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Drift Chamber in BINP

« What we need?
 What we can suggest?

Popov A.S.

28.05.2025




To the CMD-3 detector

l 20.04.2009( % & <l

"~
-

o !
D 2 "
o . | e RS
s Hre S
Py A L
e
- N




DC KEDR

Technological

.
IQ. +.
.... ’.
R
o o o
Oooo
e
o*."
[ ]
+
* .
+
® o
+
® o
+
LY
+
* o
+
..... ..
R
° o o
Ooo
o
- e
o*'
.
ot
. ®
et
scale, cm

DC cell

% 5
(o)
+ sense wire
x dummy wire
o focus wire
° 5
°o - field wire

o shield wire

Tightening Pins




Drift Chamber project

m Hexagonal cell

m 41 layers: 10 SL
5 stereo/ 5 axial
m Gas He/ G Hjg
60% /40%
Operate at ~ 2.0 kV
Gas gain ~ 4 -10*

m /% ~ 400 ns
(8 =15T)

m o <90 um

O dE
dx
dE
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o <6.9%

25/00/2019

SUPER
LAYER
NUMBER

NUMBER
OF MONO-
LAYERS

NUMBER OF
CELLS IN
MONOLAYER

NUMBER
OF
CELLS

STEREO
ANGLE,
mrad

RADIUS OF
IANODE WIRE|
LAYER, mm

CELL SIZE
T tAr, ma

125

0.034

217, 306

0.007

e a0 0000
4000

0.03%

0.009

[

157

628

+ 33

0. 02

0.006

34.

0.031

0.007

e 80 Cr00

189

0.024
0.005

0+ 0% |0ssssn0 | sese

0.028
0.0

ey

892

0.020
0.004

0.021

ey n_uT

e 00800

0.005

w

1275

|

0.018
0.003

WIRE LENGTH,
NUMBER OF W]

® signsl

0.001
0.001

> = =

0.001 Qfielé I

287

1148

nkn
nkn
0.016 Qfield [25ankn

0D 6o s0e0

0.004 TOTAL TENSION

0.001

0]
joeen

0.001

313

1252

0.015

0.003

0.001

0.001

341

1364

0.014
0.003

1484

0.013
0.003

0.013

0.002

10

401

1604

0.012

0.003
0.001
0.001

TOTAL

41

10903

Drift chamber R&D progress in Novosibirsk

Korneliy Todyshev
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First task is new DC for CMD-3

13
a

To suppress interference and noise, the preamplifier

must be placed on the flange.

WV.VLO u.us
0.026/ 0.07
0.024 0.08
0.022}- 0.05

aas s 0.04

Flexible Silicon Pixel sensor

Thickness 30-50 um 0.05% X/XO0

Nuclear Instruments and Methods in Physics Rese

» He/C3H8
e He/C2H6
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Problem 1: Aluminum wire

There is no gold or silver plated aluminum wire production
7" in the world (at least we couldn't find it).

There are Malter-like effects and the photo effect

Our setup

Asynchronous clutch

for tension tuning
‘ _i" 8

Synchronous clutch

for speed tuning

Magnetrons pTace |

\\\\\% Final spool

Stacker

Magneti¢ @bil
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Solder test of Double step Nickel-Gold coated aluminum wire




Test of soldering of silver coated wire ~10nm of Nickel & ~20 nm
of Silver

Also enough good wetting

B N 0 Mg Al Ni Ag Sn Pb Wror

cTat

Ha 2.08 3.34 62.69 16.30 15.59 100.0

Ha 1.46 0.60 91.33 6.62 (1)00.0

Ha 3.43 257 4176 14.32 37.92 (1)00.0
0

146 3.43 3.34 62.69 16.30 15.59 91.33 6.62
146 2.08 257 0.60 14.32 1559 3792 6.62

Test of coated aluminum
wire (80 nm)

Very good wetting

B © Mg Al Ni Ag Sn Pb Wror
cTar.

Na 3.38 1.15 20.51 6.89 68.07 100.00
Na 5.88 89.12 5.00 100.00

5.88 1.15 20.51 6.89 68.07 89.12 5.00
3.38 1.15 20.51 6.89 68.07 89.12 5.00




Solder test of nickel-gold
coatlng carbon monoﬂlament

defect’s
Nickel stabilize the gold.
Seems the technoloqgy provide good properties

Solder Is important when you can not use crimping



Elongation vs Power after annealing at different temperature for 40-th um wire

LZO nm of Nickel & ~60 nm of Silver,

ino annealing, but enought for perfect soldering
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Study of the emission resistance of wires
with vacuum deposition in a magnetron

« Budker Institute of Nuclear Pysics, Novosibirsk, Russia

« A.S. Popov, |.Yu. Basok

« March, 2023




HIGH-VOLTAGE WIRE TEST SETUP:
hexagonal drift cell prototype [1]

Anode @ 20 um WRe20/Au

100 um AI5056/Ni/Au
100 um AI5056/Ni/Au

Shields © 150 um Ti/Cu/Au

radiation

prototyp e 100 um Mo/Au
£ o 100 um AI5056 (M°'A"’
layout 100 A1 AlI5056/Ni/Ag
® um VIO/AU
m Cathodes < 100 um AI5056/Ni/AU
o
(9]

R(cathodes) = 10 mm
R(shields) = 20 mm

e Anode wire is strained in the center of the chamber.
e High voltages of positive polarity are applied to the
anode and shield wires.

e The cathode wires are grounded. "

e During the study, the aluminim cathode Ne 2, i ﬂ1j~""ﬂl“l“ :
marked in green (AI5056 unplated), was replaced first ”m,', .

with gold-plated molybdenum wire (Mo/Au), then with |

silver-plated aluminum wire (AI5056/Ni/AQ). AI5056/Ni/Au 100 um india.

[1] V. E. Blinov, V. G. Prisekin. A study of cathode aging and the threshold of autoemission from cathode
wires in drift chambers // Instruments and Experimental Techniques, vol. 55, p. 429—-439 (2012).
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20 kV/cm = const
330 kV/cm

o 1o

E

= 430 kV/cm

.
ar

E = = 530 kV/cm

E_= 385 kV/cm = const

E = 8 kV/cm

\ IO ([&))

|
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E. =20 kV/em |
[ T
?
|
EC =40 kV/cm ;

Gas gain, drift lines

e At a constant field strength on cathode, with

increasing gas gain, the field boundary in the cell
expands, the primary ionization collection area
increases, and also the cathode area, on which the
field lines from the anode are ended, increases.

e At a constant gas gain, with an increasing field
strength on cathode, in the cell the field region
narrows, the cathode area, to which the field lines are
ended, decreases, and the proportion of field lines
that end to the shell decreases.

e Operating gases: dimethyl ether (DME) and
helium-isobutane 60/40 and 90/10 mixtures (with
collimator and low rate)

4 | He+iC,H,, (60/40)
.g’ - EAEHSSAANE et S S —
z T NS
g fHeﬂC.,Hm; (90/10) : . DME
0 11 IS S S R: S .' N J .
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Anode surface field, kVicm



Current, uA

Current, uA

Current, uA

F. . OMEL ) Cell cathode currents
oof.. Eoz20MViem i o Wl under %Fe X-ray source irradiation
- fakviem: . (Ecathode = const, Eanode = var)
gl PRy 980k #4903 480 L2 B30 b b
S O R R e Hexcell cathode wires 100 um in diameter
0.4 } ......... - .............. .............. m ‘ e W".e o1| MO’AU ‘*‘ ssFe (msr)
E & : : : e \NiTE ‘2" AI5056 4
0.2__ ......... - ...... Wl - | wire '3' Mo/Au 3. o5

Ay
uv

P s e T DS P L & R B OO PO wire '4' AI5056/Ni/Ag *—
By ; : : : : ] : ; m—Wire '5' AIS056/NI/AQ © 6
- He+iC4H,, (60/40) : s : : : : )
et S ot - I s A g e : - wire'6' AI50S6/NitAg 2 M1

08

:-_. ......... j ‘, ......... i ............. ,. ..... . .............. . .............. . ° FOI’ a” qases’ as the qas qaln Increases’ the
T Ec=20kVicm : ‘ | : : ’ : largest increase in current from the unplated

0.6

?EakV.]cm ........................................................................................................... aluminum cathode (wire 2) is observed.

267 | 283 300 | 317 333 350 | .
......... -_.. PY The qrovvth Of currents from those adlacent to

E 8 - - cathode 2 is associated with space charge division
.'__ 3 4 in an avalanche between CathOdeS.
e Middle figure: at the last point, the film on cathode
] : : is charged enough to cause the Malter effect (the
charging rate by the ion flow from the avalanche is

5 5 : higher than the film discharge rate).

0.4

Ea, kViem: g : ; :
s it0 o 188 o IO ) 1 200 0 1216 4 8 296,k

0.2 — A ............. , ..............

1000 1200 1400 1600 1800 2000
Time, s

(8 ) N“J"""‘Miﬁ:‘.-‘rnﬁj:wﬁ b 1
0 200 400 600 800




Current, uA

Current, uA

Current, uA
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© Ea=305 kVIcm

Cell cathode currents

under 55Fe X-ray source irradiation

(Eanode = const, Ecathode = var)

Hexcell cathode wires 100 um in diameter

— Wire '1' Mo/Au i1 Fe (*°sr)
wire '2' AI5056 4
wire '3' Mo/Au 3, 05
wire '4' AI5056/Ni/Ag ® v
wire '5' AIS0S6/NI/Ag  § °6
wire '6' AI5056/Ni/Ag 1

e An unplated electrode (wire 2) is

characterized by a maximum current from it,

provoking an increase in currents from

8

12

......

e i

1 200

N R
1400 1600

gk
1800 2000
Time, s

T ' : neighboring cathodes.

Ly .Mﬂuwwu,gﬂmw }I&M o e The relationship between currents is

1 e M’m""“’ & E explained by the current source at cathode 2.
i SRR RIS [PUPPS) SR DU IO i The current growth has a stick-slip nature.

e | | \\ He{icaHm@OMO)ﬁj : e The current from unplated cathode (wire 2)
" EaztoskViem 0 MG Is associated with the Malter effect, since no

- Ec, kviem:: current occurs without isotope initiation.

N 20:

e In the bottom figure, there is a decrease Iin

the emissivity of the tip located closer (to the

side) to the wire, marked in blue.




Current, uA

Current, uA

Current, uA

....Eq 20 kVIcm : :
Ea kV/cm

1.2 ....Ec 20 chm
3 Ea, lecm
08
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06 .........................................
2. 5x zoomed y-aXus
05 Ec20kV/cm .............. .............. -* ....................................................
04 .................................... : ........
03
0.2
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Time, s

Cell cathode currents

under UV source irradiation

(Ecathode = const, Eanode = var)
Hexcell cathode wires 100 um in diameter

wire '1' Mo/Au i1 Fe (*°sr)
wire '2' AI5056 4

wire '3' Mo/Au 3, 05

wire '4' AI5056/Ni/Ag ® o
wire '5' AIS0S6/NI/Ag ~ § °6

wire '6' AI5056/Ni/Ag 1

e The photoelectric effect is maximum at the

cathode 2, the ion current from the avalanche

area is distributed towards neighboring

cathodes symmetrically with respect to the

cathode 2.

e Silver sputtering greatly suppresses the

photoelectric effect.

e At high gas gain and when UV source is

turned off, a self-sustaining current is

observed, which is most likely associated with

the Malter effect on unplated catode (wire 2).




Current, uA

Current, uA

Current, uA

08

0.6 .EC. kV/cm

" PRRONES. NOSPRNPIIE IRRRRON - MONVNRS. NTIGRRNL ORRSy.
: i : HeﬂCan (90/10)
) SR — ,
~ Ea=175kVicm :
086 L EC_,__!_(_\_/]_QIH' *
g3 M2 16 20 : 24 28
17| E— S—  — ...........
02— :
: e het \..tﬂu mwvm

- Ea=385 kV/cm

Cell cathode currents
under UV source irradiation
(Eanode = const, Ecathode = var)

E = '2; 0 B R T e Hexcell cathode wires 100 um in diameter
wire '1' Mo/Au i1 Fe (*°sr)
wire '2' AI5056 4
| LN R wire '3' Mo/Au 3 o5
90300400600 5001000~ 1200 14001600"?53526166 wire '4' AI5056/Ni/Ag G
_ _ : . . wire '5' AI5056/NI/Ag & °6
wire '6' AI5056/Ni/Ag 1

e In the picture of currents, unplated cathode
(wire 2) stands out, the currents from other
cathodes are consistent with the mutual
arrangement.

e The behavior of the current with increasing
field strength on cathode is influenced by 3
factors:

OO

LT 4 B v o TS it . W sl _.wmi-u.&
200 400 600 800 1000 1200
Time, s

- an increase in the emission current density;
- reduction of the cathode area, on which the
field lines from the anode are ended;

- a decrease in the proportion of field lines,
that end to the shell, which leads to an
increase in the ions flow to the cathodes.

1The properties of silver plated aluminum
J wire are critical different to better side



Problem 2: Anode wire

N

Previously, we used wire from Soviet factories, but they no longer exist,
and the supplies have run out.

The only source in the world is the Swedish company Luma Metal,

but establishing contact with them has proven unsuccessful.




Problem 3: Pin Production




— DC CMD-3

-y
o lele e le vl
AR

—
°

1218 hexagonal cells (Radius 9 mm)

anode wire 15 pm (W-Re) (75/25)

tension 35 g, elongation 1.08 mm

lost of tension due to flange deformation +1.8 %
field wires 100 mxm (Ti)

tension 100 g, elongation 0.6 mm

lost of tension due to flange deformation +3 %
gas mixture — Ar/ isoC4H10 (80/20)

B - |
h:Tmm\ | ||

L | |

...... --q____.|d_J/"

""""""" —

[ h=7mm |'I | l

\

R:.»l'.’)ﬁ m .

19 mmm

&<wire crimping

AMAMETP OTBepCTHUs BO (uiaHue 2.18 mm

10 1mm

JJIeMEHT KOHCTPYKUIHH Tonmuua, KoauvecrBo
Flanges,Shell — CarbonFiberGlas: oM BEIeCTBA,
E ~2000 kg/mm2, p~1.6 glem? %o
Topubl NOKPHITHI CJI0EM MeIU, TOJNNHON 30 MKM. Bakyymuas kamepa (Be) 0.077 2.1*103
BuyTpenHsis o0evyaiika (yrieniacTuk) 0.02 0.7*103
BHyTpeHHsIA IOBEPXHOCTH BHEIIHEH 00e4aiiKu BHewnsist o6evaiika (yriieniacTuk) 0.2 1*102
NMOKPBITA cJ10eM (POJHLTHPOBAHHOIO cTI(a 001eit ®aanupl (YIenIacTHK) 0.7 0.04
Toamuuoii 250 Mxm (100 kB/Mm) T'azoBas cmech (Ar:isoC,H,,(80:20)) 30 2.6%10°3
ITpoBosiouKkH 7-5+10+
BuyTpennss o0euaiika oﬁpryTa MeIHOH G oIbIrou Bes kavepa b5
TOJIINHON 20 MKM




CMD-3 Pins

A metal tube with an outer diameter of 0.7 mm
”@and a wall thickness of 0.3 mm.
— " PEEK insulator, perfect HV properties,
‘&“‘ - & but cannot be processed by injection molding

‘\,_,,»-f"”" - PEEK- PolyEther Ether Ketone

Aluminum oxide ceramic

lal batch of parts was produced by turning

NC lathe

er tube 0.7x0.2 (required 0.7x0.3 & 0.7x0.25)
be is press inserted and bonded using

ive

npuyHocTel | 0,03( 0,03] 0,03 0,02 0,02] 0,01] 0,02] 0,01f 0,02 0,02
2,21 2,22| 2,22] 2,22 2,22| 2,22| 2,22] 2,22] 2,21] 2,22
0,01 0,01 0,01] 0,01f 0,01} 0,01f 0,01 0,01] 0,01] 0,01

0,66) 0,66/ 0,66] 0,66/ 0,66| 0,66| 0,66] 0,66] 0,66] 0,66
0,07) 0,06/ 0,10} 0,08] 0,11f 0,08] 0,10] 0,10] 0,11} 0,12

Coaxiality not good but it can be improve

OpPUYHOCTB2

Successful tests up to 5 kV

§ We are currently in negotiations to purchase a
s==* high-precision lathe and are actively seeking a
= supplier for the tubes.



KEDR pins, SCTF DC project pins
L

8.3 min

« Drilling of pilot holes |
* Gluing of solid 1
bushings | |
« Drilling insulaxr FEEDTHROUGH
From both side 3

—y—-liq— | ¥

ht AT

For mass productlon precise steel tubes are needed

/ [ \ | lela
| |
_, : fold | WIRES of stereolayer
Y | | 22kV  amax = 65 mrad

« Precision drilling only in plastic,
: : achieved accuracy is 10 ym
High voltage test in progress - It allows for a high density of holes

2 3 4 85 6 7 8 9 10



Problem 3: Assembling, wiring tens thousands wire.
Compensation of flange deflection during wiring.

o itof

B
?"7}:__
I'—I_=-

The technology allows for tensioning the wires without outer shell.



To compensate for deflection, perform preliminary deformation and
tension the wires. The length of the outer shell is not fixed. The
procedure must be thoroughly developed and simulated.

4
\|/

SR
i"“g‘):t " f K
:':‘3 W)

T,
S




N

Conclusion

What we need:

‘Anode wire (W-Re) d15-20-30 pm

Cathode wire (pure aluminum or plated) d 100-120 um
Cooper & steel tube, outer diameter 0.7-1 mmMm, Inner
0.1-0.2 mmMm, with coaxiality 20-30 pm

Cooperation in pins production

Technology of assembling and wiring procedures
Cooperation in development of electronics based on
ASIC

What we can sugest:
Silver plating technology for Aluminum wire




Back slides




N

1 — BakyymHasi kamepa, 2 — apeiigoBasi kamepa, 3 — kaasopumerp BGO,
4 — Z — xamepa, 5 — CII conenoun KM/I-3, 6 — kanopumerp LXe, 7 — kamopumetp Csl,
8 — sipMo MaruuTa, 9 — cosenouabl BIIIII-2000




Pagmnyc 300 mm, nimna 440 mm
Kopnyc kamepbl — yriIeIuIaCcTHK:

E ~2000 kr/mm?, p~1.6 r/em®

Topubl NOKPHITHI CJI0EM MeIH, TOJIUHOK 30 MKM.
BHyTpeHHsISl IOBEPXHOCTH BHEIIHEH 00e4aiiKku
MOKPBITA c10eM (oJIbTHPOBAHHOIO cTI(ha o0uiei

tomuaoi 250 mkm (100 kB/mMm)

BuyTpennss odeuyaiika o0epHyTa MeIHO# (oJibroi

TOJIIMHON 20 MKM

|M|::-menlurn Hes.ull.lllnn|

® T
e . . . ’
'l::-ﬂlL 5_ i e
. CMD-2
4—

K KMJI-3

DJIeMeHT KOHCTPYKUHH Toammuua, KoanuecTBd
M BelllecTBa,
Xy
Bakyymuas kamepa (Al) 0.05 5.5*103
BuyrpenHsisi odeuaiika (yriiemiacTuk) 0.02 0.7*103
BHemHsisi o6evaiika (yriienjiacTuk) 0.2 1*102
daanub! (YI1emiacTuk) 0.7 0.04
I'azoBas cmech (Ar:isoC,H,(80:20)) 30 2.6*10°3
ITpoBos1ouKkH 7.5*10*
st Tpeka 0.009
Besi kamepa 0.015
IIpoexTHbIE pa3pelieHus
KMJI-3 KM/I-2
B R-¢ (Bpems apeiiga) 100 ~140 mxm 250 mxm
B R-zZ (1esieHue 3apsina) 2 ~ 3 MM 5 Mm
Cy 4 mpaj 7 mpan
Gy 7 Mmpan 15 mpan
Or/a 0.15*dE/dx  0.2*dE/dx

100 200 300 400 500 600 70O 8OO0 900 1000

Momentum, MeV/c
NmnyabcHoe paspelieHue




Pa3peweHnua K KMAO-3

z resolution
) i vo1so| *
E 0.40 :
a 0.012%
% 0.35 éo.om
i : 0.0115 4
.'E e @: . i 00110
‘. " > - .‘ ?‘0.0!0‘ ~
0.25 ‘\.*M WM‘ 0.0100 1
« ° run number 0.00%3
192,400 192,600 192,800
pavsigma_asym
0,038 = :
& == o R < 0.06
g 0.03 == = - <
: B | ¢
% 0.025 y 0.05
S
£ 0.02 -
g
g 0.015 0.03
> 0.01
< 0.02
70.005
©

200 300 400 500 600 700 800
Energy, MeV

r resolution( 0.1cm < r < 0.6 cm)

!

192,000

thsigma

i g

:— i. -.. ‘.~ -

- . * . ..o.o.

i § .d’:. .:'.. "
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Energy, MeV




Msepenie Ounenka paspemenusi mo Ppanko

AP, 8450 b 18.0-0.000120
P, 0.3BR%,vn = 0.3-1.3-0.252 120

1

P, =0.019P, [GeV/(]

A = 4306 _ 7.0-0.000120
Rouv/n 0.25v20

|
ViZe; 1 3.5-0.003

AQ = —— = = 0.009

| Rou/nsin?6  0.25v20 -1

=7-107%

MHorokpartHoe
|
AP, 0.0523 ’X 0.0523
= - = v0.009 = 0.015
P, BBL |X, p-1.3-0.25
At 0.013-[GeV/c] (X 0.013V0.009 0.0012
¢= pP Xo 1 P
5 0.013 - [GeV/c] | X 1073
B pP Xo P
AP 1073 1073
—==10.019P, @ 0.015 Ap =7-10"*®D A6 =0.009 D
P, P P

CunbHO He cornacyetcsa nN3-3a HU3KUX amninntyn, eCtb pecypc
AaXke B HaLLewn reomeTpum



MeuTta Oean

N

g (’FP = 0.8 % pna pasaenenus no AP = 25 MsB HawHS5 o
Op Op,
p=p D% %

Tpebyetcs B 2 pasa yBenuunts BR2Z,,
YMeHbLWnTb B 2 pasa Belectso o 0.0025X,

TenecHbIn yrosn ¢ cuctematnkon < 0.1 mrad.
Hy>XHa nnuHenka Ha BHeLLHeM U BHYTPEHHEM paguycax

70% naeT TONCTaa anfoMuUHUeBas Tpyba

Si ceHcop

TonwuHom 300 mkm aaet ecero 0.3% X/X0 vnu 0.06% n.i.
MHoro paspabotok 50-100 mkm

- MOXHO 661110 6bI NOCTABUTL 3 cros
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MpoekTt AK ana KM/-3 Ha ocHOBe rekcaroHa/ibHOM NPOBOJIOMHOM CTPYKTYPbI, paboyasa rasosas

cMechb I'EIIVII\/‘I/I'IDOI'IaH (60/40), BbICOKOE€ Hd CUI'HA/IbHbIE NMPOBOJ/IOYKH

MpoeKTHoe npocTpaHcTBeHHOoe pa3speweHune 90-100 mKm, umnyabCHOe pa3pelweHune 2.2%
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[na ToYHOWM KannbpoBKKN Z, NNAHUPYETCA NONOCKOBbIE
KaToAbl HA BHELHEN N BHYTPEHHEN 0bevanke

{7—BH¥|:peHH;|;| (OnbiT SND):

. Pasmep £80 mm

/2 cermeHTauus no ¢

5+1 MM cermeHTaumns HTauma no Z
3a30p 00 CUrHanbHoro crnos ~5 Mm
~100 aMmnNUTYaHbIX KaHaroB
Pa3pewieHne SND 0.5 mm

Ok wWNE

BHeHsa (onbiT KMO3):

Pasmep £ 400 mm

Ot /2 o m cermeHTaums no @
5+1 MM cermeHTauma no Z

3a30p [0 cUrHarnbHOro criost ~5 mm
256 annuUTygHbIX KaHanoB
PaspewieHne 0.25 Mkm

S A




MakeT

MHOro HOBOro, Kak no KapTe NpoBOJSIOYEK TaK U MO TEXHONMOMMU N3rOTOBIEHUS,
TpebyeTtcs NoYTK NONMHOPa3MepHbIN MakeT

/ Hel, BHYTPEHHASA YacTb BO3MOXHa U3 cTeda unm nnactuka,
gonyckaetca nuH 6e3 nsonsartopa, Yactble OTBEPCTUS.




TexHonornsa c6opkn N HaTAXKKM
0O/MKHa ObITb NpurogHa ansg 6onbwnx kamep AK
SCTF vinn B3I1MM6




CaoenaTb BCe TOXE CaMOe TOJIbKO OT BHYTPEHHEro paauyca K
BHELLHEMY, AJIMHA BHELLHEeN 06eyalKn He 3aaaHa.
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KapTa ITOJIEBBIX ITPOBOJIOK

1. YeranaBiauBaeTcs Ha4aJIbHbIA HPOrud 2.9 Mmm

2.I1ocJie HATSIZKEHUS CYTIePC/I0si yMeHbIIaeM porud
¢uaanueB Ha 120+500 mxm

3. TaneM caexyomuii cynepcsioi ¢ Tem ke ycujuem (120 r)
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OTK/I0HeHHsT YIJIUHEHUS TTPOBOJIOK OT
3aIaHHOTO (pacuer)




Tension

Harsizkenne (23.12.2004 - 07.04.2005)

30

25

20

15

10

Entries 195
Mean 192.2

E RMS 3.558
E x*  ndf 27.28 /13
- Constant 26.26+3.24
B Mean 191.4+0.3
- Sigma 2.445 +0.235
= F t=211Hz

‘F?: oo 1M " J_l P T
] 180 210 220

Resonance frequency, Hz

2.9 mMm, ycusiue Ha Ha ocu 300 kr

Harsinyto 198 npososiok ¢ yeniauem 150 rp.
HUcnopueno 10 nnHoB
CxopocTh YCTAaHOBKH npoBosiouek 20 mr/4/(24yesioBeka)
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3aBHCHMOCTh HATSIZKEHHSI TOJIEBBIX
MPOBOJIOYEK OT pPajguyca

| sensitive wires
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3aBUCHMMOCTb HATSIZKEHUS] CUTHAJIbHBIX
MPOBOJIOYEK OT pajanyca

tension, g
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KOHTPOJIb HATHAKEHU A
npoBoJiouek JIK KM/I-3
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phi, md

3aBHCHMMOCTH HATSIKEHHS M0JIEBbIX
IIPOBOJJIOYECK OT asUMyTa

IHOJIEBBIE ITPOBOJIOYKMU:
Yeuwsme = 120+40 1
JJIEKTPOCTATHYECKAS] YCTOWYHUBOCTD 2 T
Yeunamne paspbiBa 600 r

CUT'HAJIBHBIE ITPOBOJIOYKH:
Yeunme = 354101
DJIEKTPOCTATHYECKASI YCTOWYHUBOCTD 2 T
Ycuaue paspsisa 90 r




CaoenaTb BCe TOXE CaMOe TOJIbKO OT BHYTPEHHEro paauyca K
BHELLHEMY, AJIMHA BHELLHEeN 06eyalKn He 3aaaHa.
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DNEeKTPOHUKA

Mo BO3MOXHOCTU NepBbIM Kackaa Ha chnaHue, napadasHbin BbIXoA,
BbIBOA CUrHarioB, BBOA KarimubpoBKU, BbICOKOIro, 3fIeKTPONUTaHUA
rmoknmm nevyatHbiMu nnatamu. Npeagycunutenn Ha geTeKkTope.

Jlerkoe oTcoeanHeHne KaMepbl OT KOMMYHUKaL U, BCe HA BHYTPEHHUX
pa3bemax, nogoobHo BGO.

Mo BMAMMOMY Mbl NONTHOCTbLIO OTKa3biBaeMcs OT AerieHus 3apsaga. Her
BbICOKOMHbIX NpoBONnoK. (MoXxHO paccMoTpeTb HUXPOMOBYHO)

Ana Hayana pa6bot Bce ecTb (TecTbl U MakeTupoBaHus)!!!!




[1pOBOJIOKA

1. CurHanbHas — OTCYTCTBYeT, €AUHCTBEHHbIM NPOU3BOAUTESb
LumaMetal, nonbITKKU KynuTb UK JocCTaTb NOKa 6e3 ycnewHbl.

2. MNoneBasa — MmoXeM NOKynaTb HY>XHOro aguameTpa u cepebputb B UADe,
HUYero He MellaeT NPOU3BECTU ONbITHYI NapPTUIO 1 KM.

Tak »xe ecTb BapuaHT [JeHMCOBCKOro 3aBopaa.
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‘\, o COCTOAT U3 MeTannuyecKkomn Tpyoku u
nsonaTopa.
Tpy6ka meab 0.7x0.2 ( TpedyeTca 0.7x0.3
n 0.7x0.25) Ana NCKpPoBbIX CTAaHKOB.
U3onaTtop nponsBeaeH Ha aBTomare
npoaonbHoro toyeHusa (Mart.lM33K)
TpyOka BCTaBnAeTcA C HaTAroM Ha Kneu

nusgpwyrocTe? | 0,03] 0,03f 0,03] 0,02 0,02 0,01 0,02 0,01] 0,02

0,02

eTpi 2,21 2,22| 2,22] 2,22| 2,22| 2,22| 2,22| 2,22] 2,21

2,22

nuHgpwyHocTs2 | 0,01) 0,01 0,01 0,01 0,01| 0,01 0,01] 0,01] 0,01

0,01

eTp2 0,66| 0,66 0,66] 0,66] 0,66 0,66 0,66| 0,66] 0,66

0,66

HOCTb1 0,07] 0,06f 0,10] 0,08/ 0,11f 0,08 0,10{ 0,10] 0,11

0,12

NMnoxas COOCHOCTbL

BeayTtca neperoBopbl 0 NoKynke ctaHka, 800 T.p.
UweTca nocTtaBLUK TPYOOK.




AnbTepHaTtmBa 11 MWUNIMOHOB.

ABTOMaAT NpPoACSIbHOINO TOYEeHWEA
Cepumn SZ-205E2
npousBoacrea SOWIN

MolLUHbIe BbICOKOCKOPOCTHbIC WNUHAeNA
! rnaeubiit Wnuspens - 3,7 «BT (10 000 o6/MuH);
A MpoTtueownuHAaens - 2,2 kBT (12 000 o6/MuH);
M3rotaBnuBaKoTCA NPOOUNLHON KOMMNaKWen
HaoZhi no 3aka3y Y Ha OCHOBAHWUM TEXHUYECKON
noxymMeHTaummu SOWIN.
KOMCTPYKUMA WNUHAeNs ycune-a
DONONHUTENbHbIMW NOAWMNHUKaMn oT NSK
npemMuantHoro Knacca.
O6a wnuHaens MMeT NPAMOoN NpUeoa 1
MacNaHoe oxnamaeHue - 4yrto obecneymsaeT
OLICTPOTY PeaKuMu Ha YCKOpeHue 1 3aMeanexme,
NPeBOCXOaHYIC NPOUIBOAUTENEHOCTL ¥ TOYHOCTD,
a TaK e rapaHTMpOoRaHOo NPOLIeRaeT CPOK
cnySbl WNMHARNBHOTO Y3Na, UCKNoYaa
NONHOCTLIC €re Neperpes.

Sowininrg

KOHCTPYKTUBHbIE OCOBEHHOCTU!

MpuBOAHDbIC UHCTPYMEHTANbMbIE 6NOKKU
CobecTreHHOM Pa3paboTKi M M3rOTOBNEHHbLIS
komnakuenn OERC, obnagaieT HMIKUM YDOBHEM
LWYMa, BRICOKOM MECTKOCTRIO M TOHHOCTLIO.
Bnoxu ycuneHe! QONONHUTENbHBIMUA
NOAWMNHUAKAM M Ha BXOGMOM M BLIXOAHOM Bany,
|| 4To ocbecneyuzaeT QONONHUTENbHEIA 3anac
NPOYHOCTYU NPU BHICOKMX HArpPY3Kax v AoNTMiA
CpoK cny6bi

Cucrtema Yy Fanuc 0i-TF Plus

Ducnnein10,4° TFT LCD;

OByxkaHansHana pabora ctaHka, 06paboTka asyx
nertaneit OQHOBDEMEeHHO;

Bce aevrateny v npueona Fanuc (AnoHus) -
OTNMYHOE BBICTPOAeNCTBWE, NereHaapHan
Han@KHOCTD, BEICOKAR TOYHOCTb KU CTabUNbHOCTL
obpaboTKK;

CKOpOCTL BHICTPbIX NepeMeieHmnit 30 M/MuH;




