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The Lawrence Berkeley Laboratory is participating in a collaborative 
effort to design and construct the central calorimeter for a major detector 
to be operated at the Superconducting Super Collider (SSC) accelerator at 
Waxsahatchie, Texas. We are responsible for the design of two each =:: 110 
ton endplug calorimeters for this detector. In order to provide complete 

. information on this design, we must provide procurement costs for each 
component. 

In particular we need engineering estimates of the fabric~tion costs 
for these endplugs. At some future date, there will be solicitations for fixed 
price contracts to construct these endplugs, along with other major 
subsystems of the detector. 

The enclosed packet of information and drawings provide details on 
the current endplug absorber structure design which may differ from our 
final configuration. . 

We would be most pleased to have your participation in estimating 
the cost of labor and material for the the steel absorber structure of these 
endplugs. 

Endplug Absorber Structure Description 
The torro-conical frustum shaped, low carbon steel endplug absorber 

structure consists of layers of flat, annular absorber plates and trapezoidal 
shaped wedge plates all fastened together by symmetric arrays of short, 
cylindrical tie-rods, the ends of which are welded to every other absorber 
plate (as assembly/stacking proceeds) as shown on LBL/SSC drawings 
20M6006 and 20M6016. The structure consists of 2 regions, hacl and hac2 
which differ primarily in the thickness of absorber plates and the size of 
tie-rods. . 

The final endplug constructed with this absorber structure design is 
. shown in Figure 6-56 (for reference, from the detector collaboration's 
Technical Design Report, 4/1/92). The endplug is supported from another 
part of the calorimeter (not shown) using bolted flanges; LBL drawings 
20M6133 and 20M6143. 

For most of the structure, the absorber plates are very similar except 
for diameter(s), thickness, feature size, and location--these have been 



FIG. 6-56. =\mnke. Two views of the removable hadronic pl~g. The structure consists 
of annular absorber plates and trapezoidal wedge plates connected by· arrays of short tie-rods, 
welded to every other plate. Pizza pans containing tiles for eight towers are removed radially 
from absorber slots when the cantilever supported plug has been withdrawn from the endeap. 
Readout fibers (under the plugs thin, outer sheet metal panels) are routed to PMTs at the 
back plate, and source tubes are under the bore skin. Tiles (and fibers) and pizza pans are 
installed using a "last in = first out" assembly sequence simplifying replacement of those subject 
to radiation damage. 
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titled as "generic" plates, each with 96, counter-sunk through-holes placed 
on 3 different (concentric) hole radii. 

At various axial locations within the endplug, however, there are 
"transition" absorber plates, also with 96 holes, but with 6 different­
(concentric) hole radii. 

Finally, the hac1 "front" plate and the hac2 rear strongback have half 
as many tie-rod holes (48) as the "generic" plates, and the strong back has 2 
additional rings of 32 each, drilled and tapped through-holes. All wedge 
plates are 6 mm thick ground stock, and contain 3 holes each. 

LBL drawings 20M6046, 20M6086, 20M6034, and 20M6074 illustrate 
details of the generic hac1 and hac2 absorber and generic wedge plates, 
respectively, and 20M6112 illustrates the tie-rods. Drawings 20M6024 
and 20M6104 depict the end plug's hac1 plate no. 1 and hac2 rear 
strongback respectively. LBL drawings 20M6054, 20M6064, and 20M6094 
show details of the "transition" plates. 

Finally, drawings 20M6154 and 20M6164 show generic details of the 
16 each, z 3 mm wide x z 2 mm deep (radial & curved end) machined 
grooves common to all absorber plates (back side only). The straight 
portion of these grooves must be machined into the plates after the first set 
of tie-rod welds are made (see notes on 20M6016). We propose using a 
skill saw or router with a suitable template for these straight grooves. The 
short, curved extensions of these radial grooves, which will become 
tangent to the absorber plates' inner edge, could be router cut with 
suitable templates (2) prior to welding the tie-rods, or after, as 
appropriate. 

The bill of materials on assembly sequence drawing 20M6016 lists the 
complete set of absorber plates, wedge plates, and tie-rods required for 
one endplug absorber structure. Drawing 20M6006 shows overall 
external dimensions and tolerance requirements. 

Design Goals and Assumptions 
A primary design goal for the endplug is to utilize stock (absorber) 

plate made to commercial thickness and flatness tolerances wherever 
possible to avoid the expense of surface machining or grinding. However, 
the flatness tolerance on U.S. commercial steel plate is too loose to 
accomplish this. 

We therefor assume the vendor will pay a premium price for selected 
absorber stock blanks which meet the flatness tolerances (::::: 0.1 inch) and 
the thickness tolerances (+/- 0.1 inch) specified on LBL drawings, which 



may require a special mill run. All required endplug machining will be 
"rough" (250 Jl-inch RMS). 

Review of overall endplug tolerances on assembly drawing 20M6006 
(which are not finalized) will show that plate surfaces within the finished 
structure can tolerate an accumulative out-of-parallelism by as much as == 
0.25 inch, however the overall endplug length tolerance (+ / - 0.25 inch-not 
shown) is quite tight for a stack of 61 absorber plates, each of which could 
vary in thickness by + / - 0.1 inch. We feel this tolerance can be met if each 
stock absorber plate is pressed or edge clamped nearly flat (externally 
applied load) against previous plates in the stack as the tie-rods' second 
weld is made as described in notes on 20M6016. . 

The maximum magnitude of these externally applied loads are 
estimated in Ref. 1 (attached), along with a suggestion for loading 
fixtures. This loa~g capability must exist at the vendor's si~e, or other, 
more costly fabrication techniques (ground absorber plates) must be used. 

The following section outlines the scope of fabrication effort as we 
envision it. Alternate suggestions leading toward a minimum cost design 
for the actual construction will, of course, be accepted and are e~couraged. 

Scope of Work 

A vendor who is awarded the contract for fabrication of the endplug 
calorimeter absorber structure will be expected to provide all materials, 
tooling, machining, welding and labor required to produce 2 each such 
structures as outlined in the attached description. 

Plate Machining (all 250 Jl-in RMS) 
We assume absorber plates and wedge plate stock will be furnished 

as flame-cut blanks meeting flatness and thickness requirements specified 
on the accompanying LBL drawings. 

a. Wedge plates 
The thickness of wedge plates (16 ea. in a given endplug assembly 

layer) will of necessity be tightly toleranced (see drawings), and 
consequently, will be furnished as blanchard ground stock. We assume that 
each set of 16 trapezoidal plates of a given size can be fly-cut and drilled in 
a clamped-stack arrangement to the required finish dimensions. 



b. Absorber plates 
We assume that absorber plates of stock commercial finish will be 

used, but flatness and thickness variations must be tighter than U. s. 
commercial tolerances--meeting LBLdrawing specifications.· We expect to 
pay a nominal premium price for this "select stock". Secondary machining 
will only be required if the as-rolled properties cannot meet flatness and 
thickness tolerances specified on the drawings. Machining is therefor 
limited to: 

1) inner and outer diameter cutting, 

2) hole drilling & counter-sinking (also tapping on 20M6104), 

3) :::: 3 mm wide x :::: 2 mm deep groove machining (16 per plate): 

a) straight radial part-(skill saw or router cut grooves after 
welding one end of the tie-rods prior to assembly stacking), 

b) curved part extensions (NC mill or router cut before or after 
the forgoing welding, as appropriate), 

4) surface machining (strongback, 20M6104, only). 

c. Flanges 

1) surface machining, both sides, 

2) inner and outer diameter cutting, 

3) hole drilling and tapping, 

4) radial slot milling on 20M6143. 



Welding 
All welding must be performed by certified welders ~ specified by the 

American Welding Association. Automated welding techniques may be 
used. 

a. welding of "first tie-rod end" prior to assembly stacking/welding 
(including weld spatter grinding, as required, for "flush" plate 
surface), see Fig. 1 and notes on 20M6016, 

b. tie-rod to absorber plate welding during assembly (including 
weld spatter grinding, as required, for "flush" plate surface), 

c. wedge plate-to-absorber plate outer edge slot welding. (including 
spatter grinding, as required). 

Final Machining of Absorber Assembly 
With appropriate tooling to insure overall external dimensions and 

tolerances during assembly stacking & welding, final machiningpn these ::= 

110 ton weldments will be limited to external slot-weld spatter removal 
(surface grind). 

Shipping and Handling 
It is not necessary at this time to include shipping and handling costs. 

Cost Estimate Breakdown 
It will be most helpful if cost estimates are detailed as follows: 

a. Purchased Stock (flame cut absorber & wedge plates, including 
absorber plate premium, as applicable, and wedge plate grinding), 

". 

b. Absorber Plate Grinding (where required only), 

c. Fabrication Labor (machine, drill, mill, route, assemble (including 
tooling), weld, etc.) 

Cost Estimating Schedule 
It is our goal to have engineering cost estimates by Oct. 16, 1992. A 

fabrication schedule is not required. 



Information 
It is believed that the information provided herein is adequate for 

estimating purposes, however discussion of alternatives are welcome. 
Additional technical information may be obtained by contacting: 

Lawrence Berkeley Laboratory 
One Cyclotron Road 
Berkeley, Calif. 94720 

Attn: William L. Pope 
Tel: (510) 486-4663 
FAX: (510) 486-6668 

Alternate: 
Matthew D. Hoff 
(510) 486-6347 
(510) 486-6668 

References: 

Ref. 1 W. L. Pope, "SOC Endplug Calorimeter, Absorber Plate 
Flattening Forces", SDC-92-325, Lawrence Berkeley 
Laboratory, Sept. 10, 1992. . 
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SERIAL NO.. 83 ~434 

NAME - DESCRIPTION - INSTRUCTIONS 

PLUG ASSEMBLY, CONSISTING OF: 
PLUG ASSEMBLY SEQUENCE, CONSISTING OF: 
ABSORBER PLATE NO.1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
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GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 , 

GENERIC ~DGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
GENERIC WEDGE PLATE - HAC1 
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GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 . 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
GENERIC ABSORBER PLATE - HAC1 
TRANSITION ABSORBER PLATE - HAC1 
TRANSITION ABSORBER PLATE - HAC1 
TRANSITION ABSORBER PLATE - HAC1IHAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 . 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 

Page30F4 



ITEM NO. DRAWING NO. 

89 20M6074-11 
90 20M6074-12 
91 20M6074-13 
92 20M6074-14 
93 20M6074-15 
94 20M6074-16 
95 20M6074-17 
96 20M6074-18 
97 20M6074-19 
98 20M6074-20 
99 20M6074-21 
100 20M6074-22 
101 20M6086-1 
102 20M6086-2 
103 20M6086-3 
104 20M6086-4 
105 20M6086-5 
106 20M6086-6 
107 20M6086-7 
108 20M6086-8 
109 20M6086-9 
110 20M6086-10 
111 20M6086-11 
112 20M6086-12 
113 20M6086-13 
114 20M6086-14 
115 20M6086-15 
116 20M6086-16 
117 20M6086-17 
118 20M6086-18 
119 20M6086-19 
120 20M6094-1 
121 20M6094-2 
122 20M6104 
123 20M6112-1 
124 20M6112-2 
125 20M6112-3 
126 20M6112-4 
127 20M6122-1 
128 20M6122-2 
129 20M6133 
130 20M6143 
131 20M6154 
132 20M6164 

QUANTITY 

32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3552 
96 

2016 
96 
48 
48 
2 
2 

REF. 
REF. 

PWG PROCUREMENT 
PAG £ 1- OF 1-

S£~//9l. /\/0. /13:243 § 
NAME - DESCRIPTION - INSTRUCTIONS 

GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC WEDGE PLATE -HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
GENERIC ABSORBER PLATE - HAC2 
TRANSITION ABSORBER PLATE - HAC2 
TRANSITION ABSORBER PLATE - HAC2 
ABSORBERSTRONGBACKPLATE 
TIE ROD .. 
TIE ROD 
TIE ROD 
TIE ROD 
PLUG ASSEMBLY SHIM 
PLUG ASSEMBLY SHIM 
PLUG ADAPTER RING 
PLUG SUPPORT FlANGE 
GENERIC SOURCE TUBE GROOVE - HAC1 
GENERIC SOURCE TUBE GROOVE - HAC2 
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PLATE OW L 1010 

r e-v0, 1 7+. 010 3 HOLES .41 -.0 to 
0 \!l36mm ) 0 

1r·236 t.005 

! V 7 - I-

.-{ - .-

D .~-. 

VERSION NO. A B C D W X Y Z WT. ...... , ." . , . - .. - .- ...... ....... 
41 . .,,, ... " 

( Z "A-, II,H' to.l13 1.1'2 U.OIO 1.'51 ',2U t7.'37 11.055 11.40 ( 
""., 12.'U ".2401 '.7 lUll 1.'" '.112 17.142 21.HO "., ... n.113 ",HI 1.1'41 ».10 I,'U 1.01. t7 •••• au" .1.72 

A ..... IU1'4 , .... Ut7 n.II' Ull ... ~ 17.354 11.77 11.,7 

.-{ ~ 
.. A- N.n' ",117 UI lUll 1.'13 ... It 17.1" 1I .• n ,'.03 

t 
- ~ "0" N.II' 10.'" ..... » .... 1.101 '.74' n.'" aun 11.1 

VE"'1 A.ISI 10.4' U2 1 •• 017 1.'11 ,.15' t7.071 ,.,41t 1'.35 ..... A.'" to.' I.'" ".111 1.UO •. IM n.'7 • au •• ".11 ..... ..... 77 to.lOl ust ...... ,." 1.4U ".'U a •.• o< ".17 - VIA·' ".Ul " .. 1.17, I ..... un .. , .. ,1.7 • auol ".13 -YIA·,. 14.11' ,o.10 U .. lUI , .... '.IU '"'' " .• tI ..... 
VIR·' 14.15' ft.l" 1.11 14 .... 1 •• 17 •. 171 ...... 11,017 11.11 

YEA·' ".1" 10.'0 Un 11.'14 Ut7 1." ,1.721 JO.132 17.:11 

t ~50 
VIR·'. 11.31" 10.IS usa 11.1" 1.971 ,.'" 11.1'. ,..737 17 .• ' 

+ 250' 
YER·,. ...... , .. a.17 31.3" '.11 , .. " IU» ".143 ,7." 
YEll·" 11.100 10.1S '.11 au" 1 .... '.317 ".'" ".IU 17." 
ViR·I1' ".11' 11.01 •. 001' 35.11' ..... UU 11.'" ,..415 17." - - VERI,'I .... " H,OO. 4.121 II ... ' a.OIl •. n • .1.14. H."O ,'.1' 

X 
VER·' ...... 11.11 .- ..... . .... '.044 ".155 10.'" ".31 

B 
YEII.JO ...... II." 4.'13 ".21' 1.0'1 .... 0 11.'11 30,17 ".41 

B 

~~c 
VER.JI 11.103 11.2" ..... ,..,. . '.041 LI" 17.'H 10.077 1'.55 

YEIt·2I ".," It.J' .. , 11.110 .... '.711 17.172 n.IU '1.12 ..... 17.1'2. 11.11 •. "1 11.711 a.HI ..t., 17.778 n.'" 'I." 201160"" 

VIR'" .1' .... 11.11 '.111 ,1.113 ,.Of' 1.171 17.113 11.7'4 '1.1' 

t '". ".141 11.41 ..... 11 .••• 2.17' ... " U.UI at~ ".:14 
VIR., ...... 11.'" •• 114 lUll a."7 I.'ot 11.713 

.. :.-~ f--:" 't.51 
VEil·'" 11.7" 11.11 4.'" 17.1" "ot, - ..... !.~:..~1.! .. _._.!'.l.' 
yrA" 51.017 H.11 '.211 17.5' 2,10 '.720 ".124 ».121 , .... 
vp·,. ".211 I1.N3 ..... 11'.714 2.111 1.121 11.430 32.n4 20.0~ .1. ...... 11.'74 .. ,.. IUtO - 1.12' '.131 II.~!~ --~ __ .... !O.I! 

- IIE"41 ".1Ot '1.721 .... ".041 2.1» 1.':11' ".14' 12.045 20.39 r-ilE"," to.OIt lI.nl '.IIS 39.112 1.142 I.U3 11.147 31.'" 10.17 

. 030 1 'IR lUI' 11.11 .. lI.17 2.1' LI'I 19.'n :11 .• 51 20.71 

10 IIE,..a. to.111 " .. 7 ..... ..... 2.1" U ... 11.", 11.7N I •. ' 

/ 
liE"·" .... $0 11.11 1.14 lUll 1.17 .. " .... :11."1 11.1' 

.010/12 X 12 J 11,,,.11 11.111 II." 1.311 lun 1.171 Uti 11.7" 31.'73 au. 
IIE"47 11.371 II.AI • .211 'U' .. '" 1.171 11.17 :1 ... 71 31.47 ...... 11.112 ' .... . .... .. .. '.1" 1.777 ".H' 31;.' 21." ...... 

A - - A 
OOES5 OI"'AWISE ftCII ·ElI SHOP OIQORS LA'ftRENCE BERKELEY LABORATORY 
i" -.. I.lf'- UNIYERSITY OF CAlIFaiHIA-BfIlKELEY 

- r- .... -.s. -.& Iiim. _sst 
! .m •. 020 .... ~ '''"- 2.0 P UG - HI. 1 
,..",a.AlJI ;0;111 .. DEGREASE GEr-ERIC \EDGE PLATE 0IJIf8I_ •• __ "". CIIU' ......... ___ 

, \II" N''''''''''lDETAill _ .. 1-. NONE ~,~. .MOtllCcur ..... 
A .... "'If' • 1 '17 WAS '1 . 55 

~aa ....... __ 
"""'tlHAIIA I-r.. .... ., 

·1~~~I~·--120M6034I'A lIE' IIW!i [It( gUE CHANGES 
_ .... IUra.LaMl ,-1IUPE.a:s, ., 'M." .... 1 

8 I 7 I 6 I 5 • 
, I 3 2 I 1 

-A ---a 



D 

8 

A 

SECTION x-x HOLES -----, 
16 EIll.. SP. ON CENTER LINE 
, LOCATIONS. RADl./S EF.Ii 
" HOLES TOTAL 

NOTES,!. ALL DIItENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED. 

2. TOI.ERENCES APPLY TO INCH 
OIHENSIONS IINLY. 

SECTION v-v HOLES 
16 EIll.. SP. STRAIlOLE CENTER LINE 
, LOC" TIONS. RADIUS EF.G 
" HOLES TOTAL 

r IS 42" IS' .. 
-\ 

5.70' •. 15· 

,,,c~ J"'D '''L OIA BREF 

~ 

r::r:tOil l 010/12 X 12 

W 
.71 •• 10 in STOCK-(18 0 mml 

REF 

.. CKM&D TO SIZE • 
I 

SECTION X-X 
IUU "I 

.042 A B 

.01' A 
1.000 

SECTION y-y wu 

. OliN 
PROl 

E F 

B 

A 

...... 
GESClliPli 

LAWIIIIfCI InliLn LA.OUTon 
,*1'tIPS1t1' 111 [AllfOlllUA ••• nn 

GE AI A8 
D£TAIL 

, '.1 

ER P AT 
1·1 

20M60t6' B 

V\ -:::-_ a 



D 

( 

B 

A 

8 7 6 

SECTION x-x HOLES ------, 
16 Eo!". SP. ON CENTER LINE 
3 LOCATIONS. RADIUS E.F.G 
48 HOLES TOTAL 

L---SECTION Y-Y HOLES 

5 

~'~""1S' 

OIA C -f-

5 700j . 15° __ 

m, \ I 
OIA B REF 

---

OIA A 

L 
--

DIA 0 REF 

--

-

1 100 I 
~I 010/12 x 12 

A 
TFlANSHACI .•. •• 16 EOL. SP. STRADDLE CENTER LINE l VERSION NO. 

~ 
'". ... 3 LOCATIONS. RADIUS H.J.K 

48 HOLES TOTAL 
. 71 '.10 in 
(18.0 mml 

... .1. 

3 

B C ", to.OID 

40.012 110.32 
42.5 .. 117. " 

2 
REO OlEIt PART _ 

A • LOW 

o 1.'17 in --l 
136.00 mml 

OEseR' PT 'ON 
STEEl. SloE 1010 

SECTION x-x 
SCALf '" 

o 1.358 in~ 
(34.50 mml 

~ ~3~~~~~~~~~. 

SECTION y-y 
5CALE to I 

D E F G H J ,., , diu • ,.dlu. fidiU. :- ri'di~i"" :2:i~~' 

.711 11.11 .. 3I.,1t 50."1 25.141 36:5i1 
1114' '.1' . .. 53.107 2 .'7" 3'.785 

o 

C 

B 
H6 I,A 

K WT. 
fldiUi'= __ tach:. 

41."1 11.0 
50." 1113 

NOTES: 1. ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED. 

TOLERENCES APPLY TO INCH 
DIMENSIONS ONLY. 

8 7 6 L~~~_!Ii!sA 
lJIlfSS aI_'ll: SPECIfiED SHOP OIIIERS LAWRENCE BERKELEY LABORATORY 
:a I • - MIC .• - UNIVERSity OF (ALIFtRNIA,-BERKELEY 
1·II.O.06.-w'1/ 



o 

c 

B 

8 7 6 5 2 
REQ OlE" PART NINER DESCRIPTION 

PLATE LOW CARBOI STEEL 5AE '0,0 

SECTION X-X HOLES -----.., 
16 EOL. SP. ON CENTER LINE I AA I B I 
3 LOCATIONS. RADIUS E.F.G . . 
4B HOLES TOTAL 

RAD K 

~123.869 •. 010 
DIA C 

1.-__ SECTION Y - Y HOLES 
16 EOL. SP. STRADDLE CENTER LINE 
3 LOCA TlONS. RADIUS H.J.K 
48 HOLES TOTAL 

5 70"i m, IS" - -

-
~".84S •. 010 

L 

I 
~45.175 REF 

DIA B 

~124.781 REF 

..1.-__ - ___ -'-I D'AD 

1.-.1 .100 I l I~I 010/12 X 12 

l:±l 
__ 1 65 '.10 in STOCK 

(42.0 mm) 

o 2.047 in -I 
(52.00mml 

SECT ION X-X 
SCAlE 1; t 

SECTION y-y 
SCALE 1: 1 

APPROXIMATE WEIGHT 
OF THIS ITEM IS 
4.800 LBS. 

o 

B 

AL:~---;:------o-JJliIBll~2'179 KG.. A 

NOTES; 1. ALL DIHENS IONS ARE IN INCHES .... ESS OT_IS( 5I'£CIFIEO SHOP OAIERS LAWRENCE BERKELEY LABORATORY 
; .1 • - ftIIIC .• - UNIY£RSITT OF CAlIFCRHIA·8EAKElEY 

UNLESS OTHERWISE SPECIFIED. i5.II. 0.06 ..... ,,, 
~ •• 0.010 fl ... 

2. TOLERENCES APPLY TO INCH g::m.i.:";.+.=:. .... IlI, .. ~DE:.!!GR!l5E~ASE!!i..-_-I.!~~~~~~:¥.J~~~~~ 
DIMENSIONS ONLY. ",,",",,"w, - ,!~~!B[~~$~~~~~~wr~=2;tT~ ';v: Ole ,:;; R£VISED HOL~~SAN) QUANTITY :1t-:~;,::m.;1II "INAtlIHARA 

8 7 6 5 , 3 2 



8 7 6 

8 7 6 

5 

+.010 3 HOLES 1/J2.047 -.010 

( 1'l52mm ) 236 :1.005 

1r· 

5 

3 



o 

B 

A 

SECTION X-X HOlES 
16 EOL SP. ON CENTER lIE 
l LOCATIONS. RAIlIJS EF.G 
'8 HOLES TOTAL 

NOTES, 1. ALL DltlENSlONS ARE IN INetES 
Ult.ESS OTtERWISE SPECIFIED. 

2. TDLERENCES APPI. Y TO INCH 
o II£NS I QNS DIU. 

SECTION y-y HOlES 
16 EOl. SP. STRADDl.E CENTER LNE 
l LOCI. TIONS. RADIUS EF.G 
" HOlES TOTAL 

5 

1. 65 •. 10 In STOCK 
('2.0 ,.ml 

l YERSIONNO. 
ABSORHACZ 

YER·l 
YER-2 
YER·3 
YER .. 
YER·5 
YER" 
YER·7 
YER" 
YER .. 

YER·l0 
YER·" 
YER·12 
VER-13 
YER-14 
YER-.5 
VER·" 
YER·.7 
YER·" 
VER·1I 

• .-

-- * •.• --

A B C 
.0.0'0 Ro1. 10.018 

45.222 45.553 124.111 
'5.800 '5.930 125.953 
45.177 .U07 128.998 
4'-354 '8.685 128.03t 
48.732 '7.082 129.080 
.7.101 47.431 130.122 

'U84 '8.11' 132.207 
48.241 '8.571 133.241 
48."1 .8.8.8 134.211 
48.198 '1.328 .35.3113 
41.373 41.703 138.378 
41.750 50.080 137.411 
50.12' 50.'58 .3t.'80 
50.882 51.212 140.545 
51.280 51.5.0 141.587 
51.837 51.887 142.tz. 
52.014 52.340& 143.871 
52.392 52.722 14'.713 
52.770 53.100 145.755 

co. 

SECTION x-x 

2.000 

SECTION y-y 
itillM 

0 E 
III. RId, .. 

.F G 
_us _us 

HOlE RADii FOR nE RODS 

125.823 21.8" 43.578 87.183 

121.888 21.te8 .3.578 57.183 
127.108 21.1" 43.578 57.183 
128.950 21.988 .3.578 57.183 
121.H2 21.188 43.578 57.183 

131.03' 29.988 43.578 57.183 

133.111 31.8n 48.060 80.'42 
134.181 31.877 '8.080 80.'42 
135.203 31.877 48.010 80 .• 42 

138.248 31.877 '8.080 80.442 

137.288 31.877 48.080 - 80 .•• 2 
138.330 31.877 '8.080 80.'42 
13'.S72 31.877 .8.080 80.442 

14\.457 33.385 " •. 5""4 83.782 
142 .••• 33.385 '8.54' 83.702 
143.541 33.385 48.54' 83.702 
14'.at3 33.385 "'.544 83.702 
145.828 33.385 '8.54' 83.702 
148.8at 33.385 ... • 53.702 

IU ''''''II). 

WT.(lBS) 

5035.'37 
5111.507 
520'.27' 
5281.738 
5375.895 
54~2.7~1 
5838.548 
5727.'88 
5817.127 
5907.481 
5918.'92 
'090.218 
8182.841 
8389.57. 

::;::~:~-i 
6855 .• t< 
8751.782 
8838.100 

GC ., 

DETAIL 
,n·1 

8 

1010 



o 

c 

B 

8 7 

SECTION x-x HOLES ------, 
16 EDL. SP. ON CENTER LINE 
3 LOCATIONS. RADIUS E.F.G 
48 HOLES TOTAL 

6 5 

DIA C 

5.70"i . 15" m, --
"\ ! 

DIA B REF 

DIA A 

L 
DIA 0 REF 

J .1001 l '1.010/12 X 12 
SECTION Y -Y HOLES -::.-,,;::r 
16 EDL. SP. STRADDLE CENTER LINE .:.:::::.::.J 
3 LOCATIONS. RADIUS H.J.K 1.65 1.10 in 
48 HOLES TOTAL (42.0 mm) STOCK-

YERSIONNO. A B C _HACO I • . 01 ,,' to. 10 

YER·' 47 .• 1 47.'" t 1.11' 
VEA·, •• . .. at.'U t3l.'02 

2 
lIED IlElt PART NINER 

A • L 
OEseR IPT ION 

L. 1 1 

o 2.047 in -l 
(52.00 mm) 

SECTION x-x 

SECTION y-y 
SCALf I,' 

0 E F G H J ,., 'Idlu' I.d"" "d'v. ,,01101' 

1U.077 1. 77 .... 0. .. ..... 2 It .... 'U.571 
'40.4'4 .... . .. • .702 1.177 ... 

o 

c 

B 

K WT. 
--;~\I' 1M .• 1Ch 

$7.113 5540 
10.442 ." 

A A 

l ____ ~N~D~TE:S~;~1.~AL~L~D~IH~E~NS~I~O~NS~AA~E~I~N:I~N~C~HE~S~,-______ _cc_------_,--------cc----~~~~~~~~iiii~i:~~il~ilE~l!oT~II'~~~7U~'f~'mtli!~~~~~M~~~~L~A~~~E~N~CE~B~E~RK!E~L~EY~L;A~BO~R;A~TO~R~Y~ UNLESS OTHERWISE SPECIFIED. UN'VERSIlT Of C .... 'FORN'A·BERl<ElEI 

" 
2. TOLERENCES APPLY TO INCH OEGREASE 

D I HENS IONS ONLY. fIATT HlfF 
lIE' OM; (H( DATE CHANGES 

8 7 6 5 3 2 



o 

( 

B 

NOTES: 1. All DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED. 

2, TOlERENCES APPLY TO INCH 
DIMENSIONS ONlY. 

8 

6 

6 

5 

SECTION X-X HOLES 
16 EOL. SP, ON CENTER LINE 
3 LOCATIONS, RADIUS E,F.G 
'8 HOLES TOTAL 

IR 33, 3661 
RAO E 

01~6,668 •. 020 

CRILL AND TAP THRU FOR A 2-12 UNC.2B THREAD ..L... ____ _ 

32 HOLES EOUAllY SPACEO ON CENTER LINE ON A 
~ RADIUS 
Hi10014 IAIBI 

5 

L 2,56 in 
(64 9 mm) 

I~I 0 ' 064 I A I B I c 

SECTION x-x 
REF, SCALE 1:1 

APPROXIMATE WEIGHT 
OF THIS ITEM IS 
13.400 LBS 
6.078 KG 

--

B 

A 



t 
<{ REDO ITEM PART NUMBER fA DIM Ie DIM l DIM DESCRIPTION 
N 
..- 20M6112-1 34MM STOCK 42 MM 8.5 MM ROD. 34MM DIA .. MILD STL. SAE 1010 ..-
-0 20M6112-2 34MM STOCK 66 MM 8.S MM ROD. 34MM DIA .. MILD STL. SAE 1010 l: 
0 20M6112-3 SOMM STOCK 90 MM 12.S MM ROD. 50MM DIA .. MILD STL. SAE 1010 N 

20M6112-4 SOMM STOCK 132 MM 12.S MM ROD. SOMM DIA .. MILD STL. SAE 1010 

-
30.0° ±1/2° 2 PL 

=:J r l
2' 

.5 MM 
PL 

(f f\\ ~ 
,./ \ ~ 

• - DIAA -- .. - - r-

~ bV , 
"-. /" 

~ 
± .25 MM 

ALL DIMENSIONS ARE IN MM 

UNLESS OTHERWISE SPECIFIEC SHOP ORDERS LAWRENCE BERKELEY LABORATORY 
TOLERANCE .X t - .XX t - .XXX t - ACCT NO SER NO UNIVERSITY OF CALIFORNIA-BERKELEY 

SURFACE FINISH 2S0~ ?m I ~~~5 I~~oo SSC 
I. SAIlED. FlAIIECUT. I ¥IiL IVtl< 2.0 SDC PLUG - HAC 1 & 2 

Sl£ARED OR CUT STOOC FINISH. 
YWm~~NT DEGREASE TIE ROD 2. TIRAOS CLASS 2. 

3. CIWFER ENDS 11' AlL SCREW TIRlS 30' 
IA~~bbt-llJAG PAT CLEAR OWG TYPE SHOWN ON SCALE: FULL ,. I 1/2 PITCH ~lIEF IIITH ROlHl NOSE 

50 MM WAS 37 MM 
TOOL (II AlL ItACHINE CUT TIRlS. 

I~ MINAMIHARA I DATES_26_92 
DETAIL ON T S A_I: PRINS A MOH ~"1192 S. IRNC EOOfS I'" IWC. (II !lACHINE WORK. HI CROF I LHED DESIGN ACCT NO CATEGORY CODE OWG N0

20 
6 REV 6. REIIOVE UfIS. LOOSE SCAlE AIIl VEl.D SPlATTER. CHK I DATE REV OWN CHK DATE DESCRIPTION 1. REF.-USASI OR ASA STDS SECT Y-U , U6-1. BY 4213-01 M 112A 

4 

-V -



t 
« REOO ITEM PART NUMBER A10.010 le ~8'886 DESCRIPTION 
N 
N 20M6122-1 . 945 IN. (24 MMI 1.345 IN ROO . 4 IN OIA .. MILO STL. SAE 1020 ~ 

'" 20M6122-2 1 .. 890 IN. (48 MMI 1. 976 IN ROO. 4 IN OIA .. MILO STL. SAE 1020 L 
0 
N 

~ ~ r-
¢ 4.0 STOCK 

1 

I~I 0 . 0051 A I -
,G~ - ~ - B 
~U 

• OIA - .125 X .125 CHAMFER ~ r-
BOTH SIDES -...-

~ 

I I11I 101 .005 .005 I AI NOTE: ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE NOTED. 

UNLESS OTHERWISE SPECIFIE[ SHOP ORDERS LAWRENCE BERKELEY LABORATORY 
TOLERANCE .X i - .XX i- .XXX i.015 AUT NO SER NO UNIVERSITY OF CALIFORNIA-BERKELEY 
SURFACE FINISH 250~ ?m I~~b~ I~~on SSC 
t. SAloED. Fl.AIIECUT. I YaLi VER 2.0 SOC PLUG - HAC 1 & 2 

St£ARED OR CUT STOCK FINISH. 
~~tAgNT DEGREASE PLUG ASSEMBLY SHIM 2. TIftAOS CLASS 2. 

3. Ctwf'ER ENlS OF All SCRElI THRDS 30' 
~~~~Mf"'l PAT CLEAR DWG TYPE SHOWN ON SCALE. FULL ,. t 112 PITCH RELIEF III TH ROUI() NOSE H T DETAIL 

1.976 WAS 1.465 
Too. ~ AlL I1ACHINE CUT THRDS 

I gr' HINAMIHARA I DATE~_71_91 DO NO S ALE PRINTS A HOH . ''''192 5. BREAK EDGES IIU 11AX. ~ !lACHINE lI1lRK. HI CROF I LHED llESIGN ACCT NO CATEGORY CODE DWG NO REV 6. REIfl'IE BURRS. LOO5E SCALE AIIlIlELD SPlATTER. CHK I DATE 20M6122A REV OWN CHK DATE DESCRIPTION 7. REF.-USASI OR ASA STOS SECT YOU , a'6-t. BY 4213-01 
4 

--.l 



0 J c t 8 J A 
REO ITEM PART NUMBER DESCRIPTION 

PLATE. HILO STEEL. SAE 1020 

DRILL AND TAP THRU FOR A 2-12 UNC-2B THREAD 

~ 
r-l5.625°J 

32 HOLES EOUALLY SPACED 
0'1' O~.C. 

~O 1-$-1 ¢ O. 0 1 4 1 A I B I i[~ 2 250 THRU 32 HOLES EOL SP ~C. 4 4 
1-$-1 ¢ o. 0 1 4 1 AlB I 

'" 'I'. ,r-~.~ 

- ~ -

I ~ 

~ 3 

~ 
3 

I 
111 I 0161.55 0148.40 

• I-B-I - I 20M6133A 

~ ~ 25(0 

~50 

2 , / 2 

APPROXIMATE WEIGHT +---G-.t-+-t.-e-At 
I WilOYj . 

- OF THIS ITEM IS 
Thiv is 1~~0030 ~ -

2,100 LBS. 
954 KG. P dllf-PZ>Y' y1nt6 - -A- - 2.5 i. 12 

UNLESS OTt£RWISE SPECIFIED SHOP ORDERS I LAWRENCE BERKELEY LABORATORY 
1 to x t fI!At. t M(T . I~RIAl \ UNIVERSITY OF CALIFORNIA-BERKELEY 1 fxu Q3 

NO. 
oIIQES t rs~ IIltM 1~1io'-. sse 

~ .XXXi .015 FINI5iI 250J' ~LIVER t-:--.. ,," 2.0 SOC PLUG 
TIflEAOS ARE (LASS 2 ~f~"l DEGREASE ~PLUG ADAPTER RING {_ !1115 (f ALL 5!R£V T_ lO' 
(UlI.IPlICillIfIIIIlIIIJVII"1WG1III[11ill ~NT TAG PATENT CLEAR OWG TYPE _ON SCAU 1120 fX!~rN AlE 
ON IiACHINE CUT THREADS TH DETAIL II/IM EOOES .016 IWC III JIo\(KINEO 101( t1tf M I NAH I HARA 1 0A~~.l6-..22. I¥i. NO. SI ZE REi. A HDH """2 ~155.000 WAS ~154.500 "IU<UI'ILnw ~1"'ALlI."'. I ,A It"""' lIM: 

~M 
~ lUllS IiElD Sl'UTTER I LCiOSf SCAlf 

~~. I""'t 4213-01 20M6133 A REV I)W(j (II( DATE CHANGES REFERENCES, ANSI ,"-5 & 846.1. 

0 C B I A -



4 

3 

2 

1 

o 

SEE DETAIL 

32 SLOT PAIRS 
EQUAL SPACE 
ST ART AS SHOWN 
64 SLOTS TOTAL 

c B 
APPROXIMATE WEIGHT OF THIS 

REO ITEM PART NUMBER 

ITEM IS 3,940 LBS. 1,786 KG. ~~~----~--------------------------~ 

THRU 32 HOLES EQL SP 
ON CENTER·LINE 
64 HOLES TOTAL 

\~\ ¢ 0 . 0 1 4 \ A \ B\ 

0161.55 

f,--- 0133.87 

I-B-I 

~~50 
250 ..... 

u34 (1110) DR x .38 DP. 
u6-32 UNC TAP x .31 DP. --'--__ __ 

DETAIL 'A' 
SCALE 1:4 

20M6143A 

f 
7.5 

1 
, L- B 320 HOLES EOl. SP. Il7Lr'~ II 030 A II 

¢ 4.25 THRU I r ON A 1150.2501 DIA. B. c. -A -II-- .88 
32 HOLES EQL SP. H 5.625

0 I (STRADDLE CENTER LINE) 2.5 t. 12 SECT I ON B-B 
ON A 1155.000 lOlA. B. c. \~I¢ 0.0 141A\ B\ SCALE 1:4 

(STRADDLE CENTER LINE) UNLESS OH£R'rIISE SPECIFIED LAWRENCE BERKELEY LABORATORY 
~~~~~~ ____________________ ~~~.x~'~O.~1~~m~c.~.~~~~CT· __ ~~L,~ __ ~ __ ~~~I~VE~R~SI~TY~O~F~(~AL~I~FO~RN~I~A-~BE~RK~E~LE~Y ____ ~ 
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