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I) Introduction

The STAR electromagnetic calorimeter (EMC) will be used to measure the

energy of photons and electrons from collisions of beams of particles in the P3-IIC

accelerator under construction at Brookhaven National Laboratory. The present
design is documented in the EMC Conceptual Design Report,1 and consists of a

cylindrical barrel and two flat endcap calorimeter sections, as shown in Fig. 1. The

barrel EMC will consist of 120 modules, each subtending 6° in azimuthal angle
about the beam (¢), and half the barrel length. Each module will be subdivided into

"towers" of alternating scintillator and lead, which project to the nominal interac-
tion point.

There is a strong coupling between the designs for the EMC and for the con-

ventional solenoidal magnet, which will be located immediately outside the barrel

EMC. For example, the inner radius of the magnet must be minimized to lower

costs and to reduce the STAR detector's outer diameter to fit within constraints of

the existing detector building. This condition requires the calorimeter modules to

be just thick enough to accomplish physics goals and to support their weight with

small deflections. Some of the other considerations for the magnet and calorimeter

designs are described in Ref. 2 (STAR Note # 115). MASTER
* E. Bielick and T. Fornek are on loan from Argonne's Technology Development

Division.
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The method to support the barrel EMC was developed in collaboration with

the STAR magnet subgroup engineers at Brookhaven. The present design consists

of a set of nine large rings located between the solenoidal magnet coils, as shown in

Fig. 1. Attached to the rings will be 60 "rails" runn'mg parallel to the particle

beams, with a spacing of 6° in ¢ between rail centers (Fig. 2). The barrel EMC
modules will slide in from the ends of the STAR detector on the rails. Tolerances on

the module dimensions and rail spacings are critical in order to minimize the clear-

ance required between modules; the larger the gap, the poorer the EMC physics per-
formance.

This note describes progress in the design of the EMC support rings. Several

ring designs and methods of construction have been considered. Modifications to

the earlier design discussed in Ref. 2 were required due to costs. In addition, instal-

lation and alignment problems for both the rings and the rails have been considered

in more depth. Finally, revised Stress calculations for the recommended ring

designs have been performed. Most of this work has been done in close collabora-

tion with the STAR magnet subgroup.

II) Solid Ring Design

The first design considered for the EMC support rings was based on the con-

cept presented in Ref. 2. This concept (Fig. 3) has eight aluminum rings of thick-

ness 121 mm= 4.75", and a single ring 165 mm= 6.5" thick at the center of the

barrel. The rings are assumed to be equally spaced along the beam direction (z),

vrith 620 mm between ring center planes. A total of 60 slots or grooves in the eight

4.75" rings and sixty 76 mm= 3" diameter holes in the 6.5" center rings were

asst_med for routing of plastic optical fibers. These fibers will transmit scintillation

light f,-om the EMC modules to photomultipliers located outside the magnet. The

slots or _._ooves in the 4.75" thick rings would be 51 mm = 2" deep and 100 mm = 4"

wide, covering only a small fraction of the ring surface area (see Fig. 4). The large

surface area was considered important, since it was assumed earlier that the

magnet coils would be compressed between the rings.

Analytical and finite element calculations described in Ref. 2 indicated that

solid 76 mm = 3" aluminum rings could support the weight of the barrel electro-

magneticcalorimeter(~190tonstotal)and theweightofthecoppermagnet coils

(~220tons).Both thestressesand deflectionswere estimatedtobe acceptableif

theringswere supportedfromthemagnet fluxreturnbars(orbacklegsteelbars)in
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severallocationsaroundtheringoutercircumference.Sincethattime,aluminum

hasbeen adoptedforthemagnet coilmaterialinsteadofcopper.

Itwas assumed thattheseringswouldbe machinedfromlarge,5"-thickalu-

minum plates,orfrom smallerplatesweldedtogether.Boththeplatesand thema-

chiningwouldbe veryexpensivebecauseofthelargeringdiameter.

Severalcostestimatesweremade forthesolidringdesigninFig.3.One was

a coarseestimateby an ArgonneManufacturingEngineer,a secondby E.Bielick

(seeTable1),and a thirdby a commercialmachineshop(VendorA). The firsttwo

estimates,assuminglaborcostsof$100perhourforthelargesizeoftherings,were

$105,000and $78,000perring.The thirdestimatewas $71,000perring,however

thelaborrateperhourisnotstated.The closeagreementbetweenthedetailed

_' estimateinTableIand thequotefromVendor A suggeststhatthetotalcostforthe

nineringswouldprobablybe= $650,000-$750,000.The solidringdesignwas

rejectedbecauseofthishighcost.

A slightlymodifiedsolidringdesign,witha 76mm= 3"thickaluminum ring

and no slotsorgrooves,was alsotooexpensive.VendorA estimated$49,500per

ring,ora totalof$450,000.

III) Ringsfrom12°Segments

An alternate method of constructing the EMC support rings was suggested by

Brookhaven engineers. There are to be 30 magnet flux return bars (backleg steel

bars) parallel to the colliding beams, and located outside the solenoidal magnet coils

as shown in Fig. 4. These bars provide a path for the magnetic flux on the outside of

the magnet, and also support the barrel calorimeter and magnet coils. It was sug-

gested to construct the EMC support r:ngs of 12° segments as shown in Fig. 5, with

each segment attached to a single magnet flux return bar. One advantage would be

the ease of estimating loads applied to the magnet flux return bars due to the EMC

modules. Preliminary analytic calculations of stresses by Brookhaven engineers

indicated no serious problems with the design in Fig. 5.

Some changes had also occurred in the magnet design that were incorporated

into drawings for the 12° segments. For example, the revised method of compress-

ing the magnet coils in z, parallel to the colliding beams, involved "bumpers" or

spacers that were independent of the rings; 127 mm = 5" diameter holes in the cen-

ter of the 12° segments were included for these bumpers. Also, instead of routing

some plastic optical fibers through holes in the magnet flux return bars, it was

requested to route all fibers through the gaps between the bars. As a result, fiber

-3-



t !

routing guides were included in some of the 12° segment designs. The fiber lengths

would increase by about 36 cm _=14", causing additional light attenuation and some

degr_dation in the EMC energy resolution.

One method for constructing the 12° segments is shown in Fig. 5. It was sug-

gested by a Brookhaven engineer, and includes machining of stock material and

welding. A finite element calculation of stresses and deflections due to gravitational

loads from the EMC modules was performed using the ALGOR computer code

(version SSAPOH, dated 12/30/92) with a 486/33 personal computer with 80 Mb

available hard disk space. The 12° segment was modeled with plate elements. The

module gravitational loads were transmitted from the module center of gravity to

the segments by very stiff and massless plate elements as shown in Fig. 6a. The

loads were assumed to correspond to the computed fraction of the module weight

supported by the ring nearest to the end of the barrel, or ~ 1650 lb. The modules

and 12° ring segment were assumed to be near the 3 and 12 o'clock positions in %,

with the largest stresses occurring at the 3 o'clock position. The maximum stress

was estimated to be ~ 12,700 psi (see Fig. 6b) and the maximum deflection on the

segment - 0.20 mm = 0.008". The addition of seismic loads in the two horizontal

directions of 0.15 times the module weight increased the maximum stress to

~ 15,200 psi (see Fig. 6c) and the maximum deflection on the segment to ~ 1.12 mzn

= 0.044". The seismic loads were included for safety, and correspond closely to

frictional loads during module installation. The highest stresses are located near

the plates which are attached to the magnet flux return bars; these stresses can

probably be reduced to acceptable levels by adding reinforcing gussets.

A modification of the design in Fig. 5 would perhaps allow the segments to be

installed after the magnet coils and bumpers were in place. The hole for the

bumper would be replaced by a slot in the 12 ° segment as shown in Fig. 7. How-

ever, shimming the segments and bolting them to the magnet flux return bars

would be difficult due to interference with the optical fiber guides or coils from

inside the magnet or due to access problems from outside the bars. Also, special

parts to guide the plastic optical fibers 90 ° around a 2" radius would probably be

required at the boundaries between EMC modules on the segments for any of the

12° segment designs.

A somewhat different conceptual design for the 12° segments was developed,

based on casting and some machining as sho_ in Figs. 8-10. Fiber routing guides

are included. The only machining required would be on the "top" and "bottom" of
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the segments, and holes to mount the segments to the bars and the rails. A com-

plete ring is shown in Fig. 10.

The cost of rings of 12° segments is expected to be substantially less than for

solid rings. The machining costs would be reduced because each segment is

relatively small, and the amount of aluminum would also be less. Cost estimates for

machining the 12° segments (Fig. 9) were obtained from Vendors A and B, and for

casting (Fig. 8) from Vendors C, D, and E. Estimates for constructing the wooden

casting patterns were $750, $1450, and $3530, and for the cost of each casting were

$125, $171, and $220 from Vendors C, D, and E, respectively. The range of costs for

producing one pattern for the center ring, one pattern for the other rings, and for

casting 300 pieces (two for each center ring segment) was $39,000 - $73,060 from

Vendors C and E. The machining costs were estimated to be $67.50 and $395 apiece

from vendors A and B, respectively, or $20,250 and $118,500 for 300 pieces. The

total cost estimates for the nine EMC support rings made of 12° segments had a

considerable price range, from $59,250 to $191,560. Note that these costs do not

include a special segment with a shape other than as shown in Figs. 8-10 if the

segments must be installed after the magnet is completely assembled.

One concern with the use of the 12° segments for the EMC support rings is

the potential difficulty of aligning the rails to desired tolerances. The tolerances are

most stringent in the _ or azimuthal direction. Adjacent rails need to be parallel
and positioned to < _+0.25 mm =_+0.010" so that the gap between EMC raodules can

be minimized; the goal is < 1 mm for the gap. However, variations from the ideal

locations of the 30 magnet flux return bars (backleg steel bars), the sizes and rela-

tive locations of the 270 individual 12° segments, and the positions of the 60 rails

relative to the segments will all be present. The time and effort estimates for instal- l
lation, survey, and alignment will be discussed further in Sec. VI.

IV) Rings from 60 ° Segments
A third method of constructing the EMC support rings involved casting and

machining 60 ° segments, and attaching these together to form a complete ring. The

60° segments reduce the number of pieces in a ring compared to the 12° segments,

yet are not so large to require very specialized and costly machines as in the solid

ring case. The conceptual design for the 60 ° segments is shown in Figs. 11-13. The

casting would include guides and the 1-3/4" radius for routing the plastic optical

fibers, and 127 mm = 5" diameter holes for the holding magnet bumpers; see Fig. 11.

Some machining would be needed on the inner and outer radius, and on the ends for
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the lap joints between adjacent segments (Fig. 12). After the machining of each

segment was complete, they would be damped together in 180° sections as in Fig.

13, adjusted to meet overall dimensional tolerances, and finally pinned together.

Then pairs of 180 ° sections would be assembled, pinned, and labeled in the shops,

disassembled and shipped to Brookhaven as 180 ° sections, and finally reassembled.

Finite element calculations for stresses and deflections of these rings were

performed. The ring cross sections were 44 mm= 1.75" and 70 mm = 2.75", instead

of 2" and 3" for the center and remaining rings, respectively, to provide clearance

between the magnet coils and rings. This clearance was included at the request of

the STAR magnet subgroup engineers. The calculation used plate elements to

represent the rings. As before, the module gravitational loads were transmitted

from the modu:_ center of gravity to the rings by stiff and massless plate elements.

Including seismic loads in the horizontal plane of 0.15 times the gravitational loads,

the estimated maximum stresses were ~ 10,200 and ~ 10,400 psi (see Figs. 14c and

15c) and maximum deflections to the rings of ~ 0.68 mm = 0.027" and ~ 1.37 mm =

0.054" for the 1.75" and 2.75" rings, respectively. Note that the estimated weight

from the EMC modules on the center ring was only ~ 363 lb. per module. The

highest stresses occurred near the connection to the EMC modules. Stresses were

only ~ 2000-3000 psi elsewhere. A realistic connection of the EMC modules to the

rings was not modeled, and the expected stress is lower.

Cost estimates for the 60° segments were obtained from the same vendors as

the 12° segments, except that Vendor D could not cast such a large piece. The wood

casting patterns were estimated to cost $2750 and $5570 apiece, and the individual

castings were $1000 and $1482 from Vendors C and E. The machining costs were

$2140 and $3231 per piece from Vendors A and B. The total estimated costs for a

pattern for the center ring and a pattern for the other eight rings, and for casting

and machining 60 pieces (two pieces for each segment in the center ring) ranged

from $193,000 to $293,920. These prices are higher than the 12° segments, but

smaller than the solid rings. Also, the price range is smaller, both in absolute value

and percentage, than for the 12° segments.

Two methods of mounting the rings to the bars were considered as shown in

Figs. 16 and 17. In one case, mounting brackets are attached to the sides of the

bars, one screw (positioner) pushes against the ring from the bracket, and a second

screw pulls the ring toward the bracket, locking it in place. In the o_her method, a

long threaded rod extends through two brackets clamped onto the edges of the
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magnet fluxreturnbarsand intothering.Both ofthesemethodsareconsiderably

easiertolocatetheringsthanthe12°segments.

Finally,anotheroptionw_th60°segmentswas alsoconsidered.Inthiscase,

the60°segmentswouldnotbe pinnedtogether,butwouldbeindependent(asinthe

12°segmentrings).The costsformachiningwere significantlyreducedby $64,200

forVendorA, and $83,620forVendorB. The resultingtotalringcostwouldrange

from$129,700to$210,300.Alignmentand surveydifficultieswouldbebetween

thoseforthe12°segmentsand thepinned60°segmentcases.

V) Installation of the Rings

The different ring designs permit various methods of installing the EMC sup-

port rings and the magnet coils. In all cases, the bottom half (15) of the magnet flux

return bars and the end iron rings will be in place before the coils or rings are

installed. The top bars can only be installed after all the coils 're in place.

The slotted 12° segments in Fig. 7 could be installed and bolted to the bottom

magnet flux return bars before the next coil was installed. Alternately, the slotted

segments could be installed from inside the magnet aider the coils, bumpers, and

bars are all in place. If these segments are bolted directly to the bars, the bolts will

be located the ring thickness (_- 356 mm = 14") from the inner radius and access

would be primarily through the 51 mm= 2" plastic optical fiber routing gap. If the

segments are bolted to brackets from the outside of the bars as in Fig. 16, the bolts
will be located - 610 mm = 24" from the outside of the bars. In either situation,

shimming between the magnet flux return bars and the ring segments might be

difficult.

The castand machined 12°segmentsinFigs.8-10wouldneedtobe installed.

atthesame timeasthemagnet coilsifthebumpers arerigidlyconnectedtothe

coils.Thisinstallationrequirementarisesbecausethebumpers are"located"inthe

segmentholes,and thecoilswouldpresumablyneedtobe alignedinz whilethey

arebeinginstalled.The bottom15ringsegmentscouldbe easilyboltedtothebars

beforethenextcoilwas installed.However,thereareproblemssimilartothe12°

slottedsegmentcasetoattachthetolJsegmentstothetopbars.Ifthemagnet was

assembledfrom thecentertotheends,therewouldbe no additionalproblems.On

theotherhand,ifthemagnetmust be assembledfromtheendstothemiddle,this

typesegmentcouldwork forthecenterringonlyifthebumpers couldbeinserted

alongwiththesegment.Inordertoprovidesufficientspaceforthemagnet coil

installationfixture,therequirementtoassemblethemagnet fromtheendsto_he
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middlemightbe imposed.A preliminaryinstallationscenarioforthiscaseis

presentedinAppendixI.

The completeringofpinned60°segments(Figs.11-13)alsohas holesforthe

bumpers,and thushas similarrequirementstothenon-slotted12°segments.For

easeofinstallationand preliminarypositioning,itwouldprobablybe advantageous

tohavethebumpers on thesideofthecoilaway fromtheringbeinginstalled.

Alternately,ifthebumpers must be attachedtobothsidesofthecoil,itwouldbe

preferabletohave theshorterbumper sectionon thesideofthecoilclosesttothe

ringbeinginstalled,ortohavetheringclampedtothecoilsobothareinstalledat

the same time.

It is presently planned to have three or four alignment pins for the rings of

60 ° segments. These pins would be located at approximately 3, 6, 9, and perhaps

12 o'clock around the outer radius of the ring. The bottom one would fit into a hole

in the bottom magnet flux return bar. These holes would be precisely drilled in

order to obtain the proper z location for each ring. The pins near 3 and 9 o'clock

would slide into slots in the magnet flux return bars to keep the rings plumb. In

addition, the complete rings of 60° segments would probably require a reinforcing

installation fixture to keep the ring circular while being moved with a crane. This

fixture might be a relatively light "spider'' that could be removed from inside the

magnet af%erthe ring was in place. A preliminary installation scenario for this case

is given in Appendix II. Additional description of the alignment is given in the next
section as well.

Combinations of the various types of rings could also be considered for rea-

sons of cost or from other constraints on the installation procedure. For example, if
the coils must be installed from the ends to the middle in order to have room for the

coil installation fixture while placing the last coil, the complete rings of 60° seg-

ments could be used for all but the center ring and the slotted 12° segments for the

center ring. Alternately, perhaps the center ring segments would be in two pieces.

Five such 60 ° sections could be pinned together and installed at the same time as

the last two magnet coils, leaving the top 60° free for the coil installation fixture.

The remaining 60 ° segment plus bumpers coul t be lo-_ered into place af%erthe coil
installation fixture was removed.

VI Ring and Rail Alignment

The time and effort to align parts of the STAR detector must be considered as

well as the manufacturing and assembly effort and costs. For the electromagnetic
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calorimeter performance, it is important to align the modules so that there is a min-

imal gap in _ between adjacent modules. Particles traversing the gap are not regis-

tered in the calorimeter, which causes a degradation in the EMC energy resolution.

To meet the goal of a nominal gap of < 1 mm requires tolerances in alignment of the

module rails to < ± 0.25 mm= ± 0.010" in the _ direction. To meet this same goal,

the radial position of the rings (r) must be kept within ± 10.2 mm= ± 0.40". The tol-
erance on the z position for the rings can also be large, since slots along z can be

machined in the rail attschment pieces. The main limitation on z is from the

clearance between the coils and the rings, or ± 3.2 mm = ± 0.125".

An estimate was made of the expected variations in posit_,oning of the rail

mounting holes in the rings using preliminary drawings of the magnet flux return

bars and iron rings, dated 14 May 1993, and of the 12° ring segments. These are

described below in terms of cylindrical coordinates, r, _, and z.

• The tolerances for the end iron rings include: A) ± 0.005" in the _ and z

directions for machining of the bar mounting holes, and b) ± 0.020" in r for

machining the ring radius on the surface to which bars are mounted.

• The magnet flux return bar or backleg steel bar tolerances are:

a) ± 0.032" in the _)and z directions from clearance in the screw holes to

mount the bars onto the end iron rings, b) ± 0.005" also in _)and z for

machining the EMC support ring mounting holes relative to the holes for the

end iron rings, and c) ± 0.010" due to gravity loading distortions of the bars

in the r and _ directions. No other tolerances for twist or warpage of the bars
have been included.

• The tolerances for the 12° segments of the EMC support ring include:

a) ± 0.032" in the _ and z directions due to clearance in the screw holes to

mount the segments to the bars, b) ± 0.003" in _ and z for the location of the

rail mounting holes relative to the holes to the bars, c) ± 0.003" in r for

machining the inner relative to the outer radial surfaces of the segments, and

d) ± 0.009" in z for possible tilt of the segments. The last contribution

assumes a tolerance of ± 0.002" on the 3" flat part of the ring outer radius,

which is magnified by the ratio of the ring height to the 3" distance.

• An additional ± 0.010" tolerance is assumed for mating of the bars and

end rings, and ± 0.010" for mating of the segments and bars, both in the r
direction.
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The contributions above to variations of the positions of rail mounting holes

in the EMC support rings are summarized in Table 2 for the 12° segments, for

either the slotted or non-slotted cases. The expected tolerances are ± 0.053" in r, ±

0.087" in _, and ± 0.086" in z. The radial variations are not critically important, and

the variations in z could be handled with slots in the rails. However, the

variations are significant, and will require a method to align the ,_egments or the

rails to the segments. Perhaps this could be achieved with slots in the segments in

the _ direction for mounting them to the magnet flux return bars.

The expected variations in the location of the rail mounting holes with the

rings of pinned 60 ° segments depend more on the machining and assembly of the

rings themselves than on the end iron rings and magnet flux return bars. As noted

in Section V, the z alignment of these rings comes from the locating pin holes

machined in the bottom magnet flux return bar; the end iron rings affect only the

absolute location of all the rings and not their relative location. Thus, the contribu-

tion to the uncertainty in locations of the rail mounting holes are:

• The bottom magnet flux return bar tolerances are: a) ± 0.005" in the
and z directions for machining the locating pin holes for the rings, and

b) +-0.010" in the r direction due to gravity loading distortion of the bar. No

other tolerances for twist or warpage of the bar have ".:_eenincluded.

• The "3" and "9" o'clock magnet flux return bars have important toler-

ances only in the z direction: a) +_0.005" for locations of the machined slots,

and b) + 0.010" for locating these bars relative to the bottom bar by survey
methods.

• The tolerances for the EMC support rings include: a) ± 0.032" in the z

direction for flatness of the rings after pinning, b) + 0.005" in z for machining

the locating holes for the pins, c) ± 0.005" for machining the rail mounting

holes relative to the locating holes for the pins in the _ direction, d) + 0.010"

in the _ direction for aligning adjacent segments before pinning or + 0.005"

for machining the rail mounting holes in a single segment, and e) ± 0.020" in

r for machining the ring radius and for aligning adjacent ring segments.

• An additional ± 0.010" is assumed for mating of the rings and the bot-

tom magnet flux return bar in r.

The contributions above to variations of the rail mounting hole positions are

summarized in Table 3 for the 60 ° segments. The expected tolerances are + 0.040"
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inr,± 0.020"in¢,and ± 0.057"inz.As beforeforthe12°segments,theradialvari-

ationsarenotcriticallyimportant,and thevariationsinzcanbehandledwithslots

intherailsforthemountingscrews.The ¢ variationsfortheringsof60°segments

aresignificantlylessthaninthe12°segmentcase,and may be smallenoughtobe

handledwithclearanceintheslotsfortherailmountingscrews.

ARer installation,theringswillneedtobepositionedsufficientlyaccurately

sothattherailscanbeinstalledand alignedto< ± 0.25mm = ± 0.010"inthe¢ di-

rection.Forthecaseoftheringsmade of60°segments,thebottommagnet flux

returnbarneedstobe carefullyalignedwithrespecttoreferencesurveymarks,so

thattheholesforthealignmentpinsfromtheringsareon thenominalbeamline

when theSTAR detectorismoved intoplace.The twobarswithslots,near3 and 9

o'clockin¢,need tobe carefullypositionedinzrelativetothebottombarduring

theirinstallation.Alternately,theslotscouldbemachinedinlongaluminum bar

stockwhichcouldbe positionedrelativetothebottombarand thenboltedinplace.

The additional time for special survey and alignment c.f these three bars might be

two days for a survey team of four people. The time to install, survey, and align

each ring is estimated to be approximately one day with the same survey team.

The effort to position the EMC support rings of 12° segments will be concen-

trated on different tasks than for the 60 ° segment rings. For example, the careful

positioning of the three magnet flux return bars may not be required. Even though

each 12° segment is relatively small and light, there will be at least four mounting

screws per segment. Thus there are many more screws per ring, and as a result,

the installation time for the two types of rings may be similar. However, the total

survey and alignment time is expected to be considerably higher for the 12° seg-

ments. A number of surveyors at Argonne and Brookhaven were consulted about

this time. The estimated times to install, survey, and align the EMC support rings

of 12° segments ranged from four to ten days for each complete ring, requiring more

than a team of four surveyors plus a machinist to fabricate shims. This corresponds

to about 1-3 hours for each of the 270 12° segments. The larger team of surveyors,

perhaps 5 or 6 in number, is needed to handle the extra degrees of freedom

compared to the case of the 60 ° segment rings.

In summary, the total effort to install, survey, and align the rings of 12° and

60° segments is > 180-450 and - 44 person days, respectively. The corresponding

times are ~ 36-90 and ~ 11 days, or - 7-18 and ~ 2 weeks. At a labor cost of- $50

per hour or -$400 per day for surveyors and machinists, the 12° segment ring costs

are greater by > $54,000 - $162,000, depending on the number of surveyors
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required. In effect, the higher cost to manufacture, align, and pin the rings of 60 °

segments will probably be offset by costs to survey and align each of the 12°

segments and by the added time during STAR assembly.

VII) Rails

The present concept for the rails is a commercial dual shaft rail system by

Thomson Industries, Inc. (The Quickslide 2DA-16 system). The rails are precision

ground 1.00" = 25.4 mm diameter steel rods with an extruded aluminum alloy rail

support. A cross sectional view of the rails and a drawing of the ring mounting

holes is shown in Fig. 18. Commercial carriages with rulon plastic bushings will be

mounted to _he EMC barrel module backplate as shown in Fig. 19. The mounting of

the rails to the rings is also illustrated. Six 5/8" bolts are required to attach the rail

to each ring except at the center; spatial limitations prevent fewer bolts of larger

diameter or a more optimum location of the bolts with respect to the rings.

The effort and time to install, survey, and align each rail have not been esti-

mated, but are expected to be the same for rings of either 12° or 60° segments

aligned as described in Section VI. A special alignment fixture would certainly be

required, and it may be a precision machined ring of pinned 60 ° segments or

perhaps the installation fixture.

VIII) Conclusions

Conceptual designs for the STAR electromagnetic calorimeter support rings

were presented. One design involved 270 independent 12° segments in 9 rings (see

Figs. 5, 7-10), each segment attached to a single magnet flux return bar. The manu-

facturing cost is low, but installation, survey, and alignment costs and times are

high. An alternate design has nine complete rings assembled from 60 ° segments as

shown in Figs. 11-13. These rings are more expensive to build, but cheaper to

install and align. Finite element calculations indicate that stresses and deflections

can probably be kept within acceptable limits with either design. Other ring

designs were also described.

It is suggested to adopt a support system for the barrel EMC with at least

some rings of 60 ° segments, perhaps the center and end rings. This will make the

alignment of the rails and other rings easier. The remaining rings might also be

constructed of 60° segments or perhaps of 12° segments. The final choice will

depend on a number of factors, _uch as the adopted magnet assembly sequence
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(ends to center or center to ends), other requirements from the magnet design, limi-

tations on manufacturing costs, and available time for ring aligmnent.
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Table 1
Solid Ring Co_t Estimate

Packaging and Shipping
Days Activitv

1 ShippingStrategy
2 Design Fixture

15 Order and Fabricate
1 Delivery
3 Load •Lx_uresand Ringson RailCars
7 Travel
1 UnloadatBNL

30 TOTAL

30daysfor9 rings= approximately3 dayseach

Fabrication Schedule

Days .............Activity ..

1 RingArrival,Unloading,and Storage
1 Planning,Scheduling,Make Tapes,and Test •
1 Move to Machine Shop
8 Rough Machine I.D.,O.D.,and Thickness
10 Rough Machine Slots
6 Rough Machine Radius
3 Heat Treat
3 Measure, Plan and Schedule
8 Final Machine I.D., O.D., and Thickness

10 Final Machine Slots
8 FinalMachineRadius
10 Machine Holes
4 Machine Flatness
2 Deburr and Cleanup
3 Inspection

Packaging and Shipping
81 TOTAL

81 days @ 8 hours each = 648 hours
648 hours @ 100 each = $64,800 per ring
Purchased stock = 6600 # @$2 each = $13.200 per ring

TOTAL COST $78,000 per ring
x 9 rings
$702,000
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Table 2

Estimated Contribntions to Tolerances in the Location of Rail Mountin_

Holes for the Case of 12 ° 8¢e_nent EMC Supp0 ,rt Rin___

r
± 0.020" End ironringouterradius
± 0.010" Bar distortionfromgravityloading
± 0.003" Segmentmacl_ning
± 0.010" End ironringtobarseparation

Bar tosegmentseparation

± 0.053" TOTAL

± 0.005" Machiningofholesinend ironrings
± 0.032" Clearanceinholestomount barstoend ironrings
± 0.005" Machiningofholesinbars
± 0.010" Bar distortionfromgravityloading
± 0.032" Clearanceinholestomount segmentstobars
± 0.003" Machiningofholesinsegments

± 0.087" TOTAL

Z
U

± 0.005" Machiningofholesinendironrings
± 0.032" Clearanceinholestomount barstoend ironrings
± 0.005" Machiningofholesinbars
± 0.032" Clearanceinholestomount segmentstobars
± 0.003" Machiningofholesinsegments

Tiltofsegmentsfromthevertical

± 0.086" TOTAL

.15.



Table 3

Estimated Contribution_ to T01er_nce_ in the L0¢ation of Rail Mounting

Holes for the Ca_¢ of 60 ° S¢a_ment EMC Support Rings

r
U

+ 0.010" Bar distortion from gravity loading
± 0.020" Machining segment radius and pinning
± 0.010" Ring to bar separation

± 0.040" TOTAL

± 0.005" Machining of pin holes in bottom bar
± 0.010" Aligning adjacent segments in a ring
± 0.005" Machining of holes in rings

± 0.020" TOTAL

z_
± 0.005" Machining of pin holes in bottom bar
± 0.005" Machining of slots
± 0.010" Location of slots relative to pin holes in bottom bars
± 0.032" Flatness of rings
± 0.005" Machining of pin holes in rings

± 0.057" TOTAL

.16.
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m_Caatlmm

I) Drawing ofa quartersectionoftheSTAR detectorshowingthemagnet

coils,electromagneticcalorimeter,rings,etc.

2) Sketch showing solid rings with slots for plastic optical fiber routing, rails

for installation of EMC modules, and magnet flux return bars during

assembly.

3) Sketchofa solid_-ingwithgroovesorslotsand holesformountingthe

rails.Thisdrawingwas usedtoobtaincostestimatesforthismethod of

ringconstruction.

4) Cross sectional view showing EMC modules, rings with grooves or slots for

plastic optical fiber routing, and magnet flux return bars.

5) Sketchofa possibledesignfor12°segmentsby aBrookhavenengineer.

6a) Finiteelementmodelofa 12°segmentsupportfortheEMC.

6b) Results of a finite element calculations of stresses within a 12° segment

under gravitational loads only.

6c) Results of a finite element calculation of stresses within a 12° segment

under gravitational loads from the EMC modules and horizontal seismic

loads of 0.15g.

7) Sketch of a possible design for 12° segments with a slot to fit around

magnet coil bumpers or spacers.

8) Possibledesignforcastinga 12°segment a)without,and b)withguides

forroutingplasticopticalfibers.Thisdrawingwas usedtoobtaincost

estimatesforcastingtheseparts.
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9) Sketch for machining the cast 12° segments of Fig. 8, used to obtain cost
estimates.

10) Drawing ofa crosssectionalview showingaringofindependent12°

segments,EMC modules,and magnet fluxreturnbars.

11) Possibledesignforcastinga 60° segment,usedtoobtaincostestimates.

12) Sketchformachiningthecast60°segmentsofFig.12,alsousedtoobtain

costestimates.

13) Drawing ofthree60°segmentspinnedintoa halfringassembly.

14a) Portion of the finite model used for calculation of stresses within a half of

the center ring formed of 60° segments under gravitational and 0.15g

seismic loads from the EMC modules.

14b) Results of a finite element calculation of stresses within a half of the

center ring formed of 60 ° segments under gravitational and 0.15g seismic
loads from the EMC modules.

14c) Results of the finite element calculation of stresses within a 1-3/4" ring

formed of 60 ° segments under gravitational and 0.15g seismic leads from

the EMC modules showing the region of highest stress near the 3 o'clock

position.

15a) Portion of the finite element calculation of stresses within a 4-3/4" ring

formed of 60 ° segments under gravitational and 0.15g seismic loads from
the EMC modules.

15b) Results of the finite element calculation of stresses within a 4-3/4" ring

formed of 60 ° segments under gravitational and 0.15g seismic loads from
the EMC modules.
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15c) Results of the finite element calculation of stresses within a 4-3/4" ring

formed of 60 ° segments under gravitational and 0.15g seismic loads from

the EMC modules showing the region of highest stress near 3:00.

16) A possible method to mount and adjust the position of rings of 60°

segments. One bolt (positioner) pushes against th_ ring from the bracket,

while the other pulls the ring toward the bracket, locking it in place.

17) An alternate method to mount and adjust the position of 60 ° segment

rings. Two positioner screws, and a long threaded rod for locking the ring

in place are included. These mountings are held in place by friction; no

welding or bolting to the magnet flux return bars are required.

18) SketchshowingthelocationofholesformountingscrewsintheThomson

Quickslide2DA-16 dualrailsystem.

19) A drawing showing the rails, an EMC module with five attached

carriages, and the EMC support rings.
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APPENDIX I

InstallationScenario - 12°Semnents

1) Inst_ baseforthemagnet. Base has centeringpinsforthelowerreturn

iron.

2) Install lower return iron pieces. Centering pins in base locate these pieces.

Lower center return iron piece has centering pins for the end rings.

3) Installend rings.End ringshave centeringpinsfortheupperreturniron

pieces.

4) Installend coilswithuppersupportscaptiveon coilspacers.

5) InstalllowerEMC supports.The returnironpieceshavecenteringpinsat

allEMC supportlocations.

6) Continuethisprocessuntilallcoilsand EMC supportsareinstalled.

7) Install upper backleg steel pieces using centering pins on the end rings to
locate them.

8) FastenupperEMC supportstotheupperreturnironpiecesusingthe

centeringpinsinthereturnironforcentering.

9) Position survey equipment as required. Current scenario utilizes a central

tube with end supports and bearings. The tube has an arm assembly which

can slide along the central tube. The arm assembly has (one) (two) (three)

arms (or complete ring without bearings on the central tube) with a fixture

at the end of each arm which has slots for at least six adjacent ways. Initial

setup consists of installing way spacers in the arm slots and positioning the

arm assembly at each support in the "z" position. The arm assembly is then

.46.
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rotated 360 ° to ensure that the supports are not positioned too close to the

beam line in the radial direction. (Note: If a complete ring is used, rotation

is not necessary.) After this is done, remove way spacers and move

positioning arm assembly out of the magnet in the "z'°direction.

10) Loosely attach the bottom ways to the EMC supports. (Note: All ways can

be attached if a complete ring is used.)

11) Slide positioning arm assembly on the ways from the end. Locate and

position ways at each "z"support location using positioning fixture. Mark

machining patterns for the shims if necessary. Machine shims or use

standard shims if available. Install shims. Tighten bolts holding ways to

the supports. (Note: Positioning fixture should allow for tightening bolts

without moving fixture.) Recheck way location and angle. Add minishims

as necessary.

12) Repeat this procedure for all bottom ways. (Note: If a complete ring is

used, all ways are positioned at each "z" location. Scaffolding then follows

the assembly press in the "z" location.)

13) Attach the top ways and align and shim using the alignment fixture as done

for the bottom ways. Scaffold as reql_ired.

14) As a final check, install dummy EMC alignment modules.

i
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bP_EKND.IX

Installation Scenario - Pinned 60 ° See_nents
w

1) Install base for the magnet.

2) Install lower return iron pieces. Lower return iron piece has centerir_g

holes for the aluminum rings. Side return iron pieces have centering pins

to fit in slots in the rings.

3) Install end rings.

4) Coil and aluminum ring installation moves from the two ends to the center

of the magnet. Alternately install coils and aluminum rings. Aluminum

rings are supported by a stiffening spider which is also used for alignment.

5) Align aluminum rings and tighten ring support locking bolts.

6) Installupperbacklegsteelpieces.
I

7) Fasten aluminum rings to the upper return iron pieces, adjust alignment

bolt and tighten support locking bolts.

8) Remove positioning and support spiders from the aluminum rings.

9) Loosely attach one bottom way to the aluminum rings.

10) Survey and align the bottom way.

11) Loosely attach all lower ways to the aluminum rings.
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12) Slide the alignment fixture along the ways using the positioned bottom way

for guidance. The alignment fixture has slot positions for at least six ways

and a spacer on each end to maintain proper spacing from the ring.

13) Shim and tighten each way as required.

14) Repeat way alignment for all the bottom ways.

15) Install scaffolding to allow upper way installation and alignment.

16) Loosely attach all upper ways.

17) Slide alignment fixture along the last two aligned bottom ways and the first

four loose top ways.

18) Shim and tighten each top way as required.

19) Repeat way alignment for all top ways.

20) As a final check, install dummy alignment EMC modules.
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