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Overview

 LANSCE Facility and Systems
 LLRF Requirements
* LANSCE-R System

 Results and Status
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LANSCE LLRF Team

Sung-il Kwon
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What is LANSCE?

* Los Alamos Neutron Science Center
e 800 MeV Proton Accelerator 1 MWatt beam 10% duty
* 7 Month Run Cycle 90% Avallability

* 6 User Facllities operate simultaneously with interleaved
beams
— 2 Beam Species: H+, H-
— Peak Currents from 0.1 to 21mA
— 120 Hz
— Simultaneous transport of both H+ and H- beams

P
0 IRAIamos

NATIONAL LABORATORY  accr) cparon Operamons & Tecknoroay UNCLASSIFIED Slide 3
5T7.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA L YA [ =g
1A' AR~


Presenter
Presentation Notes
Content Slide Notes

“UNCLASSIFIED”  marking of slides is not a security requirement and may be deleted from the Slide Master (View › Master › Slide Master). In general, slides should be marked “UNCLASSIFIED” if there is potential for confusion or misinterpretation of something that could be deemed classified. For guidance on marking slides containing classified and unclassified controlled information, see the Protecting Information Web site at http://int.lanl.gov/security/protectinfo/.


UNCLASSIFIED

LANSCE Facility

Ultra Cold Neutron (UCN) Area RLW plant Area A (inactive)

Used spare 1L target

;‘T" - _ storage. Future MTS
(pRad) =i e T Tyde, ¥ Y s Lujan Center
; e = ,I:.....- - - ﬁ -~ H )

Proton Radiography
1L Target

Cooling Towers WNR

Target 4
Side-coupled-cavity Target 2
accelerator and

equipment building
(100-800 MeV)

Central Control
Room

The LANSCE-R
scope focuses
on the core
accelerator and
excludes all

Isotope Production
Facility

Drift tube accelerator B _.t

. experimental
and equipment areas
building (0.75-100
MeV) i
Injector (0-0.75
MeV)
- LosAlamos e PR - R |
NATIONAL LABORATORY s ton o o S TECHINGLOGY NCLASSIFIED Slide 4
Operated by the Los Alamos National Security, LLC for the DOE/NNSA 7.\ l.'bﬁgi

UA J ¥V ™= ot



UNCLASSIFIED

LANSCE
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Current LANSCE System

35+ years old

* Analog LLRF Control System
— Video signal levels
— Phase and amplitude controlled independently
— All parameters for control system set via potentiometers (hand tuned)
— Single set point for all beams
— Beam Feed Forward (Toroid)

 Nonlinear control elements
— PA modulator
— CCL preamplifiers (Class C)

 LLRF Data only available locally on oscilloscopes
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Future LANSCE Systems

 LANSCE-R upgrade

— New RF Systems

— Digital LLRF system

— Integrated Resonance control

— EPICS Accelerator Control System
— FY09-FY14 Installation

— $160 Million

* New Facilities
— Materials Test Stand (MTS) Start FY12
— Matter Radiation Interactions and Extremes (MaRIE) FY15

P
0 IRAIamos

NATIONAL LABORATORY  accg) cparon Operamions & Tecknoroay UNCLASSIFIED Slide 7

5T7.1943
Operated by the Los Alamos National Security, LLC for the DOE/NNSA T YA [ =g
| VA‘B‘.‘J#-“&



@ UNCLASSIFIED

LINAC Pulse Characteristics
by Experiment Area
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Beam Types at LANSCE

 Current
Beam Peak
Type Species  Current (mA) Gate (us) Rep Rate (Hz) Chopping
IPF H+ 10-16.5 625 10-25 No
Lujan H- 11-12 625-775 20 2/3
PRad H- 0.1 300 1 60 ns
WNR H- 0.1 625 100 1.8 us
UCN H- 11-12 625 10 No
* Proposed
Beam Peak
Type Species Current (mA) Gate (us) Rep Rate (Hz) Chopping
MTS H+ 16.5 625 60-90 No
MTS-R H+ 16.5 625 100 No
MTS-R+ H+ 21 625-1250 100 No
PSR/WNR  H- 3-4 625 40 1.8 us
A,
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LANSCE Overview
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System Performance for LANSCE and LANSCE-R

Parameter LANSCE LANSCE-R
Peak Amplitude Errors +1.00% +0.1%
Steady-state Amplitude Errors +0.2% +0.05%
Peak Phase Errors +1.5° +0.2°
Steady-state Phase Errors +0.5° +0.1°
Peak DTL Resonance Error +3 kHz +300 Hz
Peak CCL Resonance Error +10 kHz +1 kHz
£
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Phase and Amplitude Control
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LANSCE LLRF Features

* Video Signal levels

 Op Amp-based PI Controller
plus feed forward input

* Independent phase and
amplitude controllers

e Mechanical Phase shifter
reliability

e Electronic Phase shifter signal
levels 0-40 Volts (400° range)
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LANSCE :Field Amplitude and Phase Control
Cards

*Each PC Board has Single Setting Proportional/lntegral/Derivative (PID) Gains
Cannot Accommodate Multiple Beams and Currents Without Compromise
*Obsolete Components

*Drifting and Offsets Must be Continually Checked, Components Failing
*Require Skilled Technicians to “Tune” the Loops When Beam Changes
Limited Dynamic Range of Control

*Oscillation Frequent - Which can Destroy FPA, Cause Arcs at Window and DTL
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LLRF Performance
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LLRF issues

 Beam quality due to beam loading transient in DTL 1 (no
feed forward)

e Cavity fill time for DTL > 200 microsecond

« CCL Resonance Control requires up to one hour to
recover from a fault

e Beam variations due to simultaneous transport of H+ and
H-

* Feed forward phasing errors
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LANSCE-R :Big Picture
* Replace Analog LLRF System Electronics of Sectors A-H
with FPGA-DSP based Digital Electronics

* Replace Sector A 201.25 MHz system with new diacrode-
based system

* Replace Current Klystrons from Sector B-E with High
Efficiency Klystrons

Replace Current Klystrons of Sector F-G with New Old
Style Klystrons

New High Voltage System for Sector B-H (Using LEDA
Power Supply System)
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LANSCE-R Systems

LEBT
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Symbol and System
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LANSCE-R System Block Diagram

Reference Generation »

Reference Transport

Contral System Interface

¥

Field Contral RF transport

» Los Alamos
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LANCSE-R Features

e Digital I-Q Controller

* Fully Adaptive Feed Forward ILC control for each beam
type
* Freqguency Agile resonance control system

* Pre-distortion controller for maximizing Power Amplifier
output

e Gain Scheduling to minimize cavity fill time.
 LLRF Data available over EPICS
* Automated PI Controller gain setup
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LANSCE-R LLRF Systems

 16.67 MHz LF Buncher (1)

e 201.25 MHz Bunchers (3)

* 201.25 MHz DTL LLRF Systems (4)

805 MHz CL LLRF Systems (44)

201.25 MHz Master RF Reference System

805 MHz Master RF Reference System

Frequency Generation (PSR, Chopper, Timing System)

High power RF protection modules (all RF systems)
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LANSCE-R :LLRF System
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LANSCE-R LLRF Prototyping

* Oct 07 — Beam development time — Feedback Control, Parameter measurement

*  Nov 07 — Beam development time- Feed Forward Control, Parameter measurement
 Jan 08 - Fabrication and bench testing of VMEG64-X—based prototype
* May 08 - Install VME64-X—based prototype into LANSCE

Prototype RF Chassis Prototype Signal
Processing Chassis VMEG64-X Prototype
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Gain Scheduling

* Operating Point based Gain Scheduling
Control, reducing the transient fatigue

u(t)=u0<r(t)>+(r<p<r<t>)+%“”}x—&(r(t)))
0 = Ax, (r(t)) + Bu, (r(1))
r(t) = Cx, (r(t)

u, (r(t))=—B'AC'r(t)
X,(r(®)=C7r(t)

Delay is less than 1 ps
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Feed Forward Control — Iterative Learning Controller
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Predistortion

«  The output of the amplifier has the characteristics [T
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Conclusions

 Beam performance is optimized for each of the LANSCE
experimental areas by customizing control parameters on
a pulse-to pulse especially adaptive transient suppression
( ILC-based feed forward control)

* RF system performance and output is optimized by
applying pre-distortion control technigues

* Digital control system provides capability to dramatically
Improve efficiency and effectiveness of LANSCE beams
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Summary

* LANSCE-R

— Conceptual Design Report (Feb 08)
— Engineering Design (FY09)
— Installation (FY10-FY14)

* LLRF
— Prototype Testing (Nov 07)
— VMEG64-X prototype testing (FYO8 run cycle)

— High power protection module prototype (Sep 08)
— RF Test Stands (201.25 MHz and 805 MHz) (Dec08)
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Backup Material
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LANSCE Overview
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Current RF system

= LAMPF RF DIAGRAM
2
§ Sectors B thru H %
§ % 805mhz 5
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Receiver Architecture of the Current Prototype
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—» IF,

A

>_

z_

MYV FIR

-

NCO

&

0,1,0,-1,0,..

1,0,-1,0,1,...

—»@_.

NCO

e

0,1,0,-1,0,..

25MHz

MV FIR

A 4

D

Down
Sampling 4

MV FIR

A 4

D

25MHz

MV FIR

A 4

D

Down
Sampling 4

3
» Los Alamos

E5T.1943

A 4

D

—
Veio(K)

Veao(K)

VTIO(k)

We can replace Moving Average
Filter (MV Filter) with FIR FIR
D
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Rotation Matrix for compensating the phase offset in
the Loop

VTIO(k)

A 4

\ARA

Vi | |cos@ —sinf | Vg,
9—> Vio |sin@ cosd Vioo

<

i Vio(k)

VTQO(k) ® >

. Los Alamos
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Rotation Angle Calculation

* Two ways of the rotational angle calculation are

considered
— Uploading the raw open loop test I/Q data to the host computer or
DSP processor and calculate the rotational matrix elements and
download them to the NIOS Il processor based Avalon Port
Fabric
— An amplitude/phase cordic (COordinate Rotation Digital
Computer), a cos/sin cordic are implemented in the FPGA

P
0 IRAIamos
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Amplitude/Angle CORDIC, cos/sin CORDIC

Xi+1 - X — 0 27 yl
yi+1 — yl + O-iz X

2

il

Vectoring Mode

P
Los Alamos

[ if
N I T

Rotate initial vector (x. .y, ) until y=0

yi <0
y; 20

Accumulate Rotaion Angle in z
The final values are

=K (Xii + yi%l)l/z
Y+ =0

ym)
X.

in

Z. =tan ' (

K=>(1+27")" ~1.6468

i=0

* Rotating Mode
— Rotate initial vector (x, ,y,,) by 0
— Decompose the angle

Zin =4, —0; tan” (27) —1 if
O. = .
Z,=0,%X =%1,Yo = Vi 1 if z,20

— Perform microrotations
— The final values are

X; = K(X;,, cos 8 -y, sin 8)
y; = K(X;,sin 8 + Y, cos 0)
z;, =0

— Cos®0, sin are when x, =1/K, y, =0
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LANSCE-R: Feedback/Feedforward Control

d, Beam Current

"l Ug(r)
Adaptive Gain Beam
Feedforward Control
4
Iterative Learning
Controller
I'o [Shapi Y
0 ping | r | | ;e | XD T L hah IR
— " filter » Clr P Pl Controller =D » DAC
X ;
o Cly ADC
Digital Control
P =
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LANSCE-R: Feedback/Feedforward Control

Prototype Controller for LANSCE upgrade

Operating Point based Gain Scheduling Control, reducing the transient fatigue

u<t>=tg<r<t)>+(r<p<r<t>)+m(g(t” XX, (D)

0=Ax,(r(t))+Bu,(r(t) Uy (r(t))=—-B7AC'r(t)
r(t) =Cx,(r(t)) X (r(t))=C™'r(t)

Feedforward Control : Adaptive Beam Feedforward and Iterative Learning
Control, improving Beam Loading Transient Behavior

Uee(J,1) =Ugee(J, D +Uy ()5 1)
UBFF(jat) = KBFF(jat)dbeam

BFF(j +1 t) = KBFF(j t)_ﬂ'H_l(KBFF(jat)adbeam’ e(jat))v"](KBFF(j:t)adbeam’ e(n,t))
_ﬁ
/LosAlamos J(J; t)— e’ (j,te(j.b)
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LANSCE-R: Iterative Learning Control

u,‘é“:Q(f.u,‘é+a.LE")

IR(s)(f-1-a -L($)G, (s,A0,A))|, <1

G (s, Aw, A)) =T (s,Aw_, A))C'(S)
im EX =(0+cp )!R

k > o

Filter L(S) : Solution of Chebycheff Approximation

mim max & (G (@, Aw ,Ay) -G, (®,))

i=0,-,N
A S
_é () 0 l GLI(S):a s’ +a,S+a
~ S 12 I 10
LI
G (5)= é
o i 0 LQ(S)_
= NA?OSNALTLQO"H%SY ACCELERATOR OPERATIONS & Tecknoroasy UNCLASSIFIED Slide 38
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LANSCE-R: Iterative Learning Control

. . dg
Iterative Learning dg dg I

Controller 20 .
FOR F
+ +

uk! ug| "~ + 0 y

F—> Memory > > P ) R

+ Forward Loop
Distortion
Klystron Cavity
Q = Uc
+
C Feedback
Controller Field
|_ Attenuator
A
A ek
~K
2 oG
+_ Lumped Time Feedback Loop

B Delay Distortion

> Los Alamos r
Slide 39
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LANSCE-R: Iterative Learning Control, Simulation

5.2

reen Pulse: RF ON/OFF
5.15 Red Pulse: BEAM ON/OFF

5.1

5.05

(Volts)
)

FLD_AMP

I 4.95 ‘\ ; ‘\
|
|

4.9

1st Iteration
4th Iteration

4.85

4.75

time(sec) % 10 -4

» Los Alamos Slide 40
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LANSCE-R: Test Stand Gain Scheduling
Controller, Open Loop

ek Run Envelope 02 Mar 07 17:53:30 Tek  Fun Errvelope 02 Mar 07 18:01:02
w

w

Paos Wid(C1). 1.3ns Lo gignal armnplitids

M 40,00z f:-."l 2 Ous ::'_Ei.-':i: ET 100psAt
& - i - o

Rising time=4pus, settling time=10us

A

e )
» Los Alamos Slide 41
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LANSCE-R: Test Stand Gain Scheduling Controller,
Closed Loop

Zoom

ek Run fyerage 20 Mar 07 17:27:08
w

Tek  Run Auerage 20 ar 07 11:24:38

e

100

Ch2 100FnY M 4.0uz 5 fr 200psht
Iy I

/_\ Delay is less than 1 ps ——>e -
£ K,=0, K=0| K70, or K.#0

» Los Alamos =0, K L _
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LANSCE-R: Test Stand Gain Scheduling Controller, a
Graphical User Interface Design example

) System_paras

= Parameters are downloaded/updated in real-time

2 OLF, 3 FF+FE Fil= Edit View Simulation Formak  Tools  Help
DS HS @ | <= SR

Lroplitude

2000 22361

Phasze

1000 26.5 deg

- e - - - - - -
- hal - - - - - -

s Los Alamos
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Pl Controller Tuning

-RECURSIVE LEVENBERG-MARQUARDT ALGORITHM for SISO
System

Cost function: _ n.samples at each iteration
J('O )= ZW e’ (n, P e, P ) J- iteration
error: e(n,,oj):r—y(n,pj) gains: p. :[plj pzj]T :[kpj T,
0J
Gain Update: p,,,=p,—H;'(p,) )
P
sacobian: PP __ 13y o ) V1) )
op N 75 6U(n p;)  Op
: - : 1
Hessian Approximation: H,(p;) zWA(,OJ- WAT (p))+ ;]
(y(L,p) HQ2p) YN, p)) |
_ op, j 0P op, j
A APy d2p) o YN
(P 0P, ; 0P, 0P,
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Adaptive Gain Beam Feedforward

: |
'J(Jat) ZEeZ(Jat)
uBFF(jat) = KBFF(jat)dbeam
KBFF(j +19t) — KBFF(jﬂt)_M_1(KBFF(jat)adbeam’e(j?t))v‘](KBFF(jat)adbeam’ e(Jﬂt))

A Ny Mo

%W_&@w%W
Since H>O’ H(KBFF(jat)ﬂdbeaWe(jat)) ~ Az(KBFF(j t) dbeamﬂe(j t))

. . y &
Koer(, D), (ot ~G.d,, >0
AKgr(J,0), 000 €(J, 1)) = K K b

Kere(J +1L1) = Kgee(J,1) + A_Z(KBFF(jat)adbeama e(J,1))Gdpearnf(J51)

v‘](KBFF(J.at)adbeamﬂe(jat)): beam (J t)

Kere(J1+1L1) = Kgee(J,D + e(J,0)
/W Gssdb
.'Los Alamos (3.D) = Kogr (D
NATIONAL LABORATORY accocx DE.DEEEAE:EEET'-‘PHNW ooy U l\?gllz_ ASSIF Iblg%n Slide 45

Operated by the Los Alamos National Security, LLC for the DOE/NNSA l"fii\

| VA'



¢ B3 &

I Pl only
Pl with
Feedforward

=M Int. gain adaptation I—j I—j _J
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Adaptive Resonance
Control for LANSCE-R

- Los Alamos
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Resonance Control :

Frequency Agile Control and Resonance Control

Water System
In Valve
< RCCS o Satu ration |
"RC | FAC
< < AS - == -
RC g FAC
| | | | | |
I I I I I I
Fo-FLo Fo Fo+FiLo Fo+Fui FotFpg Fo+FoRrF
FAC : Frequency Agile Control
RC : Resonance Control
RCCS : Water Cooling Control System
A
> Los Alamos .
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Resonance Control Scheme

Frequency Agile
Mode

» Los Alamos

NATIONAL LABORATORY  srep) ppaton Operations & Tecunoioey JNCLASSIFIED

RCCS: Fcav —)FO

FO +fmax
Freqency Agile
Mode Control
F, +f _
1&» t . FDR_)Fcav

tmax tr

Frequency Agile Mode

1) F.,, changes due to heating by RF input

2) Fpi is controlled by DDS to follow F_,

3) Water Resonance Cooling Control
System (RCCS) is not activated
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Frequency Error Estimation

Instantaneous Frequency Ao (k) = K — 2V, (K)V g (K) =V (K)Vq (K))

Error Equation : 2Q, Vi (k) + Vg (k)

1 N, +N-1

- KWV K)-V KWV, (n,K
Average Frequency AG N Z n (KN (N,K) =V (M KV (N,K)
Error Equation : (M= Ny+N-1

N Z VTI (n k) +VTQ(n k)
1 N,+N-1 5 5
A(n):W 2, Vi (n,k) +V (n,k)

Gain Adaptation : K(n+1)=K(n)+&(A(n)— A(n-1)|A@(n)|
Frequency Error Af (n+1)=aAf (n)+ K(nN)Aw(n)

Tracking Filter : f(n+1)= f(n)+ Af (n)

/j) n: RF Pulse Number, k: sample number
» Los Alamos .
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Direct Conversion Receiver Architecture

MV FIR » D |7
Veio(K)
Fwd
—» IF
! NCO  |hsMHy Down
Sampling 4
ssmiz  fo= S tE : MV FIR » D |7 *
: Veqo(k)
oy 2k w1 0,1,0,-1,0
125MHz k = 0,1,2,--- St i
100MHz/4*(2k-1), 1,0,-1,0,1,...
k=1,2,3,...
—»| MVFIR > D >
Vri0(K)
Cavity Down
» IF, ’ NCO 25MHz Sampling 4
- —»é}—» MV FIR » D —
0,1,0,-1,0 Vrqo(k)
J.{(;S Alamos We can replace Moving Average
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Frequency Error Tracking

Vii(k)

<
I;m:+
VT

LPF

- S

A

Averaging
Decimation Filter

Gain Adaptation and
Frequency Error
Tracking Filter

Vo (K) !
+y
QP > LPF Inversion
VTQ(k) l Averaging IR Filter Based
—>®—__ Decimation Filter Inversion

P
0 IRAIamos
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SIMULINK MODEL Simulation:

o —— [ oFewres 5|
Eile Edt View Insert Tools Deskiop Mindow Help = | F‘= - ——— — — EIE)E=]
= Ei it Wiew Insert Tools Desktop indow  Help ~
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Development Board Test- Signal Tap Analyzer used

.Cavity operating freq: 402.5 MHz
.Q:9850

f3dB=21.5 KHz (single-sided)

.Cavity is -21.5 kHz OFF

Fle Edt Wiew Insert Tools Desktop ‘Window Help

DEEE K RAO® & 0B 80

i Ch2 Amp. Square

A T T T
e e
o T
e

o oy o

time(sec)

Fle Edit Yiew Insert Tools Deskiop Window Help

DEeds h @88 € 08 50

T Murm Adimittance, YFI™/TO-WF O™
25 [ TR P

time(sec) win®

+=5f3dB Frequency Error
. -f3dB Frequency Error
: -0.5f3dB Frequency Error
: - 0.1f3dB Frequency Error
:0
**: 0.1f3dB Frequency Error
** . 0.5f3dB Frequency Error
. f3dB Frequency Error

***: 5f3dB Frequency Error

) Figure 10

File Edt YWiew Insert Tools Desktop Window Help

bedae|hkafe € 0H 50

w10t Hum Admittance/Chi2 Amp Square

time(sec)

5107

|
» Los Alamos
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