reverse is accomplished by changing polar-
ity of the feed circuits to all four motors. The feed
circuits to each port or starboard pair of motors pass
through separate rheostats controlled by the vehicles
steering wheel. When the wheel is turned to the left,
resistance is gradually introduced by the rheostat of the
circuit feeding the left hand motors thus Jowcering the
speed of the left hand drive belt causing the vehicle to
turn left. When the wheel is turned to the right a similar
action takes place in the opposite directicn by connect-
ing the starboard rheostat to feed the right hand pair of
motors with driving current.

Brakes are unnecessary as the tracks cannot be
thrown out of gear with the connected driving mecha-
nism. The speed of this vehicle is regulated by the foot
actuated accelerator pedal at the driver’s seat which
controls the flow of fuel to the diesel motor.

The landing craft has no body or hull to be pushed or
pulled through or on the water. The deck is supported
on three fins or girders and is preferably fabricated of
aluminum preferably not more than 3/16 inch thick, and
do not submerge more than approximately 6 inches, for
example, at maximum loading. These fins accommodate
the bearings for the axles of all the drums, as shown in
FIGS. 2 and 3 of the drawings and described hereinaf-
ter.

The vehicle of the invention is suitably designed for
use as a trailer, and is precisely the landing craft herein
described and illustrated, less the power plant.

With one simple center line hitch of any known suit-
able type with the towing vehicle, and a towed vehicle
coupled to the hitch will track precisely and if desired
will exccute right angle turns.

The most economical use of the vehicle in ship-to-
shore movement of materials will be the use of the
present vehicle to tow trailer units. Thus more goods
can be moved per trip than can be moved by two tnps
using only a powered vehicle.

OBJECTS OF THE INVENTION

An object of the invention s to provide a novel end-
less track means with inflated surface cross tires for
amphibious vehicles having pneumatically or gascously
inflated drums to provide for optimum payload floata-
tion and propulsion in the water or travel on land.

Another object is to provide a novel drive arrange-
ment of laterally spaced endless belts mounted in side-
by-side relation around transversely <paced fleatation
Jdrums.

Another object of the present invention is to provide
a steening means for the vehicle of the present invention
which enables the operator 1o steer the vehicle in a
similar manner 10 a conventional automobile.

Sull another object of the present invention is the
provision of a vehicle which minimizes drag by elimi-
nating conventional hull means.

Yet another object is to provide control of payload
by floatation with resulting superior action over water
and boggy surfaces.
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above cach of the wheels for ceceiving fud drawn up-
wardly by rotation of the wheels, and condunts dis.
posed rectthnearhy i the intenor top wall of cach of
the ducts communicating fluid from respectine collec-
tors rearwardly from the ducts

4 Claims, § Deawing Figures
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AMPPHIBIOUS VEHICLE .

HELD OF INVENTION

Fhe present mvention refates o schickes and more
partticufardy to wplisbious voehicles

BACKGROUND OF THE INVENTION

Amphibious vehicles may be divided into vehicles
having altermate land and aquatic propulsion means,
and single propulsion means Alternate propubsion sys-
tems include sehicles having conventional fund drives,
and alternate conventional aguativc drives. such as pro-
pellers and the bike. Single propulsion systems have
been typified by trach-muounted sehicles wheren tar-
polence resulting from traveling of the respective
tracks s intended 1o propel the structure through the
water Thas has generally been unsuccesstul in that un-
shrouded tracks tend to rosult in static eguilibrnium
wherein force in the intended direction is neutralized
m fluid drawn in the apposite direction by travel of
track. Nesertheless, single propulsion svehictes are
thought to be preferable to dalternate propulsion am.-
phibtaas tn that they are more simple and compact
structures

Accordingh . st s an object of the present insention
o provide an amproved amphibious vehicle of the sin.
gle unn propulsion type having a ducted propulsion
vector system wherem backlash fludd drawn i a dirce-
bon oppasite to the intended direcnon of tnnet s
drawn through o ductinio the direction of the intended
traved

I+ 1s a further ohject of this imvention that the afore-
it amphiabious vehicle have a simple steening system
wtceradly rebated to the propulsion sysiem

These and other objects shall become apparent from
the descnption following, it bemg understood thag
modifications aun he made without aftecting the
teavhings of the mvention heee set out.

SUMMARY OF THE INVENTION

The amphibious schicle, comprises a body-frume,
having an mverted Ushaped duct at cach rectilinear
ade of the body trame extending to distally above the
vround hine, dan engine mounted in the body-frume; and
S drne tran assembly including a row of wheels in each
of the ducts, means for mechanically connecting the
wheels, necans for transnutting and mechanicatly con-
mectiap the wheels 10 the engine, and deflectors
mounted forwardly and above cach of the wheels for
recening flud drawn upwardly by sotation of the
whoeh, and condusts disposed rectiinearly w the inte-
nos top wall of cach of the ducts communicating fluid
from respectine collectors rearwardh from the ducts,

A more thorough and comprehensive understanding
may be had from the detarled description of the pre-
furred emibodtment when read in connection with the
drasings furmung a part of this speeification,

HRITY DESCRIPTION OF THE DRAWINGS

FIG 1 os a left front perspective view of the present
amphibous vebicle

F10 2 s o top plan view of the apparatus of the FIG
{ showgt with one of the top duct walls broken away
and vector artoses for clastrainge pusposes

FIG 3 as o teft side elesational sicw of the amphibi-
aus vehide with the duct walls broken away and vector
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FIG 4 i an end clevational, crossesectional view
taken substantialty atong the hoes $—4 of the £1G 3.

FIG. 8 s 0 bottom plan. semidiagrammatic view of
the engine and drive triun assembly of the present sehi-
cle

DETAILED DUSCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings and more particufarly
to the FIG. 1, the amphibwus vehicle of this invention
is shown to advintage and gencrally denufied by the
numeral 10, The schicle 10 comprises a chassis-body
T1, an engine 120and a drive assembly 13, The chassis-
body 11 includes o saitable frame integrally tied to a
bady 14, The body 14 may he o semirectangular sohid
provided with a prow-like nose portion 13" Within the
body 14 is a pussenger-cargo compartment 18 having
scats 16 and the like. The engine 12 may be mounted
in the prow purtion 147,

Referring to the FIGS . 2, 3 and 4, the drive train as-
sembly 13 is powered by the engine 12 and hydraulic
pump 12° As shown more clearly in the FIG S, the
drive train 13 comprises i pair of rectilinearly disposed
rows of wheels 17 and a pair of valves 18 controlling
cach of the respective rows of wheels 17, Each of the
wheels 17 muy be mechanically connected oy other
wheels 17 in it respective row and driven by o single
hydraulic motor 19 and means such as sprocket and
chain (not shown), or by o motor 19 provided for cach
wheel 17 and connected by a vidve 18 of cach row It
ts to be understood that both rows of wheels 17 may be
controfled from a single hvdraulic motor and that other
steerable wheals iy be provided for control 1ts 1o be
understood that o suitable mechanical system may op-
crate in place of the hvdraulic system desenbed herein,
with & teansarisston and gear box i place of the vahes
and hvdraubhic motors,

Referring again o the FIGS. 2, 3 and 4, the rows of
wheels 17 are muounted in ducts 20 a1 cach rectilinear
side of the body 14, Each of ihe ducts 20 are config-
ured as unverted Ulshaped enclosures which issue
downwardly trom the body 14 distally above the
ground line. That s, each duct 20 1s formed by walls of
the passenger-cargo compartment 13, a top wall 207 is-
suing outwardly and honzontally from the upper por-
ton of the bady 14, and an outside, guard wall 207 is-
suing downwardhy from the wall 20° having its lower-
maost edge distally above the ground line, and paraliel
to the wall of compantment 1S, The prow portion 14°
encloses the forwardmost terminal ends of the ducts
20, and a baffle plate 21, issuing from the rearward-
most terminal end of the body 14, encloses the rear-
wardmost terminal cnds of the ducts 20. 1t may be scen
that the baffle plate 21 alvo provides 4 mudflap which
may restrict material ordinarily throwna by rotation of
the wheels 17,

The prow-Iike portion 147 is prosided with apertures
22 which commumicate with cach of the ducts 20, As
shall become apparent, the apertures 22 may be sub-
stantiafly  honzeatal tnot chowny or inchned down-
wardly as shownin the FIG 3. The rearward end of the
ducts 20 discharge through the batfic plate 21 through
onfices 23,23 and 23" The forwardmost wheel 1708
provided with o deflector 24 which i aperable to cals
feet fluid deawn apwardly by forward rotation of the
wheel 170 and wath o conduit 28 which communicates
Auid coledied by the deflector 24 to the vrifice 20 The
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157) ABSTRACT

An amphibious sehicle s adapted o be propelied in
water with a minimum of wet hull drag The cchicle
includes o semi-flevble frame and an cngae hed 1o
the frame. Parallel sets of tandem rollees are mounted
on the opposite sides of the bady on which pairs of
pontoon assemblies are mounted  Each pontoon as.
semibly includes a plurality of arcumicrentualls super.
imposed endless favers or plies of buovant mutertat so
that the pontoons support the body on both land .ind
wiater. A propulsion device is provided for propelling
the load-carrying body in water, the preferred propel-
ling means being a finned belt driven by the engine.
An engine is also provided for driving the pontoon
roflers so that the hnear vefoaty of the endless hivers
iy approvimately equal 1o the selocity of the body
when it passes over water to munmize the occurrence
of wet hull drag.

7 Claims, 10 Drawing Figures
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AMPHIBIOUS VEHICLE
BACKGROUND OF THE INVENTION

The present msention relates to amphibious vehicles,
an an particutar to a type of amphibious schicle em-
plosving parallel endless pontoon assemblies which sup-
port the vehicle over both lund and water

The primary problem with amphibious sehicles
known in the art is that they are usuallh an uneasy
compromise between land aperation and water opera-
tion. For esample. some amphibious vehicles utilize
large buosant tires which hase a plurality of small fins
on their surface. and the tires are used to propel the
body over both lund and water. However, the finned
surface of the tires interferes with operation of the
vehicle over hard or paved surfuces, and provides only
mumimal propulsion over water, resulting in a vehicle
which is inefficient over both fand and water. Another
type of vehicle is somewhat similar to the standard
automobile but the lower portion of the body is sealed
to provide a buovant hull The vehicle has standard
tires for lund propulsion and is provided with a propel-
ler for water propulsion. The vehicle operates much
hike o stundard automobile over land, but in water the
cyposed tires cause excessive drag and the vehicle is
thus inefficient in water. No amphibious vehicle has yet
been deseloped which is efficient over both land and
water As a result, available amphibious vehicles have
httle practice utility and are used primarily as recre-
ational vehicles for their novelty value. Such vehicles
or parts thercof are found in U.S. Pat. Nos. 8.070;
114,832, 328,559, BRI018: 917,351, 953.165;
1.749.276, 1.913.605, and 1 928.511.

SUMMARY OF THE INVENTION

The amphibious schicle of the present wnvention
includes a load-carrying body containing a power
source. A pair of paratlel sets of tandem rollers are
mounted on vupposite sides of the body. At feast two
substantiafly paraile! endless pontoons are mounted on
cach set of tandem rollers respectively. Each pontoon
1w constructed of buoyant muaterial so that the pontoon
floats in water as well as providing support for the body
wver fand. Means separate from the ponttoon means are
provided for propelling the toad-carrying body over
water The pontoons are driven by the power source to
move the vehicke over lund  Furthermore, the pontoons
are dniven when the vehicle rides over water so that the
hnear selovity of the pontoons s approximately cqual
to the velocity of the body 1o minimize und preclude
the generation of wet hull drag.

The primary object of the present imvention is to
provude an amphibious velicle which operates cffi-
viently over bath Lind and water. The present invention
provudes o trackh sehicle which operates simifar to
Anown track sehicles over lund. When the vehicle is
operated in water, the pontoons are used to minimize
wet hull drag so that the schicle operates highly effi.
centhy an water also The only impediment 1o move-
ment of the Joads o water s the inertial drag due o
displacenment of the water and the wind ressstance of
the vd_\

tn the present mvennon, one of the preferred em-
bodiments utidezes an endless finped belt which ity to
propel the sehicle in water. but other propelling means
suchas propedlers, water jets and the e could be used
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The pontoons of the present s ention are preferably
comprised of several phies of buoyant auterial  The
width of the plies decreases proceeding outwardly
along the pontoon. and cvach ply except the outernmaost
has o rudge on cach side to confing the next outermost
ply in position. The phes are not fixed or glued ta cach
other so that they can slide relative 10 one another as
they are stretched and compressed over the rollers at
the ends of the pontoons The pontoon assemblies of
the present imvention must be relatively thick to pro-
vide the requisite buovancy. Utilization of a plurality of
plies to configure the pontoons allows the use of the
refatively thick pontoons without damage to the pon-
toons as they are stretched over the rollers.

The preferred embodiment of the present invention
employs vpen or closed celf rc hber pontoons having
variuble density. If desired, the outermast ply can be
hard rubber or other rugged material to muximize wear
of the pontoon assembly over lund. It would be an
obvious evpedient to provide interchingeable outer
layers haning a different configurations in order to
operate efficientls over different types of terrain.

The innermost ply of the pontoon assembly prefer-
ably comprnises o tnangular belt which fits into a corre-
sponding groove in the rollers. This triangular shape
will cause witer to run off of the interior of the belt
Furthermore. the water will be forced off the belt by
the triangular configuration when the belt encounters
one of the rollers. The triangular belt can be con-
structed of rubber impregnated fabric to provide struc-
tural support to the pontoons.

The novel features which are believed to be charac-
teristic of the invention, both as to organization and
method of operation, together with further objects and
advantages thereof will be better understood from the
fullowing description considered in connection with
the accompanying drawings in which a preferred em-
bodiment of the invention is illustrated by way of exam-
ple. It is 1o be expressly understond. however, that the
drawings are for the purpose of illustration and descrip-
tion only and are not intended as a definition of the
limits of the imention.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 is a perspective view of an amphibious vehicle
embodying the appuritus of the present invention;

FIG 2 is a plan view of the apparatus of the present
invention with the sehicle body removed

FIG. 3 is a rear cross-sectional view tuken along lines
33 of FIG. 2;

FIG. 4 is a rear cross-sectional view taken along lines
4--4 of FIG. 2;

FIG. § s a plan view of one of the pontoons of the
present imvention including a wave cutter;

FIG 6 is a side elevation view of the pontoon assem-
bly of FIG. §;

FIG. 7 is a front clevation view of the pontoon assem-
bly shown i FIGS 8§ and 6

G % a fagmentary crovsssectional elesation vicw
af a preferred embodiment of the pontoon assembly of
the presentainvention

FIG. 9 8 a blow -up view taken at lines 9--9 of FIG
8: and

FIG. 10 o fragmentary elevation sview of the pon-
toon assembly of the present invention as it traverses
one of the tollers
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1
ELASTIC CONOID SHAPED WHEEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally o wheels for vehr-
cles. The wheel of this invention is especially suitable
for use on vehicles operating on weak soil and/or in
rough terrain and, in particular, for vchicles operating
on the lunar surface. The wheel has application in any
environment whercin unusual surface conditions
require a large ground contact area due to weak soil
and attenuated dynamics due to the combination of
surface roughness and vehicle speed.

2 Descniption of the Prior Art

Presently, wheels and tracks are the conventional
devices used 1o pravide vehicles with means for
locomotion over ground surfuces.

The conventional wheel with simple design exhibits
pour performance when required to operate on weak
soil and/or in rough terrain. The conventional wheel in-
herently affords a hmited contict area on any surface
over which it travels, the contact area being dependent

on wheel size. As a result, the size of a conventional 2

wheel necessary for operation on weak soil must be
large and, therefore, heavy. The resulting weight and
size of the conventional wheef Jdesigned to operate on
weak soil 1y a decidedly himiting factor on the speed,
stubility and control of the vehicle in rough terrain

One solution of the problem of locomotion on weak
soil and/orin rough terram kus been te provide vehicles
with large tracks rather than wheels Typically, such
tracks are comprised of a continuous loop of articu-
lated sections arrunged on a plurahity of wheels to pro-
vide acontinuous rolhng surfuce Thas design necessan-
Iy savnfices the simphaty of the wheet since 1t requires
the use of a heavy structure and complex mechamical
hnkages which are vuinerable to jamming as the result
of an accumudation of soil and other debns. Further-
more, locomation cnergy demands are higher and
speeds are seserely lumnted asoaresalt of the energy dis-
sipated in the numerous journal heanings and the cen-
tritugal or dynamic forces w hich inerease with speed.

A mujor problem whether wheels or tracks are used
in the sprung to unsprung waght rato of the vehicle. In
general, an ancrease in this ratio enhances the stability
and control of the sehicle in rough tecrain thereby al-
lowing higher operating speeds With presently known
locomotion devices, vehicles must be provided with
complex suspenston designs in order to attain suitable
performance under these conditions.

There is, therefore, a need in the art for a wheel
which will provide a greater ground contact area than a
conventional wheel and  abo provide  acueptable
dynamic hehasior at nnmmal energy expenditute.

SUMMARY OF THE INVENTION

It s an ohject of the present invention to provide a
wheel having a Large ground contact area and enhanced
nde dvnamics ot high speed on rough terrion,

It v another object of the present myennon o pro-
vide 4 wheel which 1s simple in construction, economi-
val to fabricate and opcrate. und capable of withstand-
ing adeguate fatigue andaimpact loads compatible vwaith
off raad vehidle operations
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It s another object of the present imvontian o proe-
vide a wheel particularly switable for operar noon the
lunar surfuce.

It is vet another vbject of the proent in ention to
provide a locomotion device which does not hecome
Jammed with loose sorl, vegetation or debo dunny
operation.

The wheel of the present invention is provided with a
hub attached to a flexible conoidally shaped section
having a flexible cylindrically shaped nm attached at its
base. The specific shape of the conaidal section,
whether cllipsoidal, hemispherical. conical or other-
wise, depends on the spring rate and deformanan
charactenstics desired. The wheel is basically designed
with an axle mount at the hub and a conoidally shaped
section extending from the hub to the nim section The
nm section at the base of the conoidal section provides
both a rolling surface for the wheel and means to stabil-
ize the conoidal section at the point of contact with the
ground. In addition, a wearing surface is provided on
the surface of the rim section to afford durzbihity und
increased traction at the wheel rolling surface

Means are provided such that when the wheel 1s
mounted and deflected due to the load impuosed on
the ground contact s aligned with the direction of
mosvement of the wheel. thereby climinating the ineffi-
ciency of lateral scuffing components. One methad for
achiesving this s to cant the whee! anle downwardl.
toward the honizontal surface the preaise angle depen-
dent on wheel geometiy . operating loaus and structurai
properties of  the construction materisl Another
method for echivvang thes resalt s o provice thoable
matertal between the inade surface of the conadally
shaped section and the cvhindnicat im section

Avery small pornon of the corodat swheon accond?
g to the present imventon, i unsprung ahile the
remamnder of the wheei and the mass 10 carnies o
sprung The porhion of the wheel whech s ursprung o
thut portion i the oty of grourd contact Thus, the
sprung to unsprung scehice wereht ritio s Lirge which
i u desirable charactenstie tor vehicles operating
tough terrain at high speeds

DESCRIPTION OF THE DRAWINGS

The present anvenuon will be deseribed und un-
derstood mote readih when considesed with the at
tuched drawing in which:

FIG. 1is a front clevational view of the wheel of the
present invention. including the mounting means
therefor,

FIG 2 s a side clevational siew of the wheel of the
presentinvention in the unloaded <tate,

FIG X is g wde clevational view of the wheel of the
preseatinsention in the loaded state,

FIG da s a0 partiad scction of the wheel of FIG
tuken along hine da-- Fa; and

FIG 45 a front devational view of another embadi-
ment of the wheel of the presentinvernon

3

DESCRIPTION OF THE PREFTERRED
EMBODINMENT

The wheef of the presentimvention accgn »e e
cseen in FIG B aciallhy comprises W hub 200 Lo

noudally shaped sobd vooncn 3 and aomacctr b The
Sub 2y docated anthe apey of the ety et 4
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{874 ARSTRACT

A wheel comprising a nim. a separate dine, o number
of rails arranged belically on the inner surface of the
nm, guides on the dise which engage the rals whereby
as relative rotation takes place between the nm and
dise therr rebative positions change in direcuons paral-
led 1o the rotary aus of the wheel, loching means on
the guides operable frictionally to engage the rails to
lock the dise and rimv ina desired relative position, at
least one of the guides carrying a set pin arranged to
eagage the ral engaged by the locking means to sup-
plement the locking etfect of the latter

3 Claims, 3 Drawing Figures
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i
VARIABLE TRACK WHEELS

BACKGROUND OF THE INVENTION

Thee imvention relites to peaer-adjusted, varable
trach wheeh Such wheel are used. for example, on ag-
ncultural tractors, the power of the tctor enging
heing used to sary the track of the wheels

More particulariy, the mvention s congerned with
whocok, horematter seferred toas bemg of the band
spectiicd. comprmang o nm, g sepatate disc. a number
of rauls arranged hebically on the wner surface of the
nm, guides on the dig which engage the nals whereby
as relatine rotation Gikes place between the rimand the
dise thewr relatine positions clumge m direcnons paral
el to the ratany avs of the wheel. and locking means
on the gudes operable frictionadly 1o engage the rak
o logk the dise and v an o devirad relatine position

To change the track of 4 wheel, the hwking means
are reloased, astop s located on at Teast one rad on
vach wheel 1o be adjusted and the dises, which are con-
nected to the tractor denve. are rotated refatine to the
rams which engage the ground through the tees thereot
s that relative rotation tahes phice between the dises
and the nms until the guides have come up agamst the
stops whercupon the Toching means are operated Nor-
mully the ratls are provided waith holes extendmg trans
verselv thercthrough and the stops are panitioned on
the ratls by holts or pins passing through holes in the
stops and the appropriaic holes i the rals

Vanoos tlorms of locking means are known Normalh
A dockhing clement s moved radualh outwardiy of the
rotary anis of the wheel Incnonally to eneavec the in
watdv facime sueface of the rad The mam types ot
loching means are an cooentree pm which s rotated 1o
Pring a block into cngagement with the o o sarew
pack whose bead ancludes avohe arranged o be moed
radially cutwardiv mto engagement with the ral and o
dvable camp artangement i which one tamp s mened
over anether ramp and ainto engagement with the ral

W hile these tvpes of Tochimge mcans have been in use
tor a number of vears satistactondy the power of trace
tors s eradually ancreased and 10 has been tound that
the comventional types of b ching means are hardhy ad-
cytite e prevent shippmge between the dises and the

rins ducag operation Attempts have been made to
provent this shppme by ancreasmy the trctional torees
between the lockimg clements and the raals As the tnic-
tional torees e mereased, grcater mumual cttort has o
e apphed tooperate the lochmg means and the greater
the radual torces the more hkebhood oy there that the
rm awall be detormed as the lockme means are oper-
ated

It s an ebhpedt of the present maeation to provide an
mprosed construction of whoel of the kind specificd

SUNMMARY OF THE INVENTION

Nevordimye Ty theamvention we proside a wheel com

precag oo nme o oseparate discs oo number ot ks e
rangcd hohically on the mocr surtace o the rime pundes
on the dise winch engage the rals whoereby as relanee
rotation ahes place between the o andd disg thew el
ative positions change i direchons paradlcd to the o
tary s of the wheel ko hing means on the gandes op
crable tnctienally to engaee the tobs o back the disg
and rm i cdosrad relative positeons at Teast one o the

cardes o ramg asct pmartanged toengoec theralon
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carcd Dy the vschane mcans Toos oo trthe e bang
chicat ol the Litter

In operanon of thes arrangement. wheoat i desirad
toadyst the trach af the wheel the or cach ot praos
sathdrawn out of congapement with the sasodnated -l
and the lockmg means are released. the dise and the
rum are rebatnehy rotated to adjust the ek 1o the de-
sircd spocme and the locking mcans are then operated
atd the o coac e st jran s !lglllxlu\l {181 I vnpaeerient
with the assocted ral thus supplementing the loching
clfect of the o hing means

Preferably the or cach set pmoengages the side foce
ol the assocnated ranlo te one of the fuces uther than
the mncer face which s engaped by the locking means
and the onter tace swhachis v taposed o the inner Lice
of the e B arrangmg the set pin o engage the side
face of the rad the Bhebhood of tadial distortion of the
whee! s reduced

Preterably on the or cach gusde carrying a set pin the
lockime means and st pin are assoctated with cach
ather m such a manner that the loching means cannot
be released until the st pain has been seresed out of ¢n-
pagement with the ol i This associatien of the lock-
my means and the set pin presents the scornmg of the
rd by the set pun wihinch nught occur should the kg king
muans be released before or engaged atter the et pin

Whoere the lochmg means isoan ceoentne pin which
w carned i the puide. the set pi can be arranged adja-
cent to the cocentrie pan aond gencrally perpendicular
to the ranl The cocentre pin may e provaded wath an
abutiment artangad apan rotabion of the cccentrig pmn
whoen the sot i s contact sath the 1ol to cortaat
the st pan the e by presonting the cooentne pin rotat

I the hetween the
Fhis presents the release of the low kang

my sulbioc e release contat
Bhook and rad
moans betere thy <0t pn

Hothe dockore means avan the form ol aoscrem jach
then the vene at the head of the serew jack which on-
paves the sl waii Carrs the set pin Bthe locking means
v oof the doewl e ramp arranvement thon one of the
ramps will Cares the set g

Preterably the o caci set pin s hardened or has g
hardencd tree cnd and the rals are made 1rom g sofier
maternd than the assocated et pmoor pins so that the
or cach pinmdents the rnl when tiehtenadanto engace-
ment therewath Thee nables relatine rotation hetween
the dise and rim we be ottectinedy resisted as there s g
positine location between the set pinand ca! and not
i |‘llll.'|_\ octon contadt between those cOmponents

BRIE DESCRIPHON OF THE DRAWINGS

An cnthodunent of the mvention wall now be de-
sctbed e detad by wan of example with reference to
the acconpanying drasvmgs mowhich

HG 1 s g partid cross section throuch g wheel eme
bBadving the presantanyontion

FiG 2
T oand

PIG X plan view of o pude which s used in the
\\h\.’\'l o ||(|\ Ioand Z

apartial end desaton of the wheel of FIG

DESCRIPLION OF v PREVERRLED FSIBODINMENT

Ruternme to the deasargs the wheel nimoas indicated
voneraliv g 10 andd the wheel disc at 1 The whedd nim
has o nmuaeber o hahioal cards scoured o
tace 12 thercot cne of 1he raids securcd to the inner
surtoce boie ndicate o TV E wch il s envaged by

the inner sy



