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Cutting metal underwater — state-of-the-art

R Jastrzebski
Foundry Repair Company, Works Ne.3, Cracow

Selected from Przeglad Spawalnicewa 1987 XXXIX (2): Reference PS/87/2/15: Translation 150

UNDERWATER ARC CUTTING USING A WATER
JET

In underwater arc cutting using a consumable electrode
and a water jet the electric arc is struck between the cut
material and the electrode. The metal is melted and the
flow of water emerging at a high pressure from the
nozzle hurls droplets of metal heated in the arc to a
considerable distance before they manage to solidify.
The electrode wire enters the cutting groove, in which
the electric arc moves downward (Fig.1). The arc is
struck in the upper part of the groove and extinguished
in the lower part, the cycle being repeated."* This
cutting mechanism saves a large amount of energy
(cutting with a groove not much larger than the
electrode diameter of 2.5mm), the consumption being
three times lower than in plasma cutting.” Thicker sheets
can be cut using higher speeds than plasma cutting and
cut surfaces can also be achieved without distorting any
part of the sheet. It has been demonstrated that the
droplets of metal solidify rapidly in the water, but
droplets are removed to a considerable distance from
the surface of the metal without further heating.
Moreover, the molten metal is washed out by a high
density medium (water), and not by a low density gas, as
when cutting in air,

The phenomena taking place during cutting and
cutting parameters are given in published data,'* which
also provide a theoretical explanation of the mechanism
of cutting and give an example of the construction of the
holder and cutting apparatus for this method.” The
cutting speed using this method is proportional to the
current intensity, The current value selected is between
1000-2000A. The open circuit voltage of the welder is
about 30V for a depth of 1m and 50V for a depth of
200m. The Table shows the optimum parameters for
cutting various materials, while Fig.2 illustrates the cut
surface quality of stainless steel. Cutting can be
performed with direct or alternating current. A greater
depth of cutting improves the quality of the cut surface,

This article is a reply to the article by W Kalczyriski
entitled: ‘Methods of cutting metal underwater’, published
in No.286 of Przeglad Spawalnictwa. In this article, the

author has attempted to demonstrate that the method of

arc cutting can be used underwater and that underwater
plasma cutting is not the only method enabling steel to be
cut at great depths.

WELDING INTERNATIONAL 1987 No.10

|~

0
s -
\‘ 2
S Qe+
=
| =
¥ e 5
T : e
= s
ﬁ/ 1 rf‘( ? /;
W
|77

¥
& - .
Direction of cutting Ja" "¥ Direction of arc movement

1 Underwater arc cutting with consumable electrode and
water jet:’ 1 — Coifl of wire; 2 — Wire feeder; 3 — Jet
nozzle; 4 — Water; 5 — Water nozzle; 6 — Cut material; 7
— Electric arc; 8 — Electric cables; 9 — Welding rectifier;
10 — Electrode.

but the cutting speed does not change.® The method is
not sensitive to changes in the distance between the
nozzle and the cut material and can be used for cutting
stainless steel and aluminium.

OXYGEN ARC CUTTING UNDERWATER

Figure 3 illustrates semi-automatic oxygen arc cutting,
As in the case of arc cutting, the shape of the cutting gap
is formed by the water jet. When the conditions have
been worked out for stabilising the gas bubble
surrounding the metal at a temperature higher than
ignition temperature, this method ensures a high cutting
speed.”" Figure 4 shows automatic oxy-arc cutting
methods using a hollow electrode. As in the case of
gravity cutting and also cutting by the contact method,
the electrode has a rutile covering and bears against the
cut metal (low carbon steel) via a water-repellent
substance. An arc heated to the ignition temperature is
struck between the metal part of the electrode and the
material, and the metal melts in a flow of oxygen
emerging from an aperture in the electrode. A novel
feature of this method is that the tip of the electrode is
automatically guided along the cut metal, a step which
increases cutting speed by several times as against
conventional methods (Fig.5). In gravity cutting, the
electrode is moved in a similar way to gravity welding,
with contact between the end of the melting electrode
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2 Surface of sample after arc cutting with consumable
electrode and water jet.’

3 Semi-automatic underwater oxy-arc cutting? 1 — Wire
feeder;, 2 — Inflow of oxygen; 3 — Jet nozzle; 4 —
Nozzles; 5 — Cut material; 6 — Current source.

(Fig.4a) and the metal. The contact method obviates the
disadvantages of cutting thin plates by the gravity
method, in which an excessive quantity of heat is
generated, greater than is required for maintaining the
ignition temperature and for the fusion of the electrode.
The use of an additional mechanism for moving the
electrode (a carriage or a mobile column in the case of
tube cutting)''31* renders the cutting speed independent
of the intensity of current required for melting the
electrode.
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4 Underwater oxy-arc cutting with a hollow electrode:
a) Gravity cutting,” 1 — Current source; 2 — Guide
column; 3 — Pneumatic motor; 4 — Electrode; 5 — Steel
sheet; b) Cutting by contact method, 1 — Carriage; 2 —
Cutting gap,; 3 — Electrode.

Its high cutting performance and low sensitivity to
contamination of the sheet with concrete were the
decisive factors in the decision to use the oxy-arc cutting
method instead of contact cutting for cutting tubes in the
construction of the Sakai Bridge near Osaka.'>"* The
water was pumped out via a casing made up of pipes
which were disposed on the periphery of a circle,
interconnected by locks and driven into the bottom of
the bay. After the brickwork of the bridge pillar had
been completed, unwanted pipes were cut off and
removed by special equipment for clamping and cutting
the tubes underwater and removing the cut-off sections.
The operation of cutting off sections of tube 920mm in
diameter with a wall thickness of 16mm lasted 2-3min,
representing about one tenth of the time taken by the
operation using conventional methods. Cutting was
possible up to a depth of 150m.!*

GAS CUTTING WITH A WATER CURTAIN

Figure 6 illustrates underwater gas cutting using a water
curtain.®'* A water jet in the form of a curtain
surrounding the gas cutting torch was used to stabilise
the gas bubble in the cutting zone (Fig.7). If cutting is
performed without a water curtain the gas bubble grows
(as a result of gas feed, waste gases, steam), and after
reaching a critical size it is torn off and replaced by a
flow of water which cools the metal and reduces the
surface of the heated metal (Fig.7a). When a water
curtain is used, the water ‘trims’ the gas bubble, so that
the gases leave the cutting area in the form of small
bubbles, and the gas bubble does not grow to the critical
size (Fig.7b). In the methods devised prior to World War
I1'*1® the area surrounding the nucleus of the gas bubble
was stabilised, but this failed to ensure a durable gas
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Optimum parameters of underwater cutting by various methods

Cutting  Cutting  Cutting Water Water Cutting
Cutting thickness, depth, current, Voltage,  pressure, consumption, speed,
method mm m A \'% at litre/min Cut material m/min
Ref.l 9 0.1 1000 25-30 5 6.2 Low carbon steel 1.5
16 0.1 1000 25-30 5 6.2 Low carbon steel 0.9
20 0.1 1000 28-33 3 6.2 Low carbon steel 0.6
30 0.1 1000 30-35 5 6.2 Low carbon steel (.25
Ref.6 9 0.1 800 38 5 6.2 Low carbon steel 1.2
9 200 800 48 5 6.2 Low carbon steel 1.2
16 0.1 1000 40 3 6.2 Low carbon steel 0.755
16 200 1000 50 5 6.2 Low carbon steel 0.75
25 0.1 1000 40 5 6.2 Low carbon steel 0.35
25 200 1000 50 3 6.2 Low carbon steel 0.35
o Ref.l 12 0.1 1200 400 5 6.2 Stainless steel 1.4
E 20 0.1 1200 40 5 6.2 Stainless steel 0.9
= 30 0.1 1200 40 5 6.2 Stainless steel 0.55
2 45 0.1 1200 45 5 6.2 Stainless steel ~ 0.35
= .
(3]
& Ref.5 40 0.2 1700 33 4 23 Stainless steel 0.4
& 55 0.2 2000 33 4 23 Stainless steel 04
§ 70 0.2 2000 33 4 23 Stainless steel 0.28
3 80 0.2 2000 33 4 23 Stainless steel 0.2
<=
£ Ref6 20 0.1 800 40 35 42 Aluminium |
z 20 200 800 500 35 4.2 Aluminium 1
S 40 0.1 1000 40 3.5 42 Aluminium 0.4
= 40 200 1000 500 3.5 42 Aluminium 0.4
ES 60 0.1 1000 40 3.5 42 Aluminium 0.15
E 60 200 1000 50 35 42 Aluminium 0.15
u Gravity 12 0.3 300 47-50 ~ - Low carbon steel  0.95
Z Refll 20 0.3 300 47-50 - — Low carbon steel  0.95
2 40 0.3 300 47-50 — - Low carbon steel  0.95
< 70 0.3 300 47-50 o » Low carbon steel 0.95
110 0.3 300 47-50 — — Low carbon steel 0.95
Contact 16 <) 300 — - Low carbon steel 1
Ref.13
Gas with 9 0.3 — — — - Low carbon steel (.8
water curtain 19 0.3 — - — — Low carbon steel 0.55
Ref.15 25 0.3 — - — — Low carbon steel 045
35 0.3 — — — — Low carbon steel 0.4
50 0.3 — - — — Low carbon steel 0.3

screen for the melting metal. Masanobu Hamasaki®
stated that the stabilisation of the gas bubble may
enhance the cutting speed by several times and produce
results which do not differ from those of gas cutting in
air. Stabilisation with a water curtain resulted in a
faultless connection guaranteeing a bending angle of
180° in the underwater gas cutting of sheets for MIG
welding underwater. Figure 8 shows the quality of
oxygen gas cutting underwater for different thicknesses
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of steel sheet. An increase in the diameter of the cutting
oxygen aperture to 2.3mm can produce cutting speeds
of 0.4 and 0.3 m/min for a sheet thickness of 70 and
100mm respectively. Figure 5 shows the parameters for
cutting scrap and the optimum cutting parameters. The
speed of cutting sheets 19mm in thickness is 0.85 m/min.
Cutting by this method can be performed at
considerable depths if ethylene is used as the heating
gas. )’
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5 Dependence of cutting speed on thickness of material
for different methods of underwater metal cutting: arc
cutting with consumable electrode and water jet® curve 1
— optimum cutting speed, current 200045 stainless steel,
curve 2 — maximum cutting speed, current 10004,
stainless steel® curve 3 — maximum steel cutting speed,
current 1000A,° gravity cutting, curve 4 — optimum steel
cutting speed, current 300A;" gas cutting with water
curtain, curve 5 — maximum speed, diameter of cutting
oxygen nozzle 2.3mm, curve 6 — maximum parameters,
diameter of cutting oxygen nozzle 1.6mm, curve 7 —
optimum parameters, diameter of cutting oxygen nozzle
2.3mm, curve 8 — optimum parameters, diameter of
cutting oxygen nozzle 1.6mm; plasma culting, curve 9 —
optimum parameters, current 4004, Ar consumption 48,71
litre/min, stainless steel sheet:' point 10 — optimum
cutting parameters of steel sheet 25mm thick, current
6004, gas consumption 226 litre/min;? point 11 —
optimum plasma cutting parameters in air with inflow of
water, current 660A, cutting voltage 200V, stainless stee/
76mm in thickness.

PLASMA CUTTING

Plasma at a significantly higher temperature than the
plasma of a free arc is obtained when ionised gas flows
at a considerable speed through a narrow nozzle. The
electrostatic field set up in this process causes ionised
particles to be forced out to the axis of the copper
nozzle and less ionised particles in the direction of the
nozzle edges. The densification of ionised high energy
particles in the axis of the nozzle causes a local increase
in the energy per unit volume and a rise in temperature
to a value several times higher than the temperature of a
free arc. The presence in the layer of the nozzle adjacent
to the wall of non-ionised gas particles at a substantially
lower temperature cools the nozzle from inside. The
nozzle is cooled with water. The plasmatron nozzle is so
strongly heated that water cooling might be inadequate
but for the cooling from inside as a result of the inflow
of the non-ionised gases. For a particular electric current
in the plasmatron, therefore, a plasma creating gas flow
is selected which is indispensable for cooling the nozzle
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6 Gas cutting with water curtain® 1 — loniser or
igniter; 2 — Cutting oxygen; 3 — Heating gas; 4 — Water
(0.5MPa); 5 — Gas space; 6 — Water curtain; 7 — Cut
materfal; 8 — Heating flame; 9 — Water.

fa)

7 Displacement of gas bubble during underwater gas
cutting: a) Without water curtain; b) With water curtain.®

and stable operation of the plasmatron. The ionised gas,
which is initially admitted through the plasmatron
nozzle, is obtained by two methods:

— internal striking of the arc between the electrode
and the nozzle inside the plasmatron, or by induction
heating of the ionised gas by the arc at the start of the
process, or in an electrostatic field of high frequency
between the tungsten electrode and the nozzle;

— from ouiside, by striking the arc between the
tungsten electrode and the material situated outside the
plasmatron, so that the electric arc passes through the
narrow plasmatron nozzle,

These two methods are used simultaneously underwater,
the internal method being adopted for striking an
external arc."

Plasma cutting is one of the most efficient methods
for cutting metal in air. As shown by tests carried out by
American research workers, 22021 research performed in
Poland and other published data, this method is also
cfficient underwater, more particularly in comparison
with the methods devised prior to World War I1.16-18
Plasma torches are used without appreciable alterations
for cutting underwater. The alterations made principally

WELDING INTERNATIONAL 1987 No.10



8 Surface of sample after underwater cutting by gas
method with water curtain.®

relate to the difficulty of striking a plasma arc and as
protection against electric shock, having regard to the
high feed voltage (above 150V ). The other changes have
been connected either with the need to avoid existing
patent claims or the necessity of adopting different
cutting parameters than in air, connected amongst other
things with the increase in arc voltage for increasing
pressure together with the depth of the water. The
patent description in Ref.19 presents no novel features
enabling plasma cutting to be performed underwater,
but measures connected with rapid cooling and the
instability of the gas bubble around the underwater
cutting place. Figure 5 shows the relationship between
the thickness of the material and the underwater plasma
cutting speed for stainless steel, using a current of 400A.
It also shows cutting parameters using different current
values, The nozzle is cooled with water from the
surroundings, whose displacement is much less than in
the case of the forced cooling system used in air.'” On
the basis of Fig.5 it can be asserted that use is made of a
nozzle for the internal arc which has a significantly
larger length than the diameter of the cylindrical part,
while during cutting the torch operates with external
plasma. Published data from the USSR indicate that
stable operation with an external plasma requires a
nozzle the length of whose cylindrical part is equal to its
diameter. The author’s experiences with this kind of
torch for underwater cutting indicate that with such
parameters (the gas discharges are much too low) not
more than a few metres of sheet metal can be cut
without interruption. In this respect we must wait for the
results of tests in the field of stable cutting parameters.
Reference 14 states the cutting speed decreases with an
increase in gas consumption. On the other hand, Ref.20
states that steel sheet having a thickness of 25mm can be
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cut at a speed of 0.625 m/min with a current of 600A,
whilst stainless steel sheets of the same thickness can be
cut at a speed of 0.75 m/min. The authors of Ref.12
state that the cutting speed of stainless steel of the same
thickness is 1.27 m/min with a current of 710A.

COMPARISON OF UNDERWATER METAL
CUTTING METHODS

The performance of work underwater is associated with
the use of floating equipment (salvage vessels, barges),
hoisting gear and crews for servicing the diving
equipment on the surface. Divers’ working time is
limited by the necessary decompression period, which
increases together with the cutting depth. Moreover,
when working at great depths divers quickly become
tired and their movements lack precision; they are liable
to electric shock and the work of too large a number of
divers is limited by the possible entanglement of lines.
The maximum depth of effective diving operations is
about 300m. Productive and cheap (oxygen) methods
and automation must be used to reduce the costs of
underwater work.”” The possibility of cutting thick
sheets of high carbon steels, stainless steel and non-
ferrous metals significantly extends the field of
application of thermal underwater cutting.>'> A decisive
factor as regards costs and possible use is the high
cutting speed over a wide range of thicknesses and
materials. For example, the cutting speed of low carbon
steel sheets at a depth of 10m is:

— by the plasma method — (.75 and 0.625 m/min for
thicknesses of 12.5 and 25mm respectively.!?20

— by the arc method — 0.75 m/min for a thickness of
16mm:"

— by the oxy-arc method taking the place of the
contact method — 1 m/min for a thickness of 16mm;!?

— by the oxygen gas method — 0.85 m/min for a
thickness of 19mm.®

As these data show, the differences in underwater
cutting speeds using the aforementioned methods on low
carbon steels having a thickness of 13-19mm do not
exceed 30%, the average cutting speed being (0.9 m/min.
To facilitate a comparison between the underwater
cutting methods, in Fig.5 curves are plotted of the
thickness of the material as a function of cutting speed
for various materials and different values of cutting
current and oxygen consumption in the case of the
oxygen methods. The graph shows that for the
underwater cutting of low carbon steels the most
productive methods over a wide range of thicknesses are
the oxy-arc and the oxygen gas cutting methods. Using
underwater oxy-arc and oxygen gas cutting it is possible
to cut steels of thicknesses 110 and 150mm respectively.
Plasma and arc cutting are somewhat less productive.
These findings do not correspond with the information
given in Ref.16, which states that only the plasma
method allows the efficient cutting of steel having a
thickness of several tens of millimetres.

The quality of oxygen cutting is so good that a
radiographic ~ examination of underwater welds
produced following underwater gas cutting without
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additional mechanical processing showed no faults, the
bending angle being 180°* The Table shows the
optimum cutting parameters. High carbon steels,
stainless steels and non-ferrous metals can be cut by the
underwater plasma cutting method and the underwater
arc cutting method with consumable electrode and water
Jet. Reference 5 presents a comparison between these
methods. Underwater arc cutting enables stainless steel
sheets having a thickness of 75mm to be cut at a speed
of 0.25 m/min, using a power of 100kV A (66kW ). The
plasma cutting of sheets of the same thickness with a
current of 900A requires a power of 360kV A (190kW).
The width of the arc cutting gap is 3-4mm, the width of
plasma cutting being 12-14mm. The quality of the cut
surface is similar. These data indicate that plasmatrons
absorb three times more energy than installations for
underwater cutting with a consumable electrode and
water jet. The open circuit voltage of an arc cutting
welder is 50V, while the feed voltage of a plasmatron is
between 150 and 400V. If the depth is increased from
10 to 30m, the speed of underwater plasma cutting of
sheets 12.5mm in thickness diminishes from 0.75 to 0.5
m/min.” As shown by Ref.22, the maximum cutting
thickness with the plasma method is 100mm at a depth
of Im, while it is already only 40mm at a depth of 20m.

In the case of arc cutting with a consumable
electrode and a water jet, the cutting speed is the same at
a depth of 200m as in shallow water. Cutting depth has
no effect on the results, and cutting surface quality
increases with depth.5 Reference 14 demonstrates that
pipes can be successfully cut by the oxy-arc method at a
depth of 150m.

CONCLUSIONS

The differences between the most productive methods
in the plasma, arc, oxy-arc and oxygen gas underwater
cutting of low carbon steels with a thickness of 13-19mm
do not exceed 30% and values of 0.7-1 m/min. The OXy-
arc and oxygen gas cutting methods are the most
productive for the underwater cutting of low carbon
steel in the thickness range 16-100mm. Low carbon steel
110mm thick can be cut underwater by the oxygen arc
gravity method, whilst steel 150mm thick can be cut
underwater by oxygen gas cutting, using a water curtain.
Sheet metal cut underwater by the oxygen gas method
can be welded underwater, the result being faultless
joints of adequate bend strength. For the underwater
cutting of stainless steel 80mm in thickness three times
more energy is required for plasma cutting than for arc
cutting using a consumable electrode and a water jet. In
the case of underwater plasma cutting, the thickness of
the sheet cut and the cutting speed decrease rapidly with
depth, while the results of arc cutting using a
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consumable electrode and a water jet are independent of
depth. Plasmatrons are supplied with a voltage several
times greater than the remaining equipment in
underwater cutting methods, and this significantly
increases the risk of underwater electrocution. In his
Paper published in Przeglad Spawalnictwa (No.2/1986),
Dr W Kalczyniski stated incorrectly that arc cutting
methods are not used underwater because of the low
cutting speed, and that the only method enabling steel
several tens of millimetres thickness to be cut
underwater was plasma cutting.
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