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1. FMS INTEGRATION SCHEME. 
DESIGN PHILOSOPHY. 

• Elaboration of integrational design which will 
satisfy requirements expounded in Parameter 
Book most. 
- EffectIve absorbers at minimum-possible change 

of geometry of FWl, FW2, FT 1, FT2 (inner radii) 

. in zone of FWI-FW2 11 = is about 2.45 

in zone of FW 4-FW5 11 = 2.5 

.' Creation of supporting power FMS structure 
which ensures the stability of arrangement 
of muon chambers and of Cerenkov Counter 
comparatively with IP. 
- Getting application of durable Support Sleeve fIxed at 

lower octants of FT 1 and FT2. 

• _ Elaboration of FMS absorbers ensuring the 
suppression of backgrounds. Our design is 
based on A.Uzunian's and J .Azhgirey's 
proposal. 
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• Elaboration of engineering decisions ensuring 
the possibility of End Cap moving forward to 
1.52 m without dismantling of FMS systems 
and vacuum breaking in the Beam Pipe. 

• Creating of prerequisites for moving FMS 
Forward from Barrel Toroid is about 5 m 
without dismantling of any FMS systems (the 
AB3, AB5 zone). 

• The closer definition of conceptual decisions 
about Forward Toroids for the rise of field 
homogeneity 
- coils arrangement in the zone of key clearance 
- optimization of cutting steel plates 

• Elaboration of conceptual design of Cerenkov 
Counter. Our design is based on V.Solianik's 
proposal. 

• Elaboration of engineering decisions for the 
transport system ensuring required precision 
of the FMS arrangement in the Barrel Toroid 
along z-axis as well as along x-axis. 
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- along x-axis with the tum of roller's units around 
z-axis. 

• Elaboration of decisions ensuring access to the 
all FMS systems. 
- the use of space multi floor trusses 
- the displacement ofFWS, FSS along z-axis is about 

0.7 m. 

• This integrational design of FMS has been 
elaborated for arrangement of the quad at the 
25th metre. 

! 
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PRELIMINARY RESULTS OF MATHEMATICAL 
ANALYSIS OF SDC FORWARD MUON SYSTEM 

SUPPORT SLEEVE. 

1. Task positing. 

• Basing on verifyed constructive data make and 
study the mathematical model of Support 
Sleeve. 

• Get values of material stresses in Support 
Sleeve walls and values of mechanical dis­
placements. 

" 
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1. First using STIF63 elements three shell 
ANSYS models were constructed (walls thickness 
are 120, 160, and 200 mm). Points of support and 
fastening were simulated as stiff strengthening. 
External loads were simulation as concentrated 
forces. The calculation program took the Support 
Sleeve's own wieght. 

• Preliminary calculationr esults revealed the 
most loaded areas. Then this permited to select 
starting walls thickness. 

2. At the second stage 1360 elements model was 
used on the base of 3-D STI F45 element. 

• In this model grooves for directing rails and 
longitudinal stiffness adges were taken into 
consideration along connection plate of Sup­
port Sleeve halves. 

• Support surfaces of Sleeve were simulated with 
STI F52 GAP elements. Support Sleeve bolt 
fastening to FT 1 and FT2 is simulated with 
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• The calculation results showed that in zone of 
maximum loads (A-A section on fig. load 
scheme) stresses reached 83 MPa. For mild 
steel permissible stress lac] = 230 MPa. In this 
section_displacemens range from 0 to 2.4 mm. 
More detailed calculation results have been 
shown on the appended drawings. 

J 1 
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1. Strength reserve in most loaded section is 
about 2.9. 

2. As required the strength reserve factor may be 
increased _with lead-in of additional support ar­
ranged in the 4 and 6 octants to the A-A section, 
for examples. Calculation results for this version 
are on the three last drawings. 

·3. Rather large displacements of external Sup­
port Sleeve outline show need of additional ana­
lysis its mechanical backle analysis. 

4. Rather high level of stress in the Support 
Sleeve supposes realization offurthe verifying cal­
culation taking welded joins, bolt connections and 
so on into consideration. 

, "" 
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2. MOTION OF FMS AND ITS 
SYSTEMS FOR ENSURING OF 
ACCESS AND MAINTENANCE IN 

THE CENTRAL CALORIMETER 
REGION. 

--

• "Normal Access ", 1 Day SSC shutdown. 

• "Quick Access", 5 Day SSC shutdown - 1.4 
Meter Move of Calorimeter End Caps. Essential 
End Cap Move is provided with. preliminary 1.4 
Meter Move of ABI Absorber. 
Additional without vacuum loss in the Vacuum 
condition: Pipe. 

• "Quick Access", 5 Day SSC shutdown - 2.0 
Meter Move of Calorimeter End Caps. It is 
provided with preliminary 1.4 Meter Move of 
AB 1 Absorber, 0.7 Meter Move of AB5 mobile 
part, 0.65 Meter Move of AB3 along z-axis up 
to 1400 mm clearance, 0.6 Meter Move of FMS 
from End Cap. 

• Problem: in the case of Vacuum Pipe sealing 
loss "QuickAccess" cannot be realized during 
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5 Days most likely since long preliminary 
heating of Pipe walls is needed for restoration 
of Vacuum Pipe vacuum descriptions. 

• Thus for "Quick Access" realization it is 
desirable to find the decisions which allow to 
make End Cap and FMS Moving without Beam 
Pipe sealing loss. 

• "Major Access", is about 3 Month sse 
shutdown. 

• Big Move Option - 4 Meter Calorimeter Move. 
4+4.5 meter FMS Moving is needed. Two 
versions are possible. 
Version 1 

Version 2 

- dismantling in the 5 octant of IW2, 
IW3, BW3; dismantling of BW3 top 
octant for crane access to Cerenkov 
Counter; dismanting of Cerenkov 
Counter, FWS and FSS; dismantling 
of ABS, AB4, AB3 Absorbers; Beam 
Pipe sealing loss; Bridges installation 
and only then FMS moving as low as 4 
or 4.5 m. 

- permanent Bridge is installed in the 

7:;,7. 
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zone of 5 octant. In this case 
dismantling of SDC and FMS sys­
tems are not needed. The deci­
sions of principle of FMS 
Absorbers in 1 and 2 versions are 
equal. 

• Merits and shortcomings of 1 and 2 versions. 
Merits of 
version 1: 

Shortcomings 
of version 1: 

Merits of 
version 2: 

Shortcomings 
of version 2: 

Redesign of pipes structure in the zone 
of 5 octant is not needed. 

Huge labour-intensivity of installa­
tion and dismantling labour, for as 
long as 1.5 or 2 months shutdown of 
supercollider is inevitable. 

Possibility of realization of effective 
economical access without long 
shutdown of supercollider. 

Redt:sign of pipes structure in the zone 
. of 5 octant and Beam Pipe supports is 

needed. 
Loss of effective area of Muon Cham­
ber in the zone of supports is 
about %. 

~B. 
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January 1993 

Forward Muon System 
IHEP, Protvino, Russia 

3. FORWARD TOROIDS. 

• Design of FTI and FT2 is similar to ICF Kaiser 
Engineers, Inc. except the thickness of block 
plates and support-transport system. 

• The calculations of magnetic field homogeneity 
of Forward Toroid have been made for two 
cases of arrangement of coils: 

1. Coils are put in the zone of key clearances 
between toroid blocks. 
2. Coils are put in the center of octants. 
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Forward Muon System 
lliEP, Protvino, Russia 

• For optimization of metal cutting and decrease 
of toroid cost has been examined forming 
blocks of plates arranged in parallel to magnetic 
field power lines. This version has problems 
with stability of joints in three lower octants 
but it can ensure the economizing is about 1500 
tons of -metal. In this case the improvement of 
homogeneity of field is expected in comparison 
with initial version. 

• Conceptual coil designs has been elaborated 
for the both above-mentioned versions. 

• Technological questions of toroid blocks 
assembly and coils installation have been 
examined. 

• Valuational calculations about tolerances in­
fluence assembly of toroids have been made. 

• Leads on rollers were estimated. 
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Forward Muon System 
IHEP, Protvino, Russia 

• Assembly of FT 1 and FT2 will be performed 
on their supports separated on 1500 mm. After 
assembly FT2 moves to FT 1 on the transport 
units and supports bolted to each other. 
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1.0 Introduction 

SDC Forward Toroids 
CONCEPTUAL DESIGN 

The SDC Detector is major SSL experiment located at the 
IRS site of the east campus. 

One of the components of the Detector is Forward Muon 
System (FMS). The FMS uses a large steel magnet-Forward 
Toroid (FT) to bend the particles for a momentum 
measurement. Forward Toroids located symmetricaly at both 
ends of the Barrel Toroid (BT). 

The shape, dimensions, magnetic field distribution and 
the overall tolerances of the Forward Toroids are set to 
meet the physics goals of the detector. The engineering 
details such as piece size, piece orientation, piece 
connection, support system and tolerances must be selected 
to meet the specification with safe,reliable and economical 
design. 

2.0 Genera1 Discription 

Each Forward Toroid of the Detector is made up of two 
octagonal shapes of steel- FT1 and FT2. The detector 
components of the Forward Muon System such as the muon 
chambers, scintillator counters, Forward Calorimeter and so 
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on are supported by the absorber assembly relying on the 
bottom octants of the toroids FTl and FT2. 

The toroids are supported on two T-shaped supports bolted 
to the bottom octants and to each other. The FTl and FT2 
supports may be separated to provide necessary access to 
blocks and coils during assembly in the experimental hall. 
The supports are equiped with four transport units to allow 
movement of FMS when the detector are opening or closing to 
facilitate'access to the detector components located inside 
the BT. 

Con tinuous track plates are embedded in the concrete 
floor of the experimental hall and in the BT to accomodate 
the rollers of the transport units and the toroid supports. 

Four sets of eight water cooled copper coils will 
magnetize each forward toroid to 1.ST. 

3.0 Toroid Magnet Steel Design 

3.1 Toroid Construction 

Each forward toroid magnet steel is assembled from 
fourteen pie-shaped and two trapezoidal blocks (see dwg .No 
FMS311-000 and FMS312-000). The maximum weight of block is 
about 77 metric tons. The adjacent blocks are held together 
by recessed high strength stud bolts near the corners of the 
blocks. Round shear key between the blocks are also 
provided. 

For uniform flux distribution the eight radial surfaces 
between the octants are separated by nonmagnetic interblock 
shim plates tapering from 26mm to 2. 6mm from the inner to 
outer corners of the toroid. 

3.2 Block Construction 

Each block (see dwg .No FMS312-010, FMS312-020, FMS312-
030, FMS312-050, FMS312-070) is builtin fabrication shop 
from seven vertical plates welded to each other continuous 
or intermittent grooved welds. The plate thickness are 
215mm. The plates are mashining from slabs w~th thickness 
250mm and width 155Omm. The block inner plate consist of 
three parts that are not attached to each other. The outer 
plate consist of two parts that are welded by electroslag 
welding. 

~l surfaces of the block are mashined. On one of the 
lateral surface of the block are installed four co-ordinate 
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pins for mashining with high accuracy. The distances between 
pins are calculated before drilling taking into account the 
temperature changes in the fabrication shop relatively 20°C. 
Futher mashining of the block surfaces and elements are made 
relatively the co-ordinate pins. 

The radial surfaces of the bottom and upper blocks are 
mashined together for proper fit. 

3.3 The Last Block 

The influence of block manufacture tolerances on toroid 
assembling 'is very effective (see App.S fig.5). The last 
block may cannot be installed or be installed with some 
gaps. Therefore it is proposed that the dimensions of the 
last block should be defined after pre-assembly of toroid 
in fabrication shop as shown on fig.6 and 7 App.S. 

3.4 Interblock Shim Plate 

There are two options of interblock shim plate design. 
Option 1 (see dwg.No FMS312-001)-the shim plate is made up 
from standart plate. The manufacturing and installation of 
this plate are not simple task. 

Option 2 (see dwg.No FMS312-03500)-the shim plate 
consist of four standart plates with different thickness 
which are fixed to pre-mashined surface of the block by 
patch welding and by intermittent welding around the plate 
contour and mashined. 

Slots are made in the shim plate for magnet field 
measurements. The number and a pattern of the slots must 
be defined. 

3.5 Interblock Connections 

The blocks are held together by 64mm diameter high 
strength stud bolts recessed into block outer plate (see 
dwg.No FMS311-000 sh.2). There are eight bolts between 
four and five octants and four bolts between blocks in 
other octants. The bolts are tapped into 160mm diameter 
nut inserted into one block and extend into a 510mm long 
slot in the adjacent block. The size of the slot permit 
insertion (or remowal) of the bolt after the block are in 
place and will allow the use of a hydraulic bolt 
tensioneer for accurate and fast tensioning of the bolts. 
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After the bolts are tightened the slots are plugged 
with steel inserts to satisfy the ray penetration 
requirement. The inserts are bolted to block for safety. 

To prevent shear forces on the bolts and fix the block 
relatively ajacent block during toroid assembly round 
shear pins are provided between the blocks. The strength 
pin calculation (see Fig .1) indi.cate that pins may be of 
the same material as the block's one. The shear pins 
between the octants 4, Sand 6 must be 430mrn long (the 
thickness of two plates) and 214mrn long between other 
octants. 

3.6 Toroid Supports 

FT1& FT2 support assembly consist of two T-shaped FTl 
and FT2 assemblies. The vertical plate of FTl support 
placed in IS00mrn long slot in the horizontal plate of FT2 
support. The supports are bol ted to each other by four 
64mrn di.ameter vertical bol ts and one the same dimension 
horizontal bolt recessed in vertical plates of the 
suppots. 

Such design allow to separate FTl and FT2 supports to 
900mrn during assembly of the toroids to provide 1. Sm work 
space between toroids and to have the supports bol ted to 
each other. 

Four pins eOmrn diameter on aj acent to toroid bottom 
block surface allow accurately to fix block. Each support 
bolted to bottom block with four 64mrn di.ameter bolts 
through nonmagnetic plate to not disturb flux distribution 
in that region. 

The FTl and FT2 supports are welded from standart steel 
plates and mashined. The support plane of vertical plates 
are mashined together. 

3.7 Toroid Pre-assembly 

To ensure a proper fit during assembly in the 
experimental hall each toroid must be pre-assembled in the 
fabrication shop. During the pre-assembly are defined the 
di.rnensions of the last block and any discovered tolerance 
problems and misfits must be corrected before blocks leave 
the fabrication shop. 
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3.B Materials 

The material for block plates is the same as for barrel 
toroid. It will be a continuously cast slabs 250mm 
thickness and 1550mm width of steel OB. The Material 
Specification for low carbon steel for SDC Detector 
Toroids is approving now. From the same material will be 
fabricated interblock shear keys and inserts for bolt 
slot. 

Material for interblock shim plate is a stainless steel 
12X1BH10T(C-Cr-Ni-Ti) . 

Material for high strength stud bolts , nuts and washers 
is alloy steel 3BXH3MFA(C-Cr-Ni-Mo-Va-Al) . Strength 
category-KPBBO(Yil.str.=BB2 .. 107BMPa, min Ult.str.=9BOMPa, 
Imp.str.=59J/sm2 , . hardness 277 .. 352HB). Technical 
requirements-GOST23304-7B.Bolts, studs, nuts and washers for 
flanged connections for atomic power plants. 

Material for the support plates and tie plates is steel 
St20(Yil.str.=2BOMPa, Ult.str.=4BOMPa). 

3. 9 Manufacture Procedure 

The manufacture procedure of toroid magnet steel include 
the next steps: 

o rough shape cutting of the plate parts with an Oxy­
Fuel torch; 

o mashining of the plate parts (thickness, contour and 
weld grooves); 

o electroslug welding of block outer plate; 
o assembly of block from the plates and welding of each 

pla te around contour by continuous or intermittent grooved 
welds; 

o mashining of the block base surface; 
o mashining of the block lateral surfaces; 
o drilling of the holes for co-ordinat~ pins relatively 

the block base surface. The distances between the pins are 
calculated taking into account a temperature change in the 
fabrication shop relatively 20oC; 

o pressing of the co-ordinate pins; 
o mashining of the joint, and remaining surfaces 

relatively co-ordinate pins; 
o welding to octant border plane of the block stainless 

plate for interblock shim plate (for block with shim only); 
o mashining of interblock shim plate relatively the co­

ordinate pins; 
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o mashining of the block elements-the holes for nuts and 
shear keys (pins), the slots and holes for the high strength 
stud bolts; 

o pre-assembly of the toroid; 
o measure of the distances between the co-ordinate pins 

of the blocks ajacent to the last one; 
o def~ning of the last block dimensions; 
o mashining of the last block surfaces relatively the 

co-odina te pins. 
The manufacture procedure have been discussed with the 

specialists of ATOMMASH as possible fabricator of the 
Forward Toroid Magnet Steel and were acepted as basis (see 
App. C). 

4. Toroid Coil Design 

Toroid coil design are shown in dwg.No FMS 314-000. There 
are four sets of eight coils with ten turns carring max 5kA 
carrent to magnetize the four forward toroids FTl and FT2 to 
1.ST. 

Each coil on FTl has a length of 4. 051m (copper-to­
copper), width of 1.53m, height of -0. 5m and weight about 
1.56 metric tons. Each coil on FT2 has the same dimensions 
exept that the length is 4.013m. 

The coils are manufactured from 46mm X 46mm bus-bar of 
copper with 27mm hole as a single helix. The net current 
density is 2. 92A/mm2 . The bus-bar is insulated by two layers 
of 40mm width B-stage epoxy-impregnated tape ha~f-Iapped 

around the conductor. The turns in coils are held together 
and insula ted by three layers of the same tape. Then the 
coils is cured. 

All coils On the toroid are interconnected e~ectricaly 
into a single circute by bus-bar interconnectors around the 
toroid. The DC power is input into circute through leads on 
the outer radius of the toroid. Each of four circutes 
require 4500A at 52.5V for power 264kW (1056kW total). 

Each coil on FTl and FT2 is a separate water path. Lew is 
delivered at lS.30C from the ring-shaped supply collector 
and collected at 23.3°C by the return collector. Supply and 
return collectors are placed between the toroids and 
connected wi th coils by hoses. The toroid Lew requirement 
will be 0.0126m3 /sec (0.0504m3 /sec total) at pressure 
0.31MPa. 

The coils will be supported off the toroid steel by 
brackets through insulate plates. 
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The coils may be manufactured by two possible ways. 
Soldered coil is manufactured from a straight pieces of bus­
bar by _ soldering them in corners of turns. Winded coil is 
manufactured from a continuous bus-bar by winding on a 
mandrel. This coil is more reliable as there are far less 
soldered jonts but require a mashining corners of blocks to 
provide a space for the coil corners. 

Magnet analysis (see App.E for details) indicate that 
flux distribution are effected by position of coil on steel. 
If the coil position is on octant border plane the field 
homogenity is better. The new coil design are shown in dwg 
No FMS 414-000. But in this case the coil are more 
complicate and there is a problem to measure field. 

The coil will be transported and installed on toroid 
magnet steel in container removed after the coil will be 
placed in permanent position on the steel. 

5.0 Toroid Assembly in the Hall 

The sequence of toroid assembly is shown in dwg.No FMS 
310-010. The toroids FTl and FT2 will be assembled 
sequencely or simultaneously on their supports separated on 
1.5m to have sufficient work space during assembly. 

The assembly will start by placing FTl and FT2 supports 
on track plates in the hall. The FTl and FT2 supports will 
be in separate position and bolted to each other. Two 
temprorary frames are attached to both ends of supports 
holding them in vertical position. The coil of octant 5 is 
placed on support in inclined position. Then the bottom 
block is lowered fixing on pins and bolted to both supports. 
Upper block is placed on bottom block and coil of octant 5 
is installed in permanent position. 

The other blocks of toroid are placed evenly around the 
center to mantain stability. During the installation of 
blocks coils in containers are also installed, containers 
are removed and coils attached to steel by brackets. 

After completion of assemble operations temprorary frames 
are removed, four transport units placed under toroid 
supports and attached to them. The shim 1 (see dwg No FMS 
310-010 sh.4) is removed to provide a horizontal gap between 
FTl and FT2 supports. Toroid FT2 is lifted a little and 
moved to FT1. The FTl and FT2 supports are bol ted to each 
other by vertical bolts and lifted together allow to remove 
shim 2. The tie plates are installed. 
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6.0 Appendix A 

DRAWINGS 

Orawings list 

·Owg. No EMS 310-000 sh .1-4 Forward Toroid Assembly 
Owg. No FMS 310-010 sh.1-4 Assemble Forw.Tor. Scheme 
Owg. No EMS 311-000 sh.1-3 FT1 Magnet Steel 
Owg. No EMS 311-001 sh.1-2 Pin I&II 
Owg. No EMS 311-002 Nut 
Owg. No EMS 311-003 Insert I 
Owg. No EMS 311-004 Insert II 
Owg. No EMS 311-005 Insert III 
Owg. No EMS 311-006 stud Bolt 
Owg. No EMS 312-000 sh .1-2 FT2 Magnet Steel 
Owg. No EMS 312-001 Interblock shim plate 

(option 1) 
Owg. No EMS 312-010 sh.1-3 Toroid Block FT2-1 
Owg. No EMS 312-011 FT2-1 Block Inner Plate 
Owg. No . EMS 312-012 FT2-1 Block Outer Plate 
Owg'. No EMS 312-020 sh.1-2 Toroid Block FT2-2 
Owg. No FMS 312-021 sh.1-2 FT2-2 Block Inner Plate 
Owg. No FMS 312-022 FT2-2 Block Outer Plate 
Owg. No EMS 312-030 Toroid Block FT2-3 
Owg. No EMS 312-031 sh .1-2 FT2-3 Block Inner Plate 
Owg. No EMS 312-032 FT2-3 Block OUter Plate 
Owg. No EMS 312-035 Interblock Shim Plate 

(option 2) 
Owg. No EMS 312-050 Toroid Block FT2-5 
Owg. No EMS 312-070 Toroid Block FT2-7 
Owg. No EMS 313-000 FT1&FT2 Support Assembly 
Owg. No FHS 313-010 FT1 Support Assembly 
Owg. No FHS 313-020 FT2 Support Assembly 
Owg. No EMS 314-000 sh.1-8 Toroid Coil Oesign (option 1) 
Owg. No FHS 315 000 FT1&FT2 Tie Plate 
Owg. No EMS 414-000 Toroid Coil Oesign (option 2) 
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B see sheet 2 
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EAOl OTIlR. 
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fT1-1 1 2 69.22 Wllhoul shla plale fHS 111-010 

FT1-2 1 2 70.82 -1/- FHS 111-020 

FT1-1 1 2 70.76 Wllh shla plale fHS 111-010 

fT1-4 1 2 70.76 -1/- fHS 111-040 

FT1-5 1 6 70.76 -1/- FHS 111-050 

FT1-6 1 6 70.76 -1/- FHS 111-060 

FT1-1 1 6 10.02 Wllhoul shla plale FHS 111-010 

FT1-8 1 6 10.02 -1/- fHS 111-080 

NOTU: 
1. NUHB[R R[QUIR[D: 2 
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BLOCK'S NUHB£R W£IGHT 
NOm IQ[NrIF R[QUIR H.T. 1JV6 

1111110 lOUl 

FT2-1 1 2 15.37 tillhout shill plate FHS 112-010 

FT2-2 1 I 16. " -1/- FHS 112-020 

fT2-J I 2 16.41 With shira plole HIS 112-0)0 

FT2-4 1 2 16.41 -1/- HIS 112 -040 

FT2-5 1 6 16.41 -1/- FHS 112-050 

FT2-6 1 6 16.41 -1/- FHS 112-060 

FT2-1 1 6 15.74 Without shil pLote FHS 112-010 

FT2-8 1 6 15.74 -1/- FHS 112-080 
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NOns: 
1. NUMBER REQUIRED: 4 
2. MATERIAL: STEH ST20 
UHf METHOO OF JOINING IS WElDING. 
4. DIMENSIONS IN I ) ARE FINISHED Dltf.NSIONS AFTER MASHINIHG 
FTl ~ FT2 SUPPORT ASSEMBLY. 

5.W[IGHT: 5.5 METRIC TONS. 

PRElIMINARY 
DRAWN E.BORISOV DAn IHEP NSf 00 
Ht<R A. SURKOV soc FORWARD MUON SYSTEM 
""PO fTl SUPPORT 
""PO DWG NO FMS 31~-01O 
PLOTTED SHm 
DRAW ING F Il£NAI1[ 1 -010 



-f'l 
o 

~ • 

mO.5 
00.5 

~ 
~---r~~~~------II~-+~--~--------~~-----------------L~ 

... 

1. 

1530 

~ ~ ~-

-l--------1 

NOTES: 
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2. MATERIAL: STEEL ST20 
lUI /'(THOO OF JOINING IS WElDING. 
4D1I1:NSIONS IN ( ) ME FINISHED DlMENSIOOS AFTER MASHINING 
FlU, Fl2 SUPPORT ASSEMBLY. 
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meTRIC SCHEME OF 
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MAGNET STEEl OU1ENS ION'S 

TOROID 2R.mm 2r .mn b.nm 

FT1 11272 3230 4021 

FT2 11820 3854 3983 

PARAMEHRS. UNITS OUIANT 

FiElD. T 1.80 

AMP TURNS REOUIREO 360.000 

CURRENT. Amp (MAXI 5.000 

VOl. T AGE. VoU 52.5 

POWER. KW 264 -
NUMBER Of (OILS 8 

NUMBER Of TURNS IN (OIL 10 

CONDUCTOR MATERIAl-(OPPER PIPE 
- SIZES. mm 46x46 

-AREA Of COPPER.mm2 1530 

- HOLE DIAMETER. mm 27 

NUMBER OF (OOLING PATH'S 8 

PRESS DIfFERENTIAL FOR WATER.MPa 0,31 

1EMP DIFFERENTIAL FOR WATER. "( 5 

WATER FlOW.m 3/S 0,0126 
WEIGHT OF (Oil (OPPER. H. T 12.5 

PRU 1M I NARY 
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MA[jNET STEEL DIMENSIONS 

TOROID 2R,mm 2r,mo b,om 

FT1 11212 3130 4021 

, FT2 11820 3654 1983 

PARAMETERS, UNITS WIANT 

FIELD, T 1.80 
AMP TURNS REQUIRED 360,000 
(URRENT, M1p (MAXI 5.000 
VOL T A!iE. Vol! 52.5 
POWER, KW 251 
NUMBER OF (OILS 8 
NUMBER OF TURNS IN (OIL 10 
CONDU(TOR MAHRIAl.-(oPPER PIPE 

- SIZES, mm ~2x42 

-AREA OF (OPPERmm 2 1560 
- HOLE DIAMETER, mm 16 

NUMBER OF (OOLING PATHS 16 
PRESS IIIFFER£NTlAL FOR WATER ,HPn 0.1~ 

TEMP OIFHRENTIAL FOR WATER, o[ (J 

WATER FLOW,m 5/S 0.006 
WEIGHT OF (OIL (OPPER, H. T 12.15 
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7 .0 Appendix B 

FIGURES 

Figures list 

Figure 1. Calculation of Strength. Interblock Pin. 

Figure 3. Calculation of Strength. Welds Between Block 
Plates. 

Figure 4. Calculation of ~lowable Between 
of Block Inner Plate. 

Figure 5. Influence of Block Tolerances on Toroid Assembly 

Figure 6. Measurement Scheme to Define Last Block Dimensions 

Figure 7. Scheme to Define Last Block Dimensions. 
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APPENDIX B. 

A-A 
FT2 TOROID 
MAGNET STEEL 

1. LOADS: 
WEIGHT OF TORDIO MAGNET STEEL AND COILS: W=S .327 MN 
MAXIMUM SHEAR FORCE ARE BETWEEN 4 AND 5 OCT ANTS 
WITH NO FRICTIONAL RESISTANCE 
F sh=WX CDs22.So=4.922 MN 

2. MATERIAL OF PIN:STEEL OB, YIELD STRENGTHor=200MPu 
3. ALLOWABLE SHEAR STRESSES: 

I "tl=(D.2-0.3)Gr=4D MPu 
4. REQUIRED SQUARE OF SHEAR: 

2S =~ = 4.922 =0 123 2 
I cr 1 40 . M 

S=0.0615 MZ 0=0.2 M L=O.308 M 

5. DIMENSIONS OF PIN ARE 
0=0.2 M 
L=D.428 M 

FIG. 1. CALCULATION OF STRENGTH 
INTERBLDCK PIN 

I"!.S /J-I 



APPENDIX B. 

TOROID BLOCK 

~-

INTERMITTENT OR CONTINUOUS ~ 
~~~~~~~~~ ____ -T 

GROOVED WELD AROUND PLATE CONTOUR 

1. LOADS: MAX. WEIGHT OF BLOCK W=O .75 MN 
2. MATERiAl OF PIN:STEEL 08. YIELD STRENGTH6T=200MPa 
3. ALLOWABLE TENSILE STRESSES IN MATERIAL OF PLATE 

[ op 1=0.3 or =60 MPa 
4. ALLOWABLE STRESSES IN WELDS 

TENSILE: I Gp ] w • (0.8""0.9)[ op ]-48 MPa 
SHEAR : [~ I w =0. 6[ Gp ]=36 MPa 

5. MAX. REQUIRED LENGHT OF WELD (WELD THICKNE~S t=10MM) 
L= F = 0.75 =2.08 M 
[~ Iw x t 36 x 0.01 

6. REFERENCE: FT1 AND FT2 BLOCK PLATE PERIMETERS ARE 
ABOUT 11.5 M 

FIG.3. CALCULATION OF STRENGHT 
WELD BETWEEN BLOCK PLATES 
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I.P. 

APPENDIX B. 

FT2 MAGNET STEEL 

G 

215 214 

co 
co 
C7' 

--'-__________________ +--.1-

13766 

1. MIN ANGLE 8 
8 min ::orctg 1927+988 ::12.14 0 

13766-215 
2. MAXIMUM ALLOWABLE L IS 2% OF NOMINAL STEEL ON 8 min LINE 

1500 L=0.{)2 X 8 ::30.69MM cos min 
3. MAXIMUM ALLOWABLE GAP G max 

G mllX =Lxsin 8 min ::6. 4SMM 

FIG. 4. CALCULATION OF ALLOWABLE GAP 
BETWEEN PARTS OF INNER BLOCK PLATE 
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P[VIATIONS OF BLOCK DIM[NSIONS O[VIATIONS OF TOROID POINTS FROM NOMINAL 
mm. POZITION mm. y APPENDIX B. 

A B ( 0 [ F G 
Of -1.95 -1.81 -t.1I -O.H 

d.5 -1 -1.5 9.98 
Ot 7.8f -6.81 -0.19 -l.B 
OJ -1.90 2.75 -7.18 x 
Df 0.86 1.7# -0.64 

d.5 -1 d.5 
Of 0.85 4.89 -1.29 1.00 
Ot -6.99 7.88 -f.14 -0.98 
OJ - f7. 40 1.68 -7.11 -5.09 

-6.16 -6.15 -7.61 -18.89 

8= 798.211 L-____ ---' 

n A=J98J. 011. 5 
0, 1.02 -6.77 1.96 1.41 

d.5 -1.5 Ot -9.80 8.25 1.41 14. f6 
OJ 10.25 f.99 f1.18 9.10 

11.79 IS. 11 19.19 11.69 
Of 1.81 1. 92 2.50 1.86 

d.5 +1.5 4.18 01 UZ 1.69 '-89 
OJ 2.86 7.61 US 6.51 

1. J6 8.19 O.H 6.69 
0, -1.79 -1.96 -2.14 -2.85 

-1.5 -1 -1.5 Ot -4.24 
OJ -7.S8 -US -6.18 -2.60 

-4.97 -2.59 -1.81 

-1.5 -1 d.5 

- f. fO 
Of 

-I. OJ -0.16 -6.51 
-1.00 6. 7J -1.89 -1.40 

Ot -14.06 9. 71 -8. 11 -J.J8 
OJ -1.05 -11.11 -9.l0 -]0.00 

f 
-I---

-lU6 -IS. 10 -10.1' -1J.55 
0, ..(J.82 -UJ 1. J6 -0.99 

-1.5 -1.5 7.12 Ot -1. 94 US 1.01 
OJ -It.66 7.27 5.21 17.67 
0, 19.18 6.28 6.21 7.80 
0, 1.97 1.76 1.90 0.47 

-1.5 d.5 Ot -2.69 6. 16 0.11 2. 49 
-9.74 1. 91 -7.66 2.10 

0, -11.2' -0.12 -1.67 0.78 
0, O.Sl -1.40 1.99 0.71 

fO.5 -0.75 
7.12 01 

15. 19 1.02 5.71 4.73 
-'.91 I. 15 1. 7J 

Of 15.59 7.62 5.11 6.89 
0, O. J4 -2.17 1.1J 0.41 

+0.5 -0.5 Ot us 
10. fJ 0.68 J. II 1. 16 
10." 5.09 J.H 4060 

-1.21 2.17 1. IS FIG.5.INFlU[N([ OF BLOCK 
TOL[RANC[S ON TOROID ASS[MBLING 



FIG. 6. SCHEME OF MEASUREMENT 
TO DEFINE LAST BLOCK 
DIMENSIONS. 

APPENDIX B. 

NOTE: 
1. DIMENSIONS A,. Bl AND SO ON ARE 
DEFINED WITH ACCURACY_f-0.2 mm WITH 
INSIDES MEASUREMENT DEVICE 



.. 
o 

01 DI P 
..:::......If4-~) p LAST BLOCK . 

FIG. 7.SCHEME OF DEFINE LAST BLOCK 
OIMENSIONS. 

APPENDIX B. 

NOTES: 
1. A1.B l.C 1.0 t -DIMENSIONS ARE DEFINED 

ON TEST ASSEMBL Y OF TOROID. 
2. D·-DIMENSIONS FROM BLOCKS PASSPORTS. 
3. PI ... ~ -DIMENSIONS FOR MASHINING OF 

LAST BLOCK. 



8.0 Appendi.x C. 

The Record of Technical Discussions 
at IHEP-ATOMMASH Meeti~/ 

Regarding the SOC Forward Toroid Steel 

VOLGODONSK 
12/10/92 

Attendance 
ATOMMASH 
lHEP 

A.Kokoulin, Yu. Rezun, V.Skorin, V.Ametov 
E.Borisov, A.Soldatov 

The items were discussed and exepted are : 
1. The material for Forward Toroid Magnet Steel is the same 
slabs of steel 08 that will be supplied by Novolipetsk 
Metallurgical Plant for Barrel Toroid steel. 

2. The high strength stud bolts , nuts and washers must be 
manufactured from alloy steel 38XH3MFA with technical 
requrements on GOST23304-78 Bolts, studs, nuts and washers 
for flanged connections for atomic power plants. 

3. The manufacture tolerances of block inner plate: 
to width +/-0.5mm, to flatness 0.5mm 

Max width of plate is 150Omm. 

4. The parts of the block outer plate are 
electroslug welding. The technical requrements to 
be specified with ATOMMASH specialists later. The 
outer plate thickness must be foreseen. 

welded by 
welds will 
stocks for 

5. The interblock shim plate is manufactured from stainless 
steel plates by welding it on pre-mashined surface of block 
and then by mashining of block to requred dimensions. 

6. The method of joining plate in block is welding by 
intermittent grooved welds (weld thickness >10mm) around 
plate contour. 

IHEP FT REPORT 12 
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7 . To manufacture the block wi th required accuracy the 
mashining of the block surfaces and elements will be made 
relatively four pins installed on the block with accuracy 
+/-0.2mm. Block mashining tolerances for distance from pin 
to surface is +/-0.2mm, for surface flatness-0.5mm, for 
perpendicularity-0.5mm. The roughness of surfaces is RaS.3. 

8. The radial surfaces of bottom and upper blocks (FT2-1, 
FT2-2) will be mashined together. 

9. The dimensions of the last block will be defined during 
pre-assembly of toroid. 

10. ATOMMASH has all technical possibilities and requred 
production and quality control means to manufacture and pre­
assembly Forward toroids. 

IHEP FT REPORT 



9.0 Append i~ D. 

TO NUMERICAL Il\rvESTIGATION OF SDC FORWARD 
TOROIDS MAGNETIC FIELD. 

s. Yu. Ershov IHEP January, 93. 

GENERAL 

The aim of this work is to get advance infonnation about magnetic field 
uniformity within the toroidal magnet to: 

• choose magnet geometry; 
• choose proper material; 
• clarify the influence of possible defects, inaccuracies while 

manufacturing and assembling processes and also local 
construction elements. 

The values ofnonunifonnities must lie within 2% (i.e. ±1%) region on the 
level offield induction 1.8 T. 

First steps of this numerical investigation process are follows. 
1. Make overview of the problem and make choice of adequate numerical 

model. 
2. Searching the best configuration of magnet geometry that gives us well 

global field distribution without concerning any local features. 
3. Generating suitable criteria for field badness (may it will not be the 

single worst area within toroid, say, some integral characteristic along possible 
particle path?) to use it later during the investigations of more special field 
disturbances. 

4. Generation of recommendations for constructors about tolerable 
inaccuracies of manufacturing and assembling of magnet elements. 

5. Generation of requirements for magnetic material properties' stability. 
6. Accurate (as possible) calculation of how do different local and global 

constructing elements affect to field quality. 
Note. Points 4 and 5 are worth doing after the choices of general geometry 

and magnetic material will be made, since any variation can destroy all the 
conclusions. 

1>\ 



MODEL FOR CALCULATION. 

It is not required to confmn the fact, that the field within solid toroid will 
strongly depend of R. So, it was a good idea to incorporate radial variable width 
air gaps to equalize effective length of magnetic field flax lines. Initial and fmal 
widths of the gaps can be easily estimated by simple geometric suggestions and 
then corrected by numerical calculations. 

Such routine was been perfonned and the best dimensions were been 
chosen before this material came to the author of this report. 

So, I can present following conclusions without detail considerations to 
avoid placing of unnecessary material. 

1. Analytical model based on simple geometry does not give required 
accuracy. 

2. 2-dimensional (plain or axisymmetric) model does not give required 
accuracy. 

3. ~=constant model differs from 3-D ~=~(B) calculations more than by 
required 2%. 

Only full scale 3 dimensional variable ~ calculations give us tolerable 
results. 

Using the field/construction symmetry we can analyze 1/32 part of full 
model to investigate global field properties. This fact makes it possible to have 
sufficiently dense grid to get accurate solution. 

For 3-D calculations I took care of TRESCA* magneto static calculation 
program. It realizes combined Finite Element - Boundary Integral method and 
pennits good accuracy as within nonlinear iron consistent regions (FE method) 
as in outside free space open region (BI method). It operates much rapidly and 
accurately than other used 3-D programs. 

Fig 1. shows 1132 calculational meshes for FEMBI3 (component of 
TRESCA complex) 3-D field calculator. This mesh consists of 945 fmite 
elements and 366 boundary integral elements. It was been estimated as minimal 
possible dense grid to meet 1% field approximation accuracy requirements. The 
solution consumes about 2 hours of processor time of local computer. This is 
long enough for optimization procedures and multiple calculations for 
tolerances estimation. It would be useful to perfonn these calculations on 
powerful computer. 

To investigate different symmetry violations, 1116 or 118 symmetry 
elements can be helpful (Fig. 2), but such calculations can be perfonned (if 
they can be) in unique cases using computers available at lllEP. 

* "Computer Codes for Panicle Accelerator Design and Analysis: A Compendium", 
II Edition, May 1990, pg. 226. LANL, LA-UR-1766. 
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STANDARD CONFIGURATION FIELD CALCULATION RESULTS. 

Series of Fig 3.a to 3.g shows isolines of By field component. The equal 
level lines are drawn on 7 Z=const planes corresponding to centers of 7 finite 
elements' layers. The lines are numbered from 1 to 20 so, that line the 10-Th. 
corresponds to By = l.8T and others represent equidistant through 1% values 
with respect to above. So, the plane where we can see more, than 3 different 
lines, can not be considered as adequate to 2% uniformity requirement. 

Let us look on this series of pictures. We can see, that substantial part of 
area lies outside lines 9-11 closed space, the situation at high Z is slightly worth 
than near Z=O plane. The left side of iron element is over magnetized by +4-5% 
at bottom and is under magnetized by -3% at the top. This defect can possibly 
be reduced by inserting a shim to the left corner of air gap or making another 
proper profile for the gap, but it seems that the total decreasing of the 'field 
along Y direction -5% can not be approved by this or similar manner. 

A PROPOSITION TO IMPROVE FIELD. 

Now let us move the coils from mid plane position to air gaps. This confi­
guration enables to enclose the most poor magnetic field flow parts into current 
carrier envelops which are connected by good iron elements. Figures l.b, 2.b 
show 1/32 and 1/8 computational meshes. The series of figures 4.a to 4.g shows 
analogues set of lines on the same Z-constant cross sections as above. 

We can see considerably improved picture. Very small area at the right top 
corner does not lie within 2% interval! At high Z level this area slightly 
increases, but is small enough. The nature of this effect is not still clear but it 
will be learned more accurately to ensure if it can be a local calculational 
effect. 

In any case there must be very strong constructing or technological con­
straints to refuse this configuration. 

CONTINUATION FOLLOWS ... 
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a) 

y 

Fig 1. 1/32 symmetry calculational grid for FEl\tlBI3 
a) initial, b) improved. 
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b) 
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x 
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a) 

Figure 2. 1/8 symmertry calculational 3-d grid for FE:MBI3 
a) initial, b) improved variants. 

z 

b) 
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4. CERENKOV COUNTERS. 

• Our design is based on V.Solianik proposal. 

• Cerenkov Counter design consists of 8 octants 
and leans on Support Sleeve. 

• Counter design is hermetic and lightprotected. 

• Working gas medium isAL"Z,~)SIi. 

• Octant consists of 30 mirrors and 60 photo­
detectors. 
In the counter total number of mirrors is 240 
and of photodetectors is 480. 

• Power frame is made of Al. 

• Weight of Cerenkov Counter is 15 metric tons. 



TRIGGER CERENKOV COUNTER for 

FORWARD MUON SYSTEM of SOC 

V . Kubarovsky ,A.Kulyavtzev, 
V . Molchanov ,v .Makhin,A.Ronzhin, 

Yu.Ryaboshapko,V.Solyanik 

IHEP ,PROTVINO 
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TRIGGER CERENKOValUNTER FOR FORWARD MUON SYSTEM (FCC) 

Characteristics of Cerenkov radiation are widlv known. They are: 

a) high registration threshold of charged particles velocity; 

b) direction of Cerenkov radiation is a very closed to the partic­

le track; 

c) tiny Cerenkov radiation duration. 

Under conditions WhiCh are typical for coming SSC collider (very 

high loads of ~harged as well as neutral particles with high energy 

spectrum specially in directions of initial particles motion) these 

characteristies make it possible· to create reliable and 

higheffectual trigger for highenergy muons registration in Forward 

Muon System of SDC. 

In IHEP (Protvino. Russia) are making works in Cerenkov Counter 

elaboration for trigger goals in the zone of large SDC loads. 

Exceding range of rapidity q is from 1.5 to 2.5. These works are 

based on proposed and elaborated in IHEP detecting registration 

scheme of high energy muons apart from above mentioned 

characteristics of Cerenkov radiation. ThiS scheme permits to make 

adjustable trigger in momentum transfered Pt as well as to make same 

behaviour of threshold curves at the selected interval ~~ for 

above - mentioned rapidity ~ range. 

The results of Monte-Carlo calculation for values of the 

threeshold Pt are shown on Fig. 1. 

Photomultipliers produced in Russia can be used to registrate 

Cerenkov radiation. Experimental values of the Figure of Merit. No 

for FEV-174 protomultiplier are shown on Fig. 2. 

We hope to get No) 140 at small modifications of the 

photocathode Window deSign to adaps to gas Cerenkov Counter 

conditions. The photomultiplies has 2 nsec pulse rise time, duration 
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.... - ~ -
smaller than 8 nsec on 0.1 leved. ThiS permits to get the trigger 

time resolusion is about 0.5 nsec. 

Basing on adduced calculations the design of possible Cerenkov 

Count.er version for SDC has worked out WhiCh is shown on the figures 

Cerenkov Counter is frame structure. It is arranged between FW4 

and FW5 chambers and 1s installed on Support Sleeve. DeSign of the 

Counter permits to fasten scintillation FS4 Counters on it frame and 

to service photodetectors of scintillation Counters as well as of 

Cerenkov Counters simultaneously. DeSign of the Counter permits to 

create hermetic, lightprotected space inSide Cerenkov Counters. 

Mirrors are arranged on a side. Photodetectors are arranged on 

Opposite side of mirrors and they arranging ensures precise 

alignment of them comparati vely each other. The structure consists 

of 8 octants which are connected together and assembled in land 

hall. InSide each octant mirrors are arranged on radius in 6 rows and 

on each radius there are 5 mirrors. Total number of mirrors is 240 

and of photodetectors is 480 in Cerenkov Counter. Each octant is the 

frame structure of aluminium profiles. Approximate weight of 

assembled frame is 8 - 10 metriC fons. Support jacks are provided to 

install of Cerenkov Counter on the Support Sleeve and to its align 

comparatively beam axis. There are access walkways to service 

photosensors, stairs to cross from one level to other and folding 

hatches. 

Detailed description of M::>nt.e-Carlo calculations, experimental 

results of measurements and deSign speCial features of proposed 

Trigger Cerenkov Counter will be published. 
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5. SCINTILLATOR COUNTERS. 

• Scintillator Counters FS4, FSS are designed as 
supermodules (octants). 

• Supermodules are attached to service space 
trusses. 

• Our Design is based on V.Rykalin's proposal. 
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6. FORWARD ABSORBERS. 

• FMS includes basic the ABI, AB2, AB3, AB4, 
ABS absorbers and the Support Sleeve. 

• Besides the basic absorbers in FMS there are 
additional AB6, AB7, AB8, AB9, ABIO, AB4 
absorbers. AB6 absorber is in the working 
position with ABI motion to Forward calori­
meter and ABI2 is in the working position with 
AB3 and AB4 moving. 

• Support Sleeve is the support for FS4, 
Cerenkov Counter, FW5, FS5 and AB3, AB4 
absorbers. 

• Our design is based on A Uzunian's and 
J .Azhgirey's proposal. 

• The more detailed information about absorbers 
will be put in a separate report. 
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ENGINEERING ELABORATION OF ABSORBERS 
AND THEIR JOINING WITH SDC FMS SYSTEM. 

E.Kochetova,Yu.Orlov,A.Surkov,Yu.Surkov 

INSTITUTE FOR mGH ENERGY PHYSICS 
Protvino,Russia 

Presented by A.Surkov 
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Contents 
• FMS Absorber Scheme. 

• Absorbers in the FWI-FW2 zone and devices 
for their moving. 

• Absorbers in the FW 4-FWS zone and devices 
for their moving. 

• Problems of access and defence of personnel 
from radiation (End Cap zone and zone of 
Collimator). 

• Additional Absorbers. 

• Problems (the radiation defence from End Cap 
inner walls, elements of defence in quads zone 
up to the begining of tunnel, elaboration and 
co-ordination need of scenario of defence 
elements dismantling in Collimator and quads 
zone and so on). 
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1. FMS ABSORBERS SCHEME. 
DESIGN PHILOSOPHY. 

• Our design is based on A.Uzunian's and 
J.Azhgirey's proposal. 

• Absorbers structure must ensu~e background 
suppression up to acceptable level. 

• Materials used in absorbers are. steel, 
concrete with boron, lead. 

• Absorbers structure must not prevent an access 
to basic FMS systems. 

• AB2 Absorber and Support Sleeve besides 
protective functions carry out functions of 
power Support Structure. 

• ABl, AB3, AB4, AB5, AB12 are made mobile. 
This ensures access and defence of personnel 
from radiation. 
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• AB5 Absorber and Support Sleeve must be of 
required strength and stability i.e. the 
deformation of transverse AB2 section and 
Support Sleeve must be minimum. 

\19 
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2. ABSORBERS IN THE FWI-FW2 
ZONE AND DEVICES FOR THEIR 

MOVING. 

• AB1 Absorber is made of steel (300 mm 
. thickness), concrete with boron (200 mm 

thickness), lead (40 mm thickness). 

• Absorber is moved with hydraulics to 1400 mm. 

• Absorber is put on rollers. 

I Q (\ 
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3. ABSORBERS IN THE FW4-FW5 
ZONE AND DEVICES FOR THEIR 

MOVING. 

• AB3, AB4, AB5, ABII are made of steel and 
concrete with boron. Absorbers thickness is 
variable along z-axis. 

• AB3, AB4, AB5 Absorbers are equipped with 
moving systems along z and x-axes. 

• AB3 and AB4 Absorbers are moved along 
x-axis to have an access to the Beam Pipe and 
Forward Calorimeter back wall forming the 
1400 mm clearance between themselves. 

• AB 11 Absorber is put in AB2 motionless 
(material is concrete with boron). 

• The top and side walls of AB5 can be moved 
along z-axis to supercollider trestle and then 
are removed with crane. After removal of the top 
and side walls the AB5 gabarit size is about 
1360 mm along x-axis. 
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• AB3 and AB4 Absorbers moving apart to 1400 
mm and removal of the top and side walls of 
AB5 Absorber permit to displace FMS to 5 m 
along z-axis without sse supercollider 
dismantling. 

\ B 2. 
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4. PROBLEMS OF ACCESS AND 
DEFENCE OF PERSONNEL FROM 
RADIATION (END CAP ZONE AND 
THE ZONE OF COII.IMATOR). 

• At the time of SSC work the center FMS 
zone (Absorbers, Beam Pipe, Collimator, 
Forward Calorimeter) is activated. The levels 
of given radiation have the following 
approximate values (A.Uzunian,I.Azhgirey): 
- inner surface of End Cap is ::::: 5 mrad/hr 
- Beam Pipe in the AB1 zone is ::::: 200 mrad/hr 
- front wall of Forward Cal. is :::::; 5-10 rad/hr 
- front wall of Collimator is :::::; 10 rad/ hr 
- outside surface of Support Sleeve is ::::: 0.2 mrad/hr 
- back wall of Forward Cal. is ::::: 5 mrad/hr 

• Two-element AB6 Absorber is put on forepart 
of AB 1 Absorber for defence of personnel 
working with End Cap electronics from 
radiation. 
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• AB6 elements are turned to 180 0 with drives 
and they block the AB 1 hole (with not working 
SSC supercollider). Thus radiation from ABI 
walls, Beam Pipe and the front wall of Forward 
Calorimeter is shielded. 

• Material ·of AB6 Absorber is concrete with 
boron with 200 mm thickness and lead layer 
with 40 mm thickness. 

• The additional mobile AB 12 defence is foreseen 
for organizing of personnel access to the back 
wall of Fonvard Calorimeter. 

• When going down AB12 Absorber shields 
·radiation from the front wall of Collimator (is 
about 10 rad/hr). 

I Q L 
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5. ADDITIONAL ABSORBERS. 

• The additional AB7, AB8, AB9, ABIO Absorbers 
are put in FMS to increase the effectiveness of 
the background radiations suppression. 

• The additional Absorbers are made of concrete 
with boron. 
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• Technical requirements for Absorbers· are 
lacking in the zone of front quad and further. 

• The decisions about organizing to Absorbers 
shield SDC from radiation from SSC tunnel are 
lacking. 

• Permissible time of personnel stay in the places 
of flange joints arrangement in Beam Pipe, in 
the zones of supports and Vacuum Pumps,· in 
the zone of connectors placed on the back wall 
of Forward Calorimeter are not determined. 

• Needs of radiation shield from inner surface of 
End Cap is not determined (5 mrad/hr). 

• Probably the final elaboration of AB5 Absorber 
and platform on which it is installed must be 
made by integrational group (IHEP) and team 
from SSCL. 

\ 8 6 
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• To study the questions about Beam Pipejoining 
with FMS and to analyse possible FMS 
systems installation and dismantling 
scenarios we worked at the co:nceptual design 
of Beam Pipe. Works by M.P .Hechler were used 
as a basis. 

• Basic problems which we examined are: 
- ensuring required vacuum 10-8 torr; 
- choice of Vacuum Pumps arrangement places; 
- questions of access to the Beam Pipe elements; 
- possibility of End Cap motion and FMS motion 

without disconnection of Vacuum Pumps. 



SOC BEAM PIPE 

CONCEPTUAL DESIGN 

A.Volkov, Yu.Kalinin, A.Surkov 
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The calculation of the pressure distribution in the 

SDC detector vacuum svste~ 

I. The pressure distribution in the SDC detector vacuum system 

is determined by the main following parameters: 

a) the sections geometry, i.e. their length and apperture; 

b) the location of pumps and their effective speed in contact 

regiOns with beam pipe; 

c) the distributed heat gasSing flow of the constructive 

materials for. vacuum pipe and fixture. 

d) the eXistence and amount of the micro-and macro-leaks in the 

contact regions of the vacuum pipe sections and vacuum frame 

(connection pipes, valves); 

e) the stimulated ovtgassing of the vacuum pipe walls whiCh can 

be created by: 

1) synchrotron beam radiation; 

2) ion-stimulated desorbtion; 

3) interaction of the cutout beam protons in collimater with the 

vacuum pipe walls; 

4) radiation under p-p colliSiOns in the interaction pOint. 

II. The vacuum system of the straight section where the detector 

is placed is sYITll1'1':?trical relativ~ to the interaction pOint. So then 

ont: can consider only the half of the whole system from the 

interaction pOint to the first sse quad. ThiS half can be 

conditionally divided on the four sections. 

1). Berylium pipe of the round crosssection With the diameter of 

80 mm and 4300 mm long. 

2). The conical aluminium (stainless steel?) pipe with the 

length of 7500 mm and maximum diameter of 204 mm; 



... 
- t:. -

3). The Cylindrical aluminium (stainless steel?) pipe by the 

length of 9200 mm before the connecting of the pumping station; 

4). The section involving the collimater vacuum pipe With 

diameter of 25 mm and 2000 mm long from the station joining to quad. 

The vacuum system scheme is shown in the Fig.l. 

In order to calculate the pressure distribution With the 

sufficient accuracy in the given sections and its dynamiCS under 

collider operation it's necessary to know the foregOing parameters 

a) e) for the each section. At present time the first parameters 

a) - c) are known with the sufficient accuracy. The fourth parameter 

d) is determined by the production quality and vacuum system 

assembling. The greatest problems for the calculation of the 

pressure distribution and then for surety in getting of the required 

pressure of 10 

The synchrotron 

tor are connected With the stimulated outgasSing. 

radiation spectre and the photodesorption 

coefficient are known from the calculations and. eA~erimental works. 

It's necessary to know what length of the conSidered section is 

lighted by radiation. 

One can consider the task of the pressure distribution on the 

sections. 

1). The fourth sect ion. 

It seems the main gas load in thiS section Will be supplied by 

gas flow from the collimator chamber provided by the cut out beam 

protons whiCh Will be create the more heat gasSing flow beSides the 

straight iono-stimulated desorption. We need in knowledge of their 

number for further calculation. It's necessary to have the high 

vacuum pump between the collimater and quad which beSides getting 

and supplying by high vacuum at the given section should take the 

hydrogen flow to the "cool" beam pipe of the quad. OtherWise the 



.-- ." -
hydrogen monolayer can be adsorpoted on it's surface that can result 

-6 
in the increasing of pressure to 10 tor. (The pressure for satura-

ted vapours of hydrogen under the temperature 4.2 K). 

2). The pressure distributione Without accounting of the 

iono-stimulated desorption influence at 1-3 Sections is given in the 

Fig. 2. The calculation formulas for distribution are: 

1). 0 ~ X ~ 4300 

2). 4300 ~ X ~ 7500 

3). 7500 ~ X ~ 11000 

4) 11000 ~ X ~ 20500 
( Q02. 2;; '! f + Q C T ) ,.: 

P(xlt ) -: - 2, uoi 

where [ l· tOt] 90-1; 90;' - heat Outgassing flow ~. em/. 

~ {·to~ J 
QCT - stimulated outgassing flow l rem 

213 
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Constants c~ - C1 can be used from boundary conditions 

UO-l - conduct 1 v1 ty [l/fT1.) 
of the cylindrical beam pipe 

x1; Xl; 1.. 1 ; J..;.; }f;}l parameters. that defined by the 

geometric and physical conditions. 

In the Fig.2 showed two curves of the hydrogen distribution. 
_fl {·toz 

1 - wi th the next parameters: qO{ = gOl. = 2·10 s elll l. 

- _ 5 {to,! l~ 
OCT =2·10 S-cm /' S =Sl. = 100 s , 

that can be in the beginning. 

2 - parameters are: 

-u {·toz 
Qcr : I( 2· /0 s. em . 

I 

that could be, after 400 hours operating time and special 

preliminary treatments. 

In order to obtain the operate vacuum during the Beam pipe­

assembling it"s necessary the thorough vacuum treatment of the inner 

surface. 

The vacuum treatment involves the pipe pumping with simultaneons 

heating and ion cleaning of the Beam pipe inner surface. 

Such treatment 

dehermetization. 

is required after the every Beam pipe 

ThiS treatment has many problems in the case if the barrel 

calorimeter has been already assemblied. 

The proposed structure of Beam pipe allows to aVOid its 

dehermetization under the maintenance (the movement of the End Cup 

at the distance of 1.2; 1.4; 2.0; 4.0 m) . 

."t 
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The pumping setups. 

1. Vacuum pump 1 (see II) - two sputter-ion pumps with the 

pumping speed 50 ltrls; are installed on the End Cup. 

Under the movement of End Cup the magnet blocks are taken off 

from the pumps and pumps are lowered (closered) to beam pipe. 

This movement is possible with the help of the flexible tubing 

(bellows) connecting vacuum pump and beam pipe. In this position 

pumps are passed through End Cup hole. 

2. Vacuum pump 2 (see V) - the pumping station involves HV-pump 

(sputter-ion pump + getter pump) with the pumping speed 250 ltrls; 

Forvacuum pump, condensate trap and shut-off device. 
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8. FMS TRANSPORT SYSTEM. 

The main features of FMS transport system are: 

• It is self-propelled 

• Transport cart doesn't demand high quality 
and high rigidity steel for TRACK PLATE 

• The problem of the connection TRACK Plate 
blocks is simplified 

• FMS transport system consists of 4" subblocks. 

• The transport system is capable of insuring 
FMS side correcting motion. 
+ ~ x = 0.4 mm per every 150 mm of motion 
along z-axis. 

2.2.6 
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9. SERVICE SPACE TRUSSES. 

• Multi floor service space trusses for 
FWI-FW2, FW4-FT2, FS4-CC, CC-FWS, FSS 
were designed. All these trusses are 
not attached to muon chambers and 
have own supports onAB2, FTI and Support 
Sleeve. 

• Access to the FWS plane disposed between CC 
and FWS is ensured by FWS and FSS motion is 
about 700 mm. The multi floor service space 
trusses with folding floors is installed between 
CC andFWS. 

• FWS, FSS motion is ensured with hydrodrive. 

• Four electronics stanchions for FMS is 
installed on the FSS service truss. 
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10. FMS ASSEMBLY. 

• Transport System assembly 

• FT2 assembly (including coils) 

•. AB2 InsJallation (the second part) on FT2 

• Joining of AB2 (the first and the second parts). 

• AB8 Installation on AB2 

• FT 1 assembly (including coils) 

• AB7 Installation on FTI 

• FW2 Installation on AB2 

• Installation of AB 1 Absorber into AB2 Absorber 

• Installation of Service Trusses on AB2 and FT 1 

• Installation of FWI on AB 1 

• Installation of AB6 on AB 1 

25"2 
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• Installation of AB9 on AB2 

• Installation of Service Trusses on AB2 (be­
tween FT2 and FW4) 

• Installation of FW4 on AB2 

• Installation of Absorber AB 1 0 into AB2 

• Support Sleeve assembly 

• Installation of Support Sleeve on AB2 

• Cerenkov Counters and FS4 assembly 

• Installation of Bridge 

• Moving FMS into Barrel Toroid in operating 
position 

• Installation of Beam Pipe section 

• Installation of Forward Calorimeter 

• Installation of Absorber AB 11 into AB2 

2.53 
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• Installation of Beam Pipe section and Vacuum 
Pump 

• Installation of AB3 and AB4 Absorbers 

• Removing Pit Bridge 

• Installation of Cerenkov Counter and FS4, 
FW5, FS5 

• Installation of sse trestle and AB5 Absorber . 

2.54 
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FT2 

DRAWN KO(HETOVA £. IATl01.14.93 
NOTES: [H<R TRIFONOV S. 
1. AB8 INSTN.LATION ON AB2. APRO 

APRO 
PLOTTED 
DRAWING FIUNAI1[ 

PRELIMINARY 

IHEP NSE 00 
SOC FMWARO MUOO SYSTEM 

FHS ASSEHBl Y 

OWG NO FHS 300-m REV. 
SCALE 1:140 SHEEr 8 Of 22 



NOTES: 
1. FT1 ASSEMBI. Y IItlLlDlNG COILS). 
2. N17 INSTALLATION ON FT1. 
~. fW2 INSTALLATION ON AB2. 

FW2 

ABSORBER ABa 

-------------------------

DRAWN KOCHETOVA E. DAno1.14.93 
(H<R TRIFONOV S. 
APRD 
APRD 
PLDlTED 
DRAWING FItENAI1[ 

PRELIMINARY 

IHEP NSE DO 
SOC FORWARD MOON SYSTEM 

FHS ASSEMBLY 
DWG NO FNS 300-m 
SCALE 1:140 SHEET 9 



tIllE: 

6400 

~--------
I 
I 
I 

FT2 

----------1 
I 
I 

INSTALLATION Of ABSOR8£R 1.81 INTIl ABSOR8£R M2 
DRAWNN. SKVOROONEV 1AT( 

[II<R A.SURKOV 
APPD 

APPD 

PLOTTED 
DRAWING FIlENAME 

4000 

PREliMINARY 

IHEP NSE 00 
SOC FORWARD MUON SYSTEM 

fMS ASSEMBLY 

DWG NO fHSnJ-100 REV. 
SCALE 1:50 SHEEr 10 Of22 



NOlES: 
1. INSTALLATI~ OF SERVICE TRUSSES ON AB2 AND FT1. 
2. INSTN.LATION OF FW1 ON A81. 
1. tlSTN.LATlON OF A86 ON A81. 

DRAWN KO[HETOVA E. DAU01.14. 91 

Ol<R TRIFONOV S. 
APRD 
APRD 
PLOTTED 
DRAWING FIlENN1[ 

PRElIMINARY 

IHEP NSE 00 
SOC FORWARD MUON SYSTEM 

FMS ASSEM8L Y 

DWG NO 300-100 
SCALE 1: 140 SHEEr 11 



FW2 

ABSORBER 

NlTES: 
1.INST ALLA TlOO If NJ9 (If AB2. 
2. INSTAllATION Of SERVICE TRUSSES ON A82 (8ETWEEN fT2 AND fW4). 
l INSTALLATION Of fW4 ON 1182. 

FW4 ¢Q 

DRAWN KOCHHOVA E. IAT£o1.14. 93 
(H<R TRIFONOV s. 
APRD 

APRD 
PLOTTED 
DRAWING FUNAH[ 

PR£LIMINARY 

IHEP NSf 00 
SOC FORWARD MOON SYSTEM 

FHS ASSEMBLY 
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DRAWN KOCHETOVA E. IlAno1.14.9~ 
[H<R TRIFDNDV S. 
APRD 
APR 0 
PLOTTED 
DRAWING F Il[NAI1[ 

FT2 

7800 

PRHIMINARY 

IHEP NSf DO 
SOC FORWARD H~ SYSTEM 

FMS ASS£H8L Y 



ABSORBER AB2 

4000 

sl!e DWG NI FI1S391-OO0 

NOTE: 
1. INSTAllATION OF SUPPORT SLEEVE ON AB2. 

SUPPORT SLEEVE 
IGHT 90 M. T. 

DRAWNN.SKVOROONEV 1JAf( 

[H<R A. SURKOV 
APPD 
APPD 
PLOTTED 
DRAWING FIL[NAM[ 

PRElIMINARY 

IH[P NSE 00 
SOC FORWARO MUON SYSHM 

FMS ASSEMBLY 



NOTES: 
1. INSTAltATlOO OF BRIIl6E. 
2. MOVING fHS INTO BARREl TOROID IN OPERATING POSITION. 
~. INSETAI.lAlION Of BEAM PIPE SECTION. 

OR~WN KO[HETOVA [ DA'\)1.1U3 

UI<R TRlfONOV s. 
APRO 

APRO 
PLOTTED 
OAAWING fllUJJ1( 

PRElIMINARY 

IHEP NSf DO 
SOC FORWARD MUON SYSTEM 

FMS ASSEMBL Y 

DWG NO 300-100 
SCALE 1: 140 SHEET 15 
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-.J 
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4000 

NOTE: 
INST ALATION If FORVARD (ALORI1ETER 

DRAWN A.CHERN IKOV 
(HKR A. SURKOV 
APRD 

PRELIMINARY 
~ IHEP NS[ 00 

SO( FORWARD 11.100 SYSTEM 
FHS ASS[t1Il Y 



f 
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4000 

NOTE: 
1. VACUIl1 BEAM PIPE PREPARATION. 

~BOX 
\ 
\ 

DRAWN VOlKOV A. 
(It(R A. SURKOV 
APRO 
APRO 
PLOTTED 

6400 

PRELIMINARY 
rlt@ IK:P NSE DO 

soc FlmWARO HUON SYSTEM 
FHS ASSEt16l Y 

nWG 00 Ft1S 300-100 REV. 
S(~E 1:50 U1EU7 JlF 22 



SUPPORT SLEEVE 

- -- - -- - -I-l-I+:;:=i==:;====f 

4000 

PR£lIHINARY 
NOTE: DRAWN HH[RNIKOV IHEP NS[ 00 

1. INSTAllATKlN OF ABSORB[R AB11 INTO AB2. [HKR A.SURKOV SO( FORW ARO MUON SYSTEM 
APRD FHS ASSEl18l Y 
flPRO 



SEE OWG NO FHS 391-000 

4000 

NOTE: ORAWN UHERNIKOV 

1. INSTAlLATION Of ABSORBER AD3. [HKR A.SURKOV 
APRO 

APRO 

REI1)VABlE PlATFORM 

PRELIMINARY 

II£P NS[ 00 
SOC FORWARD ttJON SYSTEM 

FMS ASSEt18LY 



ABSORBER AS4 
24.SM.T. 

JA(KIN~ SYSTEM 

4000 

PRELIMINARY 
NOTE: ORAWNHHERNIKOV IHEP NS[ 00 
1. INSTAllATION OF ABSORBER AB,.. [HKR A. SURKOV SO( FORWARO MUON SYSTEM 

APRO FMS ASSEH8l Y 
APRO 



NOTES: DRAWN KOCHETOVA E 0A1l01.14. 93 ~ 

1. INSTAlLATION ~ [ERENKDV (OONlER AHO FS4. FWS. FSS. (H<R TRIFDNDV S. 
APRO 
APRD 
PLOTTED 
DRAWING FIl£1W£ 00-1 1 

PRElIMINARY 

IHEP NSE 00 
SOC FORWARD MUON SYSTEH 

FMS ASSEMBI.Y 



sse QUAD 

PRELIMINARY 

NOTES: DRAWN KOOlETOVA E. IAK01.14.93 IHEP NSE 00 
1. INSTAUATIOO (f sse TRESTLE ANIJ ASS ABSORBER. (H<R TRlfONOV S. SOC FORWARD MOON SYSTEM 

APRD 

APRO 
PLOTTED 
DRAWING FIl[N~[ 
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11. CART FOR ABSORBERS 
ASSEMBLY. 

This cart is used for assembly and transportation. 
It has the mechanisms for fine tuning of installed 
system and support-transport block. 

Support-transport block is used to move CART in 
any direction. 

277 



11 
see sheet 3 

6400 
4000 

mAw-! N.SKVOROOt£V I[ HP NSE rn 
Iml A.SURKOV ~ RlMAm H.m SYSlIM 

TH£ CART fffi ABSORBERS ASS[MBlY 

1£\1. 
A.omo 
DlAWNi FlOM 



I see sheel 1 

Il'LE.BLOAO RELEASLWill 

C) 

"" >D 
I 

ENERPA( f!YQRAUlI( (YLINDER 
(lR-15D2 

-----

IWINlf AI fIINV.r II.W'iTIC 

1.CAI'AClTY: 136 ,6 MURI\;O~~ 
2.RANG£ OF MOTION: uoo • 

Nl V DAtt DRAWN N. 'iKVOROI) 

OlKR A.SURKOV 

APPO 

APP,,-O __ _ 

PlOTTED 
-- ~;n" ,..,,. ... llr" ... .r 

~ IHEP 
PRHlHltlARY 

NSE 00 
SOC FORWARD HUOH SYSTEM 

TIlE (ART FOR NISORlIlIlS A~HIDL Y 



f'l 
CP 
o 

U Sf!' sheel 1 

~ 
41460 

t--__ 4I_3600_-:-____ -I 

• /1' I 1(···-4. 
I '- " I •. ________ M __ lL _______ • 

406 

III 
N ., 
o 
-t -n 

[NERI'AC IIVOl/flUUr fYLlNll£R --- -- -.--~- .. _-- .-- ... 
(lR-1502 

PRELIMINARY 
DRAWN V POT APOV QAl( IHEP NSE 00 
CIIKR A. SUllKOV SOC fORWARD HUON SYSTEM 
M'PO H\f r All! roll AlI,)lImllll') A,)\\MBI Y 
M'PO 

DWIi NO Itl} ~·)I·(I(III REV. 
PLOTTED 



October 1992 

Forward Muon System 
IHEP, Protvino, Russia 

CABLE NETWORK 

FMS design includes cables trusses and 
engineering"networks ( gas, water, 
electrical power). 

Option 1: Disconnection of the 
communication links is necessary before 
the withdrawal of FMS . 

Option 2: Disconnection of 
communication links is not required. 
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12. INTERFACES. 

• Muon Barrel Toroid 

• Beam Pipe 

• Collimator 

• Vacuum Pump 

• SSC 

• Bridges 

• Cableway 

• Access Manway 

• Muon Chambers 

• Forward Toroids 

January 1993 

Forward Muon System 
IHEP, Protvino, Russia 

• Absorbers and Support Sleeve 

• Cerenkov Counters 



• Scintillator Counters 

• Transport System 

• Service Space Trusses 

2.89 
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Forward Muon System 
IHEP, Protvino, Russia 



APPENDIX i 

CONTENT 

1. TRANSPORT SYSTEM FOR MOVING OF 
CENTRAL CALORIMETER INTO BARREL TOROID - 3 SHEETS . 

2. TRANSPORT SYSTEM FOR MOVING OF END CAP 
INTO BARREL TOROID - 3 SHEETS 



V 
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NOTES: 

TRANSPORT U~_ 
see nwr, NO 170-010 

(four unil s) 

CEN!"Al (AlORIMETER IS LOWERED TO TIlE HAlL FlUOR. 

([NTRIIl (IIlU~IM[lfI~ 

W[lfiltT 2400 HEml( TONS 

--- ----_._--

PRELIMINARY 
DRA.WN V .PY AT AKUV GAll IHEP NSE DO 
(HKR A.SlJRKUV TRANSPORT SYSTEM fOR HOVING OF 
APPD [[NTRAl (AlURI~I[J£R ItifO BARREl rOlWI 

~AP-P-D-----I---- OWG NO TS Illll REV. 
PLOTTED 
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NOTES, 
1. tilROlllS All[ R[MOV[O. 

(HI.. 
SUPPORT 

2. (EHlIlAl (ALIlRIM[T[R IS MUVIN!i INTO IlAHRU TOROIO. 

PRELIMINARY 
DRAWN V .1')' Al AKIIV IIA1l IHEP NSE 00 
ClIKR A. SllllK(JV 

APPO 
TRANSPORT SYSI[M fUR ~IIlVIN[j IIf 

'.EN III AI tAl OHIMII [R INTO IIAllIlll TOIIlJIIl 
APPO _______ DWG NO 1\ (Jill REV. 
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Nons: 
1. GIRII[RS AH[ REMOVm. 

2. ONE [N\) (AP ARl MOVED INTO HARm TOROIO 

IN OP[RATlN(j POSITION. ANOIU[R Will. BE NIIV[I) 

AFTER I~IS I AI AllIIN !IF ([NTIlAL (ALORINEI [I{ 

PRElININARY 
DRAWN V.PY',IAKOV MI( IHEP NSE 00 
ClIKR A. SlJRKllV 

TRANSPORT SYSTU-I FOR ~lIlVIII(j OF 
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!Nil (AP UlTO BARRH IOIWIII 
APPO ____ + __ --l OWG NO IS 111m REV. 

~~!~~~~,--.-._. ~. SCALE ~IsHE£T 2 (W'-5---
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(tIKR A.SURKIIV 

MlPO 

MlPO 

Pl0nro 

PR£lIMINAR'Y 

IHEP NS[ 00 
lI~"NSI'ORr SYSl[H FIIR I'IIIVINIi OF 

[Nil (AI' ItHO IlARllfl TtlIWIO 

OWG NO IS tttl2 REV. 
<"IIFfY - nr ., 
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SCHWERLASTZYLINDER 
700 bar - Oruckkratt von 1 00 biB 1000 t 

Technische Vorzuge 
• 80 Modalla 
• Ooppeltwirkand. Hydraulischar Riiclczug 
• Vollkolbankonstruktion - plattiart 
• Sachs .arianmi •• ig liefarbara Hublingan von SO 

biB 300 mm • zuuulicha Ulngan auf Anfraga 
• 10 Standardgros.an von 100 - 1000 Tonnan-

andere auf Wunsch liafarbar 
• Eingabautar Obarlastschuu 
• Auswachsalbare Kugel-Oruckplatten al. 

Sondarzubehor (CAT Modelle) 

Von links nacfl rechcs: CLR-l006. CLR-1506 and CLR-2S04. 

Beschreibung -
Zylindermodelle fur Hub-. Abstutz-. Oruck-
und Absenkarbeiten die extreme Krafte erlor-
demo 

Die mit eingebluten Sicherheitsventilen 
!l'CSgestaneten. robusten doppeltwiri<enden 
Zylinder empfehlen sich besonders fur 
schwierige Einsitze im Bauwesen. beim Tun-
nelbau und Rohrveriegen. Abstutzen, Wiegen 

Abmessungen 

. '-

w!O.;,.;;. ____ ---'..;.....) 
-"'-

und Vertaden von OHShore-GerUsten. 
Eingeschraubte Hubosen erieichtem die 

Handhabung. Kugel-Oruckplanen gewiihrleis-
ten eine sichere Lastaurnahme. 

Eine grosse Seitenlastvertriiglichkeit von bis 
zu 5 % der Zylinderi<apazitiit ist dank spezieller 
KolbenStangenlager garantiert. Ursaehen fUr 
SeitenbelaslUngen sind exzentrische Belastun-
gen der Zylinder, horizontall Krafteinwiri<un-
gen auf Aufbauten. talschl AusnehlUng von 

Last undloder Zylindem sowie n,chtsynchror,e 
HUbbewegungen. 

Auf Antrage sind dia Zylinder mit Hohl-
riumen fiir Ma •• dosan und/oder Hub-
me •• fOhlar liafarbar. 

lfJ ........ .1 
-"-. .. 

i...-~ 

.~)-' 
! ~ , 

_ .60- :":._ 
___ . t .. a __ • _ _ .. ______ .L. ____ _ 

Madelle CLR-700 bis CLR-2S0 Madelle CLR·300 bis CLR-l000 

AuswahJtabelle Nur Hauptmodella 

Zyton. Madel MD. 
dtrtyp ". Druck-

krait 

I kN 

100 CUI·l0G2 -::1 .. 
-!to- CUI-1OO1I r: ::1 

100 CUI-'II01~r: ::1 
ISO CUI-ISOZ r: '. • 
150 CUI-15061~ :. ... 
ISO FLR-1501G -'. Lo • 
200 CUl-2002 -,. 

Lo III 

ZOO CUl-2IIGI -':1 .. 
ZOO CUl-ZOCI1Ol:" ': I 
2SO CLR-250Z It::: I 
250 I CLR-ZSOI :' ~I 
250 p....2501~~ ;; I 
300 CUl-3OOI1 ~ ~ I 
300 ~.3001~ ;'.:,' llIOl 

·~t 

&DO ICIMOO6I~ ~I , .... 11111 I &DO ~-40010, '" .~..: I 

: 500 I ClR-SO06 ! ~ ~~ ! 

Hull ~wkwne o-l AbmeIsungtn 
kolben-
Richt I~ B I C I Die 

F H I J J. K 

nom em' tr.I' mm mm mm mm rnm """ min min rnm mm 

SO Ir: '~Ii:,'" i:': i 172 222 170 1&5 130 I 95 I 30 6' 71 71 2 

ISO 
_ 'lLl _ 

::11 272 422 270 165 130 I 55 30 6' 71 71 I 2 .. III Lc 

2so =- I:! Ir:- ~ 1372 622 I 370 1 1&5 130 55 30 6' 71 71 2 

SO r: ': I ~ : I 192 242 1'90 205 159 ", 40 II 100 100 I 2 

ISO Ir: I:: Ii:..a ~: 2921 442 1 290 205 159 ", 40 II 100 100 2 

2SO ... I" hcl ;: 1392 642 390 205 159 '" 40 II 100 100 2 .. .... Lo 

SO 
_ l&I 

1:'- .: 1 210 2&0 208 235 184 133 SO 80 100 100 2 
Il1o "" 

ISO :::: r: :: 1310 480 308 235 184 133 SO 80 100 100 2 

2SO 1::- :: 1:'- :: I 410 I 6&0 40B 235 184 133 I SO 80 100 100 2 

SO I:'-~l=- ';12371287 235 275 215 1'&5 80 92 150 ISO I 2 

150 !:' ::I=- ~~1337 487 I 335 I 275 216 165 I 60 92 150 150 I 2 

250 1 r..- :: i r: !:. I 437 687 435 275 216 185 eo 92 I ISO ISO I 2 

150 1:.- :: I~ ~: 450 &DO 445 310 241 197 80 138 139 lIS 5 

250 11:' :: I~ ;~ I ;SO 800 I 545 I 310 241 1'97 eo 138 139 I 'IS I 5 

150 !~ ,S:: I~~'" :'; .' .;so I 630 475 I 350 I 267 I 216 I 70 I 148 159 I 22S I 5 

~ .. !ftI11~ 
250 1 : .. 

,,,,,·1 . . , I 
'!:! I .80 I 830 ! 575 I 350 I 26, I 216 I 70 1'48 I 159 , 225 I : 

~2': I ::r..:. 
1:1 : . :.: 

::~i m i 6i5 I 520 : 400 ! 30: , ... I I 179 i 250 ' 

GewcIIt 

K. L N P Q 

I~ 
R. 

min min rnm """ mm kg 

2' I 13 I 55 1 80 CAT.l00 154 46 27 

I 24 13 55 80 CAT· 100 J 54 1 46 39 

24 13 55 80 CAT-l 00 154 46 51 

20 25 55 90 CAT·1SO 154 46 '7 

I 20 25 55 90 CAT-ISO 154 46 r7 

20 25 I 55 90 CAT-ISO 154 46 87 

20 25 55 90 CAT.1SO 154 46 r7 

20 25 55 990 CAT-ISO 154 .. 92 

20 25 55 90 CAT. 1 SO 154 .. 117 

I 21 25 55 lOS CAT-2so I 54 146 105 

I 21 I 25 55 1 '05 CAT-250 I 54 148 141 

I 21 25 55 105 CAT·250 I 54 46 , in I I 

I 75.5 I 25 70 138 CAT-300 I 54 48 252 , I I 
75.S I 25 70 1 '38 CAT-3OO I 54 I 46 300 i 

i 85 I 25 i 70 1481 CAi-400 I 541 46 ,I 343 I 
85 . -. 2. 70 1 148! CA,-400 54146 • 40. 

9; ,5 ' 70 ' lia! CA; sao 54 46 493 
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SCHWERLASTZYLINDER 
700 bar - Druckkraft von 50 bia 1000 t 

Technische Vorziige 
• 66 Modelle 
• Einfachwirkend. ohn. Federriickzug 
e S.cha a.ri.nmiaaig lief.rbare Hublingen von 

50 bi. 300 mm - zusitzliche Lingen auf Anf.age 
• 11 Standardgro •• en von 100 • 1000 Tonnen -

andere auf Wun.ch erhiltlich 
• Ab.priubohrung zur Hubbegrenzung 
e Au.wechaelbare Kugel·Druckplatten al. 

Sonderzubehor (CAT ModeUe' 

Von links nac." rechrs: CLS·506. CLS·l006 and CLS·2006. 

Beschreibung 
Zylincermodelle filr Abstiitz·. Hub· und 
Absenkarbeiten auf Baustellen oder unter 
Wasser. 

Die robusten. einfachwirkenden. mit oder 
ohne Federrilckzug lieferbaren Einheiten 
empfehlen sich besonders im Bauwesen. im 
Schwermaschinenbau und bei dar Wartung 
von Schwermaschinen. d.h. bei Anwendungen 

Abmessungen 

mit hohen Kraften. 
Eingeschraubte Hubosen erleichtern die 

Handhabung. austauschbare bewegliche 
Druckstucke gewahrieisten eine sichere Last· 
aufnahme. Innerer und ausserer Korrosionsschutz 
schutz! die Zylinder bei Einsatzen begrenzter 
Dauer unter Wasser. 

Eine grosse Seitenlastvertriiglichkeit von bis 
zu 5% der Zylindericapazitat ist dank spezieller 
Kolbenstangenlager garantiert. Ursachen fUr 

.' ,f: . 
L . .'- I 

Seitenbelastungen sind exzentrische Belastun. 
gen der Zylinder, horizon tale Kr3freinwirkun. 
gen auf Aufbauten. fa/sche Ausrichrung von 
L3st und'oder Zylinder sowie nichrsynchrone 
Hubbewegungen. 

Auf Anfrage sind die Zylinder auch mit 
Federruckzug lieferbar. 

ModeJ/e CLS·50 bis CLS·250 Modelle CLS·300 bis CLS·l000 

Auswahltabelle Nur HauptmodeUe 

ZytiI. ModII Iotu. Hull WrUImI IiIvairnen AIIrnasungen ~I 
dltlVP Hr. Dna· ~ e F I: .' ktrII ~ 

A 8 C 0 H J J, K L N P Q R ..... . 
I kH """ r;rrtI r;rrtI """ """ """ """ """ """ """ rnm """ """ mm mm rnm """ kg 

50 Cl.S-5GZ 49, 50 I 7,.3 357 128 ,78 125 125 95 95 30 7, 71 3 24 12 55 30 CAT·l00 $I ,3 

50 CI.S-5OI 491 150 7,.3 106!1 1 228 378 225 125 95 95 30 71 71 3 1 24 ,2 I 55 30 CAT.l00 $I I 23 

50 Ct.S-5010 ." 250 I 71.l 1783 328 S7I 325 I ,25 95 95' 30 7, 71 3 24 ,2 55 30 CAT·l00 $I 33 

,00 CLS-100z 919 50 I '33.3 6111 10 ,93 ,.., ,65 130 130 30 71 71 3 2' 12 55 56 CAT·l00 501 24 

100 CLS-1001 919 150 133.3 I. 20 313 240 165 130 130 30 71 71 3 2' 12 55 56 CAT.,OO 501 ., 
,00 Cl.S-1001G 919 250 133.3 3333 130 SI3 3.a 165 1'30 130 30 71 71 3 I 24 12 55 56 CAT·l00 501 58 

,150 CLS-'508 1386 150 19&.0 2970 265 '15 283 205 159 159 40 130 130 I 2 20.5 25 55 72 CAT·200. 501 69 

150 Fts-'501G 1386 250 I 19&.0 4950 365 6,5 383 205 159 159 40 130 130 2 20.5 2S 55 72 CAT·200 501 95 

200 CLS-ZIIOI 1838 150 2116.5 3991 1213 4C 291 235 184 184 50 130 130 2 20.5 25 55 89 CAT·200 501. ~ 
200 ~O ,838 250 1 2N.5 I 1183 313 643 391 235 ,84 184 1 50 130 130 I 2 120.5 2S I 55 89 CAT·200 501 153 

250 CLS-2508 2527 , 150 366.4 I 549.~ 293 4C I 291 275 I 216 1 216 50 150 1'50 2 21 2S I 55 89 I CAT·250 501 ,63 

250 CLS-2501oj 2527 I 250 I 3eU I 9155 313 643 391 275 I 216 I 216 50 1 150 I 150 i 2 , 21 25 1 55 I 89 CAT·250 501 210 

300 CLWIGI 3204 150 I .58.0 6870 I 335 485 13311 310 , 241 241 60 1 139 115 I 5 /75.5 I 2S I 70 1 n CAT-300 501 233 

300 CI.S-3OO1I l204 I 250 i 458.0 11.50 1 05 1 685 430 I 310 241 2" 60 139 ,95 I 5 I 75.5 25 I 70 n CAT·300 501 293 

400 CLS-4OO6 3911 i 150 I 553.0 8385 I 365 515 360 350 267 I 267 ·70 159 225 5 85 I 25 I 70 97 CAi-400 501 327 

400 ~,~ 3g11 I 250 I 559.0 I 13975 I 405 I 715 I 460 I 350 I 267 I 267 , 70 I 159 I , 225i ~ ! 85 I 25 ! 70 I 97 CAi-400 I S4 I 403 

500 1CU-50061 Sil.; I 150 ! 731.0 I 10965 i 395 S45 , 390 i 400 ~ 30S i 305 I 80 : 179 I 250: 5 i g! I 
25 70 I 117 I CAi·SOO S4 I 467 i , I I 

500 ~500101 5~ I: 250 i3~ .0 I 1827: I 495 I 745 i 490 ! .100 i 305 ~~1 Jl : 179 i 25O~ 5 91 i 2: ; 70 i 117 i CAT·SOC , S4 I 567 

. .. , .. .. .-, .... -o'-"'t - '. - - . . -

/' 



HOHLKOLBENZVLINDER 
630 und 700 bar - Druckkraft von 1 1 bis 140 t 

Technische Vorzuge 
• 19 Modana 
• Einfachwirkand mit Federriickzug und doppeltwirkend, 

Hydraulichar Riickzug 
e Hohlkolbenkonstruktion 
• Fur Druck"und Zugarbeiten 
• 8 bi. 257 mm Hub 
• Kolbenabstreifringe 

Von /inks "ach ~chts: RCH·IOO3. RCH·603, RRH·150B. RCH·121H. 
RRH·306. RRH·lDOI. RCH·306. RCH·202. 

Beschreibung 
Dank der Hohlkolbenkonstruktion sind die 
Zylinder gleichZeitig fur Druck· und Zug· 
arbeiten einseubar. Zu diesem Zwack werden 
Zugsrangen in die Liingsbohrung eingef;;brt. 
Dureh die I<olbenbewegung kann nun eine 
LaS! gezogen oder gedriick! werden. 

Auswahltabelle 
Zyilo .... MaL lUI WitIImt p.....n.n 

Hr. 0nJ:i. KoIben-

Der Anwendung und ModeJlart gemass. 
sind die Zylinder en!Weder mit austausch· 
baren. geharteten Druckstucken oder 
Befestigungsgewinden am Zylinderkopf fur 
einfache Montage in Spezialvorrichtungen 
lieferbar. Die gresseren Modelle sind fUr eine 
eintachere Handhabung mit Traggriffen aus· 
gestanet 

Abmessungen 

RWH·Zylinder sind mit unterschiedlichen 
Olanschlussen ausgestanet (siehe Anmerkung 
unten). Aile anderen Modelle haben CR.400 
HOChflusskupplungsmuffen mil StaubKappe. 

Aile 20. 30 und 60 Tonnen RCH-Zylinaer 
verlugen zusillzlich uber einen Cllanschluss im 
Zylinderboden. 

Anmerkung: Wenn bei Anwendungsfillen 
eine seitliche Belastung suftritt, nehmen 
sie Kontakt zu ENERPAC fur speZielle 
Druckstucke auf. 

iGewoc::, 
det!yp 

krait IIicne A ale o "1'1 H 
I J 

mm~:mmm 
K 0 P R I 5 

m~1 
V 

~I 
X Y 

t leN mm em' ern' mm mm mm mm mm mm mrn mm mm mm kg 

RCH·I21H 112.4· I " 17.8 75 1211163\121 70 154 lS 25 - - - - 1-\54 - -I - 30 23;.-.16 UN 19.5 I 3.0 
1'1 

RCH-IZI 112.4· 78 17.8 139 184 262 184 70 54 lS 19 - - - - - 54 - 1 Sl !51' .... 18 UNC 30 2"'."·16 UN 19 .• 19 

IICII-ZGZ 213.& I 18 305 1 ... 160 201 160 99 nl54 25 - 53.& - 1'1,.-.16 UN I - 54 - 82.5 3/a-.16 UNC 31 3'1.-·12 UN \25.5 I 7.& 
ZO 

\ 3'''-·12 UN \21.5 I RCH·. 213.& 155 30.5 '70 301 ., 301 99 n 54 25 - 53.& - 1., .. '·18 UN - 54 - 82.5 lfo".18UNC 31 1 • .1 

JICH.3GZ 32!J I 63 18.6 29Ii 178\241 178 11' 89 635 26 I - 63.2 - "1,.'.16 UN - 54 - 92 lfo-·16 UNC 31 4'12-·12 UN 33 10.9 
30 

541-RCH·3OI 326J 158 46.& m 330 .. 330 114 89 635 26 - 63.2 - '3f .. ·.l.UN - 92 3/a·.18UNC 31 "12'·12 UN 33 lU 

IICII-I03 591.7 7S 15.5 142 235 310 235 159 124 92 29 - 91.7 - 23f.··18UN - 541- 130 'Iz-·UUNC 59 1'1.'.12 UN 515 2&.7 
&0 

I IICIWOI 591.7 155 85.5 1325 315 470 315 159 12' 92 29 - 91.7 - Zl/,".16 UN - 54 - 130 '!z"·13UNC 59 1'1.'·12 UN 515 35.2 

90 RCH-lOO3 93U \ 7& 1315 1017 291 374 215 211 165 127 ., - 126 13 4'1."·12 UN - 54 - 178 - - - 10 51.0 

RRH·3O& I:"' :':1 155 Ir:" :!Ir:" ::: 353 508\340 114 89\63 11 61 60 13 l'I ... ·16UN I - 54 - -I - 39 1 "lz··12 UN ! 33 21.0 
30 _1Il11 

Ir:" :!Ir:" ': 454 19163 l'I.-·16UN I - -I 391"I2-.12UNi 33 1IRH-3010 "" 11111 257 711 ... 1 114 61 61 60 13 54 - - 2LO 

ARH-IGI 1::- ::1 155 1::- ::1 ::- ': 357 512 3401 159 1241 8& 81 81 13 13 Zl/.·.12 UN I - 54 - -I - 45 16'/.'.12 UN 1515 «1.0 
60 1::- ::1 I r: ::1::- ::. 1241 86 181 23f.··12 UN I - 541-1-1 45 16';".12 UN 1515 RJIH.t010 257 459 711 446 159 81 12 13 - 44J) 

100 ARMOO1 i::- ." "", 40 1::- '::1::- :11U 222 179121. 1651'40 " ... 127 5 4'12"·12 UN I - 54 54 -I - -I - 110 33.0 

RllM-IOOI 1:- ::1 155 It" ':1\::- 1::::39715521314 216 1651140 112 12 IU6 13 4'lz··12 UN I - 541- -I - 5& 1I'!Z-.12 UN 171.51 10.0 
90 lIND .11 I::"' '~It" :: 499 i 75& i 18& 216 165 11«1112 12 1136 4'/z··12 UN I - 541-1-1 I 5& 11'lz-·,2 UN 1".5\ 100.0 RRH-II01D "" a .. I 25i 13 -
1«1 JlRH.1501I t" ':! I 203 It" ::1 t" :: 318 551 13431218 191 \1521 31 60 1127 4.5 4'/.".12 UN I - 54\- -\ - -I - I 79 i 102.0 

124.6 17.& 14 Iss! OJ i 55170 1541- 110! -! -1-13!.··.16UNF i 17 1- 1 - 151 !s"'''';&UNCi 30 IZ31.-.16I.iNI19.S: 1.3 

124.6 25 I i7.B 

G • Olar.se,,"u,;eWlnae - RC:-< und RP~ Zvhnaer' lis"· 18 NP"-. ~WH·12C - RWH.121 ",'. 18NP7. '302-
.. Sel 53~ :)a~ 

Fur die Abmessungen enrnehmen Sie Sette 117 . 
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FLAT-JA~M ZVLINDER 
700 bar· Druckkraft lion 5 bis 150 t 

rm~ e:=1 ------1-., Technische Vorziige 
• 8 Modelle 
• Einfacnwirkend. Federruckzug 
• In jeder Lage .inseubar _ 

Von links nach rechts: RSM·500, RSM·50, RSM.1500, RSM·200. 
RSM·1000, RSM·l00. 

• 8.4 bis 18 mm Hub 
• HartYarcnromt.r Kolben aus 

Oualltiitsstanl 
• Gerillte Kolbenenden arubrigen Druck.tucka 
• Scnnallkupplungan 

Beschreibung in Wemen, bei Offshore·, Fertigungs· un'; 
Montagearbeiten aller Art. 

Bodenbefestigungsgewinde sind mOglich. 

Die extrem flachen RSM·Zylinder empfehlen 
sich zum Heben und Ausrichten schwerer 
Lasten bei sehr geringem Freiraum. 

Dank ihrer kompaklen Bauweise. grossen 
Druckkriihen und schnellen Arbeitstl!klen 
bieten die in jeder Lage einsetzbaren Einheiten 
vielseitige AnwendungsmCiglichkeiten in 
Produklion und Wartung - auf Baupliuen. 

Abmessungen 

.. C:.~ __ < 

r-
I 

g' I 
L 

--_ ... -. J 

.L 

Aile Modelle sind sehr handlich. Die grosse-
ren RSM·750, 1000 und 1500 Einheiten sind 
mit festgeschraubten Tragegriffen ausgestat· 
tet. 

Der Arbeilsdruck iSI proportional zur Zylin. 
darlast. Aile Zylindar lIeriugan ubar 'I." . 18 
NPT Olanschlusse und CR-400 Hochflusskup· 
plungsmuHen mil Staubkappan, au8ar 
RSM·SO, die mit ainar Standardkupplung 
AR-400 ausgarUstet ist. 

Diese sind jedoch gemass den Abmessungen 
M, U und V in der Auswahltabelle moglich. 

_J __ 
-.-~. --< .L. --S..--

I 

[. 0' .'. 

L .. J 
_._A-_ -- ".~ ----"-- --7:'=- II • p 

RSM·50. RSM·l00. RSM·200, RSM·300. RSM·500 RSM·750. RSM.l000, RSM·1500 

Auswahltabelle 
ZyiI- ..... IIa i".= ,-- a.oo.... ~ GowaI 
aonyp fir. Dr\PIIoII '-'i'.ir:ne 

I m~ AI 8 0 (h E F K L M R S U V 

t III ' , I ~ a:t' mm mm mm mm mm mm mm mm mm mm mm mm mm II! 
5 IISM-IO "J S., ! u ! 5 1 33 39 I 32 60 41 21.1 25 ! 1 21 22 37 - I 28 I 5 0,6 I 

10 111 •• ,00 1012 ~tQ 1 144 i 16 I 43 I 54 1 42 1 81 56 43.0 38 1 28 34 54 - 1 37 7 1.1 I 

20 JISM.2OO I 20IU 11.~ I 2U I 13 52 63 1 51 100 I 76 60.0 51 I 39 40 54 - 50 10 U 
JO RSM-300 2SlO 12.3 I 41J I 52 59 71 I 57 115 95 73.0 64 2 I 48 I 44 54 - 52 10 .2 

:5 IR5M.Sao I ol35.C I :O.~ cl2.i i 91 67 I 63 I 65 i 140 I 114 I 89.0 i 70 I 2 I 57 I 
54 54 67 I 6.& , I 1 - 12 

75 IIISM.750 ! ill.! ! '5" 
, 

'02.; ! ISO i 80 96 I 78 I 185 i 140 1114,0 63 i 2 70 67 54 50 I 76 1 13 I 11.6 I 

'I 

J 

l..sr. ! RSM·l000 • 3U.~ 
, 

.! : '2,. ,CO 1 86 102 I ~ ! 176 : 152 ; 127.0 i 92 I 2 I 76 I 7S I 
54 ! 46 ! 76 i 13 13.8 I I 

2" ~ 00 , _:1_6 __ 9_8 __ 2_'5_'_,9_1_: _'7..&-.0.,.,...."" ... ' .. 2_---' _9_5_i_8..:.3 __ 54 __ 1 _S_0 __ 11_7 __ 13:.....,--_24_C_ 



VERSCHRAUBUNGSGERATE - STANDARDSERIE 
700 bar - Dr.hmom.nt. von 3500 bis 25000 Nm 

Beschreibung 
Welcher Art die Anwendung auch sein mag. 
die Ratlonaiisierung sieh wiederholender 
Verschraubungsvorgange zahlt sieh immer aus 
- an den kleinsten. einlaehsten Einheiten 
ebenso wie an riesigen. komplex en Konstruk-
tionen. 

Technische Vorzuge 
• '0 Modall. - .infech- und dopp.ltwirk.nd 
• ± 3% G.nauigk.it 
• Hoh. L.istung bei g.ringem G_icht 
• Vollautomatik-B.tri.b undJod.r F.rnst.u.rung 
• Antri.b durch Handpump.n ._i. luft-•• ,.kt,i.ch- od.r 

b.nzinbetri.b.n. Pumpenagg,egat. 
• Ext,.m kl.in., Kopfradiu. 
• Einzigartig. Kreisbog.nflihrung d .. Rauch.nkopf •• 
• B •••• r. Zuginglichk.it dank flach.r. kompakt.r 

Konstruktion 
• Vi.,filtig kombini.rbar mit Spannrad.in.itz.n und 

Aufst.cknu ••• n 
• Schw.nkba,. Schn.llkupplung.n 
• Au ••• nli.g.nd •• Sich.,h.it.v.ntil 

Dank ihrer hoher. Krafte und genauen 
Drehmomente reduzieren lortschrinliche 
ENERPAC Verschraubungsgerate drastisch 
Versehraubungszeiten bei Montagearbeiten 
alier Art. 

Die leln/uhlige Drehmomenteinsteliung 
gewahrleistet eine gleichbleibende Genauig· 
keit auch bei sieh haulig wiedemolenden 

Verschraubungsvorgangen. Das eriorderliche 
Drehmoment wird aul dem Manometer des 
Antriebsaggregates abgelesen. dessen 
Bedienung lemgeSleuert sic her uber 
Drueletaster eriOlgt. Zum Arnneb eignen sieh 
Handpumpen sowie iuft·. elektnseh- oder 
benzinbetriebene Pumpenaggreglte. 

Arbeitsweise und besondere Vorteile 
Die hydraulischen ENERPAC 
Versehraubungsgerate arbeiten mit einer ein-
zigartigen KreisbogenfUhrung. Die von dem 
Hydraulikzylinder er7eugte Kraft wird in aine 
Drehbewegung von ca. 20 Grad umgewan-
delt. die wiederum auf die Vier. oder Seehs-
kanteinsatze uber eine leingezahnte Ratsehe 
ubertragen wird. 

Die Ruekbewegung erlolgt uber einen zwei· 
ten. kleineren Hydraulikzylinder bei doppelt· 
wirkenden. minels Ruckzugfeder be; einlaeh· 
wirkenden Modellen. Ein Umsetzen wcihrend 
des Verschraubens erubrigt sich bei alien 
Geraten. 

Dank der besonderen Konstruktion und 
Funktionsweise der ENERPAC Verschrau· 
bungsgeriite behindem dicht nebeneinander· 
liegende Schrauben in keiner Weise den 
Versehraubungsvorgang. was bei zahlreichen 
Anwendungen von entscheidendem Vorteil 
isl. 

Die kompalete. flache Konstruletion erllubt 
vielseitige Anwendungen. Verschraubungen 
kannen problemlos an beliebigen Punkten 
angezogen werden - am Rand eines Aan· 
sches ebenso wie aueh In der Mine von Ober· 
flachen. Ihr. flache Bauweise maCht sie eben· 
falls einsetzbar an schwer zuganglichen Stel· 
len - und salbst dort. wo der Freiraum 
gerade der Bolzenhohe entspricht. 

Der voliautOmltische Betrieb der ENERPAC 
Verschraubungsgeriite bietet zusiitzliche Vor· 

teile hinsichtlich H.ndhlbung und Siehemeil. 
DIS Pumpenaggregat sehaltet lutomatisch 
abo sebald das eingestellte Drehmoment 
erreieht isl. 

Ein weiterer wesentlicher Vorteil der 
Systeme ist die magtiche Verwendung von 
Einsitzen versehiedener Grosse sowie der im 
Handel emaltlichen Einstecknusse. 

i 
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HVDRAULIKPUMPEN 
Technisc:he Deten 

Die nachfolgenden Aufstellungen sind Aus· 
wallltaoellen fur Ilektnsch·. luft· und benzin-
betriebene Pumpeneggregatl - einschliess· 
lich Elektro-Pumpen mit getlilten ForderstrO-
men. 

Bei der Auswahl einer Pumpe sind tolgende 
Faktoren zu berUcksichugen: die verfiigbare 
Energiequelle. das nutZbare alvolumen der 
Pumpe sowie die erfordeniche FOrdennenge 
und der Systemdruc:k. 

Bei einer vorgegebenen Zylindeneistung 

stem die Hubgesehwindigkeit des Kolbens in 
proportionalem Vemaltnis zum Arbeitsdruck 
und der Fordermenge der Pumpe. Je schnel· 
ler die Pumpe diS 01 in einen Zylinder presst, 
desto schneller fiihrt der Z ylinderkolben aus. 

Oas Olvolumen einer Pumpe muss ausrei· 
chend sein. um aile im System befindlichen 
Zylinder Inzutreiben. OerUbertlinaus muss 
eine gewisse Resarva zur Aufnlehterhaltung 
des Pumpenbetriebs verfiigbar sein. wann aile 

Elektrohydraulische Pumpenaggregate 
Modell Nr. P",;mDt!'!ln -

1 Feroervclumen I Mil. aelnl~orucl 

I 
I 

I 
Nieder. ,;oc!I- Nieaer· Hod>- ~IIOII' Hocn· I 
druck· druck· druck· druc!<. , dnIck· drucl· 
stufe Slufe slufe stufe Sluft stufe _. 

1 1 _min. Vrnin. bIr bIr 

~ I - I 2·Radialkolben I 12 D.32 14 I 700 

T~ - iJ.ilidillkolbelt 2.4 I 0.32 7D 700 

IIPN-IGO - I 2 -RIdiIIItaIbIn - D.I5 - 700 

IIPN-IIOOO - J.IIIcIiIIkoIbI - 1.0 - 700 

IIPN-IIOOO - 3·1IaciiaIkoIIIen - 2.0 I - 700 

1IPN-20000 Gerotor 2·Rlllialkolbttl U I O.es 
I 

60 I 700 

BPN-30000 GeIOlOt I 3·Raaillkolbln 9.2 I 1.0 I 60 I 700 

BPN-SOOOO GtroIar 3-Rldilikolbln 17.3 2.0 60 7DO 

Elektrohydraulische Pumpen 
mit geteilten Forderstromen 

BPN-14OOC). 2 - 2·~1diIItoIben - I 2 x 0.33 - 700 

~ 6 Ax.Ico/b. 2 AIiII!IaIbIn I'.S I U 190 700 

Pl'N-9OQG.t I 6 AI.kOlb. 1 4A~ I 14.5 I 8.0 300 700 

Pl'N-9OQG.2 - I 212 AriaII<OIb. - I h5.0 I - 700 

jlPN-~ - '4'1~. - , 412.5 - 700 

Dauer· 
betnebs· 

druck 

1 bIr 

I -
I -
I -

S60 

I' S60 

I S60 

I S60 

S60 

, S60 

600 

800 

I 800 

S60 

Lufthydraulische Pumpenaggregate 
PA-I33 lKo1/1eft I - OM - 700 I -
P"-II60 t~ I - 0.lIl - 700 I -

PAM-lOCO ~ I 10.0 0.14 3S 700 I 700 

Bl'A-l'11OO - I 2·Ri_ , - 1.3 - I 700 , 700 

IIPA-20000 Gorotor I 2·~JGiIIkoIbIn I 10.8 1.3 I 60 I 700 I 700 I 

Benzin-Pumpenaggregate 
j SPG-14IlO0 700 700 

Oruckoe· 
gllnlungs 
Ylntu .",. 

gesleRt iuf 

I bar 

700 

700 

700 

700 

700 

700 

I 700 

700 

-
700 

700 

700 

700 

700 

700 

I 700 

700 

700 

70e 

Zylinder lusgaf.hren sind. um aile Schlauche. 
Vemila. usw. gefiillt zu helten. 

Um das erfordertic:he Olvolumen eines 
Pumpenaggregates zu ermineln. muss das 
GesamlVOlumen aller Zylinder im System 
addiert und diesem Wert ein Sicherheits· 
aufschlag von 50% hinzugefiigt werden. Der 
erhaltene Wert muss mit dem nutzbaren 
alvolumen des Pumpenaggregates uberein· 
stimmen. 

Motor iankinnalt Il'llmo!".. I Langt 
(Nenn- lour:bart IInge:. d. An. .. , 

leistungl :,,-~u,· ~ 
~,tt' kibeiS 

iRPM 1,·51 120 I 1 m kW 51 401 ,- 0.37 21 I jI 3 

- - 5.61 jI 3 

1390 0.7S • ·1· - jI 3 

1390 1.1 • • • - jI 3 

2710 12 ·1· • - , jo 3 

1390 10.7• I • I· I· I • I jI 3 

1
1390 1.1 - - I· • it 3 

2780 12 - - I· ., it 3 

113..00 0.7S • 1·1-1- ja 3 

11390 4.0 601 jI 3 

1
1390 1.5 601 " 3 

1
1390 9.5 601 I jI 3 

11390 9.5 601 if -

- - 0.&1 jo ! -
- - 1.61 I - I -
- - 211 I 7.41 jI I -

12800 U I • I • · i - jI I -
2800 2.2 ·1· ·1· " 

, -

: 28ce i 3:75:. • • ,a 



I 
/ 

i 

HVDRAULIKPUMPEN 
Abme •• ungen 

Die fOlgenden Aufstellungen und Zeichnungen 
vermineln die Abmessungen dieser modemen 
Pumpenaggregate. einschliesslich der Olt,nks. 

Dank des geringen Gewichts und der geringen Aile Abmessungen. mit Ausnahme der 
Abmessungen bei hoher Leistung ist Ihre Gewlnde. sind in mm .ngegeben. 
lrostallation aucll auf engstem R.um mOglich. 

Elektrohydraulische Pumpenaggregate 
MccItU Nr I Oillflk I Venll~ I A I B I c· I DIE FIG I H 

I 
J K 

Il I M ( Ml IN! 0 a R s 

KO",:,kl· I 2 lilt< I Ohne Venlll i 2~ i 2" : 362 I 102 I- I- !- I 10 I :33 I - I- i - I - I- I- - I - I -
gumoen I I ManuIII ! 244 i 2" I 362 I 102 I 

I I - I - - I 10 I 133 I ',.··.lSN?' 
, 

I I i 120 I I I ! ! - - - - - - -
TIUCII-

I 
5 !.lll' I Ohno Von,,1 ; 263 I 232 i 407 i 240 i - I - i- la I 25 I - i - i - I - I- I - - - I -

punI:>en I M,nue" I 263 I 232 I 407 I 240 I - I- I - I 4.8 25 I " ... ·lSNPT i - I 331 I - I 268 i - - I - 89 

14000 I 
5!.lter I Manuell I 304 I 205 I 409 159 I 284 leS ! 10 I 7 20.0 I 3/ ... ·1S NPT 1 73 I 335 I - i 182 I 88 I - - -

16000 I Eleklnscn I 304 I 205 I 409 159 ! 284 les I 10 I 7 20.0 I 3.'.".1SNPT i - I - i 405 I - I - 236 46 40 
18000 

I I 304 I 205 I "" i 190 i 284 I 10 I 7 3/ .... 18NP' I 73 I 335 I 1 213 188 20000 7 Ult< i M,nuell le5 20.0 - - - -
SE~IEN I au:nscn I 304 I 205 I 440 190 I 284 ISS I 10 I 7 20.0 )I."·~8 NPT I - I - 1 4051-1- 257 46 40 

I I MlnU"" I 460 I 340 I 440 190 I 440 1m 
, 

10 I 7 U.5 'f ... ·1SN?; I 73 I :Oil I 1213188 20 uler , - - - -
20eCO I E'e<t-isch I 460 I J40 i 440 190 I "" I ,is ~O I 7 I 22.5 3/ ... ·18NPT I I 560 i :213i88 I 3COOO - - - - -
5acOO I 40 ule. ! Manuell i 460 I J40 I 570 I 320 I 440 2~5 i 10 I 7 I 22.5 3! .... ISNPT I 73 I seo I - 13:31 8B - I - -SEiilEN I Elektrisch I 460 I J40 I 570 I 320 I 440 20: i 10 I 7 I 22.5 '/ .... 18NPT 1 - I 56il I - I - 1 - 397 46 40 

• BPN·laooo und 8PN·50000 Senen IU kW). und aI1e 22G-VoI\.Einphasen-Moloren. ~M 25 mm. 

T 

-
I --
-
-
25 

25 

25 

25 

I 25 

I 25 

I 25 

25 

Elektrohydraulische Pumpen mit geteilten Forderstromen 
Ottri 1 YI1llilln A 8 C 0 E I FIG H J K l MIN 0 P I R 5 T I 
5 UItf 1 0Me Ventd J04 205 455 159 284 I 165 I 10 7 20 3/.".18NPT - 359 I 176 24.5 30 I 20 14 25 

8lil" I Ohne Venti! J04 205 486 190 284 I 165 I 10 7 20 '/."·18NPT - 358 I 207 24.5 3D I 20 14 25 ! 

60 liter : 
~ 965 I 475 610 155 1225 I - I - I 1030 790 '1."·18 NPT - I - i 52 I - 88 I 40 - - I 

Elektrisch 965 475 610 155 225 -I -I - 11D2!1 790 3,.".18 NPT n I 46 I - I - - T 40 - I - i 

Lufthydraulische Pumpenaggregate 
Oltank I A I S I c 0 I E F G I H I J K l I M I N P I T U I 0 I V 

5 lilt< I 3041 20S 334 159 I 284 165 10 1 7 20 3"-'18 NPT 73 I 335 I 182 73 25 Rp 'f." I - -
7Ut" I 304 I 205 J64 190 2B4 165 10 I 7 20 '1.".18 NPT 73 1 335 I 21J 73 25 Rp '/Z", - -

20 litt< I 4&0 I J40 J64 190 440 295 10 I 7 22.5 '/.".18NPT I 73 1 S60 1 21J - 25 Rp".j 88 -
40 littf I 4&0 I J40 1 494 320 440 295 10 1 7 22.5 3/'-·18 NPT 73 I 5601 J43 - 25 Rp".j 88 -

PA-133 und PA-1150 
CIrri I A 8 1 c o I E F 1 G I H J 1 K 1 l M 1 N P a R 1 S 

PA.133 I 178 254 I 8 40 1 84 114 1 3f."·18 Ni'i 1 145 102 I 22 1 '1."·1' NPT 51 1 73 93 1.5 392 1 (f1 

PA.llSO 1 210 255 I 74 80 I 170 162 I 11.-.18NP':' I 145 18 I 22 I '1'-'18NPT 119 I - - 215 282 1 (f1 

PAM-1000 
0IIInt I VIIIIIIIar! I A , B C 0 E F I G I H J K l 1 M N I P a R 

2.IlAt< 1 ........ / 162 1 230 320 109 88 6.6 I 218 1 301 118 368 97 1 55 "'-'18NPT l '/.-.18NPT 60 20 

7 .• littf I MInue« I 162 I 230 320 109 118 6.6 : 218 1 301 188 438 167 I 55 If .... 18NPT 1 ".".18NPT 60 20 

Benzin-Pumpenaggregate 3 0 9 
OItank 1 A I B I c I 0 I E I F 1 G 1 H I J 

, 
l I M 1 N I p , 

T I u I 0 I V 

5 UlI!r JQ.: 205 48!' 159 284 165 I 10 I i 20 i 31 .... 18NPT I 73 i ~25 182 
I 

13 I 25 60 I 1 48 I I , 
1.: Li:!f JQ.: ,05 52n ! 190 284 165 I 10 I ! 20 1 3' .... ISNPT i 73 425 I 213 ! 73 ! 25 60 I I 48 

ZC_:l! .!C.: j~ i :2C '9C - 295 10 :1.: ! > .... ·IS NP'" . 73 S6e Z" 25 88 ! 
J Q".': \1::- -. ',,' " 5E 



/(ompakrpum".. 2·I.O/rank 

~ . -"< 

•• .....J 

...::'----'---4'.----'-. . 
Modlll/rrlihen 20000. 30000 IJnd 50000 
20- IJnd 4O-t-Olt,nIcs 

• I 
--:. .-:.:.:....=.:-

PA-l33 

5- und 7.S·I·Oltallks 

.. 
J.I L 

1st d.r Einbau in ain. Produktiona­
vorrichtung gaplant. so ilbarprufan Sie 
bitta vor aastanung bai Ihra, ENERPAC 
Vart,atung, ob dia in unsaran Katalogan 

L_,Il.' ___ -..:J',-.J -_ ....... --,--'-._-
rlluChpumpe S.S·I-Oltllnk 

i 
cr:==::::· :::!. • .J. ---, __ -L. 

, 

BPN-1400D-Z PlJm". mit 9I1rei/t""' 
FOrdflmrom 5.5- IJnd 7.5-I-OIr.nks 

___ ...100 __ 

-:'07 

~-

PA·1150 

. --- -.:.:...~ 

ZO· IJnd 40·/·0Irank5 

.utg.fOhrt.n M .... korrakt sind. dann 
Andarllngan sind im Rahman da, tachni­
schan Waitarantwicklung moglich. 

_ .•. c. ____ .. _ 
__ . __ ." __ -.-100._ ---..... -.- --

Modellreinell 14000, 16000, 18000 und 20000 
S·und 7.5-1 OIranks 

_,_,_,_,-

PPN-8OOOI9tXJ(J Pum". mit ;flrfli/rem 
FOdIllStfOm 6D-I-Olt,nk 

• 

~\-==""" . ~ ;' 
I . 

L- --' 

-~--

PAM-looo 



APPENDIX 3 


