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The scope of the work:

Practical course setup presents the main units of beam profile station based on Vibrating Wire Monitor
(VWM). The steps of measuring the primary frequency data of a vibrating wire monitor and the
mathematical processing of the data to reconstruct the beam profile are presented. Beam is modelled by
laser.

1. Test-bench of the VWM station

Vibrating wire monitors were originally designed for accelerator beam profiling. Our test-bench uses a
laser instead of an accelerator beam, which allows us to perform experiments to investigate the process of
beam profiling (Fig. 1).

driver, 5 - linear actuator, 6 - VWM covered by anticonvection box, 7 - laser, 8 - tunable DC converter for
laser supply.



-

Figure 2. Main view with open anticonvection box. 1 - VWM, 2 - VWM upper clips, 3 - laser spot on the
vibrating wire.

The power supply converts the 50 Hz and 220 V to a DC 12 V, which is used for the boards (2-4). The
laser has a power of <100 mW and radiates light with a wavelength of 532 nm (+10 nm). Laser brightness
is varied by DC voltage. The CTRL-2XTB board is designed to operate the step motor. VW-MIX U board
provides the wire frequency autogeneration and the recording of the wires oscillation frequency.

The VWM is housed in a anticonvection box to eliminate airflow noise.

TB6600 Step Motor Driver is an easy-to-use professional stepr motor driver, which could control a two-
phase stepping motor.

The VWM is moved perpendicular to the laser beam by a step motor. When wires cross the beam, its
frequencies decrease due to the loosening of the wires tension.

The schematic diagram of the test bench is showed in Fig. 2



Figure 3. Schematic diagram of the test bench.



2. Vibrating wire monitor
Main view of vibrating wire monitor used in test-bench is presented on Fig. 4.

Figure 4. Main view of one wire VWM. (a) 1 - vibrating wire, 2 - clips, .3 - magnetic poles, 4 - spot of laser
beam on the wire. (b) VWM covered by plastic box to avoid convections impact on wire oscillations, 1 -
anticonvection box, 2 - feedthrough slot for laser beam passage.

2.1. VWM parameters

Number of wires 1

Wire material; Stainless steel, A316
Wire length; 72 mm

Wire diameter; 100 pm

Base material; Stainless steel
Aperture; 28 mm

2.2. Other parameters (see VWM _choice_Rev4.doc and Note to VWM _Choice_Rev3
VWM _Choice Rev4.doc):

Wire frequency dependence on T, Hz/K; 1.5

Wire T dependence on deposited power, K/W; 3000

Response time (in air), s; 3

Wire T shifts limits, K; min 0.0007 / max 120
Wire deposited power limits, W; min 3E-06 / max 1E-02

Generation of wire oscillations is created on the second harmonics.



Figure 5. At the laser beam falling on the wire of VWM the characteristic beam reflection pattern arises. 1 -
laser, 2 - spot of the laser on the wall, 3 - characteristic plane of reflected photons from the cylindrical
surface.

Figure 5 shows a vibrating wire monitor on which the laser beam falls. Wire heats up by absorbing
light photons leads to decrease of the wire oscillation frequency.

We have the ability to see the data from the wire with an oscilloscope connected to the autogeneration
board (Fig. 6).




Figure 6. Wiring of oscilloscope on autogeneration board. 1 - first channel jumpers set for adjusting of
feedback, 2 - probe of oscilloscope for first channel, 3 — ground.

The linear actuator is used for ensure the movement of the VWM:

Range, mm 100
Accuracy, mm 0.05
Material Aluminum

3. Setup objectives

° Familiarization with the principle of operation of vibrating wire sensors/monitors and characteristic
parameters (length between VWM clamps, wire diameter and material, permanent magnets polarization in
magnet poles, aperture).

° Familiarization with R&S®RTB2004 Digital Oscilloscope and its adaptation to experimental stand
and check proper generation of wire oscillation.

° Usage of the application program LabRab for wire frequency measurement and data acquisition.

° Carrying out the experiment of scan the Laser beam by means of VWM.

° Process the experimental data and recover beam profile.

4. Equipment and software

° Assembled vibrating wire monitor.

° Vibrating wire boards

° 12 V power supply.

° Linear actuator with step motor

° Semiconductor laser (green, 532 nm)

° R&S®RTB2004 Digital Oscilloscope.

° Software - VB_LabRab VM (data acquisition)

° Software - Master Form_LabRab_processing (data processing)

5. Description and procedures

° Prepare test-bench wiring

° Wire the oscilloscope as presented in Fig. 6.

° Check the wire oscillation generation quality and investigate of generation process, take
corresponding graphs of oscilloscope.

° Switch on laser

° Use steps described in Section 6. Software.

6. Software LabRab
6.1. Data acquisition

Used Software:
Candle\2024\LabRab\Lab_Rab V2\Soft\VB LabRab VM v2 sg\VB LabRab VM\bin\Debug\
VB LabRab_VM.exe

The interface of the LabRab bench is realized by means of COM ports. Two ports are used, one for
communication with the autogeneration and frequency measurement board VM-3-MIX-v2021, the other for
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communication of the step motor board 2xTB-2021-v2. COM ports are created by means of the 2USB-
RS422-RJ45 board developed and manufactured by us (see Fig. 7).
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Figure 7. Two channel USB-COM interface with output to LAN cable. 1 - to USB port of PC (first channel
for frequency), 2 - to USB port of PC (second channel for step motor), 3 - FT232RL chip of first channel, 4
- FT232RL chip of first channel, 5 - LAN cable to the VWM station.

Two FT232RL chips are used on the board (Single chip USB to asynchronous serial data transfer
interface, entire USB protocol handled on the chip. no USB specific firmware programming required, data
transfer rates from 300 baud to 3 Mbaud). The board is connected to the stand (board //MIX) with a lan
cable and to the computer with USB cables. Output No. 1 (lower in Fig. ) is used for communication with
the frequency board, output No. 2 (upper in Fig. ) for communication with the step motor board.
Information with port assignment is stored in the file:
Candle\2024\LabRab\Lab_Rab V2\Soft\VB LabRab VM v2 sg\VB LabRab VM\bin\Debug\

Settings.txt. Structure of file is presented in Fig. &:
| Settings.tut - Motepad — O *

File Edit Format View Help
COMI-PortFREQ &
COM7-PortMotor
0.05-Velocity
27-Pos2M
23-Pos 1M
12-MotorType
Z0-ByteVelocity
130-CtriiTimeFREQ y

Lnd C 100%  Windows (CRLF) UTF-8
Figure 8. VB _LabRab VM v2 sg, Stettings.txt file.

The file saves important parameters that can be changed by the user either during a session or by

editing the text file. The first two lines are communication parameters.
When the FT232RL chip is connected to the USB port of the computer, the computer operating system
emulates a virtual com port with a specific number, independent of the user. Information about the port

number can be found with the help of DeviceManager Windows program:



% Device Manager - O X
File  Action View Help
S oo AN:cil |
~ & Suren2 A
| Audio inputs and outputs
[ Computer
s Disk drives
5§ Display adapters
; Firmware
Human Interface Devices
== |DE ATA/ATAPI controllers
Keyboards
@ Mice and other pointing devices
[ Monitors
~ I? Metwork adapters
? Intel(R) Ethernet Connection (7) 1219-V
[ VirtualBox Host-Only Ethernet Adapter
5 WAN Miniport (IKEv2)
' WAN Miniport (IP)
[ WAN Miniport (IPv6)
I WAN Miniport (L2TP)
? WAN Miniport (Network Monitor)
[ WAN Miniport (PPPOE)
I WAN Miniport (PPTP)
' WAN Miniport (SSTP)
~ @ Ports (COM &LPT)
W Communications Port (COMT)
i USB-SERIAL CH340 (COM3)
0 Print queues
] Processors
!* Software components
B Software devices

L S N TR,

Figure 9. Device manager, initial view. Both cables are disconnected from the board, the existing ports
(COM1 and COM3 are not connected to our program).

Connect output #1, com port number 4 appears, which should be identified as a frequency port (first
line Stettings.txt file).
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Figure 10. Device manager, COM4 is emulated.



Connection of the output #2 emulates the COM port number 7.

4 Device Manager — O X

File Action View Help
= @ HZE

~ A Suren2 A

| Audio inputs and outputs

[ Computer

- Disk drives

[ Display adapters

; Firmware

vy Human Interface Devices

=m |DE ATA/ATAP| controllers

=2 Keyboards

m Mice and other pointing devices

[ Monitors

~ [ Network adapters
@ Intel(R) Ethernet Connection (7) 1218-Y
[ VirtualBox Host-Only Ethernet Adapter
' WAN Miniport (IKEv2)
' WAN Miniport (IP)
[ WAN Miniport (IPv6)
' WAN Miniport (L2TP)
@ WAN Miniport (Network Monitor)
@ WAN Miniport (PPPOE)
& WAN Miniport (PPTP)
' WAN Miniport (SSTP)
~ @ Ports (COM &LPT)

W Communications Port (COMT)
i USB Serial Port (COM4)
E USB Serial Port (COMT)
W USB-SERIAL CH340 (COM3)

= Print queues

I Processors
[

Figure 11. Device manager, COM?7 is emulated (used for step motor).

The corresponding information is written in the second line of the Settings.txt file.

The program operation starts with placing the sensor on the ruler in the park position. In case of correct
numbering the COM port of channels receives a message that the sensor is placed in the park position and is
ready for operation:1

VB_LabRab_VM >

o Parking OK

Figure 12. VWM is in park position message.
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100 *
13.6
23.0745
50*
o* ]
0 250t 500
23 mm 25 mm 27 mm
Parameters
Reset Coeff_Graph =| 727 | ~ Fw—
(Auto) Min FREQ. Hz- 3039.0385
Max FREQ, Hz: 3039.0385
File MName = Current_Process AFREQ. Hz- 0
Info: 03.09.2024 13:19:07 Beam Max. mm: 23.0025
Cird Time, s = 0.1310739
Velocity, mm/sec = 0.05
Motor Pos, mm = 23 - 27 - — Rv—
Mumber of Measurements = 422 / Time, s =56 Min FREQ, Hz: 3038.8504
Process Read, ms = 13/ 10kB / div=(2) Max FREQ. Hz- 3039.1253
A FREQ. Hz: 0.27
READ File ST | Beam Max. mm: 23.0025
FREQ. Hz = 0000.0000 [ Beam Width. mm: Mot Set
A Motor. mm: 0
Motor Pos. mm = 0
Cid Time. s = 0.1310733 SULPLL
[ Pos2 Stops = Print

MOTOR

Parking

SetPos 1

Move
FW-RV

Parking. mm = 0.0
Time. ms = 0.00

Pos 2, mm Pos 1. mm

Velocity. mm/sec

COM: 1. 4. 7.

Boce R 1 3640 |

] DTR1 _JRTS 1

Bt 7 2 500000
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Main program regimes decribed below.

Figure 13. VB _LabRab VM v2 sg program main view.




6.1.1. Measurement and frequency reading in fixed position of the sensor on the linear actuator

€D LabRab - O X
- Simulator
Time Frequency
100 °
- 136 MOTOR
230745
Parking
SetPos 1
50 Move
FW-RV
5 Parki mm = 0.0
0 250t 500 rblo =l
23 mm 25 mm 27 mm Time. ms = 0.00
Data
Coeff. Graph = 13671 30385495 0 Pos2.mm  Pos 1.mm
{Auto) 13.799 30385785 o
13.927 30385583 0
Hile N -G i P 14.071 30385294 0
— 14195 3038.5409 0 i
Info: 03.09.2024 13:19:07 14337 30385409 9 Velocity. mm/sec
Ctd Time, s = 0.1310735 14455  3038.5496 o
rq3|00ﬂ;.mm:"’5302=3“-g% 14599 3038.5612 ] COM:-1.4.7
otor Pos, mm = 23 - 14726 3038.54596 o B
Number of Measurements = 422 / Time, s =56 ' [ Open 1]
Process Read. ms = 13/ 10kB / div=(2)
READ File | Save |
Baud R 1
FREQ. Hz = 30385496 [l DTR1 ] RTS 1
Motor Pos. mm = 0
Cid Time. s = 01310739 STOPM Baud R 2
£ pos2 o - | | Domznms2

Figure 14. Frequency measurement.

The process of frequency reading is started by button - (after click become green).

The process of frequency reading is stopped by repeated pressing the button (the button is
colored brown). The Current Process.txt file registers the current process and at restart all previous
information in it is erased. In file Current Process.txt time in s, frequency in Hz and sensor position are

written.

By button Save the information from the file Current Process.txt is saved in the ...\Data\FileName.txt
file. The name of the file is formed by current date and time of file creation.
The sensor can be moved (after stopping the frequency process) to the Posl position specified in the
window Pos 1, mm using the Set Pos 1 button. The transition to the new position is done by moving to the

parking position and zeroing the coordinate:

VE_LabRab_VM x

o Parking Ok

VEB_LabRab_VM

o Motor is in position 1

X

Figure 15. Move VWM to Pos1 position by of Set Pos1 button.



The further of the frequency process collection can be continued (the Current Process.txt file is written
again and when saving it, a file with a new name is created).

An important parameter of the program is the time of one frequency measurement, which is set in the
lower left window in ms and written in the line Ctrl Time = ... in seconds.

6.1.2 Scanning

The scanning process is started by the Seanning button, initially colored brown.

The scanning procedure consists in fast movement of the sensor from park position to Posl position,
and then at Velocity, mm/sec to Pos2 position (forward scanning). At selected position of the Pos2 Stops
button the sensor stops in this position for several steps (indicated in the corresponding window) and with
the same absolute speed returns to the position Posl (backward or reverse scanning). After that sensor

returns to the park position.

- Simulator|
Time Frequency
100 * 7
N 0 MOTOR
26.0025
Parking
SetPos 1
50 Move
FW-RV
0~ f ‘_\ VB_LabRab_VM e /"""': o o
1000t 1 1500t Hbl )=
23 mm 2 27 mm Time, ms = 0.00
o Parking OK
Reset Coeﬂ.Gla:h= Pos 2. mm Pos 1. mm
o CMD}
)
File Name = Cumrent_Process “H Velocs
Info: 04.09.2024 13:46:42 CMD Wove Motor BV e
Ctd Time, s = 0.147457%
Velocity, mm./sec = 0.05 .
Motor Pos, mm = 23 - 27 CeLETLaci
Mumber of Measurements = 1142 / Time, s =0 [Open 1]
Process Read, ms = 30 / 25kB / div=(3)
READ File | Save |
Bawd R 1
FREQ. Hz = 0000.0000 [] & DTR1 JRTS 1
ot e e 013
Gl Time. s = 0.1310739 STOP M Baud R 2
|Run FREQ | Scanning [] Pos2 Stops = Print DTR 2 [] RTS 2

Figure 16. Scanning is initiated.



Time Frequency
100 * 7
0
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0- = ~ VE_LabRab_UM x| "
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Reset Coeff. Graph -
(Auto)
File Name = Curmrent_Process
Info: 04.09.2024 13:46:42 CWD Mave Matar RV
Ctd Time, s = 0.1474579
Velocity, mm/sec = 0.05 CMD Mave Matar FW
Motor Pos, mm = 23 - 27
Number of Measurements = 1142 / Time, s =0
Process Read. ms = 30 / 25kB / div=(3)
READ File Ea
FREQ. Hz = 0000.0000 [ ]
Motor Pos. mm = 23
Cird Time, s = 0.1310739 SR
() os2 stops -

Figure 17. VWM is at Pos1l message.
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€ LabRab
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File Name = Cumrent_Process

Infa: 05.09.2024 10:16:52

Ctd Time, s =0.1310738

Velocity, mm/sec = 0.05

Motor Pos, mm = 23 - 27

Mumber of Measurements = 1161 / Time, s =0
Process Read. ms = 27 / 29kB / div=(3)

READ File Ea

FREQ. Hz - 3032649 [l
Motor Pos. mm = 25 2325
Cd Time. s = 0.1310739 Sl

Figure 18. Scanning process.
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Figure 19. Scanning is finished.

After the scanning is completed, the program panel visualizes the scanning data (Fig. 19 shows the
plots of the signal in arbitrary units from the coordinate). In red is marked the forward scanning and in blue
the backward scanning. Information on min-max values of frequency and position of profile peaks for
forward and backward scanning is also presented on the panel.

Zoom is possible by clicking on Coeff. Graph (defult is Auto state).

During scanning it is allowed to stop the movement with the STOP M button. Herewith the data of the
experiment time, frequency and sensor position continue to be written to the file. Continuation of scanning
is done with the button Next. The procedure is very useful for understanding the effects of thermal inertia
associated with the delay of the real temperature of the wire from the momentary flux of the beam particles
at a given position of the wire (see Fig. 20).
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Figure 20. Scanning with Stop-Run events. Issues of thermal inertia impact are shown.

6.2. Data processing

The developed method of beam profiling is based on the dependence of the wire frequency on its
temperature (an increase in the wire temperature due to the exposure section of the wire to the beam leads
to a decrease in its tension, which is reflected in the frequency of its natural vibrations). However, there are
several factors to consider here. Frequency measurement is based on filling a certain number of periods of
wire vibrations with a high-frequency signal from a quartz generator and counting their number. The
measurement accuracy becomes higher the larger the measuring range. However, the sensor position
coordinate is referenced to the measurement time endpoint, which gives coordinate hysteresis during
forward and backward scanning. A similar hysteresis is associated with mechanical backlash of the
thread feed of the step motor based linear actuator. An important process leading to profile distortion,
including hysteresis, is the thermal inertia of the wire. This is described in detail in [2022-4].

The process described above leads to the fact that the beam profiles in the forward and backward scans
do not coincide. Nevertheless, by applying certain mathematical procedures to these two profiles, it is
possible to reconstruct the real beam profile.
Candle\2024\LabRab\Lab_Rab V2\Soft\Master Form LabRab processing program was developed for
such mathematical processing.

Program Interface is presented in Fig. 21.
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Figure 21. Master processing program main view.

Data loading is performed by the Load Data button. It is assumed that the data file is created by the
scanning program and has the following structure:
Information lines in the header
Label line “FW”
Forward scan data (time from scan start, frequency, sensor position)
Label line “RV”
Forward scan data (time from scan start, frequency, sensor position)
Line label “Stop”

After loading with the Plot FW, RV button, the left panel visualizes the frequency plots with the
presentation of the minimum and maximum values of the scan coordinate (counted from the park-position)
and the minimum and maximum values of the frequency.

# Master_Processing - [m] X
Datal, Data2 Clx

//?ﬁ»—-——v— 0484882 |
e max Feq

min Freq

R4 3032 441
minx % . fight eickc maxx xleftclick . right ciick Dist

Distby Plot | | Refresh | I | | DistbyPlot | | Refresh

Load Data Plot_FW, RV

File path: E\SurenGoogle Drive\Candie\2024\LabRab\Lab_Rab_V2\Scft\Master_Fomn_LabRab_processing\Master_Fom \bin\DebugData\240809_142549 xt
FW_Fle_ROWs =436 RV_Fie_ROWs = 436

om0 ] Dist_Er recurs Dit

Plot Merged | Er | | Dist | | [ |

e[ ] [ ]

SaveClx | | PintClx Plot Dist_Er Save Dist_Er

Figure 22. Load and plot of experimental data (frequency series). Blue indicates forward scan data, red
indicates backward scan data.

Differences in frequency drop depths and shift of peak positions can be seen. Using the Plot Merged

button, each set of experimental values is normalized by one using the following procedure
For i = 0 To _Rows_1 -1



F_Cl_Array(i) = 1 - (F_Freq_Array(i) - F_minFreq) / (F_maxFreq — F_minFreq)
Next

For i = 0 To _Rows_2 - 1
S_Cl_Array(i) = 1 - (S_Freq_Array(i) - S_minFreq) / (S_maxFreq - S_minFreq)
Next

where label F denotes forward scanning and label S denotes backward scanning.

In addition, arrays F_Freq_Array(i) and S_Freq_Array(i), as well as arrays of coordinate values
F_x_Array(i) and S_x_Array(i) are combined into single arrays merged_x_Array(i) and

merged_C1_Array(i) by the formulas
For i = 0 To _Rows_1 - 1
merged_x_Array(i) = F_x_Array(i) - Dist / 2
merged_C1l_Array(i) = F_C1_Array(i)
Next

For i = @ To _Rows_2 - 1
merged_x_Array(i + _Rows_1) = S_x_Array(i) + Dist / 2
merged_C1l_Array(i + _Rows_1) = S_C1_Array(i)

Next

As can be seen, the coordinate data of the backward scan is shifted by Dist/2 and is shown in the right

panel
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Figure 23. Normalized and merged profiles are shown (right panel). Scale the right panel on the vertical
axis is 1.

One can search for a suitable Dist value manually by changing the values of the parameter in the
corresponding window and applying the Plot Merged procedure, while evaluating the overlap of forward

and backward scanning profiles “by eye”.

The program proposes a mathematical criterion for the concept of “good” overlapping of profiles at
variation of the Dist parameter. The algorithm is based on unification arrays of forward and backward
scanning data. Such an array contains data on measurement time, frequencies and coordinates. The initial
data are structured by measurement time and do not provide information about the proximity of points

(position, frequency) during forward and backward scanning.



Here we used a powerful feature of Visual Basic, namely the function of conjugate sorting of two one
dimensional associated arrays (array of positions merged_x_Array(i) and array of normalized by frequency
signals merged_C1_Array(i)). In other words, each key in the keys merged_x_Array(i) has a corresponding
item in the items. When a key is repositioned during the sorting, the corresponding item in the items
merged_C1_Array(i) is similarly repositioned. Therefore, the items merged_C1_Array(i) is sorted according
to the arrangement of the corresponding keys in the keys merged_x_Array(i). This is Array.Sort (Array,
Array) command [6] (keys, in our case merged_x_Array(i), is placed in the first Array). The Array.Sort
procedure uses an effective method frequently called "divide and conquer" (see
[https://visualstudiomagazine.com/articles/2004/11/01/sort-in-net.aspx ;
https://en.wikipedia.org/wiki/Divide-and-conquer_algorithm]).

This procedure allows us to introduce the concept of error Err by comparing the signals of two

consecutive points of the merged and resorted array él (i):
1 N1 -
Err= ﬁz(q (i+1)-C ),
0

where N is the number of unified array rows.

The introduction of such a function allows us to apply standard methods of fitting, e.g., recursion on
the Dist parameter by the method of division by halves (see, e.g., [https://habr.com/ru/articles/92591/]). The
initial setting of the Dist parameter is required to start the recursion process. This parameter can be defined
manually in the left panel by comparing the peaks of the forward and backward scans (Dist by Plot button).
Another possibility is to define the minimum of the plot (Dist, Err). This is done by the button Dist Err and
consists in varying the parameter Dist with the definition of the error Err (see Fig. 24).

# Master Processing - [m] X

Er_Di Clx
30434982 faY
P Y

max Freq

minFreq 7 \
" |[30324m1

minx I%l x.right cicke e xleftclick . right ciick Dist

Dist by Plot Refresh [ [ | | ity Plot | | || Refresn
Load Data Plot_FW. RV
File path: D:\SurenGoogle Diive\Candie' 2024\Lab Rab'\Soft_Boards'Soft\Master_Fom_LabRab_processing\Master_Fomn\bin\Debug\Data\240809_142549.1xt
FWW_Fle_ROWs =435 RV_Fle_ROWs =436
Dist 2250000601 Dist_E recurs Dist

Plot Merged ‘ Er 1199514604 | Dist [2250000E-01 | [ |

Er [1.199514E04 [

SaveC1x Print C1_x Plot Dist_Em Save Dist_Em

Figure 24. The Dist_Err procedure varies the Dist parameter with the error graph on the left panel.

As can be seen in Fig. 24, the parameter Dist = 0.225 found by this procedure reduces the error from
the value of 1.74E-2 in Fig. 23 to a quite acceptable value and error of 1.2E-4 and the corresponding visual
result. Applying further recursion for this experiment practically does not change the error result (see Fig.
25).
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Figure 25. The recurs Dist procedure searches for the minimum error value of overlapped profiles using the
recursive method of halving.

Be careful during the experiment
ATTENTION!!!
1. Make sure that you have completed laser safety training before working with laser.
2. Never intentionally look directly into the beam of a laser. Do not stare at the light from any
laser. Allow vourself to blink if the light is too bright.
3. Do not view a laser with optical instrumentation.

Never direct the beam toward other people.

5. Operate lasers only in the area designed for their use and make sure that the beam is
terminated at the end of its use path. Never allow a laser beam to escape its designated area of
use.

6. Remove all unnecessary reflective objects from the area near the beam’s path.

7. When working with lasers never wear jewelry or other items which may cause stray
reflections.

=

Questions

1. Estimate temperature dependence of the frequency of the vibrating wire (Eq. (7) of Practical course:
Vibrating wire monitors and beam profile measurements [2022-4].

2. Plot the frequency of vibrating wire and sensitivity of monitor to overheating of wire as functions of
temperature of assembly with wires formed of tungsten, beryllium bronze (Beryllium Bronze -
Cu97.5/Be2/Co-Ni0.5, UNS C17200), and stainless steel (AISI 316) (Fig. 20 of [2022-4])

3. Estimate the temperature shift caused by exposure of the wire be heating power (taking into account
thermal transfer through the wire, thermal radiation and convection mechanisms (Eq. (7) of [2022-4])
4. Estimate the thermal inertia of the wire (response time). Taking into account thermal transfer

through the wire (thermoconductivity), thermal radiation and convection mechanisms (Eq. (22) of [2022-

4]).

[2022-4]= VWM _Practical course 2022 4 .pdf



