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International Journal
of Water Jet
Technology

At the International Water Jet
Symposium held in September ol
1987, in Beijing, China, a decision
was made to publish a quarterly
international journal on water jet
teehnology, The major objective of
this journal {5 Lo provide an
opportunity for authors to publish
their findings, spart from national
and international symposia, in a
journal dedicated exclusively to
water jeil techmology

Individual subseriptions are

==rriving, but institutional subscrip-

Lons and donations are nesded to
necelerate the process of launching
this new journal. Please support
this new venture and mail your
subscriptions or donations Lo

D, M. Vijay

Gas Dynamiecs Laboratory

Division of Mechanical Engingering
Mational Research Council of Canada
Ditwwa, Ontario, Canada K1A OREG

Water Jet Instructor
Training Workshop

The U.5 Water Jet Technology
Association has scheduled a
workshop designed specilically for
individuals who are engaged in
training personnel in the use of
water jets, The workshop will be
held Mareh 13-14, 1989, in 5t
Louia, Missouri at the StoufTer Inn

=Dy the airport. Written and visual

swrop materials and volunteers for

- presentations are still needed. For

more Information, please contactl
ODr. David Summers at the
University of Missouri-Rolla
(314134 1-4311.

l

Water Jet Cutting:
An Interview With Dr. Norman Franz

The following is a transeript of an interview conducted by telephone with Dr.
Norman Franz. Dr. Franz, formerly at the University of Michigan and the
University of British Calumbia, is one of the pioneers of water jet eutting

JET NEWS: What led to your realization that high-pressure water could be
used as a cutting medium?

DR. FRANZ: Jet cutting was the spinof of a continuing research program
that | was conducting on the machining of wood. We were seeking new and
potentially better ways of cutting wood with less waste. Exploration included
4 wide array of new devices, such as lasers and ion beam guns, which were
mminE along in the late fifties. Water jet cutting really grew from the casual
remark of & Navy man who indicated they tested for 1||’II-|'“ in the very high
pressure boiler systems with a broom handle. The steam jet escaping from
these leaks would actually cut the broom handle off, which was rather
surpriging. We did explore steam jets, but there are ohvious limitations
because of the gas pressures involved. We then theorized that the water jet
E:Frh.':u would be an alternative approach, using the same general principles

¢ experimented with water jet cutting around 1960 using a homemade,
E:ingll::-nrl.:nh pressure intensifier developing over 50,000 psi. It was exeiting to
be able to actually eut wood and other materials with ordinary water

JET NEWS: Hoaw did you link up with Ingersoll-Rand to develop the
pquipment Necessary to test your water eutting t eory?

DR. FRANZ: Initially | was searching for & high-pressure pumping source
that would continuously produce high pressures to sustain a jel. We had found
that synthetic sapphire orifice jewels could be used for high-pressure nozzles
and appeared Lo be very long lasting. However, aur anmﬂ&t&m did not
provide a practical way to determine if durability was adequate for industrial
applications. We needed a means for running eontinuously, so [ contucled
known makers of high-pressure devices and, armed with samples of our
laboratory results, visited several manufacturers. | was surprised to find Lhat
none had considered the sibility that high-pressure water might be a
cutting device. | was able to spark the interest of Wally Walstad, of
McCartney Manufacturing, an Ingersoll-Rand subsidiary. Afler a visit Lo my
laboratory, he arranged to lend me one of their high-pressure pumps used for
eatalyst injection in the manufacture of polyethylene. After many
modifications to cope with the difficulties of pumping water at extreme
ressure, we proved to have a reliable system. This was later duplicated for
installation at Alton Boxboard Company as the world's first industrial high-
ressure jet cutting operation, and salved a eutting problem that could not be
andied by conventional methods,

JET NEWS: How was Alton Boxboard Company cutting their materials
before using water jet cutting?

DR FRANZ: Initially, the rather complex three-dimensional parts were cut
by a hand-held sabresaw following 4 pencil-drawn pattern. Az demand grew,
bandsaws were used, but were costly, slow, inaccurate, and wasteful. Alton
was producing furniture components from krafl-paper-laminated tubes up to
A/B-inch thick, rnuf.hly rectangular in croas section, with a diameter of about
40 inches, and height of 7 feet. %im:e cuts had to be perpendicular to the curved
surface of the tubes, it was a challenging problem. Through a friend, aware of
my machining research, Alton's problem was brought o my attention and
samples of their laminate were sent for jet cutting trials. Happily, the nmi]ea
eould be cut cleanly with virtually no wetting, and ata high speed. We had
found a unigue solution Lo a unique production problem. ATI we needed was o

jcontinued on page 2)



From the President’s
Desk...

‘We know a lot about water jets, but a
telephone call from & prospective
mamber reminded me that we
more knowledge about our
technology. The caller wanted to use
water jets to clean the outside of a
rock-faced chureh, He wanted Lo
know if anyone has measured the
adhesive strength of various
contaminants on rock., | had to
reluctantly admit that [ didn't know
the answer to his question.

It seems Lo me that there are u lot
of areas, such as this, where mare
information would be helpful. For
instance, when can we expect a high-
preuurehmlulhﬂ* It seems Lo me
that this important safe pmhlem is
still a guessing game. Why can't we
develop practical wse of pulse jeta?
Fast, repetitive firing of slugs of
water are a good way of introducing
tensile stress in material. Solids are
much weaker in tension than in
compression and, thus, would be cut
much easier by pulse jets as
compared with continuous jeta. Why
can't we use scaling laws to predict

the jet behavior of large jets
from data red from laboratory-
size jets? present state of the art

of hydrauliec mining iz that it is
practically impossible to lg:adicl
Frndunﬂm rates in a hydrau
rom expeériments on laboratory
samples. Will sparks from abrasive
waker jet :um%::mta a flammable
atmosphere? ig is an important
safety problem for those who wish to
qul. steel pipelines with an abrasive
el
1 wish | had the answer to these
questions,
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An Interview With Dr. Franz, continued from page 1

means of relative motion between the jet and the tube, The first cost
quoekation for this missing link came in at 8 stunming $750,000 and might
eagily have crushed anyone less determined. A second supplier mana to
offer a control system for $75,000, which waa still far out of reach. Finally, [
drew upon my !'r.l:ml.u:e industry & ence and built a cardboard-and-wood
maodel of a device using the concepts found in the old automatic routers. | sent
the model to hlcl:'mmg}r who then built a working unit for the grand cost of

only §7,000 -- gnt less than the first quote! The completed jet-cutting
Byalerm was mn first in industrial use, and has operated suscessfully for
MANY Yaars.

JET NEWS: Did vou ever expect that the techng would grow and reach
the level of sophistication it has? Or penetrate t.he ustries it has?

DR FRANZ: | guess it is the hope nd'lwzr_'r researcher that he's going to have
an garthshaking ldea. WVery n.mlg'I {uu have the opportunity to see
something grow from a comcept, throug laboratory experiment, and
actually into use.

JET NEWS: New applications for water jot cutting are constantly being
discovered and implemented. As the technology continues to develop, what
new applications do you foresee for water jets?

DE. FRANZ: New applications might be lound in areas we have not yet even
imagined. | feel there are many opportunities being overlooked because the
general public does not realize that jet cutting 15 a viable and unique
alternative to conventional methods, Jet cutting not ved the glamor
and publicity of lasers, for instance, in part due to its limited attraction to Lhe
military and medical science. Water jets are primarily valued as a machining
method. We used a laser to drill pinholes in a piece of woed at about the same
time a5 we looked at high-pressure jets, Since that time, lasers have had
enormous effort and money spent on development. Water jets have atruggled
by eomparison.

JET NEWS: Regarding lasers, how would you compare laser cuum: Lo walker
jet eutting? Do you see them as being competitive, compatible?

Dit. FRANZ: | feel they're complementary. The two are similar in that they

mnuntilll;r point sources of ene The laser has its place, very deflinitaly,
with its very significant |:|:u|tnl.||:|na The water jet similarly has its
ic applications where it will do the job better than & laser, [t has its

Iqmluﬂm:uull Omne picks the better tool for a given application.

JET NEWS: Backtracking a bit ko applicetions, what experimental water jet
applications are currently taking place that you are aware of?

DR. FRANZ: | think the cutting of new man-made materials, such as Kevlar,
earbon-fiber composites, and laminates, has attracted recent attention, These
materials are often -:h-tmel-r difficult W cut with conventional methods,
There is renewed ressarch and interest in the use of water jets for cutting
wood. In fact, I'm currently consulting for the U.5. Forest Service on a

m for the lutnﬂ:lilﬂg Iumh-er processing systems that they have

. The question there is, whether laser or the jet is the better way
've asked me to “llu.l.tu the potential of water jets as opposed to
I:hauuanflia:urﬂnl. high-powered lasers,

JET NEWS: Please address the issue that water jet technology offers many
advantages in dealing with difficult to machine materials.

DR, FRANE: As with moal applications, a major advantage of water jets iz
l.hal. they are virr.uﬂty a point source of energy. This allows freedom to cut in
y direction, sharp corners, blind cutouts, and three-dimensional cutting
p-th: Mum res are very high, ,I-el. forces axially and laterally are
quit: amall, pﬂw ing for easy and rapid movement during cutting, as well as
1gh1:-wmgl:|'t ﬂu.p‘g?ru structures. Advantages in safety arise from the small
forces present kp damage is mdm?iu;:.r low forees and the minimal
heat generated at the -:'.1.11. Wet.tm‘rha: nnrmall_\r not a problem if cutting
parameters are correctly selec working jet is ordinarily relativel
quiet, and can be widely separated from the pumrm: system, The very :muﬁ
ker{ made t.a reduses or eliminates polluting waste material.
There is litt r from the extreme l:ql.ml prassures used, since, unlike

pressurized gnu, ittle energy is stored,

JET NEWS: Were environmental advantages in the workplace & concern
when you developed water jet cutting?

DR, FRANZ: | must admit, at that time, environmental conslderations were
(continued on page §)



When you need quality
High Pressure Hose and Couplings,
specify the top name in the industry ...
Autoclave Engineers

High Pressure High Pressure
Flexible Hose Quick-Connect Couplings
TO 36,000 PSI . TO 30,000 PSI
Sizes to 2" I.D. 1 Sizes to 1" L.D.
Up to 40% lighter 1 Self-sealing and thru-types
1 Up to 3 times more flexible 1 Variety of materials and end
. Chemical resistant materials fittings
Unique construction improves Manifolds to suit the application
safety

Write for information on any
of our High Pressure Products.

Autoclave Engineers Group 2930 W. 22nd 5t
Box 4007 Erie, PA 16512 USA [814) 838-2071



When you need quality
High Pressure Valves,
Fittings and Tubing
delivered on time ...
specify Autoclave Engineers

Inthe water jal industry, if's mandatory you have
refiable high pressure components capable of
operafing al pressures 1o 60,000 psi, Auiociave
Engineers has more than 40 years axpenance in
high pressure technology. We build our valves and
fittings by the book . . . our Quality Controd Manual,
because we have high regard for high pressure and
for our waler jef customers, This manual is your
assurance you are gething the highest quality product
avardabla &t any cosl.

Autoclave has a wide ranga of high pressure
components for the waler jgi industry in agdition to
our vahvas, fittings and tubing. Aulociave also i a
source of supply for manidold blocks and vakhes,
accumulators/atienuators and custom arficulaton
colls. Elaven coned and threaded ubing sizes ara
available as well 85 all types of specsaltly and cusiom
designed high pressure products. Auloclave is your
one-stop source for quality high pressure
componenis. And wa ship from siock 1o armaa
just-in-tima to meet your schedula

RAamember, the Autoclave differenca is in the Dook
— and in the valve, For additional
imformation, contact;

Aufoclave

Engineers,
Box 4007 Erie, PA 16512 USA [B814) 838-20M



RECOMMENDED

PRACTICES FOR THE

USE OF MANUALLY
OPERATED HIGH
““PRESSURE WATER

JETTING EQUIPMENT

ORDER FORM

PRICE PER COPY:
L-10 $5.00 each
11-88 $4.00 each

10{) or more $3.00 ench

SHIPPING CHARGE:

1-10 books Blghook

11-99 books dilgbook
100 or more MEg'book

Shipping charges for destina-
tiona outside U5 vary
according to shipping method.

Please send me ___ Recommended
Practices @ § oach.

plginping § % haoks,
$

Total cost of books
Total shipping 5

TOTAL AMOUNT |§

Make check or money arder ( 1.5,
DOLLARS ONLY) payable to LIS
Water Jet Technology Association.

Purchase Order #

Ship to:
Name
Address
City
State Zipeode
Telephone ( I

Mail this form and payment or

W arder number to:

Watar Jet Technology Assoeiation

Suite 918 - 818 Mive Strest
St. Louis, MO 6310
(314)241-1445

FAX: 314/241-1449

An Interview With Dr. Franz, continued from page 2

secondary. We were looking for a new method ﬂfﬂult-:iJJF. But as | say, it turns
out that environmentally it's very favorable, particularly lor cutting materia Is
that are hazardous. Asbestos being one example, breakshoe material.

JET NEWS: The innovation of the addition of abrasive lo water has greatly
nded water jet technology to machine the more difficult, denser materials.
%ﬁ:t refinements do you see in the technology for the futura?

DR. FRANZ: Wo did experiments on the introduction of abrasives into water
ﬁu back in the early days of water jet ““"'“"".,5;..‘,““1"""““ my association with
eCartney. At the time, there were a number of cleaning operations usin

abrasives and waler preasures in the neighborhood of ﬁ,ﬂl:ll?pﬂd. S0 the use
ghrasives is nol really a new devel ent at all. It's really a renewed interest
in the concept to extend the application of water jet technology as it is today. It
has a lot of advantages. It has the added disadvantages of increasing the costs
of operation considerably and it also uces & waste product of abrasive
material that has to be taken eare of. For specific applizations, it's great, But,
it’s not something that one would use unless you absolutely L.

JET NEWS: Do you see any further refinements of the water jet?

DR. FRANZ: Yes, I think the primary refinement that's needed is better and
cheaper initial capital cost equipment. This is one of the greatest limitations.
We also need an expansion of the range of equipment, both of the smaller and
larger pumping systems. Right now, mnnt.ﬁ‘tlm pumping systems fall within
# fairly narrow range of capability, For mining applications, you need much
bigger and heavier equipment. For some of the more sophisticated induatrial
applications, smaller equipment is preferred. | think continued improvement
in the actual hardware and funetioning of the system is required. There are
many problems that still have to be solved requiring better knowledge of
waler systems, Nozzle development could be carried further, as well.

JET NEWS: Ingersoll-Rand re:ent.]d'rnintmdund a family of robot-controlled
water jei cutting aystems to provide m turnkey solution to transforming
unemlJ:l: lines and expanding job shops. Had you ever imagined that watler jet
cutting would join forces with robotics?

DR. FRANE: Oh yes, in fact this was one of the very early concepts when we
began ta get involved in the process of lumber cutting. Computerized
numerica] control systema, including what is now called robotics, are a natural
and ideal to fu { utilize the unique characteristics of high-pressure water
jet cutters, r early activity in this area was handicapped in large part by
the fact that early control devices were bt slow and Bm;y. having been
designed for metal cutting requirements. My work with the Forest Service is
closely related to an elaborate computer imaging and contral system.

JET NEWS: Do you feel that thia ean revolutionize the production line
workforee?

DR.FRANZ: Yes, and | think, in many cases, it probably already has.
JET NEWS: In what ways?

DR. FRANZ: In many instances, water jets have been able to perform cuttin
ﬁeuﬂmu impossible or impraetieal by an‘{cnthur e E. TBI:?' have opa

@ path to novel automated operations while improving the safety of working
EnViIFAEEnLS.

JET NEWS: Ingersoll-Rand designed a water jel eutter specifically for the
printed eireuit board industry. you see this tailorization as a trend for
ather industries ?

DR. FRANZ: 1 think that this has been one of the areas that has been
neglected in the development of water jets generally. Most people,
particularly when they're dealing with a new mhmloq'lyr, don't have the
capability, in many cases, or the desire, to build all the auxiliary equipment Lo
make use of the jet. In other words, just selling a jet-cutting deviee ia not
enough, in most cases. People want & 'FIEEHTB turnkey type of operation that's
been tested, proved, and ready to work. would say that these turnkey
operations are probably the way that water jet cutting should and will go.

JET NEWS: You're atill with the university?

DR. FRANZ: Mo, I've retired from academia, but keeping extremely huaﬂ
with an ever increasing number of interesting projects. I'm still very muc
interested in water jets, and as | indicated earlier, | am involved in consulting
work with various people. Watching jet cutting develop through the years is
much like watching your child grow. it has been a rewarding experience that
has been flled with many fine, interesti i, and faseing cutting
problema. We have cut ing from cakes Lo space shuttle tiles, but have
scarcely begun to realize the full petential of jet cutting.



Recommended
Practices For The Use
Of Manually Operated
High Pressure Water
Jetting Equipment

i sl o ol B g

poeiation ication ,
*Recommended Fruﬂ-ng:‘ devel-
oped by industry, government, and
university representatives to the
Standards Committee of the U.5.
Water Jat Technology Association
are available for purchase. The
publication includes personnel
requirements, operator training,
operaling procedures, equipment
cArE maintenance, protective
elothing, personnel protection,
freeze precautions, and accident
Ermuunm for manually operated

igh pressure water jetting
equipment commonly used b
industries involved 'urit]?:
construction, malntenance, repair,
cleaning and demolition work.
proposed OSHA. ASTM, and ANSI
Emt.lndudl.

Copies are available at the
fullnm prices (excluding shipping
and Ling): 1-10, $5.00 each; 11-
99, 34 .00 each, 100 or more, $3.00

each. To order, please complete the
form on page 5,
This Space for Sale
You can advertise in JET NEWS
at these low rates:
Full Page $ 150
1/2 Page £ 90
1/4 Page $ 60
Business Card $ 5
B/W Photos each $ 5
Ad Deadline Issue Date
February 10 Mareh 1
April 10 May 1
Send your advertisement to:

U.8. Water Jet Technology Ass'n
ATTHN: Dr. George Savanick
818 Olive Street - Suite 818
St. Lowis, MO 83101, USA
with your payment.

"Originalily doss not consisl in
saying what no one has ever said
before, but in saying exactly what
you think of yourself "

=James Slephen

Fifth American Water Jet Conference Set For

August 29-31, 1989

The Fifth American -[farm.erlﬂlu.ﬂ.:l Water Jei Conference will be held A t

29-31, 1989, at the Inn on

course on water jet cutting will be held on Au

gPark in Toronto, Ontario, Canada. A s

28 at the Inn on the Park,

The conference is hainglmurnd by the U.5 Water Jet Technology

Association and the Nationa

rch Counetl of Canada.

The conference will be designed as a forum in which researchers and
practitioners can make contacts, exchange ideas, and review advances in this

rapidly developing technology.

re will be an a:hihitﬁn hall at the Inn on the Park, Exhibitors are
rominded that there 18 room for 25 booths and to date, five have been reserved.
Firma or organizations wishing to exhibit their products or lterature at the
Conference should reserve a booth now by paying the fee of $375.00
(Canadian) per booth immediately. Please contact: .

Mrs. H. Lacoste, Conference Coordinator

Conferance Servi

Mational Research Council of Canada
Ottawa, Ontario, Canada K 1A 0RE

In addition to the table top exhibition at the lan on the Park, a technical

tour will be held on the afternoon of An

30. This tour will include stops at

firms in the Toronto area which specialize in water jetting and at the grounds
of the Atomic Energy of Canada at Mississa Ontario, for a demonstration
usu?.': operation

ol equipment, Firms wishing
their requlrements:

to demonstrate
should contact Mr. A.D. (Doug) Hink at the following address to inform

of their squipment
m of

Mr. A, (Dough Hink, General Manager
Advanced Systems Applications
Atomic Energy of Canada, Lud.

2251 Speakman Drive

Mississaugs, Ontario, Canada LSK 1B2
Telephone: (416) BZ3-9040

Fux: (416) 823-6120
Telex: DE-982372

The fee for participating in the equipment demonstration is $500.00

a place, The checks should
ater Jot Conference” and

{ ian) ble immudiutal; after requesti
be made le to: “NRC - Fifth American
mailed to H. Lacoste, the Conference Coordinator,

Postmaster: Please send Form 3572 to;

U.S. WATER JET TECHNOLOGY ASBOCIATION

B18 (Mive Street - Suite 918
St. Louis, MO 63101, USA
314/241- 1448



