Measurement of a the low frequency transverse impedance of an LHC collimator
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Description of the experimental setup

Measurement Devices

· Vector Network Analyzer HP4395A (1998) code JPIKE00657

· Vector Network Analyzer HP???? (1992) code ????

· Precision LCR meter Agilent E4980A with 
Cabling for VNA setup
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Show pictures of the setup
Frequency scan is performed automatically by the VNA. Data is saved to a floppy disk.
Cabling for LCRmeter setup
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Frequency scan can be performed through a GPIB interface connected via WAN to the CERN network, by a computer logged on lxplus. A Root script was written to automatically set the frequency and retrieve the impedance measured by the LCRmeter.

Coils

Tips for making coils:

· It is fundamental to keep cables in tension while winding, pull firmly on the wire at every turn, while keeping them aligned. Typically one hand should position the wire, and the second hand should slide along to enhance adhesion between the wire and the tape.
· The critical step for the stability of the windings is when the coil is finished, and the two connecting wires have to be twisted together to avoid loops. A simple twisting of the wire is not sufficient; the last loop on each side always jumps from its correct position, and releases tension, wasting most of the effort. One way around is to drill two small holes in the core to fix the position of the incoming and outcoming wires. Another way is to start another turn for a cm, tape around the whole end, and bring both wires back (see pictures).
· Removing the thin insulation for welding the wires to the N connector is best performed so far with “pinces crocodile” or scissors. Adding a second bridge to the N connector helps soldering both wires correctly.
· Double-sided scotch tape helps a lot to make the flat plate type of coil. Applied on the core itself before winding, it keeps the wire in place and in tension while winding the rest of the coil. Other ideas (reversible cement) could also be tried.
· Winding the coil manually is best performed with two persons. One winds the coil while the other unwinds the wire from its initial support.
· Using an “étau” helps fixing the support of the coil, especially when making a long coil.
· Try to avoid twisting the 0.25 mm wire on itself. This twist will make it harder to align the loops, as well as lead to less precision in assessing the coil width.

· AT/MTM section members have a great experience at making high precision coils, and their advice is invaluable for such related applications.

Types of core:
· Woven Glass rod (10 mm diameter, smallest available) with a 5 mm longitudinal slit on each side wound with a 0.5 mm diameter insulated copper wire (7 or 8 turns)
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Show picture

· Single woven Glass plate (various thicknesses 0.5 mm to 3 mm) with or without a lateral slit on each end wound with a 0.5 mm diameter insulated copper wire  (7 or 8 turns)
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· Woven glass plate sandwich around a two parallel wire connected at one end

· AT/MTM probes 

Resistivity measurement

Measurement of resistivity can be performed with a 4 points method. For this measurement, it is important to distribute the current well over the width of the sample and to avoid contact resistance through copper tape or even plates. The voltage drop measurement should however be performed with small syringes to reduce the contact surface. 
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We have U=R I = ( l / S I =>   ( = U S/(l I) = 1 mV 0.001 m² / (7 cm * 0.94 A) = 15 µOhm.m
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	section (m2)
	length (m)
	I (A)
	U (mV DC)
	U (V DC)
	resistivity (Ohm m)

	0,001
	0,01
	0,94
	0,15
	0,00015
	1,59574E-05

	0,001
	0,02
	0,94
	0,3
	0,0003
	1,59574E-05

	0,001
	0,03
	0,94
	0,44
	0,00044
	1,56028E-05

	0,001
	0,04
	0,94
	0,58
	0,00058
	1,54255E-05

	0,001
	0,05
	0,94
	0,73
	0,00073
	1,55319E-05

	0,001
	0,06
	0,94
	0,85
	0,00085
	1,50709E-05

	0,001
	0,07
	0,94
	0,99
	0,00099
	1,50456E-05

	
	
	
	
	
	

	copper
	
	
	
	
	

	section (m2)
	length (m)
	I (A)
	U (mV DC)
	U (V DC)
	resistivity (Ohm m)

	0,000005
	0,01
	0,94
	0,023
	0,000023
	1,2234E-08


Assessment of the resonant frequency of the coil

In F. Grover, Inductance Calculations (1946), the inductance of a rectangular loop of length x, width y, and round wire radius R is given by:
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Figure 3. Square coil with rectangular cross section

4. Rectangle of round wire

The inductance of a rectangle of round wire with rectangle side lengths x and y is [2
pp. 60]:

, ; [5]
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3. Polvgon of round wire
These results suggest an interesting result for a polygon of wire. The inductance of a
generic polygon of wire with perimeter p and area 4 may be approximated by:

I- %{ln(%} +0.25-1n[1jﬂ [6)

Note that this function is strongly dependent on the perimeter and weakly dependent on
loop area and wire radius. For this reason, the inductance of complicated shapes can
often be well approximated by a simpler shape with the same perimeter and/or area.

No closed-form exists to calculate the inductance of a generic polygon of wire. Grover

[2, pp. 60] has worked out a variety of cases for polygons with side length s and wire
- radius R:
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In the case of a coil of N loops, the inductance is classically multiplied by N2. However end effects may reduce this factor to N5/3 or N1.8 (to be checked).

If the coil were only a resistance and an inductance, no resonance would occur. However, every coil is affected by a parasitic distributed capacitance that depends on the coil geometry. It is of the order of 100 pF (to be checked and properly referred to).
Then the resonant frequency of the coil is given by :
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It is therefore clear that increasing the number of turns yields a decrease of the resonant frequency. However, increasing the number of turns increases the sensitivity of the transverse impedance measurement. Therefore, an optimum value has to be found.

Coil 5 turns, 1.40m long, 3 mm thick vetronite

On graphite (1.2 m long / 3.6 cm thick, machined with a small taper) and collimator jaws (1.2 m long / 4 cm thick,  not machined)
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Yellow 
: 3 mm half gap

Blue 

: 4 mm half gap
Light Blue  
: 5 mm half gap
Green

: 6 mm half gap
Red  

: 7 mm half gap
Orange  
: 8 mm half gap
Black  

: 9 mm half gap
Zoom:
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