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Scope

* ALS’s RF Systems
* Injection System
 Electron Gun (125 MHz)
* GTL Sub-Harmonic Bunchers (125 MHz & 500 MHz)
» S-Band Linac (2.998GHz)
» S-Band Buncher
» S-Band Accelerating Sections
* Booster RF System (500 MHz)
» Storage Ring
» Storage Ring RF System (500 MHz)
 3'"d Harmonic Cavities, passive (1.5 GHz)
*ALS RF Teststand
» 66kW 500MHz Teststand
o Titanium-Nitride Window Coating System
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Additional Scope

 SRRF Reliability History

» Things that didn’t go quite right...
» 12.5uF, 66kV Cap developed internal shorts
* 4 1/16” Coax line fails
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ALS’'s RF Systems
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Injection System — Electron Gun & Linac

Electron 125 MHz 500 MHz 3 GHz Acceleration Acceleration
Gun Buncher Buncher Buncher Guide #1 Guide #1
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E. Gun Electronics Equip Rack & Block Diagram

E. Gun Rack (L101)
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LINAC GUN ELECTRONICS SYSTEM

Block Diagram
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E. Gun Pulse Train Generation

FROM TIMING SYSTEM

125 MHz RF SIGNAL

GATE START PULSE

:

GATE STOP PULSE

RF GATE | —t

GATED RF SIGNAL / DRIVER AMP. OUTPUT

— —— — — — — — — — — — — — — v — — — — — — — ks

\ PORTION OF SIGNAL DRIVING CATHODE
NEG. GRID BIAS NEGATIVE, TURNING TUBE CN

GUN OUTPUT \/ \/ \-/ \/
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Electron Gun Hot Deck, Gun Body, Cathode

-
: Cathode life
~4 years
ﬁ
il Cathode

Eimac YU-171

:\.—‘ \ @
-

Hot Deck
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125MHz & 500MHz Sub-Harmonic Bunchers

(GTL SHB1 & SHB2)

125MHz — Eimac CV-2222

500MHz — Eimac CV-2404 I

ILc

Advanced Light Source

TO
BUNCHER

~ 24KW pulse

HY8 —% DIR. COUPL. '—.

MON.
SEE 23W2485

50 OHM 50 OHM
Mz [—AAA— —AAN— HY4
KALMUS 162F
GAIN =50 dB VIDED
Po = 100W max. DET.
. 50 OHM 50 OHM
. HY —AAAN— —AAN—
From
MO BIRD
WATTMETER .
+28V
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Fiamr. [ HY3 [ AAA— =AM HYE
sUPPLY [ *
—
>
——»
GRID *
suppLy [ ® To
—
Amps
— \
» :
vy SKY b
—s —» PLATE |— . .
SUPPLY par [ Eimac 3CPX800A7 (triode)
—»

Gain = 15dB
Up to 6kW Pulse
Tube Lifetime 10-12 years
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Photos of (GTL)
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Gun t

nru 3GHz LINAC RF System

: &
| GUnInER- FROM SWITHCHES r= VIDEO DETECTOR
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GUN BUNCHER BUNGHER BUNGHER 1ST LINAC 2ND LINAC
aMw PWR DIy, | TOMW
Hi FWR, 16MW
. PHASE SHIFTER
& & ATTEN, FROM
GUN INTERLK SYS,
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SUPPLIES INTERLK 5YS, 20MW CONTROL
SYSTEM 23W0643 HV
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LINAC Modulators & Klystron

Thales TV-2002: 24MW, 2us Maintenance ltems:

Lifetime: Mod #1: 17, 8+ yrs HV Caps N
Mod #2: 9, 14, 1, 1+ yrs HVPS & Cable ’Qﬁ

Advanced Light Source
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Booster RF System

1.9 GeV STORAGE
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Booster Ring RF System Parameters for 1.9 GeV

Present
Beam current (mA) 4
Dipoles Radiation (kW) <5
Cavity Dissipation (kW) 43
W.G. & other losses (kW) 6
Total RF Power Reqr'd (kW) 54
Total RF Power Installed (kW) 80
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BRF System Block Diagram

10T
Final Stage

\ Ethernet /
! l
t ModBusTCPt
(ModBus Drvr) Bridge PLC > Emgi(éded
(Prog Ramp Gen)
4 )
External Bigs PS |—»
System Inltrks Fil. PS |
Master/PSS lon Pump
Cav Vac PS >
Cav Pwr Focus PS [
Cav & Circ \
Cooling >
Solid State
DAC Signal Low Level RF Driver [~ Amplifier —>>
» (ON/OFF, phase & amp
control)
500MHz =

To
Cavity

,Z;)}
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BRF Transmission Line Sketch

Dielectric Comm.

DPDT WR-15Q0
Switch

80 kW R _F

¥

AR

Mega Ind. WR-
1500 80kW Water
Loads, 16gpm Y\

Qutside Booster Tunnel // Inside Booster Tunnel

WR-1500 Dual
Coupler

10T T

6 1/8" Coax Line
Dual Coupler

Ratings:

6 1/8" Coax: 80 kW Avg.

6 1/8" Coax Line

AFT 6 1/8" 75kW .
Circulator

& 7
_~~HOM Load
-~ sliding Bifurcated Matcher
RF Window &
Split Wave Guide \
ction

\ Dual Coupler K : lf T <
' |
® ® " ' I
) Coax to ' ' | :
L WR1800 v ' L
6 1/8" Coax Line
Cavity
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BRF HPA/XMTR

Al, Acrodyne Industries CPIl, Communications &
(commercial broadcast transmitter, odified) Power Ind ustries

(commercial broadcast 10T, K2 series, 80kW)

BRF HPA | XMTR ‘ — - i | ‘: Gain >23 dB
o Eff. >65 %
E, <36kV

IOT #1: 18.1k hrs
|IOT #2: +35k hrs

/Z;);
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BRF HVPS (High Voltage RF Pad, outside Bldg.6)

PO |
| UL
|
— e
b |

| [

&) i
L - ;., ] '\ ¥ ‘Z: 3
I wa i ]

480VAC SCR ; ? 6 Pulse Output ‘

3¢ Controller Rectifier Filter
Soft Start HVDC
Oil Cooled/Insul Output
| Rectifier Xfmr
Voltage
To/From Control, Reg
Xmtr —— Interlock & : . +
PLC Interface Oil Tank - /N
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BRF Wave Guide Switch & HPA Test Load
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BRF Circulator & Reject Load
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BRF Cavity SRRF Cavity

XF
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SR RF System
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Storage Ring RF System Parameters for 1.9 GeV

Present Future
Beam current (mA) 500 500
Number of Insertion Devices 11 R 13
Gap Positions Nom Min Nom Min
Dipoles Radiation (kW) 142 142 142 142
Insertion Device Radiation (kW) 25 46 /G 55
Power Loss for 39 HC (kW) 9 9
Cavity Dissipation (x2) (kW) . C)SO 4A3 50 53
W.G. & other losses (kW) 10/8 10/9 12/9
Total RF Power Reqr’d (kW) (266§ §293)305-> 293)305 (3045322'
Total RF Power Installed (kW) 300 300 ~360 ~360
Cav/Window Power Limit (kW) 330 330 -

Advanced Light Source
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Original SR RF System Block Diagram

Klystron I
Efficiency
Loop

56 kV@ 12 AH

Filter & Crowbe

SRRF Slow
Master Beam Klystron
Phase Phase Phase

MO

Control
System

A

LabView ] :
App _ L . om0
Cavity RF Amsniesiusn

Klystron Phase Loop

Detector

Phase
Detector

T ’%
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Original SR RF HVPS

1‘21W E-fHAfE

VOLTAGE REGULATION
FEEDBACK FROM
KLYSTRON SUPPORT
SYSTEM
P mEcRo | P CEBlECTRO T
: ENGINEERING . ENGINEERING
: E70387 P E18678
Lk SREAKER &
CONTACTONG 11HY ]
5 o N !
To o : BUCK& |1 o DELTATO [, 1 ;
: VARIAELE BOOST || || DELTA- 3 — :
STEP e VOLTAGE AND | a  wvE »| RECTIFIER 28KV ; E'EBK‘“' ;
DOWN ; XMER BALANCING | | ! | sTep.UP ) @ :
¥MER : T XMER :—:-m--L XMER > 2 :
: P AMN— :
: Lo CURRENT SHUNT ;
; MOTOR DRIVEN WITH HIGH P :
: AND LOW LIMIT SWITCHES b v :
. . VOLTAGE MOR, .
: CONTROL [—* :
: POWER 208V TO : ceramanans rmaaas VU
: SUPPLY CONTROL CIRCUIT P T TR :
s o 5
: HEATER FAN -:
: DP?RATES OPERATES :
: BELOW 70°F ABOVE 80°F :
NOTE: PLEASE REFER TO THE INSTRUGTION MANUAL OF THE KLYSTRON HV DC POWER ; FOR E70387 ONLY H
SUPPLY SYSTEM BY ELECTRO ENGINEERING WORKS FOR DETAIL INFORMATION o ] e !

ALS SR KLYSTRON HV POWER SUPPLY SYSTEM

Advanced Light Source
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Original SR RF HVPS

Intrik

Status

“’DLH'rmm

R R Cabinet

pvio!
SR
FULL CAN

Advanced Light Source
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Original SR RF HVPS Filter & Crowbar System

56KV

VAC SW.

223K

KLYSTROM CONN, SWTICH

HEATER

CATHODE
(1é ™ /

FOCUS COIL

= =

_ti RF INPUT

] WRUT CAVITY

I
Il

CUTRUT CAVITY

/

|
H—> RrFoOUTPUT

/q. ~ COLLECTOR
PHILLIP YK1305

35 05 1mH
2 o)
S —\ANN— Rl
CROWEAR UNIT CROWEBAR TEST
."“““."_". 500 'u. SWITHG
: faci) » 2XEEV
(/| BK508 M
o — : e
B § E : —_—
| % L (@
@D : ? TEST ‘
9 MoD. i'"
{GNTRO ANODE ’: :I
s CONTROL -]
l CIRCUIT [
difdt I I
FIBER OPTIC INTERFACE
BEAM OVER CURRENT
AT TIME THE MODL
gﬂ'ﬂﬂdﬂ:& ﬁhISEEPEmM UEEDTO
CWEAR CONTROL THE OUTFUT POWER '_
|
1 \
1 OHM ) 1
"N

S

MWOTE: FLEASE REFER TO FILE DRAWINGS FOR DETAIL CIROUIT INFORMATION

SIMPLIFIED CIRCUIT DIAGRAM FOR THE ALS SR KLYSTRON AMPLIFIER

Advanced Light Source
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Original SR RF Klystron & HVPS Filter/Crowbar Cabinet

AQvarncea Lignt source
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SRRF Upgrade Requirements)

* Replace Aging Single Klystron (19+ yrs in 2012)

 Modest Increase in Max RF Power for Beam Loading/Reliability
 Replace HVPS only to Increase DC Power

 Replace HVPS Crowbar/Filter with Dis-Connect SW/Filter

 Replace Analog LLRF with Digital (FPGA) based system,
iImprove amplitude and phase stability

e Upgrade Controls, from ILC to PLC

e Increase Diagnostic Capabilities, add synchronous fault
data acquisition

e Increase Accessibility and Maintainability

30



Phase , InstaII New Site #2 (2011 & 2012 Shutdown)

B u"-r' F

ﬂnw-j:—-_.

Seismic Base Construction & Cabinet Installation at New Site #2

Klystron Installation

Mod-Anode Cabinet PLC Control Rack Site #2 Completed =
Operating since Feb- 2@£

Advanced Light Source
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Phase IIA, Install New HVTR/PS (2013 Shutdown)

HVTR/PS
 50kV @ 16A

e 12-pulse rectifier with filter inductor

e Complete, Operating since Feb-2013

LOTO
Testpoint

HEATER
ontroller e =
oW 7 ABOVE E0%F
TPLEASE REFER 10 THE INSTRUGTION MANUAL OF THE KLYSTRON HV DT POWER
EEEEEEEEEEEEEEEEEEEEEEEEEEE RING WORKS FOR DETAIL INFGRMATION E70367 ONLY

ALS SR KLYSTRON HVY POWER SUPPLY SYSTEM

(OUTDOOR UNIT)

System & Temperature 0 E ﬁ

Advanced Light Source
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Phase IIB: Replace Crowbar w/HV Dis-Con SW & PLC
Controls, Install Klystron Site #1 (2014 Shutdown)

Kirk Key KR« ey Adamesss Kirk Key Access Disconnect,
?;;;k dfJERakiEN Froortt Dy Penthouse Dump,

Short SW

| FSSRTAAH- NNZC VVVTabinet HV Rectifier Xfmr/PS
120 §ﬂ§ ‘ E —
I +

15 SO
21 Coont il

NERMAER? | e |
FessachMdesprlL20000 ]

Stdadess ‘ } 1

| HV/Systayatdrieniashsona PLC

Klystron
#1

@
Ignitron
Crowbar W O Klystron

Klystron

#2

2
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HV Dis-Con SW Block Diagram

P 27 Booleans -
p ]
< 7 7 F| Iter
o Cabinet
. oglans HV SW
Monitor
2F.0.
Mod-Anode \
T T X 24Fo0.
5 Booleans HV SW 24F.0. IGBT 24F.0. 4160V
L > - = ——  Contactor
_ ' HV SW ’ cmd
Transmitter
A A
PLC Fault-Open/Close
= /2 Al
< I/ 5 Booleans
T~ 7
< J-tB00leans >| Audio Drv Audio
Monitor Amp HV SW
Receiver
( / 4 Booleans )
4FO. o 4DTTL >
> F.O. to >
5A0 > Diff-TTL >
5Al Filter Kly #1 FoC #]1 =3
<+ . Ky #1 FOC #2 mm—ee-
8 Booleans Cabinet Kly #2 FOC #] e
<<—F—> Monitor Kly #2 FOC #2 mmmmmeeeee>
. Kly #1 Os¢ =
Kly #1 Current Xfmr  s— > Test Wire Kly #2 OS¢ =
Kly #1 Current Xfmr  s— Spare =3
Capacitor Current Xfmr  ee— Spare =3
Filter Cab Shunt ReSIStOr  m————

/Z;);
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Phase IIB Completed

Filter/Crowbar Cabinet Replaced w/HV Dis-Con SW, PLC Controls, Kly Site #1 Completed 6/2014

\\\\\

— -
o -
— -

HV Dis-Con SW

-

s -
~~~~~~
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Phase IIB Completed

PLC Controls

0 SW Operation Mode
. SW Test Mode

'Wire Test Mode

Ky #2 HV ON_

State:  STDBY I

K2 Modbus
K2 OFF State
K2 BLK State
K1 STD State K2 STD State
K1 HV State K2 HV State

K1 XMT State K2 XMT State

K1 OFF State
K1 BLK State

ion Mode
n HV Plug Connections OK

ISequence Rdy@)Sequence In Progress
E =)

Step 2: Confirm SW1 is ON

Step 3: Confirm Waveguide & Kly Conn

Step 4. Close & Confirm SW3

Step 5: Close & Confirm LBNL Breaker
Step 8. Reset-All, Confirm Master HV Rdy
Step 7: Open, Reset Rx & confirm

Step 8: Close & Confirm Kly SW4/SW5
Step 9: Auto-ramp/Manual-ctrl VT to Min
Step 10: Turn On HV (close Ross)

HVPAD Modbus 0 Manual HV Switch Rdy
HVPAD PS307 Rdy (@ Audio Chassis HV Rdy
HVPAD WT HV Rdy (@ HV Dis-Conn. SW Rdy
HVPAD HVPS Rdy . Filter Cab HV Rdy

LBNL Breaker Close Monitor Chassis HV Rdy
HVPAD Ross Closed @M Rx/Tx Chassis HV Rdy
HVPAD HV Ready Master HV Ready

Manual HV Switch Ready

O Audio Chassis HV Ready

HV Dis-Connect SW HV Ready .
Filter Cab HV Ready

Monitor Chassis HV Ready .
. Receiver/Tx Chassis HV Ready

K1 HV Ready

K2 HV Ready

HVPAD HV Ready

CAP 1 Curr Fault (CT1)

Kly 2 Curr Fault (CT2)

'Capacltor Fault (di/dt T1) %

HVPS OVLD (Shunt R10)
Switch Status

000000000000000000000000

Step 11: Close IGBT Switches i Valid IGBT Modules 0

Step 12: Auto-ramp/Manual-ctrl to HV SP il ® CAP1 Current 0.00A

#1 HV ON HVPS HV Margin |HV Setpoint|{Kly2 Current 0.00A

#2 HV ON I? | 0.50kV 0.00kV  |Kly HV Voltage Div1 -0.05kV
Contrel Restan Sequence | _Contim & Next | o T e

e

ase | iover a | Kly HV Voltage Div2 -0.05kV
- - ..HVF’S Current Shunt R10 0.00A

HV Dis-Con Switch Performance

Slop

10A/div

TR2 Cap dalk

[lekStop

Ji1TR1 VD1

ATP2 VD2

EMHIP25 R0

HVPS V

- o0V 2

-, o0V @ ooV _I|1.Dnn|5

Save
sScreen Image)

Save Save Recall
Wavetorm setup Wavetorm

| 100M5/5 || &, 5 1v2ov
J LM points || < 10 Hz

File (19 jun 2014
19 jun 2014
Utilitles ARET N
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Phase lll, Replace LLRF & Upgrade Wave Guide System

(2015 Shutdown)

»1  System PLC Controller:

oooooooooooooooooo

Filter & Discon-Switch

r = “Tre. — 17
I Digital Board | | Analog Board ™
e 300
I TR I Klystron
. “—[ § _ ﬂ@ I [ 22222
N 5
2| | = ||
5 : |
| = M =5 ™
: |
= |1 ]300 kw L ; AN
| Klystron ° 3 rpen £ .
Port
I 200kW W
411 | = e
| |
[ QI | ALS Storage Ring RF System

Two Digital LLRF Systems.
RF Signal Diagnostics.

MRF Timing System Clients

Operating Options:

Kly #1 to Cavity 1 (up to 180kW)

Kly #1 to both Cavities (300 kW)

Kly #2 to Cavity 2 (up to 180kW)

Kly #2 to both Cavities (300 kW)

Either Kly into Full Pwr Testload (300 kW)

Klystron
Site #2

4
#
»
y

‘Control Rack * /



3'd Harmonic (Landau) Cavities System

SROS |

1.9 GeV STORAGE
RING SYNCHROTRON

SR11
BR SECTOR 3 I | ——
. BRF gﬁa/ R
SROS e | E
50 MeV 1.9 GeV BOOSTER i
SYNCHROTRON \
SR12

= 3

Advanced Light Source
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3'd Harmonic (Landau) Cavities System

Arc Monitor
Window
@ g Coupling
Port
Cooling
Channels % 3
+ | +
Beam K\ Beam
Port Kj Port
Table 1: Hamooic cavity sysiem pararieters —+- 7
Fraguency 1.5 CHz N S
tofal voltage 500 kV 2 Tuner
bore diameter 5cm Nose Cones ? Plunger
cavity R/Q* 80.4 :
qalc. 0 7677 A
calc. Bs 2.231 ML AN inear
Bsx T0% 1.56 MLX Ll Actuator
mamber of cells 4
power per cell .01 BW
"E=140p

2
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3" Harmonic (Landau) Cavities System

Advanced Light Source
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dg. 27 RF Cavity Teststand, RF Window Processing

-

L

L L

)

L L I 21| 5 B

'F:;
g

i

_ J—h 1 B 1

i
0

!

L1 L

F

« 2 in SRRF operating at 43kW CW, 3 fully tested spares

Split WR1800 Waveguide to Cavity Transition
Current Design:

« Manufactured by EEV, Marconi, now E2V
 TIN coating & test to 66KW CW at LBNL

Advanced Light Source

Iris Flange Profile N
B:upto 3.2 LB
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Bldg. 27 RF Cavity Teststand, Titanium-Nitride Coating

—

—

wppE

_________

A

~5 x10torr ----->

Temperature & Pressure (°C & Torr)

RF Window Coater, MC1 Coating Cycle (06/30/2000) Filament Wire Parameters

(Channel 112) Filament P.S Voltage (VAC)
(Channel 113) Filament P.S Current (AAC)

(Channel 116) Vacuum Pressure (Torr)

50.000 T

45.000

(Channel 117) Filament Wire (Infra Red monitor) Temperature (°C)
(Channel 900) Filament Wire Pow er (W)

40.000 1

35.000

. ¥ /\/\
10.000 lulf
5.000 I N 7
0.000 T T T T
0 0.5 1 1.5 2 2.5
Time (Hrs)

= N N w
o o g S
o o o o
o o o o
o o o o

g

6/30 TIN#5

o Back Scatterin

LBNL.

—d

Cu

- e -
|||I|||I|||I|1—r"‘."“1—'./Lm-

400 600 800 1000 1200 1400 1600
Energy (keV)

angstroms.

o 8
e L L

71 1000.000

T 800.000

T 600.000

T 400.000

1400.000

T 1200.000

Temperature & Fil. Power (°C & W)

T 200.000

0.000

g T Coating thickness
s determined by Rutherford

g (RBS)

performed on site at

oy

Advanced Light Source

This sample measured 15
angstroms. Our target
range is 10 — 20
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Bldg. 27 RF CaV|ty Teststand Power Test/Condition Window

* Power Conditioned in 24
Hrs over a 4 day period.

« 21 Rev Pwr Trips
* 5 Vac Trips
* Window Temp ran < 80°C

B27 Cavity Teststand, 66kW @ 500MHz

* Identical cavity to Booster and Storage Ring

MC1 Power Test & Conditioning Cycle

1.80E-06
M Cavity Power (kW)
4 Cavity Vacuum (torr)
20 * - + 1.60E-06
T SN EEEEEEEE N E—
- ] ] | + 1.40E-06
60 - rll—.l n
. ] ] . ]
= F = o + 1.20E-06
S 50 o =
2 m ] ]
= ~ o + 1.00E-06
Z a0
2 " " - 8.00E-07
>
8 30 *
’ ¢ + 6.00E-07
¢
]
20 . “N
.j " . + 4.00E-07
ol W m *e S s ¢ %00
e T T et S0%e0tecece - | 2.00E-07
& o * R 290000000
P . o’
o4 ! : : : 0.00E+00
0 4 8 12 16 20 24
Time (hrs)
L'B'H'N

Cavity Vac Pressure (torr)

Advanced Light Source
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SRRF Reliability

Percentage of Scheduled Beam Time Lost to SRRF & Non- # of
Latching Faults by Fiscal Year Eaults/Yr
1.20%
22
1.00% 10

0.80%

23

17
0.60%
0.40% - 10
- E_B_BR_B______ LN . .
0.20% | 11 10 12
: I I
0.00% - . . . . . I . I . . . . . . . . .

FY1999 FY2000 FY2001 FY2002 FY2003 FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2014

1 . 0 ~
Goal for SRRF system based on 5000 hours of User Beam time: 0.3% %
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SRRF Reliability

SRRF Faults, MTBF (in hours): Mean time between faults, FY2004 - FY2013

700.0

600.0

400.0 —

300.0 —

200.0 [

100.0 —

0.0

FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013

L*BE"N"L

Goal for SRRF system based on 5000 hours of User Beam time: 500 hrs ,«%
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SRRF Reliability
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Filter Cap Failure
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Advanced Photo-electron Experiment (APeX)
4 1/16" Coax Line Failed

ModBUs
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§ o [ -e-b
T 1T T 11 o ! L
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Screen PS Crowbar
Cooling  PLC Controls —4 /'/ /[

Lockable [ | HVDC PS
Dis-Con |1 0-12kV @

SwW
— 21A Laser

NEG modules

Tuner Plate

Bucking
Solenoid

Cathode
Injection/Extraction
Channel

e

Beam Exit
Port

Cathode

Iqwmrt
L"BE"N"L

48

M a.l N RF Coupler

Overheated area
Advanced Light Source




Advanced Photo-electron Experiment (APeX)
4 1/16” Coax Line Failed

NEG modules

Tuner Plate

Bucking
Solenoid

Cathode

Injection/Extraction
Channel

Beam Exit
Port

RF Coupler

Missing from measurements,
additional ~5” for length of coupling
loop

T 4l This hole is at a
current node. The
copper is melting here
not arcing.

This hole would then be ’%
Advancecﬁl!igtztnsé'u e =327, ~Aggl2 LBNCL




Advanced Photo-electron Experiment (APeX)
4 1/16" Coax Line Failed

EHT (Enhanced Heat Transfer coax line) rating from company:
De-rating for 0 PSIG in line = 0.885

Average Power Rating = 89 kW derated to 78 kW

Peak Voltage Rating = 13 kV

! Peak Power Rating = 3,685 kW (Ppk = Vpk~2/Zo). Not specified
) for how long.

APEX max operation conditions:

Power per coax line = 60 kW CW max (50 kW nominal).

Peak Voltage in line = 1.414*sqgrt(Pavg * Zo) = 1.414*sqrt(60000 *
50) =2.45kV

Peak Power in line = Vpk”2/Zo = 24492 / 50 = 120 kKW

... Peak Power in line from standing wave: Vpk = 4.9kV, Ppk = 480kW

The RF power remained ON for > 4 minutes in
this condition due to improperly configured
intriks and a lack of synchronization when in
pulse mode. Many watt-seconds were delivered
These arc marks are at a voltage maxima. during this time.

There is no sign of overheating due to high

currents. This arcing being ~3” from window )
would then be at 19” - ~3” = 16", ~ Age/4 ’%

L*BE"N"L
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