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NSCL History

TIMELINE OF NUCLEAR SCIENCE AT MSU

, 1958 1978 ;200 2010

i MSU hires first | M5AC i Research with  DQE approves
1 accelerator | recommends i fast rare isotope 1 CD-1 for FRIB
" expert "mational user "beams from CCF

| facility at MSU

MNSF approves
sector focused
KS0 cyclotron

:.r';.‘ra.st'l..ctl.:re for
SRF linac R&D

: I?.es.earch with
I stable beams
"from K500

DOE approves
Ch-2/34 for
FRIE

Construction
pegins on FRIB

Research with
trapped rare
Isotope beams

Research
with stable
beams from
K1200

Resegarch with
K50; single turn
extraction

' NSF approves EJE-UFHIITé'JdﬂrU'-"EE : DOE selects cD-4; FRIB
+ K500 ceyclotron facility hﬁ‘-‘bﬁh ERIB Operations
cyclotron (COF) establisn =
NSE approves Research with r.‘*‘nuSL;j:fur‘.ds ReAZ
. superconducting fast rare isotope reaccelarator
cyclotron magnet beams from F'-'.fﬂi’l'%'f‘:'-'.
prototype K1200
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Existing NSCL Facility

et A - NSCL has over 1100 Power
PROJECTION CHAMBER/‘%\ Supplies (PS) in operations

| In-house superconducting
magnet (SCM) PS

GAS JET TARGET

LASER SPECTROSCOPY (—r

A1900 FRAGMENT
SEPARATOR

~E"gem bRODUCTION
TARGET

K500 & K1200
COUPLED
CYCLOTRONS
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Facility for Rare Isotope Beams
A Future DOE-SC National User Facility

* Funded by DOE-SC Office of Nuclear
Physics with contributions and cost
share from Michigan State University

» Serving nearly 1,350 users

. Key feature iS 400 kW Experiments with fast, stopped \
beam power for a” ionS and reaccelerated beams
(e.g. 5x1013238U/s)

= Separation of isotopes
In-flight provides
* Fast development
time for any isotope

* All elements and
short half-lives

* Fast, stopped, and
reaccelerated beams
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Facility for Rare Isotope Beams
A Future DOE-SC National User Facility

» Funded by DOE—-SC Office of Nuclear 'naddition to operating NSCL and building FRIB

there are always multiple projects in parallel. A

PhySiCS with contributions and cost few interesting examples will be presented:
share from Michigan State University

» Serving nearly 1,350 users
u Key feature is 400 kW Experiments with fast, stopped \ e

*"{ Reaccelerator

beam power for a” ionS and reaccelerated beams /22 4 / Suel § N
(e.g. 5x1013 238Y/s) L. " TN T D .

_ . 10%0, ' g . . on source

= Separation of isotopes N* [EREERITTU

in-flight provides A1900 R *’f{\r"'f

» Fast development by ‘ ] e

time for any isotope é 4 . &Y 1 e linear accelerator

- All elements and B = W
short half-lives

* Fast, stopped, and
reaccelerated beams
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Present Stage of FRIB Beam Commissioning
Front End, Cryomodule 1 — 3, Diagnostics Station

* Front End

 Electron Cyclotron Resonance lon Source

» Radiofrequency Quadrupole (RFQ) system

» Multi-harmonic bunchers

» Electrostatic quadrupoles and dipoles
» 2-quadrant High Voltage (HV) PS

» Solenoid, Corrector, Dipole, and Quadrupole magnets
» Room temperature magnet (RTM) PS, and RT dipole PS

= Cryomodule
» Superconducting RF resonators

» Superconducting solenoid and corrector magnets
» 4-quadrant SC magnet PS

= Diagnostics station
» Energy, current, profile, position, and halo
of the heavy ion beam

a AKX A
ci

D-station 12 SC resonators in 3 cryomodules Front End



FRIB Power Supplies (PS) Scope and Status

= 728 PS are installed for FRIB, installation and commissioning status;
» Front End (red) and CA (blue) Beam Commissioning Successful
» Next commission CB (yellow) and to the first 2 beam dumps (yellow) early 2019
» Initial testing complete for remaining LS1 and FS1 PS
» LS1 DC cabling complete, FS1 nearly complete
» LS1 CB cooldown in process, five 2K heater PS are operational
» Interlock testing, final connections, and final integrated testing remaining

* Installation of LS2 PS is complete and initial testing has started, to be followed
by DC cable termination

» Continue as the beam flies, installation nearly complete, testing, terminations...
LS3 FS2

Correctqr magnet conf@gctlon | - ; , if L| 7.
' dlscovered and resolved 2 ! i A Y A -;~ ypical correctormagné‘t
“dur = thermal image: - w65 9

Connectlon iIssue found using thermal imager durlng flnal mtegrated testing

FRIB SC Magnet PS
Facility for Rare Isotope Beams
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A1900 Reconfiguration Planning
Early Integratlon Stage Physical Space Clalm

W khmil moved _

ﬂ—lo
|

X|st|ng Racks
Es =

11 Racks
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o\
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\
-\/—‘
\ I...
e \
\
L L

|

=l

Possible PS / Rack Locations )

Facility for Rare Isotope Beams
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Scope of HRS PS
96 SC magnet PS, 2 RT corrector PS

= A new spectrometer for in-flight reactions providing sensitive tests of nuclear models

HRS + HTB Magnet | DSAQ)) DSAIS] | BSAID) QSEIR)| QSEIS]| QSED)) DSCIQ) ) QSCS) 25018 Dipol=-01| Dipol=-0Z ) QBIE) QB(S)| QEIC) QOIQ) QOCS) Q03 B1 | C1]Totals
Cluantity 1 1 1 3 3 3 2 2 2 1 1 16 16 16 g g g 4 2 1]
I max 100 100 a00 100 100 1250 1250 100) 100 200  100] 100 20| S00f 7O
W max G G G G G G G G G G G G G G| 12
;E 5. Existing NSCL Beam Lineq
E E-’! S: Spectrometer section
o M_E' B: High-Transmission Beam Line
£88 QS3B
* f
Eleme_:nt type Groupftype identifier
Decay St4 g:: graoéfum (if applicable) 5800 Spectrograph
T Quadrupole Triplet gequential number along
% S: Steerer Dipole HTBL or Spectrometer Section
F: [Focal Plane Starts at 0 for focal planes
& . L: Drift Length Starts at 1 for other elements
:
5% Spectro_meter E Spdctrometer
High-Transmission Section :
Beam Line (HTBL) :
Target
Stations
A

. '-'-':'|'||III!|I

LISA

| S
a _‘_\_‘q_-_‘l,' Tl e -
Isotope Processing Area I MoNA-

Sweepei: 4
\.. /“Magnet

K:Holland, POCPA-6-September; 2018




N2 Vault Cyclotron Stopper Reconfiguration

AN GRS TG T
. . & o e ERLT ——
= Cyclotron (Cyc) stopper for intense thermalized beams |~ == _#% e

» The SC Cyc stopper has been commissioned and is
being moved into the N2 Vault
» Cyc stopper floating on top of 60 kV HV DC PS
» Including the cyc stopper SC magnet PS
 Electrostatic beamline requires HV PS
» Using existing SC beamline magnets
» Proposed SC magnet PS rack location

@ Facility for Rare Isotope Beams
[ ¢ U.S. Department of Energy Office of Science .
m Michigan State University K. Holland, POCPA 6 September, 2018, Slide 10



SECAR Project Status

= Magnet Power Supply (PS) procurement —
working with supplier to resolve quality issues

+ 9 failures out of 30 PS! 5 Failure modes. _ _
» (4) DC Under-voltage, supplier investigating root cause and corrective action e |
(2) blown power module fuses, (1) bad FET, (1) bad cap \‘
(1) tripped at 40 A intermittent, no longer occurring 4 s
(1) trips at 100 A
» (2) AC Phase Detection — loose connection resolved on all 30
(1) Blank panel — wrong standoffs from subcontractor resolved on all 30
» (1) No communication to controller — resolved swapped front panel
» (1) Ripple at 90% current — proposed to resolve by adding series resistor

M

» Initial testing completed
> DC cables completed

» Final Integrated testing
expected October,

v

= Power supplies installation and testing status -

2018

= Air temperature stability risk reduced by testing
* PS current drifts with ambient air temperature change
Receiving door
opened for 10
minutes on a

g A v

* Initial testing completion
expected October, 2018

~15 F day Initial testing
r _ completed
5.5°C air Final integrated
""""""""" temperature testing
3 completed
- PS current zﬂoargrr;ei;sioning
+9.4 ppm-fs
= Within +17.5 ppr ;‘;r;‘,?feted
| I specification commissioning
192.168.250% 12/15/16 17:16 Completed

Example of fast temperature *

transient, PS temperature
control loop cant keep up with
fast change

Example of slow temperature
transient, PS temperature
control loop keeps up with
change

K. Holland, POCPA 6 September, 2018, Slide 11



PS Safety Integrated into Designs

= Front End lon Source HV Platforms, exposed HV mitigated by
» High Voltage Lockout Tagout Procedure

* Mandatory - Lock-Out Tag-Out (LOTO) to isolate energy source and verify isolation,
ground bar and ground stick to ensure zero stored energy state

* Engineering controls — Kirk keys, force the sequence to be performed in the proper
order

» Defense in depth — door switches, control box, and high voltage shorting relays
automatically isolate energy source and ground the HV platform

= Standard industrial hazards are known and mitigated

+ Mitigate by following standard industrial practices such as LOTO, covers, etc.

* Magnet and PS connections will be covered, PS racks will be locked, signs posted,

and a tool and LOTO procedures are required to unlock rack or remove covers
» Signage

+ ;Example magnet cover hazard signage
+/ Example rack safety instruction signage
(In addition to rack hazard signage)

RACK 7
Following FRIB-T31209-PR-000448
The following break must be prior to opening rack:

[Equipment

HIGH CURRENT

SHOCK HAZARD
VOLTAGE > 50V

Breaker |Breaker V/A
\Covllduzn: Breaker Panel Number. [Fationg e

REA_BTS33PSQ D1388 [REAIN-Line EXT 35 480vi30A Power Supply Group |
REA_BTSI3PSQ D1395 REAIN Line EXT 30 480vI30A Power Supply Group |
31
33

REA_BTSI3PSQ_D1411 [REAIN Line EXT 160vi0n [ Power Supply Group
(400v0A | Power Supply Growp

Follow Safety Instructions on racks: ‘
FE_R1624:CAB_N0302

AUTHORIZED PERSONNEL ONLY

REA_BISTIPSQ D1415S REAIL-Line EXT

S

Magnet Cover

F R I B @‘ Facility for Rare Isotope Beams
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Walkthrough of Interface Tracker

* The FRIB interface tracker
spreadsheet tracks Interface
Requirements Documents between

g
=] @
HE
7] g E =
E HE 3
HEHHHE .
w|@ B E
systems HHHEHEHBRE
HEEHHERAR
Avg.% E = E E & E g
= [nterface tracker a9 ARHEHAEELE
Yavail. Eggn‘fﬁﬁ'ﬁﬁﬁ
63  |Cryogenic Systems T.3.02 0 :E E:E £ % E 'g En
= ESD Interface tracker shown — 29 |Target Area Utilities o L ME R EHHHEE
33 Target Area Remote Handling 140202 IO 0O = ) iﬁ & E
11 |Target Area NonConv. Utiities |1.4.0203 |y v v al=[8[a|£|2| 3
p— 100 |Frag. Sep. Beam Physics 40301 [ N 0iolE|g[2]=]E
..... egend .. - 18 Diagnostics TA403.02 | Y YOV D i g 2 i
O ICD not required 64 |Preseparator Magnets T40303 |V YV VivViV "ie NMEEB
Y ICD required, not yet in DCC 27  |Preseparator Mechanical Syst. [T.4.03.04 ViV Viv M) Viy N =g
g -
T Link to ICD(s), but details T.B.D. in ICD 63 |EEE - T40305 1V 0000 Y0 0.0l
v Link to ICDI{E} 100 Power Supplies T403.06 |V V. OO0 0O Y MV VM
""""""" H— 89 Vacuum Systems T40307T |10V VIO O Y iV Vi
a6 Low Level Controls T403.08 |1V 'Y OY QY Viyiv v
] Target and Material Physics T4060.090 IO OO O0O0O0OY OO0
Acrnnyrms 100 Machine Protection System T.4.06 OO0YOvYviagvyvimy
ASD Accelerator Systems Division 25 [Global Timing System 130402 100.0.0:0.0.X..0.0.0.0
Central Control Systi T.3.13.01 v
CFD Conventional Facilities Division = ef‘" el Q00X QX X.0.0. =
- o 43 Alignment Systems 131303 I0N Y OOYi Viyvivim
ESD Experimental Systems Division 40  |Personnel Protection Systems [T.343.04 | Vi Vi OO YO Y
ASD Beam Delivery System T.3.11 OOYOOOO Yoo
CFD T.2 YiY. VY OYiOYYY
NSCL NA O000O0000Y 0
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Magnet / Controls / PS Interface Defined

Low Level Control System l Power Supply System

= The magnet group provides
* Terminal block to attach the DC leads

» Wiring between terminal block and magnet, strain relief for cables,

safety covers, polarity labels and testing

= Controls monitors magnets via

« Example RT magnet - water flow and coil temperature

= Controls provides a failsafe hardwired digital output

* 0V /disconnected = PS disabled
» 24V = PS enabled

= The table below lists the conditions which will cause

PLC

interlock (immediate shutdown) of PS for typical self N |

protecting SC magnets

Machine Protection System

: Interlocked : : .. : e
Interlocked Device Interlocking Device Description | Signal/Limit

Solenoid Power Supplies
Vertical Corrector Power Supplies
Horizontal Corrector Power Supplies

0 — “OFF”

Solenoid Power Supply Lead
Voltage Drops

Vertical Corrector Power Supply
Lead Voltage Drops

Horizontal Corrector Power Supply
Lead Voltage Drops

Helium header level <25% full Ramp
Helium header pressure >12 PSIG None
PS Rack row water flow <17 GPM None

>+100 mV None



Magnet Quench Protection Interfaces Defined

= Quench detectio

n

* Self protecting SC magnets require only slow dump resistors
» No special quench detection is required other than helium level, pressure, and lead

drop interlocks

« For magnets requiring fast dump resistors

» Lead drop

Lead voltage drop >60 mV, ramp the PSto 0 A

Lead voltage drop >100 mV, s

hut off the PS

» Delta V - quench detected by the voltage difference between coils

Controls provides the delta V
the PS is shut off and the dum

-J/- - DUMP

SWITCH DUMP
RESISTOR

e

POWER - L
SUPPLY = =
;

module that monitors the voltage on both coils, if

p switch is opened

PLC
R
] LI+
LI -

the voltage exceeds a threshold (50 mV)

LEAD |

I ¥

TOPLC &——

TOFPs & ——

FR

To POWER SUPPLY =—— __*

PLC

Y Lz +
‘.| L2 -

+ -
(A
_—
+
av
A+ % A
roouLe "or :
. B- =t
3 LEAD 2
~ D =
W I—I

L\
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Example Quench Protection Circuit

Reduces quench voltage by Forcing both coils to quench simultaneously

Specification:

Coil: |L=500Amax,;;;;;;;;;:r::;;---- --------------------------------------

ssoamin - 00 L onesm

Sowdump~sov | |
Heatersdonttumon i ou

Fagtdump~500\/;; B R A I

Heater1Weach | L™ f e Lo
at350 V, shut §ﬂa$§
downatzsov é?ﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁIIZZZZZIZSZSZZZZ

02

R2 >‘Othm (permanUfaCturer)
Facility for Rare Isotope Beams

FRIB U.S. Departm th gOff of Sci )
@ Michigan State Un K. Holland, POCPA 6 September, 2018, Slide 16



Quench Protection Circult [2]

Fast dump waveforms (switch off@500A):

Note: Simulations do not include increased magnet resistance during the forced quench,
magnet current will drop very quickly after current flows in heater resistors

Heater power 6.25 W each

600
500
400
300
200
100

lheater

os[ Heatercurrent ., ] -H

O T T  l ., N O AL
U B T e R lllV
1 R il O S B,
o T e e e

0 10 20 30 40 50
Time (s)

Facility for Rare Isotope Beams

ERIBE
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Quench Protection Circuit [3]

Fast dump waveforms (switch off@350A):

400

300

200

100

0.2
0.15
0.1
0.05

Heater power 1 W each

Vdc [ ]
lheater
"""""""""""""""""""""""""""""" Heater current
0 1I0 2I0 3I0 4I0 50
Time (s)

Facility for Rare Isotope Beams

Al
e,
US.D t t of E Off f Sci .
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Quench Protection Circuit [4]

Slow dump waveforms (switch on@500A):

Heater power O W each

85 j :
80 ’

75
70
65
60
55

0.1

o e el S Pt HHit)L

-0.1

o """"""" Heatercurrent """"""""""" """"""""""""""""""""""

Time (s)

a Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
m Michigan State University

K. Holland, POCPA 6 September, 2018, Slide 19



Requirements Example: Magnets and
Power Supplies Direct Correlation

Magnet Counts in Parameter List

Optical Elements
Date  4/2/2012

= PS Counts in Parameter List
wes | wss | wss WBS wes | wes | wss
IName* _|Element description 1.3.05.027.3.05.03/7.3.06.077.3.07.02| 7.3.09.02{ 7.3.09.03| 7.3.10.02 T.3Beam line reRT | resc | usirr | isisc | esirt | isasc | esamr | esasc | usagT | isasc | sos-r |
D1 RT Dipole 5 Deg 8 wes | wes | wes | wes | wes | wes | wes | wes | wes | wes | was
D2 RT Dipole 45 Deg 4| Optical Element* PS type™* [# of PS/element [T.3.05.07[T.2.05.07| 7.3.06.04 |T.3.06.04[ 7.2.07.08[ 7.3.08.05[T.3.09.077.3.09.07| T.3.10.05[7.3.10.05 | T.3.11.05
D1 PSD1 1 8 3
D3 SC Dipole 45 Deg 4| 2 ) 1 A 2
D4 RT Dipole 17.5 Deg D3 PSD3 1 4 4
D5 RT Dipole 90 Deg 4 D4 PSD4 1 4 4
D6 RT Dipole 45 Deg 1 = e : * .
Q1 RT Quad 25 cm 50 mm 12| 28 14 28 Q1 osa1 1 3 2 o pry ) =
Q2 RT Quad 26 cm 75 mm Q2 PSQ2 1 2 9
a3 RT Quad 40 cm 75 mm g; (d) E:g; 1 L !
qua a 4 4
Qs1 RT Quad-Sextupole 25 cm 140 mm 4| oSt (sxtl) 551D 1 " n
Qs2 RT Quad-Sextupole 50 cm 100 mm 2| Q31 (sx2) PSQstc 1 a 4
Qs3 RT Quad-Sextupole 40 cm 100 mm Q82 (quad) PSQS2a 1 2 2]
= QS2 (sxt1) PSasb 1 2 2|
1 RT:HEGote:14 2 QS2 (5x2) Psas2c 1 2 2|
C2 RT HE Corr-5 6 13| 7| 14 Q53 (quad) FSQsa 1 2 2 3
C3 RT HE Corr-10 3| Q83 (sxi1) PSQS3b 1 4 4 8|
c4 FE LEBT Corrector 19) Q83 (sxt2) PSQS3c 1 4 4 g
c1 PSC1 2 + 4
S3 SC Solenoid FE_MEBT 4 o2 o502 2 5 P o P o =3l
S4 RT Solenoid FE_LEBT 11 c3 PSC3 2 5 s 12|
S5 RT Solenoid FE_SCS c4 PSC4 2 0
S $1 (solenoid) PSSia 1 5 o
£Dd RT E-Dipole 2 $1 (comectors) PSsib 2 ) 1
EQ1 RT E-Quad 30 52 (solenoid) PsS2a 1 36 > 3 &7
67| 4| 18 59 30| 4| 42 82 (comrectors) PSs2b 2 7 50 12 134]
3 (solenoid) PSS3a 1 4 4
3 (comecors) PSs3b 2 8 3|
st PSsia 1 7 7]
st PSsib 1 o
st Pssic 1 o
st Pssid 1 o
—ﬁ — ? H 5 Psss 1 1 3
= logical lin - S —— ;
ED1 (4] PSED1a 1 2 3
ED1 () PSED1D 1 2 3
EQ1 () PSEQ1a 1 39
EQ1() PSEQ1D 1 32
83| 12| 16 126| 78| 7 50] 4] 56 18| a7

*Names as listed in the requirements document T31201-5P-000019
=*Names as listed in the requirements document T31201-5P-000033

Rack Layout & Power Consumption Sheets

F R I B A Facility for Rare Isotope Beams
USSR t tof E Offi f Sci '
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Design Integration with Civil
Example: Power Supply (PS) Rack Layouts and Condulits

PS Counts in Parameter List

Cable tray

Haight Haight LE1 _RisZ2d:T

Rack Installed? Yes RaCk |af$}b LT =) L FRONE FIEN Power Consumptlon Sh eetS
120Vac 20A 3 0 #T.50 Cappar Uplink Pansl (10 u cc 9y
T2V Backup | 20A 10 e (next slide) and “power tree
120V Clean 20A 0 “ s
208Vac 1P| 30A 0 ER. Q \ Rack Counts
208Vac 1P 50A 0 :Z; 131:: W 13 # Systems ZELNZZK:L’:AC#R““ # Racks sq ft comments
208Vac 3P 10A 0 ;g :g:: % FEF(}ich.ECR platforms) Expf?ed A?;a\
208Vac 3P| 15A 0 n s SRz g r | | o= Lo
208Vac 3P 20A 0 3% £3.00 1= » | RFQ 16'x16"_|includes 3' keepout all around
35 .25 LS1_CA#2:-P5CI_DIIEE
208Vac 3P 25A 0 i: :::: T I B YT D_ :::::c:sgu';fgtvtmz 3 7 21 21
208Vac 3P 35A 0 Iz 5600 E LE1_CAdZ:-PECE_DI1ES LIJ beta = 0.085 QWR 8.3 12 10 120 120
M 54,25 - beta =0.285 HWR 2.0 1 6 6 B
208Vac 3P 45A 4 % s M wew aeen || () 5 -
za 50.75 LS1_CASZ:-PSC1_D11HE = 1 1
208Vac 3P| 55A 0 e o
i 47.25 A ITral] AC axy | D: Folding Segment 1
208vac3p | 65A | O 5 oo IR ST Tl
208Vac 3P 90A 0 :: :3:: (? | [FIC] AT er. I =3 10 0
208Vac 3P 110A 0 ] o8 | B i Dump Rusirtar m - u u
208Vac 3P 130A 0 22; i::;z 9 -5 m :::C:S;gzgl:::/;Rst 13 8 104 104
LCW 0 gpm :2 333123 'O Il;iis_'cl:i::ssncl;iisus 0 beta = 0.63 HWR 8.1 12 12 168 168
; [ - Folding Segment 2
LCW Upgrade 0 gpm % w0 O o5 w ACaxy. | O e : 2 : z
HVAC 1.3Tons T QO 2 o
HVAC Upgrade Tons Bl fm i R N R L
Standard 120 N etwo E k i e mT e g = t2 2
W 3586 # :3;3 F551a 6/#% SCHES © o 5 b
Back up 120 W | sesw  seexe || 2 ; T
Expected 208 O o T
wW 42442 o { Total 655 655
EXpeCted 208 Utl | I tl eS 1 T4 #SystemsFrai":ar::‘ksse::ra‘;rRacks # Racks sq ft comments
W Upgrade R — 5 -
L1 Fitzd:CARFFS o Total 4 4
LS1_Ri6zd.CANGTS o
a Facility for R T N B
U.S. Department of | s o )
m Michigan State Uniw grﬁi — n_u:;::m K. Holland, POCPA 6 September, 2018, Slide 21




Design Integration

Example: Conduits/Alternating Current (AC) Power Requirements

PS Counts in Parameter List —> = |ogical

link

Power Consumption Sheets

= Utilities by Linac segment /

" AC, cooling water, and S LEGD M KeIAED @ 34 Jua

PivofTable Table | Picture Clip Shapes SmartArt | Column Line  Pie  Bar Area Scatter Other | Hyperlink | Text Header WordArt Signature Object Symbol
e At - - - < - e >

HVAC, in service building ~— Com T

@ Security Wamning  Automatic update of links has been disabled | Options...

fe | ='https://portal. frib.msu.edu/divisi icsgroup/Shared Docur _Parameter_List/Current development version/[T10501-BL-000002.xIsx]Power Supplies'!SH$23

B c D E F G H | J K L M N [o]
Magnet Description Equip  Upgrade AC ac Qty Qty Notes DC DC DC DC

P Q

R

S

5inch Magnet Magnet Voltage

. ment Description Type Power Each Total Lead Lead Lead Lead DC v 1 drop
] I nf rm I n f f rW r code Location Type qty Lug Lug Lead require require 125ft
Type Oty conduit ment ment (250ft
Qty round
trip)
1 - ~ X & X B = ~ BB ~ < ~ ~
92 7.3.07 Folding Segment Folding Segment 1
93 T.3.07.01 Diagnostics  Folding Segment 1
9 T RT Magnets  Folding Segment 1 b1 PP ne [T e anoac TP - ) a7k A0 3 4a108
Folding Segment 1 b2 WBS 120 Vi 208 VAC | 2083PH | 480 3PH KW Support Linac Support Linac
. VAC VAC Total | Building |Tunnel LCW| Building | Tunnel
Folding Segment 1 Ri LCW PWR | PWROut | HVACPWR | HVAC
Conduits | G
Folding Segment 1 Qsib T.3.05 Front End
5.5 inch conduits each Ging Segment 1 osic Total (W)  39,106] 7,500 of 1,500,916] 1,557 157,200) 617,120 186,519] 41,945
Component (each) Qty DPXX  RF Drive RF Signal Controls  Diagnostics Segment 1 C2 Total (Amps, GPM, Tons) 326 36) 9 1,816 B 239 53 12
400MeV ment 1 <1 T.3.06 Linac Segment 1
Front End 102 Folding SegMgat 1 Total (W)| 115,928| 1,428,930] of 100,200| 1,645 1,425,780 84,960 121,076 19,115
Magnets 5 18 pii) 103/ 7.3.07.04 Cryomodules Folding Segmet Total (Amps, GPM, Tons)| 966 6,870| 0] 121 540) 32 34| 5|
RF Bunchers 2 1 4 104 Folding Segment
RFQ 3 105 Folding Segment 1 T.3.06 Linac Segment 1 Upgrade
108 Folding Segment 1 Total (W) 17,672] 171,250] 0 0 189 170,800) 0 13,973 1,876
Linac Segment 1 107 Folding Segment 1 Total (Amps, GPM, Tons)) 147| 823 0 0 0 4 1
108 Folding Segment 1
Magnets 1 9 10 109 Foldin ™07 Folding Segment I
g Segment 1
beta = 0.041 QWR 4.2 2 2 2 7 110 Folding Segment 1 Total (W) 31,970 60,000 20,025 875,600 98| 60,000 800,700 137,183| 59,589
beta = 0.085 QWR 8.3 2 2 3 168 T Folding Segment 1 Total (Amps, GPM, Tons)) 266| 208 56 1,053 23 303| 29) 17]
beta = 0.285 HWR 2.0 2 2 0 7 12 Folding Segment 1 .
s Folding Segment 1 708 thac Seqment 2 Total (W)  40,560) 804,375 0 0 84| 803,400 0 59,348) 7,541
F‘I:f:ad;:egt Segment 1 5 5 5 Hg E:E::g z:g:::t i Total (Amps, GPM, Tons) 338 3,867 of of 304} of 17] 2
beta = 0.285 HWR 2.0 1 2 1 2 2 0 7 T.2.09 Folding Segment 2
beta = 0.085 QWR 2.0 2 2 1 2 2 0 14 Total (W) 27,683 91,875} 0 375,300) 49| 67,200 333,590 67,573] 26,595
Stripper 1 2 2 3 7 Total (Amps, GPM, Tons)) 231 442] 0 451 25 126 19) 8
. T.3.10 Linac Segment 3
Linac Segment 2 Total (W) 40,440) 971,250] 0 350,700 1,362 970,800 297,360 117,379] 29,158
beta = 0,285 HWR 6.1 13 6 2 2 2 ! 169 Total (Amps, GPM, Tons)) 337 4,669) 0 422) 368| 113 EE [
beta = 0.53 HWR 8.1 12 8 3 2 2 1 192
T.3.10 Linac Segment 3 Upgrade
Folding Segment 2 Total (W) 38,000] 1,942,500] 0 of wnos| 1,041,600 0 115,483| 7,258
Magnst 5 29 u Total (Amps, GPM, Tons)) 317 9,339 0 0 73| 0 23 2
beta = 0.53 HWR 3.0 1 3 1 2 2 0 3 1.3.11 BDS
Total ()| 21,395] 11,250] 0 462,500) 49| 0 3294,900) 67,007 27,923
Linac Segment 3 Total (Amps, GPM, Tons)) 178 54| 0 556] 0 150 19) [
Magnet 3 30 33
beta = 0.53 HWR 8.1 5 8 3 2 2 1 96 T.4 Target Area
Total (W)  19,556] 180,000| 0 880,250 1,080 94,500 100,200) 61,640]  26,504]
Linac Segment 3 Upgrade Total (Amps, GPM, Tons)) 163 865 0] 1,059 26 28| 18] 8|
Magnet 3 30 -33 7.4 Target Area CICC Upgrade
beta = 0.53 HWR 8.1 12 8 3 2 2 1 192 Total (W) 0 of 0 983,323 983 590,000 0 194,700 88,500
Total (Amps, GPM, Tons)) 0] 0| 0] 1,183 223 0] 55| 25|
BDS 1 1 18 24 73 Total (W) w/ 392,309| 5,668,930 20,025| s,527,800| 11,619| 6,281,280| 2,628,830 1,142,880 336,003
Total (Amps, GPM, Tons)| 3,269 27,254 56 6,661] 2,379 996 325 96,
s . Total (W) 336,637| 3,555,180 20,025| 4,554,466| 8,466| 3,578,880 2,628,830 818,724 238,461
Minimum Conduits 39 141 168 150 205 1102 Total (Amps, GPM, Tons)| 2,805 17,092 56/ 5,479 1,356 9t 233 68

£ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
m Michigan State University
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Design Example: Magnets

= We will look at the front end Low Energy Beam Transport (LEBT) solenoids in the accelerator tunnel
4 of the 11 S4 solenoids are located prior to the Radio Frequency Quadrupole (RFQ)

Optical Elements

Front End Linac Tunnel

Date 4f2f2012
T.3 Fe-RT | FE-sc | 1si-RT | FsimT | Fs2-RT | Fs2sc | Lsiw .
_ wes | wes | wes | wss | wes | wes | wes Parameter IISt
Name* |Element description 7.3.05.02| 7.3.05.03| 7.3.06.07| 7.3.07.02 | T.3.09.02] 7.3.09.03| T.3.10
D1 RT Dipole 5 Deg 8
D2 RT Dipocle 45 Deg 4
D3 5C Dipele 45 Deg 4
D4 RT Dipole 17.5 Deg From
D5 RT Dipole 20 Deg 4 .
D& RT Dipole 45 Deg 1 Vertlcal
a1 RT Quad 25 cm 50 mm 12 25 14 Drop olc 0
a2z RT Quad 26 cm 75 mm ) O O
a3 RT Quad 40 cm 75 mm : = 0
as1 RT Quad-Sextupole 25 cm 140 mm 4 0 &
as2 RT Quad-Sextupole 50 cm 100 mm 2]
0s3 RT Quad-Sextupale 40 cm 100 mm 4
Cc1 RT HE Corr-14
c2 RT HE Corr-5 3 12 7
c3 RT HE Corr-10 Ell 3 |
c4 FE LEBT Corrector 13| 19|
53 5C Solenoid FE_MEET o N 4 4
54 RT Solenoid FE_LEBT { 1) 11]
55 RT Solenoid FE_5C5 F o Located
ED1 RT E-Dipole 2| 2|
EQl RT E-Quad 30 30|
67] 4 18] 59 30| 4 42 32| e System
" VE L\ !
T — \'-\'. PN s e \.a \
‘,t‘._ \ RN\ TR o e | B Linac Segment 3
\11". “-:—?:h’ et i — i I L
— - — i1 — = T —— —— —— —— N —— —— {———— ——
o o — .3
//" : ' : ! ! ' ' ’ * Linac Segme’nt 1
Fragmentation Target Yol \F@_.,?%H_.axu,,.,._.;.\..u,u..,.;._. S T e
: : — e —_— Linacéégﬁﬁéntz e ._F_Z'[;”“: =
Folding Segment 1
@‘ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science .
w Mok Siete Univorait K. Holland, POCPA 6 September, 2018, Slide 23



Service Building Rack Row Naming

F R I B ﬂ Facility for Rare Isotope Beams
USs.D t tof E Offi f Sci "
w Michigan State University. K. Holland, POCPA 6 September, 2018, Slide 24



Front End Rack Row Naming

—FE-005
—FE-004

’*FE—OOS

—FE-001

; ! .l
T\ l L

Facility for Rare Isotope Beams

F R U.S. De fE Office of Sci
I B &@ Michigan s sttmz EJ gy K. Holland, POCPA 6 September, 2018, Slide 25



Service Building Conduit Bank Naming

U

i - vl -
© == ¥

FRIBQ,@

Facility for Rare Isotope Beams
U.S. Department fE gyOff of Sci

Michigan State Un
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Front End Conduit Bank Naming

—FE-BO4
—FE-BO3
FE-BO2

|7 —FE-BO1

[ i —— . ____DI
i B I NN
P
]
P
]

R I B @‘ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science .
I w N St K. Holland, POCPA 6 September, 2018, Slide 27



Height  Height -
(U7 {inches) COFE_RF:CAB_N1003 COFE_RF:CAB_N1000 CEFE_RF:CAB_N1001 CEFE_RF:CAB_N1002 COFE_PS:CAB_N1013 CEFE_PS:CAB_H1D12 Al
RACK 31 RACK 28 RACK 28 RACK 30 RACK 14 RACK 13 RACK 12
FRONT VIEW FRONT VIEW FRONT VIEW FRONT VIEW FRONT VIEW FRONT VIEW INT VIEW
50 87.50 RF RF POWER SUPPLIES POWER SUPPLIES POWER SUPPLIES
a3 [ I/
T ] PATCH PANEL
a7 w2 FE_LEBT:RFA_DOSET FE_MEBT:PSOL_DI0T6  LEBT:PSOL_D0395
% 050 100\ Buncher (Vel. Eq.) P553a 101125 SCM PS PSS4b 401250 10KW Master (Paral
4 7875 w e
“ o I
FE ¥ FE_LEBT:RFAT_D0993 933 w exp
a2 7350 100W Buncher (Multi Harm.) I
a1 775 0 w \C oxp [FE_MEBT:FSCH_D1076
o 100 I PSS3b 1040 SCM PS
39 6825 Fi *RF/ 213 w p
£ 6650 100W Buncher (Multi Harm.} [ ]
Y : FE_MEBT:PSCV_D10T6
% 630 PSS3b 10140 SCM PS
B 6 VO FE_LEBT:RFAS D093 MW Acexs
U 5950 100V Buncher (Mult Harm.) I
B EIT PATEH PANEL Ow  ACex FE_MEGT:PSOL D097 ™
2 50 PSS3a 10125 SCM PS (a»)
ETR ¥
n wa — m
2 5075 1
8 4900 (0] L
77 a4z c
2 4550 L
% 4375 ©
4 4200 -
ERTY o e
2 .50
2 %75 O =)
20 30 ko]
FERE ¥ < FE_MEBT:PSOL D116 WA
B 3150 P553a 101125 SCM PS C
FIY FE SCH_01058
6 200 PSS3b 1040 SCM PS Q
B %32 SBw  ACexp 213 (@)
1 2450 I | N
1 o2 FE_MEBT:PSCH_D1116 FE_MEBT PSCV_D1058
2 20 PS53b 10140 SCM PS PS53h 1040 SCH PS
1 198 Jw__ACexs 2w ac
0 178
9 1575 [FE MEBTRFA D108
8 14.00 24 AMPLIFIER PS53b 10140 SCM PS
7 1225 213 xn
[ 10.50
5 875
4 700
3 525
2 350
1 175
0.00

Rack Row Layout

18" Tray: 6" LLS, 6" VLLS, 6" HPRF

18" tray: 18" LLS

l@k Installed? Yes [Rack Installed? Yes Rack Installed? Yes Rack Installed? Yes Rack Installed? Yes Rack Installed? Yes Rack Installed?

20Vac 04| 120Vac 04| 120Vac 04| 20Vac 204 Vac & 120Vac E] 2|

[120 Backup 204 120V Backup 204 120V Backup 04| 120V Backup 204 120V Backup ) 120V Backup _| 204 A

204 120V Clean 20A| 120 Clean A 2 120V Clean ) 120V Clean | 20 A

30A| |208Vac 1P 304 208Vac 1P DA| [ 208Vac 1P A 208Vac 1P 304 1A

50A| |208Vac 1P 504 208Vac 1P A 208Vac 1P A 208Vac 1P 504 A

104 [208Vac 3P 104 208Vac 04| 208Vac 3P A 208Vac 104 A

154| |208Vac 3P 154 |208Vac 3P 54| | 208Vac 3P Al |208Vac 154| A

204 |208Vac 3P 204 [208Vac 3P DA 208Vac 3P A [208Vac 3P 204 A

26A| [208Vac 37 254 208V ac 4, 208Vac 37 D) 208V ac 254 A

364 [208Vac 35A| 208Vac 54 208Vac A 208Vac 364 A

454 |208Vac 3P Asa 208Vac 3P A | [ 208Vac 3P A 208Vac 3P 454 A

554| [208Vac 3P S5A 208Vac 3P 4] 208Vac 3P T 208Vac 37 554| A

654| [208Vac 3P 654| 208Vac 3P 54, 208Vac 3P 2 208Vac 3P 644| A

04| [208Vac 3P 04| 208Vac 3P 4| 208Vac 3P & 208Vac 3P 04| A

T10A) [208Vac 3P 10| 208Vac 3P T104] 208Vac 37 T10A 208Vac 3P 104 A

i 1304 [208Vac 37 130A 208V ac 130 208Vac 37 1304 208V ac 304 A

[l ILCW 0fgpm LCW 0lgpm LCW 0lgpm LCW [ [

0/825 CFM [Fans 0fg25 CFM Fans 0|25 CFM Fans 1/825 CFM Fans 1825 CFM 1
C 0.356[Tans W/ 0.36[Tons HVAC 0[Tons HVAC 0.15[Tons. HVAC 2[Tons . |
[Expected 120 W |[Expected 120 W Expected 120 W Expected 120 W [Expected 120 W 1217 Expected 120 W 426 e ow[ ]
[Expected 208 W 12500 |[Expeacted 208 W 12500 Expacted 208 W [Expected 208 W |Expected 208 W 2800 [Expacted 208 W| 52877 Expected 208 W| 35618 |

Facility for Rare Isotope Beams

U.S. Department of Energy Office of Science

Michigan State University K. Holland, POCPA 6 September, 2018, Slide 28
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Rack Layout

Height Height

(“U")  (inches) C6FE_PS:CAB_N1011

Rack Row Name
and Conduit Name
Match Drawings

FRIBE

RACK 12
FRONT VIEW

50 87.50 POWER SUPPLIES
49 85.75
48 84.00
47 82.25
46 80.50
45 78.75
44 77.00
43 75.25
42 73.50
41 71.75
40 0
39 5.25
38 66.50
37 64.75
36 63.00
35 61.25
34 59.50 D
33 57.75 Future Controller m
32 56.00 ()
Kl 54.25 FE_LEBT:PSOL_D0995
30 52.50 P554b 40/250 10kW Slave (Parall m
] 50.75 1
28 49.00
27 47.25 LIJ
26 45.50 8904 W AC exp
25 4375 Future Controller LI_
24 42.00 - =
23 40.25 FE_LEBT:PSOL_D0995 e
22 38.50 PSS4b 40/250 10kW Slave (Parallgl] ~ —=
21 36.75 3
20 35.00
19 3325 -O
18 31.50 8904 W AC exp C
7 29.75 Future Controller
16 26.00 o
15 26.25 ‘ '
14 24 50
13 2275
12 21.00
11 19.25
10 17.50
9 16.75
8 14.00
[ 12.25
6 10.50
5 8.75
4 7.00
3 5.25
2 3.50
1 1.75

0.00

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

Utilities Captured Here

1
120V Backup 20A 0
120V Clean 204 0
208Vac 1P 30A 0
208Wac 1P S0A 0
208WVac 3P 10A 0
208WVac 3P 15A 0
208Wac 3F 20A 0
208Wac 3F 254 0
208Wac 3P 35A 0
208Wac 3P 454 4
208Wac 3P BOA 0
208WVac 3P BoA 0
208WVac 3P 90A 0
208Wac 3F 1104 0
208Wac 3F 130A 0
LCW 0|gpm

Fans 1[825 CFM
HWVAC 1.3|Tons

Expected 120 W

Expected 208 W

K. Holland, POCPA 6 September, 2018, Slide 29




Cable Trays for Rack Row FE-005, 3 Trays

18”(w) x 4”’(d) assumed (with and without divider)
18” DC 18” DC

D6 Dip 6" VLLS | 6” HPRF |6” MLS
0000
| ! 0000 !

MEBT RT Bunchers | EBT VE, MHB, and RFQ ~ cONdUits:

~_ Available*: 4 in LS1-B04
10 in FE-B0O4
Needed: 9
Spares: 5
*could use more in FE-B03

1.37” OD PS cable 1/2” OD LLRF RF control Rack row FE-005
‘ 95" OD PS cable 3/8” OD LLRF RF signal 3x4x1.37 for S4 solenoids
® 83" OD PS cable o 3/8” OD HPRF RF cable 4x2x0.83 for S3 solenoids
) . 7/8” OD HPRF cable 4x2x0.5x0.95 for S3 corr.

1x4x0.83 for D6 dipoles
RF Bunchers, RFQ RF signals

R I B @‘ Facility for Rare Isotope Beams
[y f ffi f Sci
I w o e o aer Stiesetocienes K. Holland, POCPA 6 September, 2018, Slide 30



ASD Tunnel Utility Requirements

» Loads and flows are from the Utility Spreadsheet and the Magnet
Requirements document

WBS Area

T.3.05 Front End Front End

T.3.05.01 Diagnostics
T.3.05.02 RT Magnets

Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Front End
Total
Total (Amps, GPM, Tons)

T.3.05.03 SC Magnets

T.3.05.04 Sources

T.3.05.05 RF Systems

11 gallons per

FRIBE

Magnet

D5a
D5b
D5c

Sda
S4a
S4b
S4b
EQla
EQ1lb
EDla
ED1b
[eZ}

S3a
S3b

Description Equip Qty Qty Notes
ment Each Total
code

Dipoles (90 deqg) RTPS 2 2 No conduit
Dipoles (90 deq) RTPS 1 1 No conduit
Dipoles (90 deq) RTPS 1 1 No conduit
Dipoles (90 deq) RTPS 1 1
Solenoid RTPS 3 3 3 in servic
Solenoid RTPS 2] 2 3 in servic
Solenoid RTPS 2] 2 2 in servic
Solenoid RTPS 2 2 2 in servic
Electrostatic quadrupol RTPS 30 30 2 PS/EQ,
Electrostatic quadrupol RTPS 30 30 2 PS/EQ,
Electrostatic dipoles RTPS 2 2 2 PS/ED,
Electrostatic dipoles ~ RTPS 2 2 2 PS/ED, :
Corrector Dipole RTPS 38 38 4 quad, 2f
PLC & IOC CI 12.15 12.15
10V/100A PS scps [ 4| 4
10V/40A PS sces [ g 8 2 PS/Solel
PLC & IOC CI 8.05 8.05
SC ECR Ion Source MS 3 3 ECRson
Vacuum Inst VA 60 60
Diagnostics Inst DI 6 6
ION Pumps VA 7 7
Cryogenics CI CI 2 2
Cryo PLC CI 2 2
PLC & IOC CI 3 3
Turbo Pump VA 17 17
Turbo Pump (Large) VA 1 1
Fast Valve VA 1 1
RFO RF 1 1
RFO Amplifier RF 1 1 Includes
100W Bunchers
8kW Bunchers RF 2 2
PLC & IOC CI 1.87 1.87

Michigan State University

v

ment

55
36
36
66
16.8
16.8
28
28
10000
10000
20000
20000
3

require require
ment

305
200
200
320
600
600
1000
1000
0.012
0.012
0.006
0.006
2

100
20

60
40
40
80
20
20
40
40
10000
10000
20000
20000
20

10
10

Magnet Magnet PSV PSI

333
250
250
375
750
750
1000
1000
0.01
0.01
0.01
0.01

125
40

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science

MAX
PWR

Each
w)

19980
10000
10000
30000
15000
15000
40000
40000
120
120
120
120
100
80

1500
600
80

180000

40"
300

80"
120
160
2400
100
200
100

0
350000

20000
80

Expected Effici
PWREach ency

w)

147600
20

246

24
98.4
131.2
1968
40

80

82

0
287000

12500
65.6

minute (gpm) each magnet —

~

~

120 VAC " 208 VAC® 208 3PH ' 4803PH " Service = Linac ' Service Linac Total
(W) w/ (W) w/ VAC (W) VAC (W) Building Tunnel Building Tunnel EQPT
BW BW w/ BW w/BW LCWPWR LCWPWR HVAC HVACPWR KW w/
Out (W) Out (W) PWROut Out (W) BW
w/BW w/BW (W)w/ w/BW
BW
Expected Capacity w/BW

0.87 40688 35399 6016
0.87 8828 7680 1302
0.87 8828 7680 1302
0.87 25508 20304 3404 1369
0.87 39653 34498 7171
0.87, 26435 20058" 4184 1747
0.8% 71236 61975 13032
0.87 71236 53901 11373 4757
0.87
0.87 468
0.87 31
0.87 31
0.R7 2R QE‘lv a1 -
0.i H .
o FRIB Linac Optical Elements

AL \G

Optical Elements

Date 7/28/2011
T3 FERT | FESC | LSI-RT | FSL-RT | FS2-RT | FS2.SC | LS3-RT
FC RT. B pole WBS WBS WES WES Was
Name® _[Element description T.3.05.02| 7.3.05.03 | 7.3.06.07 | 7.3.07.02 | 7.3.09.02| 7.3.09.03| T.3.10.02
o1 RT Dipole 5 Deg E
D2 Iﬁh Deg 4
SC Dipole 45 Deg 3
4
8 24 12] 28]
a3 RT Quad 40 cm 75 mm
las1 ___ |RT Quad-Sextupole 25 cm 140 mm 4
as2 RT Quad-Sextupole 50 cm 100 mm 2]
as3 RT Quad-Sextupole 40 cm 100 mm 4 |
= RT HE Comr-14 2] |
RT HE Corr-! 4 13 7 14 6)
RT HE Corr-10 3 3
- Al
RT Solencid FE_LEBT 7 .
RT Solenoid FE_SCS 4
ED1 RT E-Dipole 2|
E =Quad 32]
%2 30

- air cooled, no L

Rare Isoctope Beams
Energy Cffice of Science:

8. Chouhan, 18 Oct 2011, Magnets Peer Review - 06, Slide 6
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ASD Magnet Water Needs Met by CF Design

= All CF scope verified to meet requirements during design reviews
* Racks, AC power, cooling water, HVAC, Cable tray, conduits

LCW exampl

3” header at ~ 3 ft/s velocity = ~ 70 gpm

F R I B @‘ Facility for Rare Isotope Beams
US.D t t of E Off f Sci
‘,@ Frsigiali dalL A K. Holland, POCPA 6 September, 2018, Slide 32



HVAC Requirements (Tons) by Rack Row

LS3-004 : 0
T —LS3-003 :

— FE-Q@3: 3.951

—@FE-002: 2.681
—FE-001:0.4369

SRC1-003: 0

‘ —SRC1-002: 4.31359

l —SRC1-001: 0

—FS$2-004 : 1.921

—FS$2-003 : 0435

@ Facility for Rare Isotope Beams
¢ U.S. Department of Energy Office of Science .
@ Michigan State University K. Holland, POCPA 6 September, 2018, Slide 33



ASD Tunnel HVAC Needs Met by CF Design

» Load to HVAC is picked up by Fan Coil Units (FCU) in the area

F R I B @‘ Facility for Rare Isotope Beams
Us. D t tof E Offi f Sci
Q’& Michigan State Universty K. Holland, POCPA 6 September, 2018, Slide 34



ASD Service Building HVAC Needs
Met by CF Design (Ducting Detail)

LD _Mr e

l \ il M7.2 Air Handling Unit

Vel
| -7
N
(=)
&
{_
FLA
=4
:}.\ o
[
m]
-/) o
on
da
=] 5
& =]
FET

7 Diag |
[ 14
s
Erﬁ ‘f c@s ELR CAF N - e
- = E; H / i
i ¥ !
== —= — L] o
F— — :
ELR-SG1-4170 ELRSG14185  ELRSEI.4188 \ SB-EG1-50 E
ELR-5G1-4185 ELR-SG1-4185  ELR-5G1 4179 Diag )
658_RFR.ERAC_N2023

I
| Qs
|
|
|

A

’;
|

n
¥

|

e ———f

M2.3.A Ducting Detall

FLOOR MOUNTED EQUIPVENT ROOM

" AR CONDIMICNING NI ]
== O

ﬁ Facility for Rare Isotope Beams
¢ U.S. Department of Energy Office of Science .
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Questions ?

= holland@frib.msu.edu

» Thank you POCPA community for you expert advice on many guestions
over the last several years!!!

F R I B @‘ Facility for Rare Isotope Beams
US. D fE Offi f Sci .
‘l@ Michigan Sate Unversty K. Holland, POCPA 6 September, 2018, Slide 36
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Quench Detection Fault Analysis Summary

= Conclusions:
* R1 short results in a very slow dump.

* Wire from R2 to R3 should be rated for full current.
« Heater resistor should be rated for the full stored energy.

* R2 short will disable the heater system.

Facility for Rare Isotope Beams

ERIB
U.S. Depart t of E Off f Sci .
I B w el el At K. Holland, POCPA 6 September, 2018, Slide 38



Quench Detection Component Selection [1]

Transient Voltage Suppressors (TVS) diode

« Zener diode which is typically designed to fail in short

« Large peak pulse power capability
» Variety choices of break down voltage

PRIMARY CHARACTERISTICS
Vivm 85Vto188V
ViR 9.4Vto231V
Pppm 5000 W
Pp 80W
Irsm 500 A
T, max. 175 °C
Polarity Uni-directional
Package P600

FRIBE

O O

==
Low Capacitance
- TVS -
A NI

+ [\

O O

Application Note: Device must be used with
two units in parallel, opposite in polarity as
shown in circuit for AC signal line protection.

Fig. 4 - AC Line Protection Application

Facility for Rare Isotope Beams

U.S. Department of Energy Office of Science

Michigan State University

K. Holland, POCPA 6 September, 2018, Slide 39

Diode

Transient
Voltage

Suppressor




Quench Detection Component Selection [2]
TVS diode pulse power handling

100 ==sasiiis Ty 150
Non-Repetitive pulse | T,=25°C
. waveform shown in Fig. 3 =9 & =10ps Pulse Width (t,) |
= Ny Tp=25°C o« l is defined as the Point
= ™ J‘L il 2 Peak Value where the Peak Current ™
@ I o — — 1 decays to 50 % of lppy |
Z 10 & 100 — PPM
& 5
2 O \
2 © Half Value - |
a b @ | _—t
I >, 2 PPM | 2
~
® 10 . ® 50
|:|:_ \\\ o 10/1000 ps Waveform |
s ~, o as defined by R.E.A.
& . y
: *.. i
- lf.l —h: --"‘--.__
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Our case: Ippm=0.5A, Vd=25V Limit:
Peak power=12.5W Peak power=190 W
td=5s td=4s
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Quench Detection Component Selection [3]

0.1 Ohm dump resistor
(manufacturer cannot guarantee 10% tolerance for resistor below 0.1 Ohm)

General comments to the simulation:
Max allowed wire temperature is 1000°C ,
Max allowed housing temperature (cold end) is 200°C Thi
Max allowed housing temperature (warm end) is 250-300°C
Ambient temperature: 40°C
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Quench Detection Component Selection [4]

0.1 Ohm dump resistor

Time (s)

v Good
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