LBNF Target Exchany
System (TXS) — Desig
Overview

Eric Harvey-Fishenden

(STFC Rutherford Appleton Laboratory)

LBNF Target Exchange System
Technical Design Review
24-25 June 2024

Science and ' ' ‘ , ‘
Technology LBNF

Facilities Council WARWICK VW DUNE'VY

TTTTTTTTTTTTTTTTTTTTTT




Presenter Background
Eric Harvey-Fishenden | &

1 Senior Mechanical Engineer

d RAL High Power Targets Group W SY .

| , /| | — I
: U/ } e — ﬁ: *7*’ X “
, — ‘”/’J ! e = — 74)
— : ‘* \"
3| B g { 1
1 :‘
V]
[ W 4
i ’;"
\ :é';.
[
‘) T *—\h\;—»:‘,
S —

Science and
Technology
Facilities Council TXS Technical Design Review Slide 2




Outline

1. LBNF Target Overview

2. Target Remote Handling Overview

.  Target and Horn

. LBNF-20 Work Cell
3. TXS Overview

I.  Mechanical design

i. Prototyping
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UK Project Timeline and Phases

| |
" 2018 12019 2020 T2020 T2022 T 2023 T 2024 T 2025 T 2026 T 2027 T 2028 T 2099 | 2030 ! 2031 | 2032 T 2033

Phase-2 underway as
of Apr 2022

Plans for “post project” involvement

Phase 1
(Design)

\/

* PRELIMINARY DESIGN

* FEATURE PROTOTYPING (Constructi) 5 E B Start

e 2 eam Start-y

. P:Z‘:_ZU‘;;::;EAL FINAL DESIGN FOR 1.2Mw sysTEMm § | Phase 3 in 2031 ? i

i INITIATE MATERIALS RESEARCH ) (Commissioning)

MANUFACTURE/SUPPLY IK(s 1o FNAL ©

H\/ PROTOTYPE TARGET/HORN = ased
INTEGRATION in Ts)g =g MEO)

Phase 1 Completeq

and closed-qyt

* FIRST BEAM
X  Time window in which to " | * ONGoing PRODUCTION of
spend UKRI construction Y CONSuMAB|E HARDWARE
money is Apr 2022 — Mar * DESIGN EVOLUTION
2028
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LBNF Target

* 1.5-1.8m of graphite rods encased in a titanium outer structure Remote services connections:

« Overall length 2.2-2.5m (depending on length of graphite) 1. Heliuminlet & outlet(Helicoflex seal, chain clamp design)
«  Gas cooled with helium 2. Instrumentation (2x6 thermocouple connectors)

e Total weight ~125kg

*  “Consumable” item with expected lifetime c. 1 year

* Remote replacement to be carried out during planned maintenance
periods in shielded work cell
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LBNF Target/Horn

* LBNF Target supports are bolted
directly to the Horn A (focussing
electromagnet) inner conductor

* The target sits within the bore of the
Horn A

* Features for attaching and aligning TXS
are located on the target support plate
(red)
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LBNF-20 work cell in target exchange configuration (Image M Sawtell)

Target replacement work takes place inside the shielded LBNF-20 work cell

TXS is manually (crane assisted) installed and staged within the work cell

Horn is remotely craned into the work cell once TXS is staged

Long reach through-wall telemanipulators are used to handle tooling within the cell
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Work Cell Telemanipulator Coverage
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TXS Overview

Replacement

Target i .
slide (x2) arge
Y
Target
carrier (x2)
Spring /
gimbal
compliance
X
Z
Yaw

Docking
interface
(x2)

= . ; _ Screw jack
Roll L — e —— e (x4)
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Key Milestones

for the TXS

1032MS6

10018MS5

10056 MS6

10016MS5

Description

TXS Technical Design
Review Complete

Manually operable
TXS and dummy
target delivered

TXS and Remote
Handling Equipment
FDR Complete

Remotely operable
TXS delivered
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2024/Q2

2025/Q2

2025/Q4

2027/Q1

131133.0300.2355MS5
131133.0300.2350MS5

424422 N2N2 2INANKICE

“Need-by

131.NSCFB-DecW.03.03 Target Complex
131.NSCFB-Dec-W.03.03.00 Target Compkx Miestones - Standard

T5 MS - Target Complex Pre-CD2 Design Complete
T5 MS - Target Complex Preliminary Design Complete

TR AMQ Nakhians af Dratnhina Taraat Qunnnrt Cuotam DAl IDDMN

” dates for UK

27-Mar-23 A

02-Oct-23 A

deliverables defined in LBNF
Near Site Project Schedule

131133.0302.10008MS5
131133.0303.32060MS5
131133.030;
134%33.030p.10033MS5
J32080MS5
$.0302.10082MS5
131133.0302.10029MS5
131133.0302.10011MS5
131133.0302.10010MS5
131133.0302.10015MS5
131133.0302.10030MS5
131133.0302.10007MS5
131133.0302.10016MS5
131133.0302.10012MS5
131133.0303.32090MS5
131133.0302.10083MS5
131133.0303.32120MS5
131133.0302.10024MS5
131133.0302.10023MS5
131133.0302.10022MS5
131133.0302.10025MS5
330302.10026MS5

g .10032MS5
131133.0303.32100MS5
131133.0302.10027MS5
131133.0302.10031MS5
131133.0300.2360MS5
131133.0300.2380MS5

T5 MS - Delivery of He gas system Heat Exchangers - RAL/PPD
T5 MS - Delivery of He gas system compressor - RAL/PPD

topa DAL DDMN

1R, .

T5 MS - Need-by Delivery of Marual Target Exchange System and Dummy Target - RAL/PPD

16-Sep-25

-Need- rototype larget -
T5 MS - Production Readiness Reviews Complete for all UKRI Deliverables - RAL/PPD
T5 MS - Need-by Delivery of Prototype TPT - RAL/PPD
T5 MS - Delivery of Production Target Support System - RAL/PPD
T5 MS - Delivery of He gas system Thru-TUB Helum gas lines - RAL/PPD
T5 MS - Delivery of Target Container - RAL/PPD
T5 MS - Need-by Delivery of Remote Manipulators - RAL/PPD
T5 MS - Delivery of Bafle / Carrier - RAL/PPD
T5 MS - Delivery of Motorized Target Exchange System and Dummy Target - RAL/PPD
T5 MS - Delivery of Production TPT - RAL/PPD
T5 MS - Delivery of Production Target - RAL/PPD
T5 MS - Shipping Acceptance Reviews Complete for all UKRI Deliverables - RAL/PPD
T5 MS - Complete documentation package of all UK deliverables - RAL/PPD
T5 MS - Need-by Delivery of Helium Gas System Purity Monitoring System - RAL/PPD
T5 MS - Need-by Delivery of Helium Gas System Heat Exchangers - RAL/PPD
T5 MS - Need-by Delivery of Helium Gas System Compressor - RAL/PPD
T5 MS - Need-by Delivery of Helium Gas System Thru-TUB Helium gas lnes - RALPPD
T5 MS - Need-by Delivery of Production Target Support System - RAL/PPD

. j oL _RAL/PPD

12-Mar-26

15-Oct-26

22-Mar-27

24-Aug-27
16-Dec-27
14-Ju-28
31-Jul-28

08-Jan-29
272_Feh-

11-May-29

T5 MS - Need-by Delivery of Production TPT - RAL/PPD

T5 MS - Need-by Delivery of Target Container - RAL/PPD
T5 MS - Target Complex Fabrication Procurement Complete
T5 MS - Target Complex Installation / Checkout Complete

TXS Technical Design Review

08-Aug-29
20-Aug-29
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Target Exchange Procedure Overview

1. Remove shielding from work 9. Extract spent target

cell 10. Disconnect & retract
2. Install and stage TXS & TXS removal stage
in LBNF-  11. Align and dock TXS
20 work cell installation stage to
3. Cranein Horn A & spent Horn A Spﬁgi:i'e";m
target 12. Drive new target into
4. Replace shielding onto work Horn support location spent target
cell 13. Make
5. Disconnect spent helium flex bolted
lines from target and store* connections
6. Align and dock TXS removal  14. Disconnect and retract instzfr:ﬁon
stage to Horn A TXS installation stage stage
7. Drive target carrier to spent  15. Install and connect
target and make bolted
connection
8. Undo target bolted ' ' P
connections *He{lum flex /lne' exchange stage
tooling concept is under
development
& Science and
Technology
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TXS Alignment/Docking

Q To align to the target supports on Horn A for target installation/removal, the TXS mechanically “docks” to it
There are two docking stages — one for spent target removal (R), one for new target installation (L)

Q  Positioning for docking is done via motor driven X,Y, Z and pitch adjustment. Sprung compliance allows for some misalignment and allows
for roll/yaw movement

U
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TXS Alignment/Docking

Locating hole in

spherical bearing Alignment pin

Fastening stud

“Floating”
bronze nut

LVDT proximity sensor TXS  Horn
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Docking Positional Adjustment

A. Y and pitch adjusted using
front and rear screw jacks

> Stepper motor driven in T-
configuration using a gearbox and
double UJ shafts (mounted at
rear of TXS)

> 150mm travel

B. X adjusted using double
horizontal linear carriages

> Stepper motor driven ball screw
(mounted inboard using reduction
chain drive)

> Used to select between
installation and removal stages

> 850mm travel

C. Z adjusted for each stage
using linear carriages
> Stepper driven ball screw

> Tilted down at beamline angle
(5.89)

> One each for installation and
removal stages

> 207.5mm travel
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Docking Positional Compliance

A.  Spring supports — Y compliance (20mm)

Low profile load
> Lower free springs offer compliance when screw jacks are adjusted

cell — diagnostic to

avoid overloading
B. Gimbal — Angular (pitch, roll) compliance (£2°) horn/TXS

> Spring centered gimbal allows angular compliance

C. Ball transfer stage — X, Z, yaw compliance (x15mm)

> Spring centered ball transfer stage allows for XZ planar
misalignments

> Upper pre-compressed springs avoid overloading damage

> Plunger microswitches installed to indicate limits of compliance
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Docking Diagnostics/Feeback “

A. Precision limit (datum) switches in nominal positions

on linear axes (X,Y,Z) SR g ) £ |
B. Visual guide indicators on target support plate/TXS ‘Daf@::f: 52

docking interface i £

» Not currently modelled but likely using horizontal/vertical I R

fiducials to line up with laser markings on components

C. Load cells (front and rear) on each docking stage
> Indicate whether stage is too high/too low
» Indicate angular misalignment (pitch)
» Red/Amber/Green indicators on control HMI depending
on whether readings are within safe range

D. 3x proximity sensors (LVDTs) at each docking
interface

» 3x 13mm travel LVDTs give indication of distance and
angular misalignment during docking process

» Confirm face-to-face contact is achieved at docking
interface

Science and = 0\ ¥ ol= 5 ok
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Target Installation/Removal

1 Docking provides alignment for target installation removal
» Positional accuracy at upstream end approx. £0.5mm
» Angular accuracy of target table around 3mm/m (0.2°)

L Alignment pins for target installation have 10-20um clearance

» We need some compliance on the target carrier mechanism to allow the target to align to
its supports without binding or galling
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Target Installation/Removal

A. Target insertion stage (2450mm
linear rail)

»  Stepper driven ball screw
B. Target compliance mechanism

> Multi DOF compliant mechanism based
around a slewing bearing and a sprung
planar 4-bar linkage

C. Target carrier

> Interface for target attachment to TXS —
target fixed to carrier with 4x captive
bolts
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Technology
Facilities Council TXS Technical Design Review

Slide 21



Target Compliance Mechanism (TCM)

Q  2x parallel 4 bar linkages

a Slender horizontal links for lateral and
rotational compliance

Q  Ball transfer units to permit smooth lateral
motion but minimise angular rotation

QO  Pre-compressed spring allows vertical motion
but means position of TCM is consistent with
or without the mass of a target

O  Spring centred on a slewing bearing (2x thrust
bearings and one deep groove ball bearing

0  Some design updates planned but not yet
implemented:

> Increased spring rate to match latest target mass
estimates

> Thickened horizontal links to accommodate increased
target mass

> Hard stops to prevent over-rotation (roll)
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Feature Prototyping

2 iterations (V1,V2)
of a TCM have
been manufactured,
assembled and
tested

This has proved
capable of locating
a representative
target mass, onto
alignment pins
representative of
the target support
with misalignments
in X, Y, pitch and
roll of up to £2mm

Improvements from
V2 have been
incorporated into
the latest design
(needle roller
bearings, ball
transfer units)
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Manual TXS

Pulse testing of a prototype target inside a prototype
horn A is currently planned for late 2025.

This is well in advance of the need by date for a fully
integrated electromechanical TXS

A method is required for installing/removing target into
horn

This is an opportunity to test out a reduced scope
prototypic “manual” TXS
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Manual TXS

e Single stage reduced scope version of the LBNF
TXS for use in an offline, non-radioactive
environment

* Requirement is to install and remove a single
target rather than replace “old” for “new”

* Motion control system may not be integrated
at this point, hence provision for “manual”
control using hand tools or hand-wheels.

* Docking interface, compliance mechanisms all
prototypic versions of those to be used on the
full system

» Lift table/cart to be used for height adjustment
to the working height of the horn pulse test
stand

* Gives us the opportunity to use manual TXS
and lessons learnt/improvements will feed into
TXS FDR (Dec 2025) and full TXS build (by Q1
2027)
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