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APPARATUS AND METHOD FOR RAI SI NG AND LOWERI NG A PI STON I N A PI STON- CYLI NDER
ARRANGEMENT I N A DERRI CK The present invention relates to an
apparatus for a derrick, conprising two or noriée hydraulic

pi ston/ cyl i ndgsq &y gerrents for raising and |owering a pEaiNdobézed
travel s on guide rai in the derrick itself, where two or nore wire

lines are 10 strung over sheaves rotatably attached to the yoke, said
wire lines being at one end attached to the top drive and at t he ot her
end to an attachnment point adjacent to a drill floor, said two or nore
wire lines being run in tw sets of | ines, the attachnment points of
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The present invention relates to an apparatus for a derrick,
comprising two or more hydraulic piston/cylinder arrangements
for raising and lowering a yoke which travels on guide rails
in the derrick itself, where two or more wire lines are
10 strung over sheaves rotatably attached to the yoke, said
wire lines being at one end attached to the top drive and at
the other end to an attachment point adjacent to a drill
floor, said two or more wire lines being run in two sets of
lines, the attachment points of which are spaced apart.
15
A derrick structure, developed by the present inventor in
1987, that has shown great promise is the RamRigT™™ concept.
Two or more hydraulic'piston/cylinder' arrangements are used
in the derrick for raising and lowering the drill string.
# The cylinders operate between the drill floor and a yoke
which travels on guide rails in the derrick itself. The
advantages of this concept are numerous, some of the most
important being that it is possible to place the drill floor
at a higher level than the platform floor, that a derrick
% having significantly lower air resistance can be constructed,
and that the most expensive components of the derrick attain
higher safety and a longer lifetime.

Since it is possible to position the drill floor higher than
% the platform floor, pipe handling is significantly sim-
plified. There is no longer any need to arrange the pipe
handling equipment at a high level in the derrick. All pipe

handling equipment can be placed on the platform floor and
the drill floor.
35

The object of the present invention is to solve important,
practical problems in the realization of the RamRigI™



198~7, that has shown great promse is the RanRig[err] concept. Two or

nore hydraulic piston/cylinder arrangenents are used ~ in the derrick for
rai sSing and lowering the drill string. 20 The cylinders operate between the
drill floor and a yoke which travels on guide rails in the derrick
itself. The advant ages of this concept are nunerous, sone of the nost

| nportant bWORY/28MWAt it is possible to place the drill fl SGINOW%/NY2IM, |y gher
| evel than the platformfloor, that a derrick 25 having significantly | ower
air resistance can be constructed, and, t hat the nobst expensive
components of the derrick attain hi gh safety and a |longer lifetine.
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| evel in the dbrsdlosedAcllaijm pk. handl i ng equi pnment can be placed on the
pl atform fl oor and the drill floor. 35 The object of the present

invention is tQ so|lve i nportekrl , racti (‘ial problens in the realization
of the Rangi g[’g}q]invention w now be explained in greater detail with

reference to the enclosed drawings, where
Figure 1 shows a RamR:lgm derrick in every essential detail;

i Figure 2 shows the derrick schematically, viewed from the
side;

Figure 8 shows the derrick schematically, viewed from the
front, with the top drive in its lowest position;
15 :
Figure 4 shows the derrick schematically, viewed from the
front, with the top drive in its highest position;

Figures 5 - 13 show the drive means of the piston/cylinder
% arrangements in various modes of operation.

Figure 1 shows a derrick 1 positioned on a drill floor 2.
The drill floor is positioned at a higher level than the
platform floor 3, so that the pipe handling equipment 4 can

5 be placed, in the main, between the platform floor 3 and the
drill floor 2. The derrick 1 is substantially gantry-shaped,
with gantry legs 5." 6. Guide rails 7 for a yoke 8 and a top-
drive 9 run along each gantry leg 5, 6. Bydraulic piston/cyl-
inder arrangements 10, 11 are positioned so that they extend

30 along each gantry leg 5, 6 and operate between the drill
floor 2 and the yoke 8, for moving the yoke 8 vertically
along the guide rails 7.

The yoke 8 is provided with a plurality of sheaves 12, pre-
3%  ferably four, for running wire lines 13. The wire lines 13
run from the drill floor 2 along each gantry leg 5, 6, over
the sheaves 12 and down to the top drive g, By retracting and
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2 concept. This object is achieved by neans of the features appar ent
fromthe characterizing clause of the subsequently di scl osed claim 1.

5 The invention will now be explained in greater detail with reference
to the encl osed gﬁﬁgings, wher e Figure 1 shows a Ranficghesosoxderri ck
In every ess& Y etail; 10 Figure 2 shows the derrick schematically,
viewed fromthe - si de; Figure 3 shows the derrick schematically,
viewed fromthe front, with the top drigrze in its |lowest position; 15

Figure 4 shows the derrick schematically, viewed fromthe
extending the piston/cylinder arrangement 10, 11, it is thus

possible to raise and lower the top drive 9.

In Figures 2, 3 and 4, the function of the 1lift system is

5 seen most clearly. In Figures 2 and 3, the piston/cylinder
arrangement 10, 11 1is shown in =a completely retracted
condition. The top drive 9 is then in its lowest position,
quite close to the drill floor. The yoke 8 is at the upper
~end of the piston/cylinder arrangement.

10
When the pistons in the piston/cylinder arrangement are
extended, the yoke 8 1s lifted along the guide rails 7 up to
the top of the derrick 1. The top drive is then lifted, as a
result of the exchange created by the wire lines 13 being run

5 over the sheaves 12, from 1ts position adjacent to the drill
floor 2 to a position directly below the yoke 8. The height
to which the top drive 9 is lifted is thus the double of that
to which the yoke 8 is 1lifted.

2 There may, for example, be as much as eight wire lines 13
arranged in the 1ift means described above, where two and two
are strung in their own separate tracks over the same sheave
12. Four sheaves are arranged in pairs at each end of the
yoke 8. The wire lines 13 are thus arranged in two sets 13a

% and 13b, extending from attachment points 14a and 14b at the
drill floor 2, over the sheaves 12 and down to the top drive
9. The attachment points 14a and 14b are horizontally spaced

apart by a distance approximately like the length of the yoke
8.
30

In Figure 5 the piston/cylinder arrangements 10, 11 are
schematically 1llustrated. Here the yoke 8 is also shown,
together with the sheaves 12 and the top drive 9. The drill
floor 2 1s also indicated. From the drill floor 2 each of the

35 wire lines 13 runs over 1its own sheave 12 and down to the
top drive 9.



fro'nt, with the top drive in its highest position; Figures 5 - 13
show the drive neans of the piston/cylinder 20 arrangenents in various

"nodes of operation. Figure 1 shows a derrick 1 positioned on a drill
floor 2. The drill floor is positioned at a higher level than the
platformfloor 3, so that the pipe handling equi pnent 4 can 25 be pl aced,
in the mai nwossnsmeen the platformfloor 3 and the dri PCTNOSEPO2NR  The
derrick 1 is substantially gantry-shaped, with gantry legs 5, 6. Guide
rails 7 for a yoke 8 and a top- drive 9 run along each gantry leg 5, 6.
Hydraul i c piston/cyl - i nder arrangenerfs 10 11 are positioned so that

t hey extend 3Q,al on C niry leg 5 6 and bet wee | I I
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piston 21 divides the cylinder into two chambers, a lower
chamber 23 and an upper chamber 24. The lower chamber 23 is
circular/cylindrical and only delimited by the walls of the
cylinder 20 and the lower end surface 25 of the piston 21.
The upper chamber 24 is also delimited by the walls of the

10 cylinder 20, but is in addition delimited by the piston rod
- 22 and the upper annular surface 26 of the piston 21. It
will thus be seen that hydraulic fluid in the lower chamber

23 has a larger operating surface with respect to the piston

21 than hydraullic fluid in the upper chamber 24, since the

15 lower end surface 25 of the piston is largér than its upper
annular surface 26.

The drive system which is here generally designated by
reference numeral 30, consists of a reservoir 31, a feed pump
32 driven by a motor 33, one or more main pumps 34 driven by
one or more motors 35, a control valve 36, an accumulator/-
valve plate 37, a cylinder valve 38 for each cylinder 20,

one or more accumulators 39 and one or more pressure tanks
40.

20

From each side of the main pumps 34 lines 41, respectively
42, lead to a separate port a, b for each, in the control
valve 36, A l1line 43 leads from the reservoir 31, via the
feed pump 38 to a third port c¢ in the control valve 36. Fron
50 a fourth port d in the control valve 36 a line 44 leads to
the accumulator/valve plate 37. From a fifth port e in the
control valve 36 a 1line 45 leads w}ia a ramification 46,
where the line 45 branches so as to create one line for each
cylinder 20 leading into a port f in each cylinder valve 38.
35 . The 1line 44 which 1leads into a port g in the accumula-
tor/valve plate 37, splits here into branches which lead from
a number of ports h to the control valve 38 of each cylinder
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3 extendi ng the piston/cylinder arrangenent 10, 11, it is thus
possible to raise and | ower the top drive 9. In Figures 2, 3 and 4,
the function of the lift systemis 5 seen nost clearly. In Figures 2 and

3, the pi storl{,@%h%}g&er arrangenent 10, 11 is shown in ap&ERRHIcRbRY
I"C1 on.

retracted The top drive 9 is then in its | owest position,
quite close to the drill floor. The yoke 8 is at the upper end of the
pi ston/cyl i nder arrangenent. When thegpistons in the piston/cylinder
arrangenment are extended, the yoke 8 is lifted along the guide rails 7
up to the tgp ohtéhe plaﬁriiclfol- chlodR coptrbl Waaliveé BBenThef AecumAnrtars

result of jthe CYGhapgechriaia Wb Wi Wbbhpidih VVE' Biatyied YA Jorkl®

sheaves 12, fro S p03| cent 1o
posi tion direct By b@oWEﬁeb?olé@@Psﬂﬁ'@dhe‘mgﬁt bOth ports h and ports }

respectively may represent a plurality of ports or optionally

5 one port branching outside the accumulator/valve plate 37.
The accumulators 39 are connected to the pressure tanks 40
via a line 47.

A 1line 48, connected with the upper chamber 24 of the

10 cylinder 20, extends from a port k¥ in each cylinder valve 38.
From a port 1 in each cylinder valve a line 49 leads to the
chamber 23 of the cylinder 20. A line 50 connects ports m in
each cylinder valve 38.

1 Now, since the construction of the drive means 30 of the
plston/cylinder arrangements 10, 11 has been explained, the
mode of operation of this drive means 30 shall be explained
by means of Figures § - 13, as follows.

2 In Figure 5§, the piston/cylinder arrangements 10, 11 are in a
locked position. The main pump 34 is set for zero dis-
placement volume, and the connection between the ports k and
the ports f and i 1s closed. Thus, there is no flow of
hydraulic fluid in the system. .

5
In figure 6 the plston/cylinder arrangements are extended
for maximum thrust power, but at low velocity. XNow the
displacement volume of the main pump 34 is adjusted so that
hydraulic fluid flows from the reservoir 31, via the feed

30 pump 32 and the line 43, in through the port ¢ in the
control valve 86, out through the port b, through the line 42
via the main pump 34 and the line 41 to port a of the
control valve 36, out through the port e, via the line 44 to
port g of the accumulator valve plate and from this via the

3 ports h to the ports i in the cylinder valves 38 and further
out through the ports 1 and the lines 49 to the chamber 23 of
the cylinder 20. Hydraulic fluid, displaced from the chamber



to which the top drive 9 is lifted is thus the double of that to which
.the yoke 8 is lifted. 20 There may, for exanple, be as nmuch as eight wire
linées 13 arranged in the Iift neans descri bed above, where two and two
are strung in their own separate tracks over the sane sheave 12. Four

sheaves are arranged in pairs at each end of the yoke g%% y"re i nes
13 are thusv@pPt2dfed in two sets 13a 25 and 13b, extendin B Pachnent

poi nts l1l4a and 14b at the drill floor 2, over the sheaves 12 and down
to the top drive 9. The attachment points 14a and 14b are horizontally
spaced apart by a distance approxi mat & y like the length of the yoke
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5 of the cylinder valves 38 1is open, however, in order to
ensure that there is equal pressure on the underside 25 of
the pistons 21. In this mode the piston/cylinder arrange-
ments 10, 11 would be extended at a comparatively 1low
velocity, but wi’;h a relatively high thrust power.

10
In Figure 7 =another mode is shown which, with respect to
hydraulic fluid circulation, is quite in accordance with the
mode shown in figure 6. However, here the ports J in the
accumulator valve plate 37 have been opened up so that the

15  accumulators 39, which are influenced by pressure from
pressure tanks 4 via the line 47, increase the pressure in
the hydraulic fluid which flows through the line 44 to the
lower chambher 23 of the cylinders 20. The velocity of the
pistons 21 1s then somewhat Iincreased at the same time as

2 the thrust power 1s maintained at & high level.

In Figure 8 a mode is shown where the travelling speed of the
pistons 21 has been further increased. At the same time the
thrust force 1is reduced. This mode is thus well suited for
s raising the unloaded top drive 9. In this mode the connection
is opened between the ports 1, k, 1 and m in the control
valves 38, so that the lower chamber 23 and the upper
chamber 24 of the cylinders 20 are short circuited. Hence,
the hydraulic pressure acts on a differentlial area which is
3 equal to the difference between the area of the underside 25
of the piston 21 and the top side 26 of the piston 21, i.e.,
the cross-sectional area of the piston rod 22. Thus the
piston 21 obtalns a greater 1travelling speed at the same
hydraulic pressure. In this mode the ports J in the accumula-

% tor valve plate 37 are closed so that the accumulators 39 do
not functiom.



PCT/ NC96/ 00294 WO 97/ 23706 4 Each

pi ston/ cyli nder arrangenent 10, 11 consists of a cylinder and a piston
21 having a piston rod 22. The cylinder 20 is at one end attached to
the drill floor 2, whereas the piston rod 22 is attached to the yoke 8.
The 5 piston ?)]9 ﬂ%ﬁ%des the cylinder into two chanbers, a bgpRbosmozssnanber
23 and an uppg’ & er 24. The | ower chanber 23 is circular/cylindrical
and only delimted by the walls of the cylinder 20 and the | ower end
surface 25 of the piston 21. The upper chanber 24 is also delimted by

the walls of the 10 cylinder 20, but is in addition delimted by the piston
rod 22 and t hinuppgureanhubafusthérncmo®® b$ shewp) swhmre2lthe [ports vj | ¢f

thus be seen t ha{:h@)’%&\i&nﬁf&.{&“i Gd1vel N1hWeZ7C hﬁ@eror?eﬁeas £8S thatar
operating surface wt resgegh to the piston . 21 tha gdraullc fluk I N
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reservoir 31, a oSSg #nghis mode, although this is not shown here. In this

mode, the travelling speed of the piston 21 will be further
increased because of the increased pressure in the line 44.
The thrust force will still be comparatively low, however.

10
In Figure 10 there 1s shown a lowering mode at maximum load
and controlled speed. The main pump 34 1s now readjusted so
that the hydraulic fluid flows into the pump through the
line 41 and out of the pump through the line 42. 1In this

5 case the connection between the ports k of the lines 48 in
the cylinder valves 38 and the port f of the line 45 in the
cylinder valves 38 is open so that the hydraulic fluid flows
into the upper chamber 24 of the cylinder. At the same time
the connection between the port 1 and the port i1 in the

2 cylinder valves 38 1s open so that the hydraulic fluid in
chamber 23 of the cylinder 20 flows out in the line 44. A
part of the hydraulic fluid will flow back to the reservoir
31 for the very reason that the chamber 24 of the cylinder 20
has a smaller cross sectional area than the chamber 23.

In Figure 11 a lowering mode is shown where the lowering is
carried out at up to maximum load and up to maximum velocity.
Bere the ports f, 1, k and 1 in the cylinder valves 38 are
connected with each other. Thus hydraulic fluid can freely
53 flow out of the chamber 23 of the cylinder 20. Some of this
fluid will flow back to the cylinder and into the chamber 24,
whereas the remainder will flow through the lines 44 and 45
and further, to the reservoir 3i. The lowering speed can de
controlled to a certain degree by means of the main pump 34,
35 but because of the fact that the connection between the
cylinder valves 38 and the reservoir 31 via the line 45 is
completely open, it will be expedient to control the lowering



20 32 driven by a notor 33, one or nore nain punps 34 driven by one or

_nore notors 35, a control valve 36, an accunul ator/- valve plate 37, a
cyl t nder valve 38 for each cylinder 20, one or nore accunul ators 39 and
one or nore pressure tanks 40. 25 From each side of the main punps
34 lines 41, respectively 42, lead to a separate port_a, b for each, in

t he” controlwo9723vasl ve 36. A line 43 |l eads fromthe reser‘fﬁﬂ"?' %@0{9% a the
feed punp 38 to a third port ¢ in the control valve 36. From30 a fourth
port d in the control valve 36 a line 44 | eads to t he accunul at or/val ve
pl ate 37. Fron1a fifth port e in the &ntrol  valve 36 a line 45 | eads
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if the need should arise.

Figure 12 shows a mode of operation where constant load is
maintained during the movement of the piston/cylinder
arrangements 10, 11i. This mode is used, for exemple, for the
" drilling itself. In this mode the fluid flow goes back and
forth in the system, and the displacement volume of the main
pump 384 is adjusted in both directions in accordance with
signals given from a load distributor (mot shown). The
connection between the ports f and k in the cylinder valve 38
5 is open, as is the connection between the ports i and 1. The
hydraulic fluid thus flows betiween the main pump 34 and the
cylinder valve 38 via the line 44 and the line 45, respec-
tively. The directions of the flow of fluid in these two
lines will at all times be opposite to each other. A certain
L exchange of hydraulic fluid with the reservoir 31 will also
occur, since the cross-sectional areas of the lower chamber

23 of the cylinder 20 and of the upper chamher 24 are
different. '

% Figure 13 shows a similar mode of operation, where the
purpose 1s to maintain a constant load while the pistons 21
are mnoved. In this mode, however, a greater velocity is
achieved with respect to the travel of the piston. The port
f in the valve 38 is now closed, so that there no longer will

3. be any fluid flow in the line 45. The ports i, k and 1 in
the cylinder valve 38 are connected with each other, however.
Thus, in the same manner as in the mode according to Figure
9, the area of piston 21 activity will be the differential
area between the area of the lower surface 25 of the piston

» and the area of the upper annular surface 26 of the piston.
This corresponds to the cross-sectional area of the piston



5 20 Into a port 1 for each control valve 36. The accunul ators 39
‘are connected to the accunul ator valve plate 37 via ports J. It nust be
undérstood that both ports h and ports J respectively nmay represent a
plurality of ports or optionally 5 one port branching outside the

accumnul ator/&ad%gs%ate 37. The accunul ators 39 are conmpreriNo®60@294 he
pressure tanks : via a line 47. A line 48, connected with the
upper chanber 24 of the 10 cylinder 20, extends froma port k in each
cylinder valve 38. Froma port 1 in each cylinder valve a line 49 |eads
to the chanmber 23 of the cylinder 20. A line 50 connects ports min
each cylinder vapde238.A fasdeRomoveiofcthenhPlsdnst Rc¥lbh Bien he @dtedneRans

30 of the Pe6&R N £ WhieN@pes i NG et Sydfem 1t Rashiegea £xpl ai ned, the
node of operation of this drive nmeans 30 shall be expl ai ned by means of
Figures 5 - 13, as follows. 20 In Figure 5, the piston/cylinder
arrangements 10Even hough athe usgcked pbrs t pSAIYHREIGIS n3BuntP 3PTPYidet

for zero dis- increased pressure in the system has been shown in only a few
of the modes shown in Figures 5-9, it must nevertheless be
understood that the accumulators may be used in any one of
the modes shown, for increasing the pressure 1in the system
and thus increase either the velocity of the piston movement,
1t  the force by which the piston 21 is moved or both. In the
lowering of the pistons 21, it will be expedient to open the
ports J in the accumulator valve plate 37 in order to
transfer some "of the pressure created hereby into the
accumulators 39, which thereby charge the pressure tanks 40
% via the line 47. Hence, 1t will be ensured that there 1is
extra power available from the accumulators 39 when this is
needed. Even in the modes for constant loads it may be
expedient to use the accumulators 39.

20

30

35



pl acement volune, and the connection between the ports k and the ports

f and i is closed. Thus, .there ( ydraulic fluid in the
system 25 In figure 6 the piston/cyli. rangenents are extended
for maxi mum thrust power, but aﬂl“ﬂlﬂﬂlﬁjﬂﬂﬂ\ﬂi"lﬁﬁw t he di spl acement

volume of the main punp 34 is adjIFeed IO, . hydraulic fluid flows

fromthe remaomsr631, via the feed 30 punp 32 and the |i RETAPPRMY Ky ough

the port ¢ in the control valve 36, out through the port b, through the
line 42 via the main punp 34 and the |line 41 to port a of the

control valve 36, out through the port e, Wiathe line 44 to port g of
t he accunulato§a¥§hy%gghgge and fromthis via the 35 ports h to the ports
in the cylind and further out through the ports 1 and the
lines 49 to the chanber 23 of the cylinder 20. Hydraulic fluid,

di spl aced fromthe chanber WD 97/ 23706

PCT/NC96/00294An apparatus for a derrick, comprising two or more hydraulic

5 piston/cylinder arrangements (10, 11) for raising and
lowering a yoke (8) which travels on guide rails (7) in the
derrick itself, a hydraulic system (30) for operation of the
piston/cylinder arrangements (10, 11), where the hydraulic
system comprises at least one main pump (34), having inlet

10 and outlet ports for supplying hydraulic fluid pressure to
the piston/cylinder arrangements (10, 11), cylinders (20),
valves (36, 37, 38) for control of hydraulic pressure to a
lower cylinder chamber (23) and an upper cylinder chamber
(24), respectively, 1located in the cylinder (20), saild

15 chambers (23, 24) being separated by a piston (21) which, via
a piston rod (22), is connected to the yoke (8), the surface
of the piston (21) facing the chamber (23) being different
from the surface of the piston (21) facing the chamber (28),
characterilized 1 n that at least one of the

2 valves is a cylinder control valve (38) which is adapted to
open and close the connection between ports (f, i, k, 1) in

the valve (38) so a&s, in various modes of operation,
establish connection between

s (1) the chamber (23, 24) of the cylinder (20) and the
outlet, respectively the inlet, port of the main pump (34)
for normal raising and lowering of the yoke (8),

(2) the chambers (23, 24) of the cylinder (20), between
3 sald chambers and the inlet port in the main pump (34),

and, optionally, directly between said chambers and a

reservoir (31), for rapid lowering of the yoke (8), or

(3) the chambers (23, 24) of the cylinder (20), and
3 between said chambers and the outlet port of the main pump
for rapid raising of the yoke (8).
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6 24 of the cylinder 20, flows via the lines 48, via the cylinder
.valves 38 and the line 45 back to the ¢ ve 36 and mai n punp 34.
The-ports j in the accunul ator val ve plate 37 are closed. The

connection 50 between the portfmnmlmmmmﬂ”mnder val ves 38 is open,
however, in wéig.;m;‘{g ensur e ual pressur eCIMNG9ke0294
underside 2570 he pistons 21.° |h thi § mdde the pi ston/ cyl i nder
arr ange- ments 10, 11 woul d be extended at a conparatively | ow
velocity, but with a relatively high thrusttipower. 10 In Figure 7
anot her node is shown which, with respect to hydraulic fluid
circulation, is2quite in accordance with the node shown in figure 6.

However, here tjg Hdratusi cédi@iing tacelguhat or valve plate 37 have been
et oo n B pl AW A %Yo §p »h' ot e HyHrIECdye bin

pressure from Es&ue T ankKs via the I VESEUr
in t he hydr&awccpmnrusqml @neﬂmvsmpnﬁommﬁéatm 4@90@ tvmeich amwer

Cham\,)\ﬁr 23 of theaphed mraoaﬂectwiewethgehénme t(aq ) formy?dxfﬁiﬁﬁlfllﬁiﬂgen
2 high Ievel 168afte 't i ohelCoRinter | (20, AhFTharEHE redih N BT LHE
speed of the piptenor@1li H’% pedarft uya herovm eg3spa Rtreﬁﬁléi‘gan@tlthﬁ

t he thrust taaeeer (239Jusedindthithepdetos (IWp nowek sasterd, for 25
rai sing the unloaded top drive 9. In this node the connection
w g, '

An apparatus according to claim 2,
characteriized {n that the accumulators (39)
are adapted for comnection with the 1line (44) during the
lowering of the piston (21), so that hydraulic pressure

15 generated in the lower chamber wlll charge the accumulators
(39).

4,
An apparatus according to claims 1, 2 or 3,

2 characterized 1n that the cylinder control
valve (38) comprises a first port (f) for coupling to a line
(45) for transport of hydraulic fluid to and from one side of
the main pump (34), a second port (i) for coupling to a line

- {(44) for transport of hydraulic fluid to and from the other

% side of the main pump (34), a third port (k) for coupling to
a line (48) for transport of hydraulic fluid to and from the
upper chamber (24) and a fourth port (1) for coupling to a
line (49) for transport of hydraulic fluid to and from the
lower chamber (23); that during normal raising and lowering

32 of the piston (21) the first port (f) is connected with the
third port (k) and the second port (1) is connected with the
fourth port (1): and that during rapid raising or lowering,
the third port (k) and the fourth port (1), and the first

port (f) and/or the second port 1) are connected with each
35 other.



I s opened between the ports 1, k, 1 and min the control val ves 38, so

that the | ower chanber 23 and the upper ————chamber 24 of the cylinders 20
are short circuited. Hence, ressure acts on a :
differential area which is 30 mnm’,’nnumMHn!ﬂer ence between the area of
t he. undersi de 25 of the plstOn 21 p side 26 of the | ston 21,
i.e., t WO XUREWE - sectional area of the piston rod 22. QB

pi ston 21 obtains a greater travelling speed at the same hydraullc
pressure. In this node the ports j in the gccunula- 35 tor valve plate 37
are closed so that the accunul ators 39 do not function. WO
97/ 23706 5. PCT/ NO96/ 00294

7 ~In Figure a further node is shown, where the ports j of t he

accumul at or vaﬂ“i/é‘p@aﬁ%u?,ﬁ%‘i%"d&ﬁ&]é& elgim 4o ¢ he accumul at ors 39
supply an addi¢ilonal rperessttre mtozhe dinen that the cylinder control

valve (38) also comprises a fifth port (m) which is adapted
5 to be connected with a corresponding port (m) in another or
in a plurality of other c¢ylinder control valve(s) (38) via a
line (50) and further is unrestricted in connection with the
fourth port (1) so as to provide the possibility of equali-

zing the pressure differences between the lower chambers {23)
® of the various cylinders (20).

b.

An apparatus according to claims 5 or 6,

characterized iIn that the connection between
5  the line (49), extending from the lower chamber (23) and the

line (44), leading to the other side of the main pump (34)
comprises a throttle (51).

7.

a A method for raising and lowering a piston (21) in two or
more piston-cylinder arrangements (10, 11) for the purpose of
raising and lovering a yoke (8) which travels on guide rails
(7) in a derrick, | )
characterized 1n that for normal raising or

5 lowering of the piston (21), the lower cylinder chamber (23)
of the piston/cylinder arrangements (10, 11) 1is connected
with a first side of a main pump (34), whereas the upper
cylinder chamber (24) of the of the piston/cylinder arrange-
ments (10, 11) is connected with the other side of the pump:

3 that for rapid raising of the piston (21) the lower chamber
and the upper chamber (23, 24) are connected with each other
and with the outlet side of the main pump (34); and that for
rapid lowering of the piston {21) the lower chamber and the
upper chamber (23, 24) are connected with each other and with

5 the inlet side of the main pump (34) and/or directly with a
reservoir (31).



44. As in Figure 8, the connection between ports i, 'k and 1 5 in the
cylinder valves 38 is open. The ports m may al so be open in this node,

al t hough this is not shown here. the travelling speed of
the piston 21 wll be further w“ MS““”“N e of the increased
pressure in taﬁﬁkbgﬁﬁ - The t t tforceswill still bepepnpagmbssvel y

| ow, however In Figure 10 there is shown a | owering node at maxi num
| oad and controll ed speed. The main punp 34 is now readjusted so

that the hydraulic fluid flows into the punmpgthrough the line 41 and
out of the punp through the |ine 42. In this 15 case the connection
between the por®8 k of the lines 48 in the cylinder valves 38 and the

port f of the |uﬂﬁe4ﬁoarh638%din eyléged wal ves 38 is open so that the
hydraulic fluid f ﬁgqﬁr chan%gr 24 of the cylinder, At the
e 1ot thay

sane time tﬁéhcﬁnﬁé%t?(ﬁ1eb§tﬁeﬁ nOn¢ 1RF J9Fe” perpmpiators
cylinder val ves (39)i sremlaced tthaconmectialr ailthc the ulavém chambeha(®®)} 28 of

i o i 1111 ow LERey, ¥ dftreipreetnd ! durdng wliaiding QLM plton
chamber 24 of tﬂgﬁéylPﬂﬁeggﬁﬁ he qﬁﬁ?qgl§ﬁﬁffe?£%$cﬁﬁfxs EPPSH FdaYiiktWﬂfh
t he chanber 23. Id¥er chambgi &33 during ot ileyemdug of Sheowdskoar £21 hefor
| owering is Giirgifg ond éﬁcdhglggopgxlnuntload and up to nmaxi num

vel ocity. Her e the ports f, i, kand | in the cylinder valves 38 are
connected with each other. Thus hydraulic fluid can freely 30 fl ow out of
t he chanber 23 of the cylinder 20. Sone of this fluid will flow back to

the cylinder and into the chanber 24,

15

30

3



whereas the remainder will flow through the lines 44 and 45 and

further, to the reservoir 31. The | owering speed can be controlled to a
certain degree by neans of the main punp 34, 35 but because of the fact
that the connection between the cylinder valves 38 and the reservoir 31
via the |ine ' completely open, it will be expedien | the
| ower i ng o drigans o POTP oS PctRobEithSd

PCT/ N096/ 00294 8 speed by neans of a
throttling 51, which, as shown herd/itmay lie in the connection between
the port 1 and the ports f, i and k in the cylinder val ves 38. Thi s
node w ||l be well suited for carrying out hard thrusts with the dril
string, 5 if the need should aris¢g itgure 12 shows a node of

operation where constant load is

dd during the novenent of the
pi ston/ cyl i nder -




arrangenments 10, 11. This node is used, for exanple, for the 10 drilling
itself. In.this node the fluid fl ow goes back and forth in the system
and t he di spl acenent vol une of the main punp 34 is adjusted in both
directions in accordance with signals given froma | oad distributor
(not shown). ogﬂgam connection between the ports f and kpdyanddsoemy! i nder
val ve 38 15 i% ﬁ, as is the congﬁation between the ports i and 1. The
hydraulic fluid thus fl ows between e main punp 34 and the cyl i nder
valve 38 via the line 44 and the |line 45, respec- tively. The
directions of the flow of fluid in these two lines wll at all tinmes be
opposite to each other. A certain 20 exchange of hydraulic fluid wth the
reservoir 31 will also occur, since the cross-sectional areas gf the
| ower chanber 23 of the cylinder 20 and of the upper chadﬁbr are
different. 25 Figure 13 shows a S|n1lar nDde of operatd on, epe the
purpose is to mainta a constant | ofg bi stons 2 '}g pved.
In this node, howeve H a greater vel achi eved ' ’””t to
the travel of the pi§ on. The port e-val ve 38 i r@ﬁﬂ"%‘

in the Iln"t Ak Aaorts

that there no | onger ||
nected th*
4 re
wé

|

however . Thus, 'l
9, the area of pisto
the area of the | owe
. upper annul ar surfaCn\
cross-sectional area :

e N
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g . rod 22. A faster nove of the piston 21 will then be obtained even
if the pressure in the systemis unchanged. Even though the use of the
accurul ators 39 to provide 5 i ncreased pressure in the system has been
shown in only a few of the nodes shown in Figures 5-9, it nust
neverthel ess bgqgrnifeger st ood t hat accunul ators may be US JdsHRYs ONE
of t he nodes s%ovvn for mcreasﬁ*f&l?t he pressure in the syst%glrl#] a%‘d
t hus i ncrease either the vel ocity of the piston novenent, 10 the force by
whi ch the piston 21 is noved or both. In the lomering of the pistons
21, it will be expedient to open the ports j in the accunul ator val ve
plate 37 in order to transfer some of the pressure created hereby into
t he
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accunul ators 39. which thereby charge the pressure tanks 40 15 via the line

47. Hence, it will be ensured that there is extra power available from
the accunulators 39 when this is needed. Even in the nodes for constant
| oads it may be expedi ent to use the accunul ators 39. 20 25
30 - WO 97/23706 PCT/NO96/00294
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35. WD 97/ 23706 PCT/ NC96/ 00294

10 " Patent d ains 1. An apparatus for a derrick, conprising two
or nore hydraulic 5 pi ston/cylinder arrangenments (10, 11) for
raising and | owering a yoke (8) which travels on guide rails (7) in

t he derri ckWot93asdsé a hydraulic system (30) for operation of the

pi ston/cylinder arrangenents (10, 11), where the hydraulic PCEAOSG90294
conprises at |east one namin punp (343/"havi ng inlet 10 and outlet ports for
supplying hydraulic fluid pressure to t he piston/cylinder arrangenents
(10, 11), cylinders (20), val ves (36, 37, 38) for control of hydraulic
pressure to a
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| ower cylinder chanber (23) and an upper cylinder chanber (24),
respectively, located in the cylinder (20), said 15 chanbers (23, 24) being

separated by a piston (21) which, via a piston rod (22), is connected
to the yoke (8), the surface of the piston (21) facing the chanmber (23)
bei ng different fron1the surface of the piston (21) facing the chanber
(24), st eri zed i n that at |east one g% 0&394

val ves is a cylln control valvei#??) whi ch |s adapted to open and

cl ose the connectlon bet ween ports K, in t he valve (38) so
as, in various nodes of operation, establlsh connection between 25
(1) the chanber (23, 24) of the cylinder (20) and the out | et
respectively the inlet, port of the main punp (34) for normal

rai sing and | owering of t he yoke (8), (2) the chanmbers (23, 24) of
the cylinder (20), between 30 said chanbers and the inlet port in the
mai n punp (34), and, optionally, directly between said chanbers and

a reservoir (31), for rapid | owering of the yoke (8), or

(3) the chambers (23, 24) of the cylinder (20), and 35 bet ween said
chambers and the outlet port of the main punp for rapid raising_of
the yoke (8).
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PCT/ NO96/ 00294 WD 97/ 23706 2. An apparatus according to claim1
characterized i n that the hydraulic system (30) conprises
one or nore accunulators (39), which are 5 adapted for connection with the
line (44) for hydraulic fluid | eading to the | ower chanber (23). during
the raising of the piston (21), In order to provide extra pressure to

t he chanbernyé 8730650 t hat the piston (21) noves faster. An
apparatus according to claim 2, /44 haracteri z e(fgh$?¥%ﬁ?4the
accunul ators (39) are adapt ed ?or connection with the line (44) during
t he | owering of the piston (21), so that hydraulic pressure 15
generated in the | ower chanber will charge the accunul ators

|
Fig. 9
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(39). 4. An apparatus according to clains 1. 2 or 3, 20 c har
acteri zed i n that the cylinder control val ve (38) conprises
a first port (f) for coupling to a line (45) for transport of hydraulic
fluid to and from one side of the main punp (34), a second port (i) for
coupling to a line (44) for transport of hydraulic fluid to and from
the other 25 gidlgnedest e main punp (34). a third port (k) fgicrameiselobies to
a line (48) for transport of hydraysg fluid to and fromthe upper
chanber (24) and a fourth port (1) {or coupling to a line (49) for
transport of hydraulic fluid to and fromthe | ower chanber (23); that
during normal raising and |owering 30 of the piston (21) the first port (f)
is connected with the third port (k) and the second port (1) is
connected with the fourth port (1); and that during rapid raising or

| oweri ng, the third port (k) and the fourth port (1). and the first
port (f) and/or the second port 1) are connected with each 35 other.
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WD 97/ 23706 PCT/ NC96/ 00294

12 5. An apparatus according to claim4, characteri ze
d i n that the cylinder control val ve (38) also conprises a fifth -port
(m which is adapted 5 to be connected with a corresponding port (n) in
anot her or ina plurality of other cylinder control valve(s) (38) via a
line (50) and %H{}s |s unrestricted in connection with the igg
port (1) so as ovi de the posrﬁé? ity of equali- 2|nchH% pressure
di fferences between the | ower cha id (23) 10 of the various cylinders

(20). 6. An apparatus according to clains 5 or 6. char ac
t eri zedi nthat the connection between 15 the line (49). extending
fromthe | ower chanmber (23) and the line (44), leading to the other
side of the main punp (34) conprises a throttle (51). 7.
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20 A nethod for raising and |lowering a piston (21) in two or nor e

pi ston-cylinder arrangenents (10, 11) for the purpose of rai sing and

| owering a yoke (8) which travels on guide rails (7) in a derrick
characterized i n that for normal raising or 25 | owering of
the piston (Z%Jﬂ)”}z? | ower cylinder chanber (23) of the ppirNgEOeRY4 | Nnder
arrangenent s s ?? I s connected wth a first side of a main punp
(34), whereas the upper cyIindq ﬁpanber (24) of the of the

pi ston/cyl i nder arrange- ment s ?{ , 11) is connected with the other
side of the punp: 30 that for rapid raising of the piston (21) the | ower
chanber and t he upper chanber (23, 24) are connected with each ot her
and with the outlet side of the main punp (34); and that for rapid

| owering of the piston (21) the | ower chanber and the upper chanber
(23, '24) are connected with each other and wth 35 the inlet side of the
mai n punp (34) and/or directly with a reservoir (31). —
97/ 23706 PCT/ NO96/ 00294 : ' 21_
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13 8. A nmet hod according to claim7, characteri zed

-n that one or nore accunulators  (39) are placed in connection with the
| owet chanber (23) for 5 supply of extra pressure during the raising of
t he pi ston (21), and that the accunmul ators (39) stay connected with the
| ower chanberg&é%) during the lowering of the piston (21) f geT/NO96/6884 1 NQ
t he accunul at 7123708 15
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