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“Readers Digest” Overview of Z

m Short history of Z
m How Z works and what we do with it
m Refurbishing Z -- challenges and successes

m A fusion future
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Z: Steeped in Hiory
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Z: Steeped in Hlstory

Proto Il ~1984 '
ol | g. 4 J |



Wonderful History Resource
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1985: Z Began Service as PBFA Il
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1995: Z-Pinch Breakthrough

Sanford Halnes Smlrnov
1y  receive | |
European PhyS|caI Somety

Hannes Alfyen Prize, 2005 \—/




1996: PBFA --Z Pinch Version
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Stunning Results
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“Arcs and Sparks” thru the Years
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Directors thru the Years
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Pulsed Power 101




What is Pulsed Power?

pulsed poweer (pulsd) (pou‘ar), n. compression of
energy in time and space, resulting in large
iInstantaneous power levels

Power = Energy

Time

Fast Pulsed Power ~ <1 microsecond

]

1
[1 million secj
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Z’s Pulsed Power Architecture




-

4_Compression in Space

New DaIIs otbaII Stadium Under Construction
104,000,000 ft3
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4 Compression in Time

24,900 miles

11/2!!
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Capacitor Charge/Discharge




Pulse Compression

Energy
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Time



" S

Z’s Capacitors & Switches

Capacitors
60 per Marx

Pulse Direction_
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Marx Generators

~90% of pulse compression is here...

Charge in parallel
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Discharge in series
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1 micro
second
charge

350 nano
second
discharge

Each capacitor holds 2,900 gallons of water
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Laser Triggered Gas Switch
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Gas Switch

Pulse Direction
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Getting Laser Light Into the Switch
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Pulse Forming Line

N

350 nano
second
charge

120 nano
second
discharge
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Z Self-Break Water Switch

« T

Gap is set
to ~2 to 5”
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Gap Predictably Breaks Down
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Pulse Shapingon Z
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1 Machine — Many Applications

4 Z Delivers: \

20-26 million amps current
2-3 million joules electrical energy
\100—400 nanosecond pulse width/

Z-Pinch *ire Array Short kircuit

for for
Magnetic Implosions Dynamic Materials

Contmuous High Velocity
X-Rays Compression
Flyer Plates
Curves
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Right Hand Rule is Key to Z Pinch
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Why is Zcalled “Z”?

Current at the load flows in the “Z” (1) direction



" Jd
Z-Pinch ®» Magnetic Implosion
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Kinetic Energy Becomes X-Rays

Waw o Microwavel Infrared | Visible § Ultraviolet
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Temperature
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the wavelength
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http://upload.wikimedia.org/wikipedia/commons/9/99/EM_Spectrum3-new.jpg
http://upload.wikimedia.org/wikipedia/commons/9/99/EM_Spectrum3-new.jpg

Short Circuit ® Magnetic Pressure

Force®

Fia -
Clint Hall with an early “ICE Cube”

Current



Dynamic Material Properties

/ Flyer Plate

Sample \ l I / Sample
I I
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Isentropic Compression Experiments: Shock Hugoniot Experiments:
direct pressure wave through sample flyer plate launched to impact sample



ZR Project



Capability

More Energy &
Current Delivered

v'Double energy
stored

v Design for z-pinch
and material property
applications
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ZR: Balanced Objectives

Capacity

High Operational
Reliability
v'Design drive system

conservatively

v'Fabricate parts from
stainless steel

Precision

Better Repeatability,
Pulse Shaping

v'Individual lasers

v'Longer Intermediate
Storage Capacitors
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t Timeframe

Planning & Single Single Production Installation
Architecture Line Line Test Design & Fab & Test
Development Design &

Fab
2000 2001 2002 2003 2004 2005 2006 2007
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“Family” in Need




The Vacation




Design Teams
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Construction Teams

- xIr 1 ’
: 3 b ‘ " T \
1 o L gt =i A
B | e f = 3 A I -
& oA e
1 o - '
| ' 2

A






c
O

Demol




-

“Resources”

Sears
edailrs
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Appreciation to Many




“Move That Bus”




Comprehensive DVD

e Long version
e Medium version DovVD
« Short version Y1 BEC J
» Long version 2 January 2008
« Construction
time lapse

@ Sandia National Laboratories

A DOE/MNNSA National Laboratory

Copyrighted. Please contact Video Sarvices al
(505) 844-7 167 for copies or footage
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ZR Costs

Operational Costs
$30,200k

Capital Costs
$60,380k

$90,580k

Over 70% of $34M in manufacturing was with small businesses



Challenge: Tank Modifications




Challenge: Fabrication Deliveries

On Time 33 Week
Contract Average
Completion Slip
\/ . . .. v ¢~9~9 A _—
-10 -5 0 5 15 20 25 30 35 40 45 50 55 60

# Weeks
Early : Late
®-= Major hardware fabrication contract

= Quality generally good
m Required agility during installation phase




Challenge: Workforce Coordination

Electrical
Utility
Contractor

Sand
Blasting
Contractors

General
Support
Contractor

Tank
Painting
Contractor

Tank
Contractor

Z
Operations
Crew

Mechanical
Utility
Contractor




Success: Lasers & Pulse Shaping

m Individual lasers installed early 2003
m Key experiments 3 years ahead of upgrade
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Success: In the End, It Works...
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First Shot
September 17, 2007







Inertial Confinement Fusion

Target heating
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Z’s Near-Term NW Mission Support

Requirements
for Laboratory
Fusion

Radiation
Effects —
Discovery &
Testing

NW Dynamic
Materials
Data
High Energy
Density
Environments

NW Computer

Code
Validations

Physics NW
Scaling Performance &
Validation Ageing
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Stockpile in Focus, Fusion in View

High Yield
Laboratory
Fusion

Stockpile Basic

Stewardship Science

National
Energy
Security

Technology
Surprise
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Linear Transformer Driver

May be revolutionary
Compresses in 1 stage
Simple modules
Efficient

Shoots 6 times/minute

EEEEEEEEEEEERE

! \ I ) ; e/

I ia i Z 5
| 20
| A | P M=

£ /
2 4
. )
- s, N A .
el - S ig < S
< 2pr

——




'_—
Practical Hurdles to Fusion Future

Consumables Factory

* Recyclable Transmission Lines
« Z-pinch loads
* Fusion capsules
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Practical Hurdles to Fusion Future

——
Repetitive Pulsed

Power Driver

¥

Fusion
Chamber

Power Conversion System
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Questions?




