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Outline

» Upstream Collimators Overview  Team Members:

Sieve and Blocker —Ernie lhloff, MIT Bates
—Danielle Petterson, MIT Bates

—Jason Bessuille, MIT Bates

Collimator 1-2

* Collimator 4 —Tricia Smith, MIT Bates
* Collimator Cooling —Jim Kelsey, MIT Bates
« Support Structures

All work done in conjunction with the Jlab
MOLLER engineering team and under
guidance of the MOLLER collaboration
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MIT Collimators

The purpose of the collimators is to absorb scattered electrons and gamma
radiation, combined with the bending of the spectrometer fields, to selectively

exclude unwanted signals from the detectors

Blocker Collimator +~

Cooled during Sieve Collimator
operation Array of holes for
diagnostics
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Collimator 1-2
Complex 4-piece
brazement with
internal cooling
passages

S
Collimator 4
500mm diameter, 500 kg

2-Bounce Shield
Long, self-
supporting /
structural piece

« All collimators are pure W or mixed with 1% La203;
no nickel or iron is permitted.

« All will be housed in a vacuum chamber at 1x10-2 Pa

 All except 2-bounce shield support own weight alone
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Movable Collimators (Sieve and Blocker)

Beam Direction

Water supply bulkhead fitting

1400 W in blocker, small power in sieve
Both are cooled, less than 50 C operational
temp

Both are 100% W Brazed cooling loop
Rotary pneumatic actuators allow motion of

diagnostic collimators into/ out of beam

Predicted Torque Required: 146-180 Ib-in Retraction Hard Stop <
PTC251 Output torque @ 75 psi: 322 Ib-in
Transverse Position Requirement: +/-1 mm

- Blocker Collimator

Sieve Collimator Temp Sensor

Supports slotted in X

T Op

)
‘1" )
[ )

Brass Roller

Extension Hard Stop (ad].)

Dichronite-coated bushing /

13
Adjustable Pivot Plate

Leybold rotary feedthrough

Limit Switch Cam Wheel

Retraction Limit Switch (electrical) Retraction Limit Switch (pneumatic)

Extension Limit Switch (electrical) Parker rotary actuator PTR series

Upstream Collimator Design and Analysis 4 ; ,ge/ffTeRW Lab



Collimator 1-2

Disc: 300mm dia x 150mm thick

Core: 59mm dia x 575 mm long

99%W, 1% La203

Min Density 17 g/cc

Absorbs 4500 W in core, 900 W in disc
+/- 100 um on petal surfaces

+/-100 um on core inner profile, which has
several different tapers along length

0.5 mm concentricity between C1 inner
surface and C2 petals

Copper cooling fittings brazed to drilled
holes

Multiple water-vacuum braze interfaces
Leakage between inlet and outlet
channels is must be avoided
Temperature during operation: 30 - 150 C
Radiation dose 6.6e11 Rads
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Collimator 1-2 Brazes
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Collimator 1-2 Thermal

yz-plane-temp
Static Temperature
146.20 - _
135.64
125.07
11451
| [ 103.94

I 9338
| s2s2
72.25
| 6160

51.13
40.56
o -

Nose Temperature

contour-1
Static Temperature

57.71
55.19
52.67
50.15
47.63
45.11
42.59
40.08
37.56
35.04
32.52
30.00

Water Temperature (Max = 57.7 C)

solid-temp

Static Temperature
146.20
135.64
125.07
114.51
103.94
93.38
82.82
7225
61.69
51.13
40.56
30.00

Closeup of mesh in cooling channel — 3.74M cells

Maximum Tungsten Temperature 146.2 C
Maximum Water Temperature (20 | 57.7C

[C1]

Cinlet)
Solid Temperature (Max = 146.2 C) zzizrfecr:;:ature Riee ;770CkPa s i)
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Collimator 1-2 Structural

* Here we use gravity and the CFD temperature map to simulate deformation
« Maximum deformation is 60 microns and very uniform
» Stresses are very low (~2 MPa)

C: Static Structural

C: Static Structural
Total Deformation Total Deformation
Type: Total Deformation Type: Total Deformation
Unit: mm Unit: mm
Time: 15 Time: 15
11/29/2022 12:27 PM 11/29/2022 12:20 PM
0.009345 Max 0.060091 Max
0.0083066 0.053414
0.0072683 . 0.046737
0.00623 [ o0a0061
0.0051917 -
0.0041533
0.003115
0.0020767
0.0010383
0 Min
Displacement under gravity only (Max = 9 microns) Displacement under gravity and radial thermal
growth (Max = 60 microns)
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Collimator 1-2 Assembly/Brazement Drawing
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Notes:

Farf fo be baked for vacuum service in
hydrogen atmosphere

Vacuum braze

Helium leak rate not to exceed 1e-8 std cc/s
Datum A defined as best-fit axis using points
measured on dll inferior surfaces
Concenfricity tolerance on Datum B applies
to best-fit axis using points measured on all 7
outer petal surfaces

Items 5 shall be assumed to be self-aligning in
their respective holes

SECTION a-a

REVISIONS

zonE [ rew.

DESCRPTION DATE

APPROVED

o Changed mataral:, added conoen fisity pec. 1101612022
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SECTION &
ITEM NO. Material PART NUMBER QrY.
1 WLo5 Collimator 1 WCu Sleeve 1
2 WLo5 Colimator 1 Core Mk3 1
3 pfs W Callim ator 2 Tungsten 1
4 pfs W Collimator 2 Cooling Block 1
Callimator 1-2 Cooling
& Coreper Fitting 2
e MIT BATES RESEARCH z

Material <not specified>
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Collimator 1-2 Brazement
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Collimator 4

Model name: Collimator 4 Brazement
Study name: Thermal 1(-Default-)
Plot type: Thermal Thermal1
Time step: 1

500 mm dia x 150 mm thick

~500 kg

100% W

Approx. Minimum Density 17 g/cc
 Actual will be higher

Absorbs about 60 W

+/- 100 um on inner surfaces

4 tapped holes drilled into 4 flats

around circumference

Operation temperature 20 —40 C

Temp (Celsius)
38715
l 37.842
_ 36970

_ 36.097
35.224

34.352

..........

33479
32,606
31734

30.861

29.988

Maximum Deflection 26 microns

Maximum Tungsten Temperature | 38.715
(30 C tube)
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Collimator Cooling

35.7 °C

31.6 psi AN e

1 GPM 1GPM /‘7 1GPM
30°C 30°C / - ;
Ap =30.9 psi 30 °C

” Lines, 10 m

%" Lines, 10 m
%" Lines, 10 m
%" Lines, 10 m

%

7 GPM
300C
32.2 psig

v

©

®_

7 GPM
34.1°C

@
@

 All collimators fed by 7 GPM water at about 32 psi

* Assumed 10 m long supply / return lines

. Fricti | ion: L — _ e/D | 251
Friction factor for pressure drops calculated using Colebrook Equation: 7o 2.0log ( 2. T Reﬁ)

* Reynold’s number 15k-25k (highly turbulent)
 All pressure drops are within 4% of each other at nominal flow rates
* |f 10 m assumption is not valid, flow balancing valves will need to be furnished

* Temperature monitors located in shielded area
ferd n Lab
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Collimators P&ID
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Support and Alignment

» Alignment tolerances defined by physics requirements
* C1-2 and C4 mounted using all-brass, 6-strut kinematic mounts
» Blocker and Sieve shimmed for x-y and phi, adjustable hard stops for z/theta

« All collimators furnished with reamed holes for JLab survey markers

—CMM data will be provided for each collimator, locating the critical acceptance
features to these survey marker holes

I N N T

Blocker 3 mm 0.5 mm TBD 0.2°
Sieve 3mm 0.5 mm 0.2° 0.1°
C1-2 3mm 0.5 mm 0.2° 0.1°
c4 3 mm 0.5 mm 0.2° 0.2°
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Summary and Status

Requirements well understood

Tungsten vendor chosen and providing valuable feedback

Analysis mostly complete

Drawings undergoing internal checks and review from tungsten supplier

Blocker
Sieve

Blocker & Sieve
Motion

Collimator 1-2

Collimator 4
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