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Contents of Presentation:

« Straw Tracker Vacuum Chamber
— Need to build three of these chambers
— Modify standard vacuum chambers, Cut and weld additional flange.
— One built and at Fermilab now (at D-Zero)
— Second and Third ones are being machined

* Plunging Probe Vacuum Chamber

— Need to build / modify a single chamber

— Moadify right side of Trolley Garage Vacuum chamber

— Design / Dimensions Complete

» Discussing whether to build out of plates, or machine out of 3D blocks.
— Aluminum Deforms when welding.

« Welding Procedures can help control this
« Small welds
« Weld on both sides of the neutral axis to “balance” the deformation

J€ :
3¢ Fermilab
2 Erik Voiri n | Vacuum Chamber Modifications and Ring Leveling 3/31/2016



First Concept for Straw Tracker Chamber Modification
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Straw Tracker Chamber Modifications
Final Design: Stair Step Flange

Prototyped welding
procedure with
plates to determine
best welding
procedure

"

Butt weld location shown in green below, as well as weld cross section dimension
(Note only half of the chamber is shown due to symmetry across the XY plane)
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Plan View with Straw Tracker modules installed
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Deformation under vacuum: ~1mm per side

« Deformationis 1mm
— Which is more than the 0.5mm clearance to tracker modules
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Cut Pockets into top and bottom surfaces of vacuum vessel

Pockets give 5mm clearance (10x original value of 0.5mm)
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Machining Pockets in Original Vessel: Boston University
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Stair Step Flange Placed on Vessel Cut out before welding
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Final Machining of Flange Face / Bolt Holes after Welding.
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Plunging Probe Addition / Modification
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New Scallop N/

1 m long probe holder

Translation stages
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Scallop / Plunging Probe Addition

« QOrange: Scallop addition
« Green: Weld to existing Vessel
« 1SO flange at for attaching plunging probe vessel
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Deformation under Vacuum is 0.7mm

£ Fermilab

D: Static Structural
Total Deformation
Type: Total Deformation
Unit: mim
Tirne: 1

Ma 0.60834
Min: 0,.085653
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Ring height data from Erik Swanson

/-height data is fit to tilt plane
z0*cos(phi — p0)

e 70 =832 microns, p0 =171 degrees

* Tilt plane -> highest at 189 degrees and lowest at
351 degrees towards the inflector

* 1.7 mm difference across ring
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Ring height data from Erik Swanson

Pole height variations about the
tilt plane

Subtracting off the tilt plane shows the +/- 100
micron “potato chip” variation around the ring
Is the ring sufficiently elastic to undo this?
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Procedures: Adjust one interface at a time (4 jack stands)

4.) Adjust remaining
Yokes by this step size

gy 3.) Adjust first interface by determined step size.

2.) Place Jacks under Center of mass of each of
the yokes, apply 38 tons to each yoke CG

Step Size = 1/10th of total adjustment:
not more than 0.1 mm

J€ :
3¢ Fermilab
17 Erik Voirin | Vacuum Chamber Modifications and Ring Leveling 3/31/2016



Without Unbolting Ears: Move one entire interface at a time.

A: Static Structural # Fel'm“ab

Directional Deformation

Type: Directional Deformation(Y Aas)
Unit: mm

Global Coordinate System

Time: 3

1/27/2016 12:37 PM

0.26515 Max
0.24446
0.22377

-0.0037991
-0.024487 Min

0 2e+003 4e+003 (mm)
[ —SESESaaaaa— [ S— |
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Ubwards Disolacement of Adiusting jacks (mm) LackSet 1]
0.05 0.1 0.15 0.2 o

Force on Jacks:

275 —e—Back Support3

Start out higher than dynamic -

Back Jack 2

load rating of jacks on back jacks. | -
Secondary jacks needed for any X DR

v .
movement of yokes. S ot suppore>
125 —e—Back Support1
10 —e—Back Jack 1
—e—Front Support 2
75

—e—Front Support 1

Lead on lacks{Tens)

Upwards Displacement of Adjusting jacks (mm) [ack Set2 and 3]
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Jack Stands: 25 Ton static Limit — 20 Ton Dynamic Limit.

Jack Stands: Secondary Jacks:
25 Ton static Limit — 20 Ton Dynamic Limit. 100 Ton

Cylinder
Capacity

(tons)
[max]

(i)

2.25

RCS-1002** 19.63 | 44.18

NOTES [ 1
|. FOR MAX. PERFORMANCE, THE TWO WORM SHAFTS 1m 98.1
ITEM *2 & °3 SH BE ALIGNED WITHIN .002°
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Calculate / Monitor Stresses During Adjustments

_tj_

A: Static Structural

Force Reaction 13

Unit: Ibf

2/23/2016 10:21 AM

- Strain gauges used to monitor Dongle

Pipe stresses.

- Calculations performed for Dongle
Pipe, Cryostats, Yoke Ears, Jack Stands.

- Torque Wrenches used during
adjustments to record jack stand forces.
- Calculations done for 200 micron step
size, 100 microns used in procedure.

049.31 Max

B43.83

3835

632,87

527.39

42191

316.44

21096

105.48

0 Min
Time [s] |[# Force Reaction 13 (X) [Ibf] |J¥ Force Reaction 13 (¥) [Ibf] |[¥ Force Reaction 13 (Z) [Ibfl |[¥ Force Reaction 13 (Total) [Ibf]
02 10774 31.094 -211.2 10983
04 1030.2 19.02 -630.03 12401
0.7 94962 0.69057 -1411. 17008
1 85879 -17.7123 -2134.5 23008
12 13149 -13.476 -2024.6 24141
14 1779, -8.1207 -1914.3 26133
17 24739 -2.6438 -17478 30291
2. 31707 3.8036 -1581.2 35432
22 3434, 51327 -1516.5 37539
24 37035 6.6006 -1451. 39776
27 41041 8.7262 -1353 43214
3. 45029 10.845 -1255.5 46747

20

A: Static Structural

Directional Deformation

Type: Directional Deformation(V Axis)
Unit: mm

Global Coordinate System

Tirme:
2/11/2016 5:43 P

0.098894 Max
0.076783
0.058582
0038575
0018468
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Inner Cryostat

-0.0016368
-0.021742
-0.041849
-0.061955

-0.082061 Min

A: Static Structural

Equivalent Stress 2

Type: Equivalent fvon-Mises) Stress
Unit: psi

Tirne: L
271172016 5:43 PM

156.92 Max
130.49
122,08
104.62
87.184
6375

4& Fermilab

52315

34281 8
17446

0.011654 M}

A: Static Structural
Directional Deformation

5

it mm
Global Coordinate Systern

Time: 1
2/15/2016 3:11PM

0.11662 Max

0.01239
-0.008456
-0.029302
-0.050147
-0.070993 Min

: Static Structural
Equivalent Stress 4

Type: Equivalent (von-Mises) Stress
Unit: psi

Time: 1
2/15/2016 3:10 P

176.08 Max
156,53

£& Fermilab
Outer Cryostat

Type: Directional Deformation(Y i)

0095772
0.074926
0.054081
0.033235
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136,97
117.42
97.872
18321

34,760
39218
19,667
0.11542 Min
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Initial vs Final Elevation: Tilt Removed
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Figure 1: The initial laser tracker (ved) and the final laser tracker (green)
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le Shape Removed

Pring

Initial vs Final Elevation

0 [deg]
Figure 2: the final laser tracker (green) vs the residuals from the initial tilt plane (red) (the 'Pringle’ shape)

0 [deg]
Figure 3: The final laser tracker measurement along with the projected heights if everything had gone perfectly. We ended

pretty close to perfect here.
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Jack Stand Forces at Beginning and End of Adjustments

Jack Stand Forces - First Adjustmants (Step 1-2) and Last Adjustments (Step 9-10)
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Jack Stand location (1=Upstream, 2=downstream)
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A few Jacks stands were / still are over the 25 Ton rating
Calculations show they are still well within the elastic range
These Jack stands have a 3.56x safety factor for the 25 ton rating
The jack with the highest load has a 2.84x safety factor to failure

C: Static Structural
Safety Factor 2
afety Factor 3.56x Load Factor
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