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Summary  
 
The wire scanner is an instrument used to measure the time averaged transverse beam profile non-
invasively. Wires moving on the X-Y plane normal to the electron beam Z-axis are measured are 
through the beam by use of an accurate motion control mechanism. The signal generated as the 
beam interacts with the wire is correlated to the relative position of the wire. Multiple signals are 
reconstructed to resolve the time average beam profile. 
 
The wire scanner design will be based on existing SLAC designs. SLAC has 20 years (plus) of wire 
scanner development that will be leveraged for the LCLS devices. The injector and linac will utilize a 
common wire scanner platform design consisting of a vacuum chamber, linear motion assembly, an 
alignment stage and a sensor-transducer assembly. Each wire scanner unit will use a wire card with a 
geometry, wire size and wire material selected specifically for the given beam parameters anticipated 
at that position.  

Mechanical Design Specifications 

Life Cycle Design Parameters 
 
Required expected life cycle = 70,000  cycles  
(10 scans per operation day  x 340 operation days  per year x 15 years) 
 
Required expected service cycle = 3,600 cycles  
(1 operation year or 8500 inches of slide travel) 

Vacuum 
 
The wire card assembly will be enclosed in a 304 stainless steel chamber capable of achieving a base 
vacuum pressure of <1.0E-09 Torr. The chamber will utilize conflat flanges to complete vacuum 
sealing. To minimize beam emittance due to wakefield effects, the electron beam Z-axis of the 
vacuum chamber will have an inside diameter closely matching that of adjacent beamline 
components. (A .870” diameter beam passage tube meets this requirement for a majority of the 
injector and linac locations). 
 
Welded convolution bellows, using 60% of manufacturer’s rated stroke, are used to effect a seal 
between the vacuum chamber and the wire card arm. A 60% stroke equates to a nominal rated life 
of approximately 50,000 full slide cycles. Since most operational scans will require less than a full 
slide stroke the anticipated life expectancy of the bellows exceeds 70,000 scans.  
 
No vacuum pumping will be provided on the wire scanner unit. Vacuum pumping will be provided 
via adjacent drift chambers. 
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Materials in vacuum will be 304L SST for most components, with tungsten or carbon wire, and 
surface metalized 99.5% Alumina ceramic used for the wire card and winding thimbles.  

Materials 
 
All materials in vacuum will be mill certified. Mill certifications will be included with manufacturing 
travelers during fabrication, assembly, and test. The fabrication travelers and all documentation will 
be stored in the project data base after device installation. 
 

Component Material 
Wire Card Alumina Ceramic 
Wire Tungsten or Carbon 
Vacuum Chamber 304 SS  

 

    Table 1   Material Definitions 

Motion 
 
The wire card will be mounted on a rigid shaft that moves through the travel range and is isolated 
from atmosphere by welded vacuum bellows. The linear motion of the wires will be accomplished 
using a stepper motor driving a re-circulating ball type lead screw guided by a precision linear 
crossed roller slide. All components will be specified as radiation hard metal or ceramic assemblies.  
 
 

Motion Parameters Value 
Full Travel Range 63.5 mm ± 1.0 mm 
Mechanical Position Accuracy (RMS) 1 µm over 1mm  
Mechanical Position Repeatability (RMS) 2 µm over 1mm 
System Natural Frequency 245 Hz (1st mode) 

 

    Table 2  Motion Parameters 
 
The full 63.5 mm travel of the device allows complete retraction of the wire card assembly beyond 
the inside diameter of beam passage. Under normal operating conditions the device is parked in a 
position that allows minimum motion of the device to get a complete scan data set. 
 
The mechanical position accuracy and repeatability analysis assumes that no motor steps are lost 
over the range of travel. 
 
The low torque characteristics of the re-circulating ball lead screw and the crossed roller bearing 
slide have implications for the scan parameters of the device. Without the static detent torque of the 
stepper motor fixing the position of the device, the scanner would self-advance due to the vacuum 
bellows loading. It therefore requires a net zero torque (motor only counteracting its own detent 
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torque) to advance the wires into the beam. This low torque condition substantially increases the risk 
of losing step count in the control system. Since counting steps is the primary method of evaluating 
wire position it is highly recommended that the data scan only be done in the wire motion out (high 
torque) direction. 

Motion Acceleration and Velocity 
 
The motion profile of the wire card is determined by the acceleration and velocity of the linear stage 
driven by a stepper motor. Velocity profile will be trapezoidal. Wire motion is determined from 
inputs at the user interface.  
 
Control inputs consist of scan range (of travel) and the number of data points desired for a specific 
scan. Wire velocity is determined by (scan range)/(Npoints-1) = data spacing. 
(data spacing)/(machine rate) = wire velocity. (wire velocity)/(lead /step) = step rate 
 
The data point spacing as defined/derived by the user input is not to be mistaken for a discrete wire 
advance per motor step. The wire advances a fixed offset of 7.1 microns per full motor step. The 
data point spacing variable is only used to define the linear speed of wire advance. When using the 
motor step count method, the beam pulse may intercept the wire while the wire is in motion, 
resulting in an increased uncertainty in the absolute position at the instant the signal is generated 
when using the motor step count method. 

Motor specification 
 
Manufacturer:        Empire Magnetics 
Model:         RH-U22 (8 wire) 
        Nema frame size 23, double magnet stack 
Dynamic Torque:         80 oz-in static torque at thermal current (unipolar) 

       110 oz-in @  200 steps per second  (150V, series connected,  
        bipolar drive) 

Thermal Current {parallel}: 1.8  A 
Thermal Current {series}: 1.4  A 
Single Coil Inductance: 3.5 mH 
Series Inductance: 14 mH 
Single Coil Resistance: 1.4 Ω 
Series Resistance: 3.2 Ω 
Detent torque:  15 oz-in  
Step parameters: 200 full step/revolution, 3% full step accuracy 

Required Motor step rate range: 5 – 150 full step/sec (equivalent 
to 50 – 1500 micron/sec wire speed. Ref PRD 1.1-323) 

 
Depending on overall device static friction values lees than 5 oz-in minimum hold torque is  
required the prevent lead screw self-advance. (based on lead screw characteristics). The motor has 
Radiation hardened windings. 
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    Figure 1   RH-U22 torque curves 
 
 

 
 

    Figure 2  RH-U22 Wiring Diagrams 
 
 
Note: Empire electronic stepper C57-83-RH, as used on previous SLAC units is no longer available. 
It has been replaced by RH-U22. RH-U22 has a different winding inductance which effects the 
motor controller. The controller used for the old motor is no longer available. 
 

Ball lead screw specification 
 
Manufacturer: THK 
Model:  BF 1202-210LC5S, (12mm OD X 2mm lead per revolution) 
Gross wire advance: (2mm /rev) / (200 step / rev) = 10 micron per full step 
Net wire advance: 10 micron / sin 45 deg  = ~7.1 full micron per full step. 
 
Lead screw will back drive due to bellows vacuum load without holding torque. Precision ground re-
circulating ball screw, accuracy grade C5.  
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Wire card specification 
 
Al2O3 Ceramic card and wire winding thimbles 
All ceramics metalized with titanium nitride (TiN) to a value of 1.0 Mohm/sq . 
Wire material: tungsten (gold plate) 
Wire tension; 60 grams +/-2.0 gram. 
Wire diameter: < / = ½ the expected beam dimension. (ref: PRD 1.1-323, table 2) 
 
The wire card design uses independent wires, strung with individual tensioners. This arrangement 
isolates each wire in case of a wire break. All cards will have a wire for horizontal and vertical 
electron beam axis measurement. The option of a “U” wire arrangement is possible with the wire 
card design.  
 
When the wire scanner assembly is installed at a 45 degree orientation, the wire card assembly 
motion is parallel with the 45 degree axis, with the ware card down, inserting and retracting the card 
through the electron beam Z-axis. When the wire card is in the inserted position, during retraction 
the card assembly, the first wire passing through the beam is the horizontal wire, the second is the 
“U” wire (if installed), and the vertical wire is last. 

Alignment tolerances 
 
Wire scanner global beamline alignment tolerance: ± 0.25 mm 
Wire card position tolerance with respect to vacuum chamber: ± 0.5 mm 
Global beamline Z-axis static wire position tolerance: ± 1 mm 
 Electrical Design Specifications 

Slide / Wire Position Measurement  
 
The position of the wire card will be measured by an LVDT with a resolution of 25 µm. This 
position measurement will be primarily for reference, with the stepper motor step counts used to 
position the card. The LVDT will be a SLAC standard radiation hard Daytronic model with a travel 
range appropriate to the application. 
 
The limit of travel for the wire card will be defined by a radiation hard limit switch at the inserted 
and retracted limits. The limit switch will have a mechanical hard stop to restrict the motion range 
beyond each limit switch trip point. 
 

LVDT specification 
 
Manufacturer: Daytronic  
Model: DS4000S 
Nominal linear range: +/-2.0” (+/- 50.8 mm) 
Nominal sensitivity: 1.5 V/V at F.S. 
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Supply Requirements: 0.5 VAC to 7 VAC (RMS), 2 to 10 kHz sinusoidal 
Calibrated Supply (Excitation): 5 VAC (RMS) at 5 kHz sinusoidal 
Output Load (optimum):  100 kΩ 
Linearity (% error of FS, worst): ±0.5% 
Phase Shift: Typically 10° to 15° at 5-VAC, 5-kHz excitation 
Temperature Coefficient (Zero and Span): ±0.01% of full scale/°C (±0.005% of full scale/°F) 
Electrical Termination: 6.5 ft. (2 m) shielded cable 
Ac operated , radiation hardened (special “s” series winding) spring extended LVDT with standard 
linearity. 

Per Daytronic LVDT  documentation:  
“LVDT's (unlike strain gages) cannot be supplied with meaningful calibration data.  System sensitivity is a function 
of excitation frequency, cable loading, amplifier phase characteristics, and other factors.  It is a practical necessity to 
calibrate each LVDT/cable/instrument system after installation, using a known input standard.  The sensitivity and 
repeatability values given are typical minimum values only.” 

Radiation loss detection 
 
A radiation loss monitor will be positioned down beam from each wire scanner. The design will 
packaged to mount adjacent to the beampipe in an optimized location to measure the radiation 
downbeam from each wire scanner position as the wire passes through the electron beam.  

Secondary emission 
 
Each scanner will have SHV-5 coaxial electrical feedthroughs connected to the tungsten wire to 
monitor secondary emission current as the wire passes through the beam.   

Cables 
 
The stepper motor, LVDT, limit switch, and wire card cables will be radiation hard, EMC compliant 
cable selected according to SLAC engineering standards. 
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