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FOIL PROPULSION AT SEA
Horizontal Force

Einar Jakobsen
Since 1978 we have been working in Norway on a
principle for propulsion at sea which we have called
"The Foil Propeller" (patented in the U.S.A.). The
main goal for the development has been to utilize
wave power for propulsion. The foil can also be
driven by engine power with a very high efficiency.
For demonstration purposes we have also made a small
catamaran with muscle-driven foil propulsion. This
goes quite fast, and it has impressed many onlookers.
The craft is made for demonstrations, and the foil is
driven by hand. In a practical design foot operation would be preferred.
The conventional screw propeller and its propulsion efficiency.
A screw propeller cannot reach a high efficiency
unless the area of the propeller disk is relatively
large.
The propeller, in order to give the necessary
propulsion force to the ship, must accelerate water
rearwards. The smaller the diameter (and area) of
the propeller, the higher the velocity that this
water must be given. The water is also put into
rotation. This water thus contains kinetic energy
which repreients loss. Kinetic energy is proportional to VY, and a propeller covering a larger area
can give the pushing force needed by accelerating a
greater amount of water up to a lower speed. The
loss will then be smaller.
In the last few years high priority has been
given to developing systems using screw propellers
with larger diameters, but there are obvious practical limits to this. For small ships and boats the
propulsion efficiency of conventional propellers is
often as low as 50-60%.
Working principle of THE FOIL PROPELLER
(See Figure)

c

The principle of foilpropulsion.

connected to a moving boat in waves, the boat will
transfer its vertical movement to the wing. And as
the wing is situated at a depth where wave height is
smaller than at the surface, it will be moved in
relation to the water in its vicinity. A forward
thrust will be present both when the wing is moved
down, and when it is moved up.
The speed of the boat is normally considerably
higher than its vertical speed of movement, so the
deflection angle of the wing is not large. But this
angle is kept as long as the vertical movement is
taking place, and in full scale this may have a
duration of seconds. As shown in the figure (vertical movement of the wing downwards), the wing will
follow the line Z-Z, which is a result of horizontal
and vertical speed. The elastic, mechanical force
will give the wing its angle of attack,oc and thus
lifting force.

* Relation between wavelength and wave period in deep waters:
T'g
X=
metres

* Wavevelocity: Vw
* Wave group velocity:

The leading edge of a streamlined wing is mounted
on a pivot. This in turn is connected to a supporting structure. The wing is equipped with an elastic,
mechanical force, always trying to bring the wing back
to its neutral, horizontal position. This force may
be a hydraulic or pneumatic, or (as used on our models, and on our muscle-driven catamaran) steel
springs. When the supporting structure is moved
downwards, the trailing edge of the wing will deflect
upwards, and it will thus exert a forward thrust on
the supporting structure. If the arrangement is

=

T

V,

V.
2

* Wave power, K- H'T kW/m wave front
* The generation of lift by a flying win:
x S (Newtons)
x CL x
L = 0.5 x
where g = gravitational acceleration of 9.82ms 2
X = wave length (m) from crest lo crest
H = wave height (m) trom trough to crest
= 3.14
T
wave period inseconds
X - density of medium (kgm 3) (seawater - 1026)
C, - coefficent of lfl
Vf
speed of wing m/s)
S - area of wing (m)
Formulae of interest.
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LETTERS TO HUMAN POWER.
I'd like to clarify a few things regarding my
tube-framedesign for two-wheeled supine recumbents,
described in HP v.4 no.4, fall 1985, p.7. This is particularly in response to Jim Roberts' comments in HP
v.5 no.2, summer 1986, p.13. I think that the stiffer
a frame is against pedalling forces, the better. If I
want to measure frame flexibility to find where it is
bending I build an extra-flexible frame. It feels as
if I'm pedalling a very heavy bike, and it can barely
be coaxed up small hills. I assume that if more
pedalling stiffness is desired on a flimsy frame, then
more pedalling stiffness would be desired on a stiffer
frame, as I see no new rules coming into play.
Roberts wants to smooth out his pedal stroke by
using a springy frame, but it would be better to improve the stroke in the crank mechanism, such as with
Shimano Bio-Pace, Sugino Cycloid, Houdaille Power-Cam,
etc..
If the seat on a supine bike were well up off the
ground, it would be necessary to make the frame stiff
along two lines, one from the seat to the bottom
bracket, the other from the bottom bracket to the rear
axle. This gives a rather complicated structure. By
lowering the seat as close as we can get to the frame,
these two lines almost merge into one, so that a single
tube can be used. Admittedly the tube will still need
more vertical stiffness than lateral - my crude tests
suggest the ideal would be an oval-shaped tube about 30
percent taller than it is wide - but not enough to justify adding a second tube. A tube frame of the same
pedalling stiffness will have less vertical stiffness,
making a small but (to me) noticeable improvement in
ride.
In an attempt to lower the seat right down to the
frame my latest test bike routes the upper part of the
chain down through the frame, sliding on a piece of
Delrin self-lubricating plastic. This caused mroe
problems than it solved; in addition to the greater
complexity, the chain would actually pull the middle of
the frame upwards under pedal pressure, increasing
frame flex.
Incidentally, a lot of Roberts' steering problems
on rough roads would be solved by just putting on a
wider back wheel.
Charles Brown, c/o 22928 Oxford, DEARBORN, MI 48124
I sent Charles Brown's letter to Jim Roberts for
rebuttal, but Jim wrote that "I don't think HP is the
place for argument, but rather exposition". He did
say, though, that he didn't agree with Charles on the
wheel-width question. On another matter, Jim wrote:

"We aren't looking at what is going on closely
enough by way of proprietary products. To some extent,
we need reviews of what is hot or different, not assuming that all members live in the middle of a major
American city, awash with fruity technology. .."
It's dangerous to make a casual, and therefore
possibly biassed, review of new technology, but I would
love to publish careful, well-documented reviews. Send
them in to me at 15 Kennedy Road, CAMBRIDGE, MA 02138.
Dave Wilson
THE MEDICAL AND SCIENTIFIC ASPECTS OF CYCLING.
A two-day congress held with the 1986 World
Cycling Championships in Colorado Springs four days after our own Third Scientific Symposium on Human-Powered
Vehicles had some speakers in common, including Paul
MacCready, Chet Kyle and Antonio Dal Monte. I will not
try to review their papers, because I hope that all of
you will buy or borrow the IHPVA Symposium proceedings
when they become available (Allan Abbott, who did a superb job organizing the symposium, estimates October).
Here are what I selected as highlights of the first day
of the Congress. (Unfortunately I could not stay for
the second day).
David Costill discussed the nutritional demands of
cycling. He maintained that there are fads that do not
stand up to examination: for instance, that the body
needs to be supplied with an electrolyte replacement.
The principal needs of athletes undergoing strenuous
excercise for period of a few hours are for water and
glucose. He was quite open about being associated with
Coca Cola in the launch of a new drink for athletes.
He also said that a carbohydrate meal before exercise
is good, but not within 30-45 minutes. The athlete
should start replacing liquid well before he/she feels
any need for it.
Francesco Conconi showed curves of heart rate correlated against some measure of power output, such as
running speed. The relationships were linear for all
types of effort up to some limit, at which the heart
rate leveled off. He maintained that this limit of
proportionality was also the limit of aerobic power,
and that blood lactate increased after this point. His
thesis provoked a lively debate, including the following speaker, Peter van Handel, whose talk was on the
measurement and interpretation of physiological
parameters associated with cycling performance. This
discussion, which I will not try to summarize, and the
discussion at the end of the day, which included Arthur
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Campbell from the Union Cycliste Internationale, showed
me that US and world bicycling is far from the static
condition that I used to assume. The debate between
those who wanted to clamp down on bicycle-design
changes because of the cost to people in small
countries, and those who wanted the rules relaxed at a
greater rate (Arthur Campbell said that the last few
years had been a "nightmare" because of disk wheels and
streamlined components) was heated. (Paul MacCready's
talk had been on just this topic).
CLOTHING, CHET KYLE AND HANG-GLIDING.
"Athletic clothing" is the title of another of
Chet Kyle's delightful articles, in a recent SCIENTIFIC
AMERICAN. (Don't ask me why I don't write the date on
articles I tear from magazines). A more-popular article on the relationship between aerodynamics and
clothing is in Schweizer Illustrierte no. 2, January 6,
1986. One of the magazines with which we exchange
issues is HANG GLIDING: the modern harness is combined
with an aerodynamic body suit or bag for improved comfort and performance.
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HPUVs IN LATIN AMERICA AND GERMANY.
A large and very thorough paperback on the use of
bicycles and tricycles in Latin America ("La Bicicleta
y los triciclos", Ricardo A. Navarro et al, 1985) has a
wealth of photographs, tables, diagrams and drawings of
various present and projected uses of cycles and pedal
power there. It is published by a coalition of
intermediate-technology groups, the principal apparently being SKAT, Varnbuelstrasse 14, CH-9000
St.Gallen, Switzerland.
There is a great deal of activity on HPUVs in
Germany, if utility" includes commuting, in addition
to the UHPVs (for "ultimate") sponsored largely by
Wolfgang Gronen. Since 1982, a small research group
led by Falk Riess and Rainer Pivit (who travelled to
the 12th International Speed Trials at EXPO-86) in the
physics department of Oldenburg University, West
Germany, have been working on general human-powered
lightweight vehicles. Their especial emphasis has been
on a commuter vehicle for city use. They also have a
strong interest in improved safety, following a substantial increase in bicycling injuries and deaths in
West Germany in the last decade. (This is partly the
result of increased bicycle use).

Would anyone

willing to
translate
these plans
please let
me know?
Dave Wilson

We hope to have a formal article from Oldenburg in
a future issue. It is obvious that we do not keep as
up to date on international work as we should. See the
next item.
BIBLIOGRAPHY ON BICYCLE LITERATURE.

This is another publication from Oldenburg
University, in the production of which Rainer Pivit was
joined by Heinrich Allers and Wolfgang Bohle. They
review 357 publications, mainly from Germany, Britain
and the US, in 67 pages, and then they produce several
breakdowns by categories. It is impressive how much of
the English-language literature is covered, whereas I
know of nothing in English that attempts to cover world
HPV publications (an idea for a bachelor's thesis?).
The price is not given, but I will guess that $7.50
One recent practical development was of a bicycle would cover it and postage, and that this address would
trailer. It was shown on TV, and resulted in such a
be good:
Rainer Pivit
huge number of inquiries that Norddeutscher Rundfunk,
Bicycle Research Group
the TV company, sent out the group's instruction bookUniversity of Oldenburg, Physics Dept.
let, free, on how to construct the trailer. We will
PO Box 2503
try to give just some of the diagrams here, without attempting a translation. Dimensions will be in mm;
D-2900 OLDENBURG, WEST GERMANY
astahl' is steel, and alu' can be guessed.

a
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HPV SOURCE GUIDE.
Michael Eliasohn
The following is an update of the source directory
on human-p.ered vehicles that appeared in the fall
1985, issue of HUMAN POWER.

1. READY-TO-RIDE HPVs AND FRAMESETS.
1. Alternative Bikestyles previously listed
P. O. Box 1344
Bonita, CA 92002
New: plans, kits to convert BMX bikes
into recumbents, called Beam-X.
Literature available.

The only sources listed in that directory that appear in this update are those which I have been told
have either added a new product during the past year or 2. Angle Lake Cyclery
Corrected address:
have a new or corrected address. I did not contact
20840 Pacific Hwy. South
everyone listed a year ago to determine if he/she had
Seattle, WA 98188
new products or were still in business.
Most of the firms and individuals listed here were
sent to me in response to the request for new sources
published in HPV NEWS. My thanks to everyone who
responded.
As was stated in the introduction to the original
directory, in your search for items don't forget the
Yellow Pages. Local bike shops may be able to order
parts they don't stock. Thin plastic for windshields
can be found at plastics-supply and some hardware and
discount stores. Heat-shrink plastic can be obtained
at hobby shops (for model airplanes) and at hardware
and discount stores (for covering windows in winter).
Thin foam panels may be found at art-supply stores and
corrugated-plastic panels at graphic-arts stores and
box suppliers. Both can be used for simple HPV fairings without compound curves. Spandex stretch cloth,
also
used for fairings, is stocked by many
fabric-supply stores.
Some of the firms listed in this directory update
will handle mail orders, but some may deal only with
walk-in customers. If no mention is made of literature, I suggest phoning or sending a self-addressed
stamped envelope with inquiries.
Next year I am tentatively planning a complete update, that is,to contact all firms and individuals
listed this year and last. To make that effort easier,
I would appreciate anyone finding any sources listed
that have gone out of business or who won't handle
small orders from individuals to let me know. Also,
please send me any new listings or give me a call.
If anyone with a computer would like to help me
with the 1987 revised directory, please let me know.
Michael Eliasohn
2708 Lake Shore Drive, apt. 307
St. Joseph, MI 49085
616 982 4058

(206) 878-7457

Alex Moulton bicycles, accessories, parts
(17 x 1 1/4 wheels, tires).
3. D. C. Custom Enterprises
9480 Cambie Road
Richmond, BC V6X 1K4
Canada
Short, long and tandem recumbent bicycles.
Brochure $2.
4. DeFelice Recumbent Bicycle Corp. previously listed
P. O. Box 321
(317) 861-6045
New Palestine, IN 46163
Lower-cost model now available in 4 frame
sizes. Literature available.
5. Fendt Co. (US distributor)
2512 Crystal Spring Road West
Tacoma, WA 98466
Fendt Cardano Comfort upright bicycle
with suspension, shaft drive (made in
West Germany).
6. Kann Mfg. Corp. previously listed
P. O. Box D
Guttenberg, IA 52052
Recumbent bicycle now in production.
7. Hammacher Schlemmer
147 E. 57th Street
New York, NY 10022
Sculling-action cycle.
8. Lewis Cycles (Peter Lewis)
8615 Regent Road
Milwaukee, WI 53217

414-351-2453

Tour-Easy and Roulandt dealer.
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9. Rans Co. previously listed
1104 E. Hwy 40 Bypass
Hays, KS 67601

(913) 625-6346

2 recumbent models (complete bikes or
framesets) now available in different frame
sizes.
Lower-cost bike/frameset now available brochure available.
New model under development.
10. Roulandt Recumbent Distributors
Southeast: Trailmate
2151 Trailmate Drive
Sarasota, FL 34243 (813) 755-5511
Northeast: Tekton Corp.
(413) 369-4367
Conway, MA 01341
Roulandt California
West:
1045 N. Azusa Ave., No. 236
(818) 969-1616
Covina, CA 91722
Literature available.
11. Swingbike American Imports Inc.
25743 Adams Road
Los Gatos, CA 95030

(408) 353-3341

12. Ultimate Vehicles previously listed
Saginaw, MI

Side-by-side tandem 4-wheel recumbent
plans, $7.95.
3. COMPONENTS.
1. Cyclo-Pedia Inc.
P. O. Box 884
Adrian, MI 49221-0884
(517) 263-5803 (hours M-Th 1-8 PM, Tues 1-11 PM)
Mail-order bicycle parts, including some
small wheels and tires, big chainrings price list available.
2. John Howard Performance Bicycles and Accessories
1705 Old Mill Road
(619) 753-5894
Encinitas, CA 92024

3. HUDYN Vehicles (Tom McGriff) previously listed
P. O. Box 22444
Indianapolis, IN 46222
New products:
20 x 1 1/4 skinwall tires, drum-brake hubs,
drum brakes w/internal 3- and 5-speed
transmissions, form-fitted fiberglass
seats - free information.

No longer in business.

(713) 489-0814

Long- and short-wheelbase recumbents.
2. PLANS.
1. D. C. Custom Enterprises
9480 Cambie Road
Richmond, BC V6X 1K4
Plans for long-wheelbase ($25),
short-wheelbase ($30), and
tandem ($45) recumbent bicycles.
Brochure $2.
2. L. M. Hendricks
1350 E. Main Street
Houma, LA 70363

R3M 1J5

Flexten Mylar wheel spoke covers.

Rowing-action bicycle.

13. Via Cycles USA
P. O. Box 223
Pearland, TX 77588

3. Lyons Gifts
Dept. PS 2
1124 Molvey Ave.
Winnipeg, Manitoba
Canada

4. Mountain Safety Research
1212 First Ave. S.
Seattle, ? WA

Manufacturer, quick disk wheel spoke covers
for 27 inch, 700C, 26 inch, 20 x 2 1/8,
17 x 1 1/4 wheels - other sizes under
development.
5. Douglas Milliken
245 Brompton Road
Williamsville, NY

14221

(716) 632-6710

Wheel disks (spoke covers) for Alex Moulton
17 x 1 1/4 wheels - send SASE.
6. Pesznecker Brothers Inc.
P. O. Box 375
Clackamas, OR 97015

(504) 872-0590
Large, custom chainrings.

Recumbent bicycle, plans $10.

(206) 624-8573

(503) 655-5128
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7. Portable Bicycle Design previously listed
Gary Crooks
New address:
198 W. Harcourt Street
Long Beach, CA 90805
8. Ken G. Rogers
71 Berkley Ave.
Cranford, Hounslow
Middle-sx TW4 GLF
Englano

2. Aircraft Steel
P. O. Box 307
Lafayette, CO

Steel and aluminum tubing.
Catalog available.
3. Allied Chemical Corp. - Fibers Div.
Technical Center
P. O. Box 31
Petersburg, VA
(804) 520-3265

01-897-9109

New product: tricycle hubs
dual-wheel-drive tricycle axle.
9. Stick em Up
1642 Holmes Street
Livermore, CA 94550
CA only:

(800) 227-2924
(800) 524-5102

(303) 665-5817

80026

Spectra fiber (supposedly lighter than
Kevlar).
4. Alternative Engineering
8 Goldsmith Street
Heavitree, Exeter
England

Olympic wheel spoke covers for 20, 26, 27
inch wheels - available at dealers.

phone: Exeter 51137

10. True Wheels
South Milwaukee, WI

531 tubing, cycle-frame parts, miscellaneous
parts. Also brazing, welding, "will construct
anything to order".

Apparently no longer in business.

5. Bradson Supply Inc.
4001 35th St. N.
St. Petersburg, FL

11. UNI-USA
3815 S. W. Murray
Beaverton, OR 97005

33714

(813) 526-6465

Epoxy supplier.

Nylon wheel spoke covers
20, 24, 26, 700c, 27 inch wheels.
Write for name of dealer.

6. Cadillac Plastic and Chemical Co.
Branches in South Bend, Detroit, Cleveland
and probably other cities - plastics supplier.
7. Chem-Tech
4669 Lander Road
Chagrin Falls, OH

12. Wag-Aero Inc. previously listed
P. O. Box 181 (not 81)
Lyons, WI 53148
(414) 763-9586

44022

Epoxy supplier.
8. Clark Associates Inc.
Sugarloaf Star Route
Boulder, CO 80302

Rod end bearings, etc.
Free catalog.
4. CONSTRUCTION MATERIALS.

(303) 444-1890

Kevlar and fiberglass cloth.

1. Advanced Composite Technologies previously listed
P. O. Box 24722
Baltimore, MD 21220
(301) 882-6051
Revised product lineup:
composite materials - Kevlar, graphite foam,
resin, book. Catalog $4, includes graphite,
Kevlar samples, refundable with $35 purchase.

9. Clark Craft Boat Co., Inc.
16-834 Aqualane
Tonawanda, NY 14150
Epoxy supplier.

(Paul and Lois Des Jardins have published the original
Guide as a separate booklet. I don't believe that the
price is fixed, but if you send $1.75 to the IHPVA it
should be enough - Ed).

(716) 873-2640
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10. Commercial Plastics Supply
1642 Woodhaven Dr.
Cornwells Heights, PA 19020
11. Fibre Glass-Evercote Co.
6600 Cornell Road
Cincinnati, OH 45242

(215) 638-0800

(213) 630-6258

Epoxy supplier.
(513) 489-7600

Epoxy supplier.
12. Fomebords Co.
2211 N. Elston (home office)
Chicago, IL 60614
IL only:

15. Headland International
2020 124th Ave. NE
Bellevue, WA 98005

(206) 855-0622

Epoxy supplier.
(800) 362-6267
(800) 462-6267

Other sales offices in Los Angeles, St. Louis,
Greensboro, NC, North Kansas City, MO.
Lightweight foam and plastic panels suitable
for HPV fairings including Fome-Cor, Sintra,
Cor-X.
13. Glassteel Tennessee Inc.
P. O. Drawer 521
Collierville, TN 38017

14. Glen-L Marine Designs
9152 Rosecrans
Bellflower, CA 90706

(800) 238-5548
(except TN)

Manufacturer of corrugated and other
plastic panels suitable for HPV fairings.
Notes regarding thin foam and plastic panels:
in addition to those materials listed in
references 14 and 15, there are other potential
materials. I was unable to verify the names and
sources of two of them, which are apparently
Tuffak Twin-Wall made by Rohm and Haas Co.,
Philadelphia,
and General Electric Lexan
Thermoclear.
Artcor plastic-sided foam panels are no longer
being manufactured by Amoco, but are worth hunting
for because
of their light weight
(a
3/16ths-inch-thick 4x8-foot panel weighs 4
pounds). Rumor is another company may start
manufacturing Artcor.
As mentioned in the introduction, various
kinds of thin foam or plastic panels may be found
at art-supply and graphic-arts-supply stores and
possibly box suppliers.
And there's always corrugated cardboard and
aluminum. Very thin aluminum sheets can be purchased cheap from many printers if you don't mind
having printing on one side. They're used as
offset printing plates.
M. R. E.

16. INAV Ltd.
P. O. Box 2984
Oshkosh, WI 54903

(414) 426-1212

Aluminum bonding epoxy cures at room
temperatures. Catalog $3.
17. Industrial Titanium
310 Pfingston Rd.
Northbrook IL,60062

(312) 272-2730

18. Koppers Co., Inc.
1850 Koppers Bldg.
Pittsburgh, PA 15219

(412) 227-2310

Epoxy supplier.
19. Kristal Kraft, Inc.
1507 17th St., E
Palmetto, FL 33561

(813) 722-3206

Epoxy supplier.
20. LBI, Inc.
973 North Rd., Route 117
Groton, CT 06430

(203) 446-8058

Epoxy supplier.
21. Loctite Loc-Weld
Check at auto supply stores.
New 2-part epoxy suitable for binding aluminum
supposedly doesn't require as much surface
preparation as some epoxies.
22. Lonza Inc.
22-10 Route 208
Fairlawn, NJ 07410

(201) 791-7500

Airex foam (easy-to-form expanded PVC foam
compatible with polyester resins).

(We acknowledge the SMALL BOAT JOURNAL for the listings
of many of the epoxy suppliers given here.)
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23. Norbrook Industries Ltd.
172 Madison Ave.
New York, NY 10016

(212) 889-2708

Spandex fabric - different weights, colors,
no minimum order.
24. Permalite Plastics Corp.
1537 Monrovia Ave.
Newport Beach, CA 92663

"Tooling Foam" putty, good for fillet and
metal/plastic attachments.

(414) 639-6770

(215) 929-5858

Plastics supply.

(419) 228-2242

Plastics supplier.
35. Wooden Boat Center
13000 Culver Blvd.
Marina Del Ray, CA 90292

(213) 306-2770

5. SERVICES.
1. Ron Hale
632 N. California Ave.
La Puente, CA 91744

Plastics supplies.

Machine work for HPVs.
(801) 254-7315

Carbon fiber, carbon-fiber hybrid tubing free advice.
29. Schupan Aluminum Sales
2040 Olmstead
Kalamazoo, MI

34. US Plastics Corp.
1550 Elida Place
Lima, OH 45805

Epoxy supplier.

27. Precision Plastics
1401 N. Clovis Ave.
Fresno, CA 93727

28. Quality Composites
4083 West 14036 South
Bluffdale, UT 84065

(714) 662-2404

(714) 548-1137

Clear polycarbonate structured sheet
("8 times impact strength of acrylic").
26. Polymer Corp.
Reading, PA 19603

(617) 884-7740

Epoxy supplier.
33. United Resin Corp.
2730 F South Harbor Blvd.
Santa Ana, CA 92704

Epoxy supplier.
25. Polygal USA
P. O. Box 272
Edgerton, WI 53534

32. Travaco aboratories
345 Eas.'::n Ave.
Chelsea, ;mA 02150

2. Pegasus Research Co.
3055 Plymouth Road
Ann Arbor, MI 48105

(313) 996-3923

Engineering, design and fabrication
of prototypes.
(616) 382-3434

Aluminum tubing, sheet, angles, etc.

3. Jim Kunkle Mechanics
4 Chester Road
Enola, PA 17025

(717) 732-0354

Prototype designing and/or building;
30. SP Systems, Inc.
14932 Kercheval
Grosse Point, MI

precision machine work, brazing;
personal service; reasonable rates.

48230

(313) 774-7370

1. Sachs-Huret Inc.
Sachs Motor Corp. Ltd.
14 Connor Lane
9615 ote de Liesse Road
Deer Park, NY 11729-7287 Dorval, Quebec H9P 1A3
(800) 524-2764 outside NY Canada
(514) 636-9180
516 586-5303 in NY stat;e

Epoxy supplier.
31. System Three Resins, Inc.
5965 Fourth Ave. S.
Seattle, WA 98108
Epoxy supplier.

6. ODDBALL TRANSMISSIONS.

(206) 762-5313
Wholesale distributors
Sachs-Commander 2-speed rear hub combined with
six derailleur gears (useful for HPVs with no
place to mount front derailleur), hub front
and rear brakes.
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RICKSHAWS IN BANGLADESH.
H. Frederick Willkie II
(Fred Willkie wrote about his plans to build new
rickshaws in Bangladesh in the fall, 1985, issue of
HUMAN POWER. He spent eight months there. I asked him
to give us something about his work when he returned.
He writes about human power and lack of power. The
view is not so much technical as philosophical, political and from the he ..t. It deserves a place in our
journal).
*

*

There are too many landless people in Bangladesh.
After all, it is a country of agriculture. No land in
your family means no food for you to eat. No income
either: income comes from sales of surplus crops.
Poor families sell their little rice to someone rich
enough to have silos to store it. They all sell all
they can at harvest, so they have to sell cheap. Very
likely, they are also in debt to the buyers, and when
the land's growing season passes, and rice gets short,
they have to buy some back at much higher prices than
they sold for. This process, repeated year after year,
eventually forces too many people to give up their
little plots of land as payment of long-running debts.
The family now joins tens of millions of other people
who can't read or write, can't do basic arithmetic, and
have no proven skills other than farming, which they
can't count on doing because their land is gone.
Men who are strong enough leave the villages,
walking barefoot, hunkering on the roofs of trains,
taking any way that goes to the big cities, looking for
something to do for money to send back home to feed the
family. There are very many of them.
Material and manufactures are very expensive in
Bangladesh. An old woman in a a dirty sari uses a
bundle of stalks to sweep the piles of metal chips off
the floor of little machine shops. She separates the
shiny brass from the curly steel and sandy iron. She
ties the piles up in rags and goes to sell them for
some rice. In the streets of the capital, Dhaka, there
are middle-class people with jobs and homes to go to,
errands to go on, and hundreds of thousands of rickshaws to carry them. Rickshaws don't burn expensive
petrol; they carry more passengers and freight than
all other forms of transport combined: air, rail,
trucks, cars and boats.
An illiterate, innumerate person can drive a
cycle-rickshaw. The vehicles are owned by proprietors
called maliks, middle-class office workers or merchants, employees or entrepreneurs who have accumulated
a little surplus money, bought rickshaws and licenses

and then rent their vehicles to the drivers, called
wallahs. This is the arrangement: there are two
shifts, from early morning to two in the afternoon, and
from then on into the night as late as frequent curfews
allow. The wallah pays a daily fee according to the
condition of the rickshaw. This comes out of his earnings when he returns the vehicle. Since he often can't
do arithmetic, the rendering of accounts can resemble a
shakedown. It is common to demand over half the money
the wallah has gathered in the teeming streets.
For the malik, rickshaws are profitable: an owner
can recoup the cost of a new rickshaw every six months.
Still, many people decline to become maliks and to make
this profit because the collection procedure can be too
ruthless. Maliks have to be tough. Soft ones don't
get paid.
For the wallah, rickshaw pulling is often the only
job that can pay enough. Head-porters and handcart
pullers make even less. Millions of dollars every year
are sent from Dhaka for the maintenance of wallahs'
families in the villages. Wallahs may sleep on a board
laid across the passenger seat and saddle. They may
pool food money in little groups, eating rice with
their hands from leaves spread open on their palms
while squatting by the side of the fire on bricks.
They live with minimum expenditure on themselves. They
are usually very thin.
The rickwhaws they drive haven't changed significantly since they first appeared in the city around
1938. Someone brought in the idea of taking the
scoop-like sun-shaded passenger compartment, the
chaise, from a pedestrian rickshaw, and fastening it
over an axle carried in a wishbone frame of angle-iron,
bolting on to it the front of a roadster bicycle of the
rod-brake "sit-up-and-beg" type in common use in
Britain in 1900 (and still the standard all over the
Indian sub-continent).
The standard rickshaw is heavy, from 90-110 kg
empty. It has only one gear, the one the original
bicycle came with: 61 inches. In the time of the jute
harvest, the gross vehicle weight may reach 700 kg.
The vehicle is grossly over-geared. It wears down the
synovial tissue in the wallah's joints, and strains his
heart and back. The frame is so flexible that it consumes much of he wallah's propulsive effort in twisting
up. There is only one rod brake on the front wheel, so
the wallah has to depend on evasive actions in traffic.
If the brake is applied too hard, it can stop the front
wheel only, and the moving payload snaps the front fork
off, right above the crown. A tricycle rickshaw is not
a bicylce: a bicycle is built so that the front fork
will turn in the direction the bicycle leans. This
means that whenever the rickshaw's rear wheels go over
an uneven surface, its bicycle fork turns out of the
line of travel and has to be muscled back. Wallahs may
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do a hundred miles a day; fighting the steering for so
long eats up their energies for nothing.
Bengalis are smaller in general than Westerners.
So the standard roadster-bike's frame dimensions don't
fit. The seat tubes are too sloped for short Bengali
femurs. The top tubes and seat tubes are both too
long; they cause much useless daily straining. Still,
the vehicles are profitable to their owners, give work
to their wallahs, feed families, and are made and serviced in tens of thousands of tiny shops all over the
country. Small-shop owners stock only proven-to-sell
items. They can't afford much change of stock. Owners
have too little incentive to investigate improved
designs. As for the wallahs, they have no technical
training and all their time and energy goes into the
endless grind of their work.
The dynamic situation of the rickshaw puller is
like that of any rider: he makes his way by applying
power against resistance. His situation can be improved by increasing power and/or by decreasing
resistance. Increasing power is a political job. It
can come only from improved nutrition and living conditions, and those are tied to the production and distribution of income. Decreasing resistance is a
designer's job, and a designer has to undersand a
wallah's work. In our own countries, Mexican field
workers and bootblacks suffer damage to their lower
backs that could be avoided by more ergonomically sound
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design of the equipment they work with, but who cares
about braceros and bootblacks? In China, rickshaw
tricycles appear to be more highly developed, with two
or three speeds and axle brakes (see "Simple Vehicles
for Developing Countries", from Intermediate Technology
Transport Ltd., Home Farm, Ardington, Oxfordshire OX12
8PN, UK 1977). This may be because the dominant
political ideology of China has considered rickshaw
wallahs as comrades, men and brothers who mattered. In
Bangladesh and India, rickshaw wallahs are, like
braceros, native people, and bootblacks among us,
beneath most educated people's notice.
The actual state of a hard-working rickshaw driver
is an integration of so many factors that actual trial
of the work is the best way to learn about it. People
laugh at a Westerner driving a rickshaw. So what? A
designer needs a feel for the problems. Few wallahs
can speak English, and few interpreters know what the
wallahs are really talking about. It's important to
learn the wallahs' language, to ask and hear about the
work you are trying out yourself, so that you have the
right questions before you start offering answers. For
instance, the much smaller sunhoods on Thai rickshaws
give them far lower air resistance in windward travel
than Bengali rickshaws have, but if one of those skimpy
hoods goes on a rickshaw in Bangladesh, the wallah
loses a lot of fares: women won't ride unless they are
protected from the eyes of strangers.

Fred Willkie's article will be concluded inthe next HUMAN POWER

