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SUMMARY

The construction of plants for the procuction of seamless tubes in the
developing ccuntries have to alloy on the one hand for later €Xpansion, and at
the same time be able to cope with a diversified programme. The present paper
shows that such demands can be met by push bench installations. Even when
compared with the mod - continuous tube mills, the modern push benches are by

all means an economic vroposition,

The working principle of the push bench is explained, A thick—walled,
thimble-like bottle is processed to a thin-walled shell by being slipped over

8 powered mandrel and Passed through several dies arranged in series,

After the Second World War the shell lengihs were raised from 6 to 14 m,

Such rates of progress were only possible as a result of a number of important

*¥ This js a summary of a paper issued under the game title ag ID/WG.14/45.

l/ The document ig presented as submitted, without re-editing,
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innovations, such as the introduction of roiler dies instead of annular dies,
increase of total elongation resulting from the inclusion of three-roll elongators

and new reeler techniques.

An arrangement diagram and soveral Pictures demonsirate the layouat of a
modern push bench plant. Also shown is a typical rolling programme as well ags the

plant output capacities and their present-day limits,.

A special analysis of the actual push bench process reveals possibilities
for the expansion of the process later on., A comparison of the maximum load-—
carrying capacities of the push bench end and the maximum push forces discloses
that the significance of the push bench end has been overrated in the past. The
result is the poseibility of producing still longer shells than have been usual to
date. Such a development will be necessary to enahle the overall output from this

process to be substantially improved,

By employing a stretch—reducing mill, in which all the desired final dimen-
sions are rolled down from the least possible number of initial dimensions, the
output is considerably influenced. In the process technology, based on pull, it
is an established fact that the head and tail pieces of the tubes go for scrap.
The output per cent can only be improved by extending the lengths of the initial

shells.,

If only the total output is tc¢ be considered, then preference is to be given
to the continuous tube mill, since shells of 22m in length can be rclled to this
process. The layout, the technology and the capacity of the continuous tube mill
is explained with the aid of arrangement diagrams, and compared with the distinc-

tive features of the conventional push bench,

A comparison of the performance figures of the tube push bench with those of
the continuous tube miil indicates the engineering prerequisites for the develop-

ment of a 19-metre push bench,

From a consideration of the force system balance arising during the push

process we arrive at ways for solving the problem. With the 21d of measured data

proof is given that the construction of a 19-metrs bench is possible in principle.
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For the planning of the 19-metre push bench there are two different solutions
available:

1. The combination of mill with oblique rolls, dishing press and
push bench.,

2. The cembination plercing press, 2 elongators and push bench,

Both these sclutions are possible in principle, Depending ou whatever scope
of duties is required, preference will be given to the one or other solution. A
modern 19-m push bank is demonstrated with the aid of an arrangement diagram,
This push bench is planned in such a way tnat it can be expanded in several stages,
a fact that is of special importance to developing countries, since installations

to operate there must have a built—in allowance for expansion.

While the continuous mill as single-purpose mill serves its purpose where
very high production targets are set, in the future the modern push bench will be

employed everywhere, where a high degree of flexibility is required as regards

the large size range and wide variety of material grades,
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Juet imagine, gentlemen, that tomorrow you had to build
the first seamless tube production plant in your oountry,
& country which is perhaps only on the threshold of

a8 substantial upward éoonom:c ewing.

Lo you think that at thie time you have 8uoh a clear
Plcture of the development trend of your market that
you can commit yourself unconditionally for Yeare in
advance se regards production volume and extent of the
programme?

If you purchase an inetallation whioh must be tailored

to suit your 8pecific needs, 8o as to be able to cverocome
the teshniocal and 8oonomic difficulties more easily,

you shculd nevertheless retain fiexibility for the future,
If the demand for seamless tutes were one day to incresase
subetantially or the emphasis shift more towards thick-
walled and/or high-alloy tubes, one must be able to

extend or modify the inetallation without high additional
investments being necessary. It would be embarrassing

if the process seleoted would not permit, for erxample,

& changeover to high-alloy steels. The possibility is

not too far-fetohed that one day vecause of excess capacities
in strip steel and oonsequent prioe reductionas for welded
tubes you would have to suddenly change over your produc-
tion of seamless tubea to ailoy &rades!

You will ask whether Suoh an ideal plant can be built.
We say that it oan.

See for yourself that modern push benoh inetallatione
have the flexibility Jou wish and are quite capable of
sompeting with the most modern high-produotion mills.



ID/WG.1k4 /45
Page 4

In the course of this paper you will hear about the
development of push benches over the last 17 years,
the most recent plans being compared with the results
obtained with coatinuous mills.

You can see the fundamental push bench process from

the first picture. The initial material is a rolled

or continucusly-cast billet of 8quare cross section

which ie heated in a furnace after being cut into

lengthe of about 1 metre and ir then pierced on a piercing
press to form a thimble-like bottle. During this

piercing process the cavities of the recipient arw

filled. After plercing, the bottle is slid over a

mandrel and passed through several diee/roller dies

in serles, forming the finished shall.

Before the Sezond World War 4$his classioal Erhardt
process couid be employed for producing shells with
8 maximum lerigth of 6 metres and maximum outside
diameter of 200 mm. The short lengths were the ocause
of unsatisfactory yieid.

Only after the Second World War were the weight of the
initial material and the shell length substantially
inoreased by & large number of improvements incorporated.
Whereas the first push benchee were built for shell
lengths of 10 metres, about the nilddle of the 1950's

1t was possible to produce shells 14 metres long. By
using an addixional elongator between plercing press

and push bench the billet weight was increased by about
30 £, In principle the eiongators were two or three-roll
mille with oblique rolls (Fig. 2). All rolle rotated

in the same sense and follow a helical path when rolling
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the bottle over a oylindrical rotating mandrel.

The el “uT'8 inoreased the length in the ratio of
1.511, tus Pash benoh proper in the ratio of 2011,
80 that tha 9tal or everall ratio of initial to
finiehed cross 8ections wes about 30u1,

As could already s mgon from the first Picture, the
firet push benches employed annular dies which were
later repluced by reller dles8, eincs a maximum surface
area reducticn of only 10 to 5 « could only be obtalned
with the annuler die. Moreover, it frequently cruasd
flaws {n +ihe outsr surfacse, Tre reduction Gotained
with the rollasyp dies is betweon 20 and 25 -, viae
permitting ths number of work - qies to Yo reduced
from 20 to 15, ALl the=s devei.pnents provided the
Deécessary vasis rav i predustion of shells baving
greava: lanpgtia.

The third piecture Jou Bee a roller die bed with
€weral roller dies, You can olearly ses the three
non-driven rolis. From roller die to roller die the
rolls are 8taggered by 185° 80 that the sigze 8teps are
bridged. 0n completion of the stretohing process the
shell 1is firmly shrunk onto the mandrel bar, and both
shell and mandrel bar have to be passed through a reeler
80 that the mandrel bar can be withdrawn, A modern
resler employs the Prinociple of ¢ nulti-roll straightening
machine {(Fig. 4).

What would be the ieyout of g modern push bench instal-
lation employing the mode of operation thus described?

Let us have a look at Fig. 5, on whioh an installation
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for maximum and minimum outeide diameters of 4" and
1/2" respeotively and & maximum furnaoe capacity of
45 tons/hr was planned.

The hot plant equipment, including the cocling be. =

not shown here - would require a total area of

15,000 square meires. The billets are divided into
lengths of about 1 metre by a cold shear designed for

a8 maximum shearing force of 1,400 tons. With this

shear one can divide billets having cross sections of

up to 190 x 190 mm and a maximum strength of 50 kg/mmz.
Higher alloyed grades have to be cold sawn. The billets
are charged into the rotary hearth furnace in a single row
or in multiple rows and heated to about 1,250 . Before
entering the pleroing press (5) they have to be sized
diagonally and are therefore passed through an ordinary
two-high stand with round passes. Accurave guiding

of the billets in the press container is absolutely
necessary. This may strongly influence the wall thickness
accuracy. A further factor whicn causes wall eccentricity
1s due to the critical L/D ratio being exceeded. This

is understood to mean the ratio of billet length L to

the mandrel diameter D. It is conceivable that the
diameter of the mandrel increases with increasing penetration
into the material. 1In practioce, certain limiting values
have been established which, when adhered to, enable

the necessary wall tolerances to be attained.

The induction reheating furnaoe (6) is not used in all
cases. It would be too expensive for ordinary oommercial
steels - and it is also not necessary. However, it has
given good service when dealing with high-alloy steels
because here in particular exaot rolling temperatures
have to be adhered to., 1In addition, it is a help when
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starting up again after troudble when the material was
not heated sufficiently.

By interpusing a three-roll elongator with oblique rolls
between Plercing press and push bench. the billet initial
weight was increased for the same finished dimensions,
since

1. the total elongation in the push dench installation
was increased,

2. the wall thicknees eccentricities of the bottles
8re reduced and a higher L/D ratio (7.0:1) can be
employed, also

3. larger Plercing punches an be used in the press
because of free internal Geformation.

After elongation, the bottle is transferred to the push
benck.,

On the positioning roller tadble it 18 cleaned of internal
scale and positioned eénd then passes through the push
bench. The shell is released from the mandrel bar in

the multi-roll reeler. After withdrawal, the mandrel
bar is returned to @ mandrel heating table.

Preoise heating of the mandrel to about 550 °¢ is imperative
for reliable functioning of the push bench process.

Before the shell enters the reheating furnace the head
and tail are cut off. After reheating to 1,000 °c the
shells are reduced to hot finished dimensions in a
multi-stand stretoh reduoing mill.

Let us again visualize the push bench process proper,
80 that later we oan better recognige the potential
available for expansion of push benoch irnstallations.
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Several roller dies have been entered in the roller

die bed in Fig. 6. The so-called arrangement diagram
serves for exact distribution of the work of deformation
during rack travel. You will see that at the beginning
only three roller dies are in use at the same time,
while towards the end up to seven are in use at the

same time. The push forces such as have been caloulated
and in many cases acotually measured are plotted beneath
the diagram. For a 90-mm mandrel bar they go up to a
maximum of 70 tons. The lower dashed line indicates

the force at which the end should theoretically be pene-
trated. The critical end load-carrying capacity can be
determined from the admissible shearing etress and

the shearing surfaces.

The fact that the end is nevertheless not penetrated

ghows that the full push force is not solely transmitted
via the end of the push bench. On the contrary, frictional
and olamping forces assist the pushing prooess. This

is one of the reasons for the mandrel bars having to be
preheated.

Mandrel bars are toole which have to be reconditioned
again at certain intervals. Reconditioning is carried
out at a temperature in the region of 850°0. The mandrel
bare are passed through a reeling machine until they .
are cold and a smooth surface has been formed. During
reeling, the diameter is reduced by about 0.3 mm. The
mandrel bars can normally be reconditioned about twelve
to fifteen times until the core becomes fatigued and
they have to be rejected.

After you have had an opportunity of familiarising yourselves
with the deformation process and material flow in push
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bench installations, let us have a look at the 8ize
ranges and the capacity of such inetallations.

Modern push benches employ mandrel bars having diametersg
ranging from 70 to 156 mm. The outside diameters are
obtained by adding the mandrel bar diameter and twige

the wall thickness. The most usual mandrel bar dismeters
are between 90 and 127 om.

The minimum wall thicknesses may be given as 2.6 mp to
3.2 mm, provided that small mandrel bers are used with
a8 maximum gige of 12 to 15 mm.

A typical mill sohedule is shown in Fig. 7. The initial
material is a billet measuring 150 x 150 mm and with

& maximum weight of 233 kg. The maximum sheel length
for this installation had been fixed at 14 metres,

With a wall thickness of 5 am the maximum initial weight
was reached. PFrom that point on, the shells became
shorter corresponding to the increasing weight per metre.

The output rate of 8uch installations 1s g maximum of
4.5 units per minute. Calculated over a period of one
month, 4 units per minute on the average bave already
been produced on a smaller installation.

The annual output of modern push bench installations

may be stated as being 125,000 tons. The economio ninimum
outpute are, of sourse, dependent on the market and on

the plant itself, They could be quoted as being about
40,000 tons per annunm,

The same information on produoction is summariged in the
form of a diagram in Fig. 8. We shall show this diagram
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several times, 8o as to be able to compare the various
push bench installations with the continuous trains.

The wall thickness is plotted on the X-axie, the shell
length on the Y-axis. The point at which the horizontal
curve becomes & hyperbola is the point at whioh the
maximum initial weight 1s attained.

The difference between the shell length for the conven-
tional push tench (14 metres) and for the continuous
traiin is subetantial. It makes iteelf direotly felt

by lower total yield, eince the reducing mill is supplied
with shorter initial shelle. The mean difference is
about 5 4. However, we cannot do without the degree of
reduction of the stretoh reducing mill, beocause the per-
formance and flexibility of the push bench are improved
by ite usee.

Stretch reducing mille as 7hown in Fig. 9 reduce the
outside diemeter by up to 75 %¥. When the size ise changed,
a few stands are removed and new finishing estands added.
Changeover time can be ocut to 5 minutee by means of
quick-change equipment. When the finiehed wall thick-
nees is changed, in many caaes the pase does not have

to be changed at all. 1t esufficee to vary the epeedes

and thus the pull within the permissible limits, to
produce a new finished wall thickneeses.

You will notice that the stands are very close together.

The onmpact design was chosen sBo as to keep the thickened
snde as short as possible. The principle of rolling ‘
with pull is the reason for the head and tail of the |
rolled produot being thickened in the wall thicknees.

Just imagine, gentlemen, you wish to test a bar to des-

V ;
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truction ir a tensile testing machine; at all points,
with the excention of the clamping points, you would
find necking had taken place. The same thing occurs
during rolling in the stretch reducing mill. The
length of the ‘hickened end is g function of the
reduction in diameter and wall thicknese ang of stand
spacing. PFor this reason one tries to design the
finiseh rolling mill as Compactly aes posesible. Since
the length of the thickened end is constant for a
given tube reduotion, the percentage yield can be ip-
creased only by increasing the initial pass length
Preceding the stretch reducing mill. This is why the
main aim of all seamless tube installations is to
produce longer initial shells for the stretch reducing
mill. And 1t 18 here that at the moment one of the
advantages of the c¢ontinuous tube train 18 to be found,

Pig. 10 shows the fundamental layout of a centinuous
tube mill. These high-output trains are suitable for
annual production rates of from 300 to a maximum of
400,000 tons. In simplified form one may imagine a
continuous tube mil} train as enploying the forming
process of the push bench in reversej; whereas the
mandrel bar of the push bench ie driven and the rolls
&re not driven, in the continuous tube train exactly
the opposite 18 the case,

The rolling mill 8Lown here needs an ares of about
22,000 square metres for the hot equipment. The 1initial
material is round billets which are hot flame scarfed

before entering the installation, They are neated to
about 1,250 9 in a 100-ton rotary hearth furnace,
centred in the centring machine (No. 4) and rolled
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into a thiok-walled shell in one of the two rotary
piercing mills (No. 6).

Shaping of the thick-walled shells is carried out
in a nine-stand oontinuous mill over a mandrel bar
whioh travels through with the stock.

The shell from the rotary piercing mill is held in

the shell entry guide until the mandrel bar has been
introduced. The shell and mandrel bar then enter the
firet stand together. The continuous stands (Fig. 11)
are arranged crosswiee. Ilain ehaping ie carried out
in the firet stands, while the last stande serve for
8izing and releasing the shells from the mandrel bar.
On completion of rolling, the mandrel bar is withdrawn
with a chain puller and is returned to the mandrel bar
coollng tank and grid. The shell is cropped at both
ends and then takes the same path ae already described
for the push bench.

The maximum diameter of the shells ies between 130 &nd
140 mm, their length abtout 22 petres, the wall thickness
- depending on mandrel diameter - being a mirimum of
3.25 to 3.75 and a maximum of 12 mm. The elongation
obtained in the oontinuocus mill overall ie about 15:1.

It 18 therefore 50% of that in the push bench.

Whereas rolling has to be carried out with relatively
high elongation (311; in the rotary pieroing mill, the
elongation in the continuous mill ie a maximum of S:i1.
Because¢ of the high degree of deformation in the rotary
piercing mill, the initial material has to meet more
stringent requirsments.

i o

r—
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Is 1t wortn developing other processes when such
8ood resuits are obtained with the continuous mil]
train? irough whioch cost factors can the reduced
Yield of the pueh bench be Compensated? Where are
its advantages aa compared with tne continuous mi1]19%

The initial material is not stressed so severely by

the Piercing precess on the push bench ag it is vy

the rotary Plercing mil1 or the continuouas mill train.
The cost of the initial materials for the push bench

is lower, this resulting from the quality, preparatior
énd form of the material . Moreover, high-alloy 8teels
can be dealt witp which would present great difficulties
in the continuous mil]. Finilly, the push bench can

be changed over more easily.

8 pPrecens 1o medun output which is equal to the con-
“lnstie mil1l,  Qup target, which we 8et ourselves three
years ago, was to inorease the shell length for the
push bench to 19 metres. If this were achieved, the
difference 1in the yield age Compared with the ocontinuous
2ill wculd be only 2.5 %. A low figure which oould be
compensated by other coet advantages,

The bottleneok in the push benoh process is pPleroing,
because in the present form a certain L/D ratio may not
be xceeded.

It, however, we were to depart from conventional plercing
Processes and feed the push bench with a longer initial
bottle than before (1.5 metres), the target set oould dbe
attained,
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The second prodblem consisted in fully testing the
entirely new initial pass conditions. Particularly

at the beginning of the push bench process the end of

the push bench is most strongly gressed. We did not
know how it would behave if we were to further increase
the degree of dsformation at the beginning. ‘e therefore
had to carefully study the method by which the push force
is transmi tted. The complicated processes are summarized
in Pig. 12 in simplified form. Merely one roll, which
reduces the wall thickness by an amount B8h, is shown.
The rolling force PR occurring acte on the mandrel bar
as a frictional force Pfdi and opposes the deforming
foroe PA‘ In addition, behind the pass clamping foroces
PKli are produced which only dissppear on the way to

the following roller dies. The formula shows that forces
are mainly transmitted via the friction and clamping
forces. Only a fraction passes tarough the push bench
end and the wall of the bottle. Observing continuoue
operation we established that only in the firet passes
did penetration sometimes occur. Onoce these had taken
place, tearingsof the wall at the most - but no bottom
penetrations - were noticed,

Such observations clearly showed that the problem of
push bench shells 19 metres long could be solved by
revising the arrangement diagram for the first stands.
These investigations served as preparation for dbuilding
a 19-netre push bench.

With the new push bench process we start with a bottle
2.7 metres long, to produce a shell 19 metres long on
the push bench. Partioularly for the large wall thick-
nesses, the difference between this concept and the con-

RS N NN b s k15 e
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tinuous m1ll was only 15 %, There are a number of ways
of rolling the larger bottles preceding the push benoh;

One can - ither

increass the elongation produced by the

three-roll elongator by a second pass,
while retaining the classical method

Or

Plerce round billets in a two or three-roll
rotary piercing mill to form thick-walled
bottles of any length,

Both methode are possible in principle. Before rolling
in the rotary plercing mill t. . open end of the bottle
must be preseed shut before insertion into the push

bench, so that the push force can be transmitted via

this cullar during the pass. The bottle is pressed shut
in a dishing Jdevice as shown 1in Fig. 13, Tnis consists

L oson-4driven rolls arranged at an angle of 459, The
rolls are sized so that when the tool rotates a paraboliec
rotation body is formed. While the machine is fed forward
the front end of the bottls 18 closed,

A8 may be seen fronm Pig. 8, 1t ise completely irrelevant
whioch of the two processes is chosen for producing the
shell 19 metres long. Other factors, such as the nature,
preparation and cost of the initial material - and the
ability to shape high-alloy steels -~ are decisive for
the piercing process used previously,

In two-year trials and tests we have investigated the
loads on the push benoches and the foroe system balanoe
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of the push bench mandrel bar, soc as to obtain the

basis for the 19-metre push bank procees. What we had
earljer anticipated from operating experience was now
confirmed by measured data. PFig. 14 plots the push

bench end loading as & function of the number of passes.

It oan clearly be discerned that the loading on the

end of the push bench is reduced after only the first

few stands have veen passed through. Theoreticaily,

after the seventhatand the process could have been performed
without push bench end.

Since the arrangement diagrams for 19-metre push bench
shells only differ at the beginning from conventional
arrangement disgrams, we have concentrated only on these
in further investigations. By elongating twice in the
three~-roll stretch reduction mill we produced bottles
which were iden%ical with those of the 19-metre push
bench. With this material we produced shells 10.7 metres
long with a wall thickness of 5.5 mm. It was not tech-
nically poseibdle to produce on the push bench a tube 19
metres long, since increased rack travel would have been
necessary to do this.

From the knowledge gained through the tests and trials
we can today say that development of the 19-metre push
benchos is complete and can be realiged in the future.

Pig. 15 shows the fundamental layout of a tube push bench
installation for tubes 19 metres long. Merely the pieroing
process has been modified, the layout being otherwise

the eame 1in principle as the conventional push bench. The
material coming from the rotary hearth furnace is first
precentred in a centring machine (3) and then pierced

tc form a thick-walled bottle in the rotary piercing miil.

I TR R
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After piercing, the one end has to be closed by dishing;
for thie purpose the mandrel bar is introduced and the
stock dished on the mandrel bar., The latter is intro-
duced next to the push bench so as to reduce push bench
idle time, Owing to the longer travel of ine rack, the
output of units per minute is reduced for certain, byt
the rate of production 08n nevertheless be raised by such
& process. Compared with a oonventional with an annual
production rate of 125,000 tons, a 19-metre push bench
would be able to produoce 250,000 tons per year of the
same 1imensions. The investment costs referred to year
tons are thuse comparable with those for the oontinuous
tube mill.

In the same way, the oonventional plant could bdbe planned
for 19-metre shells. Inetead of the rotary piercing mill
there would be 1 Plercing prees with two elongators.

If the return stroke of the rack were also to be utilizead
by having the push dench working with two die heds in
parallel, a substantial further production increase could
be obtained.

This course has only been coneidered theoretically, It
ie mentioned s0 ne to make clear the development potential
in the more distant future.

Push bench installations can be Planned so that an increase
in output can be realiged quite easily in one or two phases,
For example, one could start with g 8imple installation
consisting only of plercing press and push bdench. At a
later date the elongators could be added and the raock stroke
inoreased. You would thus buy a large-scale installation

in instalmente.
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Installations for the production of siamless tubes in
developing countries should be designed for growth.
They must be flexible enough t¢ deal with a large size
range and a ocomprehensive varliety of material grades.
In the push bench you find a process whioch meets these
requiremonts. The ocontinuous tube mill will find 1ite
place where a eingle-purpose facility is needed for
very high produotion rates.

e e e
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i
Figure 2 ;
Three-roll elongator
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Figgge 3

Die bed of & push bench with
roller dies installed

B Tw T —
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Figure

Mode of operation of a new reeler
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Figgge 9

Twentx-four-stand elongator with i

ndividual electric drive
and quick-change st

and equipment
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Figure 11

stand continuous rolling mill viewed from
the delivery side "
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Figure 12

Transmission of push forces
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