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Sommario

This report is focused on the experimental tests of new absolute pressure transducer (GEFRAN
KE2, 0-20 bar) for heavy liquid metals to be used in the HLM (Heavy Liquid Metal) loop
HELENA. The tests were performed using a small vessel filled with LBE, but with a proper flanged
connection in the bottom part to install the transducer. A new strategy to minimize the instrument
error was tested avoiding the temperature drift by controlling the sensor temperature independently
from the vessel HLM process temperature. This strategy was successful and it allowed to fix all the
technical solutions both for LBE and for Lead in terms of temperature control and to reduce the
maximum instrument error to 100 mbar (0.5% of the range).
This result will allow to install and operate the transducers in the HELENA loop and in other loops

at the ENEA Brasimone R.C.

It is an important technological development for pressure measuring in liquid metals.
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1. Introduction

Absolute pressure is an important quantity to know to operate HLM facilities. Due to the fact
that the HLM (lead or LBE) density is around 10* kg/s, a column of 1 m of HLM brings 1 bar at
the bottom of the column itself. Therefore, from the operational point of view, it is
important to know the absolute pressure in a loop especially during the filling and drain
operations to have a better understanding of the loop behavior.

Up to know, the so-called ‘bubble tubes” were used with a small (6-8 mm) pipe entering the
main pipe of the loop (or facility) with a continuous gas injection at a small flow rate through
the small pipe. By measuring gas pressure in equilibrium with HLM, an indirect measure of
the HLM pressure in the penetration point can be achieved. This technique was successfully
largely used in the main experimental HLM facilities at the Brasimone R.C., both for loops (Di
Piazza et al., 2016) and for pool (Tarantino et al., 2015). Although the bubble tube technique
allows pressure measure, the measuring error can be too high according to the specific
application. Moreover the facility design is complicated by the presence of this penetrations
with small pipes with long heating cables to manage, and from an operational point of view
these long small pipes can have HLM freezing if gas flow is stopped.

For these and other reasons, it is desirable to develop and test sensors to measure pressure
directly in HLM without any gas injection.

Sensors for liquid metals at high temperatures are not commercially available in the market.
The sensors ‘KE2’ developed prototypically by GEFRAN were mounted and tested to study
the behavior, the accuracy (error) and the repeatability (precision) of the measure. There
sensors were developed specifically for liquid metals in collaboration with ENEA and the
datasheet is reported in APPENDIX A. After the testing, the sensors will be procured and
installed in the HELENA facility.
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2. Experimental set-up and test matrix

A picture of the experimental setup used for the tests is shown in Figure 1. It consists of a
small main vessel S100 filled with liquid LBE with a cover gas (Ar) and a Barksdale gas
pressure transducer in the range 0-10 bar. The data sheet of the gas transducer is reported
in APPENDIX B, and the declared accuracy is 0.5% of the range, i.e. 50 mbar.

In the bottom part of the vessel, a 1” penetration with a coupling flange is welded to locate
the flanged GEFRAN KE2 pressure sensor. Figure 2 shows a zoom of the GEFRAN KE2 sensor
with the coupling flanges and the electrical connections.

A fill and drain system with an auxiliary vessel is also present to dismount and operate the
test rig. Pipes, vessel and penetrations are traced with heating cables in order to heat up the
facility and test the instrument in different conditions.

Figure 1 Experimental setup used to test the sensor.
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Figure 2 Picture of the GEFRAN sensor with the coupling flange.

By comparing values of the Barksdale gas pressure sensor and of the GEFRAN KE2 sensor,
the accuracy of the instrument can be assessed and potential problems can be evidenced.

By previous experience, it is known that there is a significant drift of the signal with the
sensor temperature. Therefore the 1"’ penetration and the coupling flange were traced with
electrical cable (Thermocoax, 60V, 300W) in order to control the sensor temperature
independently from the LBE temperature. The temperature of the sensor is known by a
thermocouple installed by the manufacturer.

A Data Acquisition and Control System (DACS Labview NI) allows the control of all the
parameters independently: S100 LBE temperature Tyv, sensor temperature Ts, pressure in
the cover gas po. The measured pressure by GEFRAN KE2 (4-20 mA signal) is called peg.

A complete test matrix was planned on the following parameters:
Tum[°C]=180, 200, 250, 300, 350, 400, 450, 500

po[bar]=0, 1, 2.5, 5, 7.5, 10

Ts[°C]=230, 380

The sensor temperature was controlled and fixed at 230 °C or 380°C to simulate LBE and
Lead real conditions and to develop an applicable solution both for LBE and Lead loops.
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Practically, tests were made by fixing Tym and by varying the cover gas pressure in steps.

The offset error was computed and corrected by empty vessel tests and zero pressure.

The original calibration curve (straight line) of the sensor (Current 4-20 mA vs. pressure 0-20
bar) was taken as first guess, but the slope was corrected by data analysis of the
experimental tests.

The test matrix, with the tests assembled together for the different pressures, is given in
Table 1. Within each test the whole pressure range was explored. Tests 9-15 are specular
with respect to tests 1-8 and are made for repeatability. Tests 101-106 are performed with

the sensor temperature T at 380°C.

Table 1 Experimental test matrix for the calibration of the HLM pressure sensor GEFRAN KE2.

TEST

O 00 N O U1 A WIN BB

R R R R R R
i B W N R O

101
102
103
104
105
106

T [°C]

230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
380
380
380
380
380
380

po [bar]
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,25,5,7.5,10,7.5,5,2.5,1,0
0,1,2.5,5,7.5,10,7.5,5,2.5,1,0

180
200
250
300
350
400
450
500
450
400
350
300
250
200
180
350
400
450
500
450
400

Tuwm [°C]
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3. Experimental tests

The measurement results of all the experimental tests are reported in tabular form in
APPENDIX C, where ‘PT-REF’ is the reference gas pressure po, ‘GEFRAN’ is the instrument
value without corrections with the original calibration curve and ‘DIFF’ (or DIFF-ABS,
absolute value) represent the difference in [bar] between GEFRAN KE and gas pressure
sensor after the offset and slope calibration correction, in formulas ps-po. The value GEFRAN-
OFFSET represents the GEFRAN KE pressure ps after all corrections.

The original calibration curve (straight line) of the sensor (Current 4-20 mA vs. pressure 0-20
bar) was taken as first guess, but the slope was corrected by statistical data analysis of the
experimental tests. ‘GEFRAN’ and ‘PT-REF’ values were compared and the best slope was
computed by minimizing the Mean Squared Error. The slope correction with respect to the
slope provided by the manufacturer is around 1.4%.

Figure 3 shows the error in terms of absolute value of ps-po [mbar] in the experimental tests
with the sensor temperature T, kept at 230 °C. The main remark is that the error is always
less than 100 mbar in any condition (<0.5% range). Moreover the error is higher at higher
HLM temperature (450, 550 °C), while it is generally less than 50 mbar for temperatures
below 400 °C. Considering that the error of the gas Barksdale pressure probe is around 50
mbar, the GEFRAN has a comparable accuracy for process temperatures below 400 °C. This is
a very good indication for the facility operation.

Similar results are obtained for the case T,=380 °C, shown in Figure 4, and similar
considerations yields.

Regarding the repeatability of the measure, a more deep analysis of the data must be still
carried out. Figure 5 shows a comparison of the error in a single condition (T 450 °C, Ts
230°C) taken in two different instants. The difference between the 2 measures is maximum
30 mbar, i.e. of the same order or lower than the instrument error. From these data, the
repeatability of the measure seems to be good.
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Figure 3 Error abs(ps-po) [mbar] with the sensor temperature kept at 230 °C.
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Figure 4 Error abs(ps-po)[mbar] with the sensor temperature kept at 380 °C.
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Figure 5 Repeatability of the measure by a comparison between the same condition (Twm 450°C) taken in

two different instants.
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4. Conclusions

This report is focused on the experimental tests of new absolute pressure transducer
(GEFRAN KE2, 0-20 bar) for heavy liquid metals to be used in the HLM (Heavy Liquid Metal)
loop HELENA. The tests were performed using a small vessel filled with LBE, but with a
proper flanged connection in the bottom part to install the transducer. A new strategy to
minimize the instrument error was tested avoiding the temperature drift by controlling the
sensor temperature independently from the vessel HLM process temperature. This strategy
was successful and it allowed to fix all the technical solutions both for LBE and for Lead in
terms of temperature control and to reduce the maximum instrument error to 100 mbar
(0.5% of the range). The error is even lower than 50 mbar for process (HLM) temperature
below 400 °C (0.25% of the range).

Regarding the repeatability, a first analysis of the results shows a good repeatability with
differences among measures taken in similar conditions lower than the typical error in that
condition.

This result will allow to install and operate the transducers in the HELENA loop and in other
loops at the ENEA Brasimone R.C.

Most of the technological issues related to the installation, operation, managing and
calibration of this new sensor where basically solved.

It is an important technological development for pressure measuring in liquid metals.
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APPENDIX A: GEFRAN KE2 DATA SHEET
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LA COMPETEMZA GEFRAN: LE NOSTRE SOLUZIONI PER LE APPLICAZIONI CSP
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temparalrs > 250°C (ad esamgio 300FC). Cuests pub tacilians Mrstaliarions @ 1 taraturs del sensors.

Pl [ deviazione & lunga & meno elevata sar |a temperstura di asencizio del sensore.

Pud assane ulile ple-'aﬁ&m una valvola di inlarcefiazions sulla deviarions e solara il sensore dal Ubo pressurizzaln.

LINEE GUIDA DELLA PROCEDURA DI TARATURA

1. Collocare I sansore nella sua sede Sanza awitans (afinché misurd fa pressions ambienla)

2 Fiscaldans la sedea fing a 300°C.

3 Lasciare riscaldans | sensore per 30 minudl dopo avers raggiunlo Una temperalira slabile

4 Annotare ks lemperatura indicala dalla termocoppia (To) del sensore & i segrale d uscia (mAD) del sensore.

Questi valor possons essers UlilZZati (se necessano) per la compensazions della deriva & 2ero rispeto ala lamparatura
o procassn, in base ol seguents agenitma;

Pressione = (md - mfa) 1 FS16 - k (T - Tal1000

=T & "TF sono vakd di lempenallira espiessl in *C

=*mA" & "mAo” sono valon di uscila ag.prm N maA

="K & il coafficiante & deriva dalla pressions, espresss In mbarPC (guestn costlicients & lomis per ogni sihgol
SEmE0re)

="F5 & i campo di pledsions (cios Fondo Scala) dal sensore asprasss in bar (o pal)

B Awilare @ senzore nalla sua sede
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CODICE DI ORDINAFIONE

| E ln,.tmrr-: sl I
[ - Jastoene mogretica |
NERGIONE MEMERANA DI CONTATTO
I.'.'unlm-mccpnnl z | =
| |Im\:|nu|.-‘.H
CONNETTORE———
Standard LUNGHEZZA STELO FLESSIBLE
Bpn] & [ren § inces) r
Bph| & [Etandara
o [4atmm @
E [siomm 24
10 FEO| L F_[momm  30°
Disponibile su richieata
CAMPD DI MIBURA A [ rpmm 9
bar p= 8 [1emm &
20 | Boem | 300 | Poac C |300mm (-3
as | Basu | soo | Posc
50 | BosD | s | PTED LUNGHEZZA STELO RIGIDD
70| Bore | vooo | POIM [rmem § Inchars) ¥
100 | Bonc | 1500 | PasC Standand
4 [158mm g
5 |[318mm 128
Disponibile su richiesta
1 |38mm 18
2 | somm @
3 |rwom  3°
6 |asomm 14
7 | a00mm 18
8 |awmm 18
0 Ll lengihe . s comitinala dalks sieio rigiinfes-
Sl b i 1000 i - 30T
L FIETTATURA
[standand
[ & [wiBun®
Emormpin

KEZ.& M-BOSD-A-4- 00 CMOOS
Traschution dalin penssiono df Mait con termocoppia di Hpo 0, usolin 4 20maA, | connottoen & pod, MeSstum M18X1.45 | campo di
prassiona 50 bar, classa dl precsions 1,0 %, sials ngido dn 153 mm: (07, stolo Tessbila da 457 men (187}, mambmma Inocead 718

| sansmon sono reairznd conformamants a:
Dirnttiva par tn Compatinlits Eatmmagniotion. EMC 20041 080CE
Dieattiva RokES S00MLATE

Fnquisiti di insallanons alerioa o catifionio di Conlormi sono disporthil sul nostro sio mlamet: www.gaimn oom

GEFRAN spa si risana il diritio di apportars modifiche estetiche o funrionali in qualsesi momenio o senza preavviso akcuno.

GEFRAN spa

wia Sebina, T4

25050 PROVAGLIC D'ISEC (B3] - ITALIA
GEFRAN bl 0309688 1 - ax. 0309835063

Intamel- hipfaess galran.com OTS_KECSP XEMDOS_0e-2013_ITA
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APPENDIX B: BARKSDALE PRESSURE GAS SENSOR DATA SHEET

Electronic Pressure Transducers _

ElescAronic presuary transducer Tor OEM appécations, with.

Pl Coramic Sensor,

lnsarity acoracy 05 % L s

Foalures
Very compac] desgn.

Spdce-diiang.
Hgn shack and whrsn: gy

Measuring ranges

1, 0Ear 1o 0,400 bar gEge
.1 bar 0...18 bar sheoluln pRasiEs

Applications
OEM applcations,

Frydrouie and prsEmalc Sysiers

ﬁ;:.-.n;-:.nmn Wi I ST o b

Technical Data
Sorsor slament: Cammic sensor Linaarity ermor: EELLLIRES
Matoriaby: Blectrical connecBion | Plug reversed polarty protectid,
Procsuns conneclion: | Simnkis stesl. mad no, 14309 DN B 175 3071-800-A
Howsing: Slpindass s, mad no. 14308 (s, DHH 43650]
Wiabad parte Cormmics & O Cphioral: PET2 i cable)
ﬂu :’:m Tamperature influence: | < =0.3% v i o /10X
s : . Compenaation rangs: |00 470G
Pretgction class: u e
Teemparatury range;
Process connection: G4 M Wischars -5 S0+ 130
Sl
Demsansions: 2TEappemL. 55 mm w o T o
: e Owiipist shmads- 4 30 mASRaaTE
Waight: Approe. 143 g {Cpbional @, 40 V. 5w}
Measuring rangesfbary: | o o] v 1s| 2s| s Fowar supphy: 1230 % DG,
[ P sed wd
Procd pradsurs [har]: al af i.ﬂl anl i pﬁﬂrﬁ'w
Misasuring ranges fbar): | w| | = = oo | |Pormissibie o {Ohmj
Prosed prossurs [ | 2| a0 a0 v w0e it i RV Wi
Vel J-arte =1 WCEwS
Meisuring ranges fbar): | 100 e Wik ation: 10./20...2000 HE
Proeod prassurs [bar]: mo| 80| a0 &0 Shock: 100 g/ 11 s
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Type UPA 5

I
0 oA Sl i
3 | b i e by 7 e Wiring diagrame
E E [_— 2 weires 4_ 30 mk 5 wrires O 90V
' Sy + Supply +
' 3 .,D.. 3 E}m e | ‘1-’5:"“5“;
/B8 I e V(e
23 1
e (G e |
Electrical Connection
Corrent oaipart 4. 20 ma (2w Woltags cartput 010 ¥ [3-wirs)
| + Supply i - i e ]
| . Supply z brawen z briwwm |
l + Signal = and l 3 e
| = Bignal - - | - |
Order Humbers
Preszurs ranges [bar] Outpst signal hetput signal aApad sgnal Duitput signal
relative preciups 420 ml 0.10v A, 20 mik LU L
Flug DEN 45550 Pl il &350 PGT /2 mocable PGT /2 m cable
| -1...10 D002 (234007 B38040 DL 32081 |
| L izt : e rn ' B ln s R . A
E { e 2434007 0434028 0434048 0434-003 |
i | 4 H34-000 0434-030 | £434-350 D434-008 !
. & 0 010 De34 prid | 0434051 L3008 |
E I 10 011 434082 3052 D30T
ol -] 012 4000 0434-050 ] ]
3 a5 A 05 0434022 34054 L34 D00
40 H3E-014 0=234-003 04340088 BE34-0T0 ]
- i B FYErT [T | [TEr ] [L34 371
i 00 000 0434035 | 34087 3072
E | gl 434002 0A3L-027 | C434-000 (= 34-073
50 34018 D234-0005 | 43405 D30T
400 434001 34000 | 34000 DE34-07S
[oar] sbscdsle: pressuEe o
i k0 | | |
2 [ ]
'l D434-042 |
] 044043 |
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APPENDIX C: EXPERIMENTAL TESTS (TABULAR DATA)

Date
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016

Date

25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016

Date

25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016
25/08/2016

TEST 1in PbBi - PbBi a 180° - Gefran a 230°

Time GEFRAN PT-REF TCPbBi TC GEFRAN  GEFRAN-OFFSET

20:27:01 0.914693 -0.0255078 180 229 -0.025003316
20:27:40 1.89469  0.944492 179 231 0.94323372
20:28:52 3.35469 2.40449 179 230 2.38571372
20:29:44 5.89469  4.89449 179 231 4.89523372
20:30:27 8.42469  7.40449 179 231 7.39487372
20:31:51 11.0199  9.97449 180 231 9.9589412
20:32:55 8.66994  7.62873 180 230 7.63718072
20:34:09 6.25994  5.22873 179 230 5.25610072
20:34:54 3.57994  2.58873 179 231 2.60826072
20:35:40 1.91994  0.948727 180 232 0.96818072
20:35:59 0.999943 0.0387265 179 231 0.059223684

TEST 2 in PbBi - PbBi a 200° - Gefran a 230°

DIFF
0.00050448
-0.0012583
-0.0187763
0.00074372
-0.0096163
-0.0155488
0.00845072
0.02737072
0.01953072
0.01945372
0.02049718

Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF

21:00:01 0.973224 0.0387265 200 229 0.032825312
21:01:06  1.94322 1.01873 200 229 0.99118136
21:01:34 3.41322 2.45873 199 230 2.44354136
21:02:05 5.86322 4.86873 199 228 4.86414136
21:02:41 8.3809 7.35722 200 230 7.3516092
21:03:10 10.9309 9.90722 198 229 9.8710092
21:03:54 8.6709 7.62722 198 229 7.6381292
21:04:31 6.3109 5.27722 198 230 5.3064492
21:05:03 3.5509 2.57722 197 228 2.5795692
20:35:38  1.91994 0.948727 180 232 0.96818072
21:05:58 0.9809 0.0272205 197 229 0.0404092
TEST 3 in PbBi - PbBi a 250° - Gefran a 230°
Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET
21:25:16 0.928148 -0.02278 252 231 -0.011709776
21:25:32  1.95815 1.01816 252 231 1.0059322
21:26:01 3.35815 2.40816 253 229 2.3891322
21:26:33 5.99815 4.99816 254 231 4.9974522
21:27:03 8.44815 7.41816 254 229 7.4180522
21:27:22 11.0381 10.0082 254 230 9.9769228
21:27:53 8.81815 7.76816 255 231 7.7836122
21:28:28 6.30815 5.27816 255 230 5.3037322
21:28:58 3.50346 2.51816 256 231 2.53269848
21:29:26  1.86346 0.91816 256 230 0.91237848
21:29:51 0.963457 0.00816 256 231 0.023175516

-0.005901188
-0.02754864
-0.01518864
-0.00458864

-0.0056108
-0.0362108
0.0109092
0.0292292
0.0023492
0.01945372
0.0131887

DIFF

0.011069724
-0.0122278
-0.0190278
-0.0007078
-0.0001078
-0.0312772
0.0154522
0.0255722
0.01453848
-0.00578152
0.015015066

DIFF-ABS
0.000504484
0.00125828
0.01877628
0.00074372
0.00961628
0.0155488
0.00845072
0.02737072
0.01953072
0.01945372
0.020497184

DIFF-ABS

0.005901188
0.02754864
0.01518864
0.00458864
0.0056108
0.0362108
0.0109092
0.0292292
0.0023492
0.01945372
0.0131887

DIFF-ABS

0.011069724
0.0122278
0.0190278
0.0007078
0.0001078
0.0312772
0.0154522
0.0255722
0.01453848
0.00578152
0.015015066
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TEST 4in PbBi - PbBi a 300° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
25/08/2016 21:43:10 0.923457 -0.02209 299 230 -0.016344484 0.005744616 0.005744616
25/08/2016 21:43:34 1.90346 0.987911 300 229 0.95189848 -0.03601252 0.03601252
25/08/2016 21:43:49 3.35346 2.40791 301 228 2.38449848 -0.02341152 0.02341152
25/08/2016 21:44:07 5.77346 4.78791 300 228 4.77545848 -0.01245152 0.01245152
25/08/2016 21:44:29 8.23346 7.20791 301 230 7.20593848 -0.00197152 0.00197152
25/08/2016 21:44:50 11.0335 9.99791 301 230 9.972378 -0.025532 0.025532
25/08/2016 21:45:18 8.84017 7.78791 301 228 7.80536796 0.01745796 0.01745796
25/08/2016 21:45:46 5.81017 4.78791 301 230 4.81172796 0.02381796 0.02381796
25/08/2016 21:46:16 3.17017 2.19791 302 230 2.20340796 0.00549796 0.00549796
25/08/2016 21:46:42 1.93017 0.995232 302 228 0.97828796 -0.01694404 0.01694404
25/08/2016 21:47:00 0.980166 0.025232 302 228 0.039684008 0.014452408 0.014452408

TEST 5 in PbBi - PbBi a 350° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
25/08/2016 22:05:58 0.930166 -0.01477 349 230 -0.009715992 0.005052408 0.005052408
25/08/2016 22:06:14 2.02017 1.08523 350 230 1.06720796 -0.01802204 0.01802204
25/08/2016 22:06:34 3.45017 2.49523 350 229 2.48004796 -0.01518204 0.01518204
25/08/2016 22:06:53 5.79017 4.80523 350 228 4.79196796 -0.01326204 0.01326204
25/08/2016 22:07:14 8.30017 7.28523 351 228 7.27184796 -0.01338204 0.01338204
25/08/2016 22:07:34  11.032 10.0052 351 227 9.970896 -0.034304 0.034304
25/08/2016 22:08:05 8.84203 7.78523 351 231 7.80720564  0.02197564 0.02197564
25/08/2016 22:08:32 5.99203 4.96433 351 230 4.99140564  0.02707564 0.02707564
25/08/2016 22:09:02 3.46203 2.47433 351 229 2.49176564  0.01743564 0.01743564
25/08/2016 22:09:25 1.86203 0.914327 352 228 0.91096564 -0.00336136 0.00336136
25/08/2016 22:10:00 0.962032 0.024328 351 228 0.021767616 -0.002559884 0.002559884

TEST 6 in PbBi - PbBi a 400° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
25/08/2016 22:40:27 0.937506 0.014328 401 228 -0.002464072 -0.016791572 0.016791572
25/08/2016 22:40:49 1.92751 1.00433 400 228 0.97565988 -0.02867012 0.02867012
25/08/2016 22:41:20 3.50472 2.55433 400 227 2.53394336 -0.02038664 0.02038664
25/08/2016 22:41:42 5.78472 4.79959 400 227 4.78658336 -0.01300664 0.01300664
25/08/2016 22:41:59 8.41472 7.39959 400 227 7.38502336 -0.01456664 0.01456664
25/08/2016 22:42:19 11.0047 9.97959 400 227 9.9439236  -0.0356664  0.0356664
25/08/2016 22:43:03 8.61472 7.56959 399 227 7.58262336  0.01303336 0.01303336
25/08/2016 22:43:26  6.15472 5.12959 399 227 5.15214336  0.02255336 0.02255336
25/08/2016 22:43:48 3.40472 2.42959 399 227 2.43514336  0.00555336 0.00555336
25/08/2016 22:44:11 1.87472 0.92959 399 226 0.92350336 -0.00608664 0.00608664
25/08/2016 22:45:01 0.974717 0.03959 398 226 0.034300396 -0.005289204 0.005289204
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TEST 7 in PbBi - PbBi a 450° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 16:00:11 0.983072 -0.00237 450 230 0.042555136 0.044923376 0.044923376
26/08/2016 16:00:28 2.07307 1.08763 450 230 1.11947316 0.03184316 0.03184316
26/08/2016 16:00:50 3.33307 2.31763 449 231 2.36435316 0.04672316 0.04672316
26/08/2016 16:01:03 6.06307 5.00763 449 231 5.06159316 0.05396316 0.05396316
26/08/2016 16:01:32 8.56307 7.49763 449 230 7.53159316 0.03396316 0.03396316
26/08/2016 16:02:06 11.1331 10.0276 449 232 10.0707828  0.0431828  0.0431828
26/08/2016 16:02:31 8.83307 7.71763 450 232 7.79835316 0.08072316 0.08072316
26/08/2016 16:03:04 6.27307 5.18763 450 231 5.26907316 0.08144316 0.08144316
26/08/2016 16:03:36  3.59307 2.53763 449 233 2.62123316 0.08360316 0.08360316
26/08/2016 16:03:53 2.01307 0.993527 449 233 1.06019316 0.06666616 0.06666616
26/08/2016 16:03:59 1.05767 0.033527 449 233 0.11625796 0.08273086 0.08273086

TEST 8 in PbBi - PbBi a 500° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 16:25:21 0.997669 -0.01599 492 234 0.056976972 0.072963172 0.072963172
26/08/2016 16:25:33 2.01767 1.01401 492 234 1.06473796 0.05072796 0.05072796
26/08/2016 16:25:53 3.64767 2.61401 492 234 2.67517796 0.06116796 0.06116796
26/08/2016 16:26:10 6.11767 5.05401 492 234 5.11553796 0.06152796 0.06152796
26/08/2016 16:26:26 8.63767 7.54401 493 234 7.60529796 0.06128796 0.06128796
26/08/2016 16:27:06 11.1677  10.044 494 235 10.1049676  0.0609676  0.0609676
26/08/2016 16:27:24 9.00767 7.87401 494 235 7.97085796 0.09684796 0.09684796
26/08/2016 16:27:46 6.03239 4.91401 493 235 5.03128132 0.11727132 0.11727132
26/08/2016 16:28:09 3.60239 2.5279 493 235 2.63044132 0.10254132 0.10254132
26/08/2016 16:28:28 2.04239  1.0079 493 235 1.08916132 0.08126132 0.08126132
26/08/2016 16:28:57 1.10239 0.057899 493 235 0.16044132 0.10254262 0.10254262

TEST 9 in PbBi - PbBi a 450° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 17:23:37 1.01258 0.017899 451 229 0.07170904 0.05381034 0.05381034
26/08/2016 17:23:58 2.07258 1.0879 451 229 1.11898904 0.03108904 0.03108904
26/08/2016 17:24:14 3.39258  2.3879 451 229 2.42314904 0.03524904 0.03524904
26/08/2016 17:24:28 6.02258  4.9979 451 228 5.02158904 0.02368904 0.02368904
26/08/2016 17:24:52 8.36258  7.2979 450 228 7.33350904 0.03560904 0.03560904
26/08/2016 17:25:13 11.0526  9.9779 450 228 9.9912488 0.0133488 0.0133488
26/08/2016 17:25:35 8.83258  7.7295 450 228 7.79786904 0.06836904 0.06836904
26/08/2016 17:25:53 6.53258  5.4295 450 230 5.52546904 0.09596904 0.09596904
26/08/2016 17:26:15  3.6057  2.5595 451 231 2.6337116 0.0742116 0.0742116
26/08/2016 17:26:36 1.9257 0.909496 451 230 0.9738716 0.0643756 0.0643756
26/08/2016 17:26:55 1.0157 0.009496 450 230 0.0747916 0.06529605 0.06529605
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TEST 10 in PbBi - PbBi a 400° - Gefran a 230°

Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 17:42:19 0.985703 -0.0105 401 230 0.045154564 0.055659064  0.055659064
26/08/2016 17:42:35 2.0757 1.0895 400 230 1.1220716 0.0325716 0.0325716
26/08/2016 17:42:44 3.4457 2.4495 400 230 2.4756316 0.0261316 0.0261316
26/08/2016 17:43:01  5.8757  4.8395 400 229 4.8764716  0.0369716 0.0369716
26/08/2016 17:43:28  8.3657 7.28531 399 230 7.3365916  0.0512816 0.0512816
26/08/2016 17:43:42 11.1257 10.0453 399 230 10.0634716 0.0181716 0.0181716
26/08/2016 17:43:58 8.74266 7.63531 399 230 7.70902808 0.07371808 0.07371808
26/08/2016 17:44:22 6.17266 5.09531 399 229 5.16986808 0.07455808 0.07455808
26/08/2016 17:44:44 3.43266 2.40531 398 230 2.46274808 0.05743808 0.05743808
26/08/2016 17:45:01 1.92266 0.915307 398 230 0.97086808 0.05556108 0.05556108
26/08/2016 17:45:55 1.02266 0.035307 396 230 0.08166808 0.04636158 0.04636158
TEST 11 in PbBi - PbBi a 350° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 18:02:19 0.982661 0.005307 352 231 0.042149068 0.036842538 0.036842538
26/08/2016 18:02:55 0.982661 -0.01469 351 231 0.042149068 0.056842568 0.056842568
26/08/2016 18:03:25 3.86266 2.86531 351 230 2.88758808 0.02227808 0.02227808
26/08/2016 18:03:44 5.92266 4.86617 351 231 4.92286808 0.05669808 0.05669808
26/08/2016 18:04:03 8.44803 7.36617 350 231 7.41793364 0.05176364 0.05176364
26/08/2016 18:04:13 11.088 10.0162 350 231 10.026224 0.010024 0.010024
26/08/2016 18:04:46 9.00803 7.90617 349 231 7.97121364 0.06504364 0.06504364
26/08/2016 18:05:17 5.95803 4.88617 349 231 4.95781364 0.07164364 0.07164364
26/08/2016 18:05:42 3.75803 2.72617 349 231 2.78421364 0.05804364 0.05804364
26/08/2016 18:06:08 1.93803 0.93617 349 232 0.98605364 0.04988364 0.04988364
26/08/2016 18:06:28 1.01803 0.01617 348 232 0.07709364 0.06092334 0.06092334
TEST 12 in PbBi - PbBi a 300° - Gefran a 230°

Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 19:15:23 0.915301 -0.05383 298 231 -0.024402612 0.029427088 0.029427088
26/08/2016 19:15:48  1.9353 0.97617 298 230 0.9833564  0.0071864  0.0071864
26/08/2016 19:16:03  3.3453  2.36402 298 229 2.3764364  0.0124164  0.0124164
26/08/2016 19:16:18  5.9653  4.94402 298 230 4.9649964  0.0209764  0.0209764
26/08/2016 19:16:37  8.4153  7.36402 298 230 7.3855964  0.0215764  0.0215764
26/08/2016 19:16:57 11.0153  9.94402 299 230 9.9543964 0.0103764  0.0103764
26/08/2016 19:17:25 8.74085 7.65402 299 230 7.7072398  0.0532198  0.0532198
26/08/2016 19:17:51 6.17085 5.10402 298 230 5.1680798  0.0640598  0.0640598
26/08/2016 19:18:17 3.57085 2.56402 298 229 2.5992798  0.0352598  0.0352598
26/08/2016 19:18:34 1.93085 0.944024 298 229 0.9789598  0.0349358  0.0349358

26/08/2016 19:18:56 1.01085 0.024024 298 230 0.0699998  0.0459755  0.0459755
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TEST 13 in PbBi - PbBi a 250° - Gefran a 230°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
26/08/2016 19:50:05 0.980854 -0.00598 251 231 0.040363752 0.046339492 0.046339492
26/08/2016 19:50:21 1.94238 0.974024 251 230 0.99035144 0.01632744 0.01632744
26/08/2016 19:50:35 3.41238 2.41132 251 231 2.44271144 0.03139144 0.03139144
26/08/2016 19:50:51 5.95238 4.90132 250 231 4.95223144 0.05091144 0.05091144
26/08/2016 19:51:05 8.28238 7.22132 251 231 7.25427144 0.03295144 0.03295144
26/08/2016 19:51:26 11.0624 9.99132 250 231 10.0009312  0.0096112  0.0096112
26/08/2016 19:51:50 8.63238 7.55132 250 232 7.60007144 0.04875144 0.04875144
26/08/2016 19:52:11 6.24238 5.17132 249 231 5.23875144 0.06743144 0.06743144
26/08/2016 19:52:40 3.71238 2.68132 248 231 2.73911144 0.05779144 0.05779144
26/08/2016 19:53:00 1.95238 0.961318 249 232 1.00023144 0.03891344 0.03891344
26/08/2016 19:53:35 1.03238 0.031318 249 231 0.09127144 0.05995374 0.05995374

TEST 14 in PbBi - PbBi a 200° - Gefran a 230°

Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS

26/08/2016 21:00:48 0.978942 -0.00629 200 229 0.038474696  0.044764436 0.044764436
26/08/2016 21:01:06 2.00894 1.04371 200 230 1.05611272 0.01240272 0.01240272
26/08/2016 21:01:35 3.39894 2.41371 200 229 2.42943272 0.01572272 0.01572272
26/08/2016 21:01:58 5.84894 4.79371 202 230 4.85003272 0.05632272 0.05632272
26/08/2016 21:02:23 8.24894 7.19371 201 230 7.22123272 0.02752272 0.02752272
26/08/2016 21:02:49 11.0389 9.95371 200 230 9.9777132 0.0240032  0.0240032
26/08/2016 21:03:23 8.70894 7.61371 201 231 7.67571272 0.06200272 0.06200272
26/08/2016 21:03:57 6.24894 5.17371 200 231 5.24523272 0.07152272 0.07152272
26/08/2016 21:04:28 3.54075 2.50371 200 231 2.569541 0.065831 0.065831
26/08/2016 21:04:50 1.96075 0.962593 200 231 1.008501 0.045908 0.045908
26/08/2016 21:04:59 1.06075 0.062593 200 232 0.119301 0.0567078  0.0567078

TEST 15 in PbBi - PbBi a 180° - Gefran a 230°

Date Time  GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS

26/08/2016 21:48:57 0.984305 0.002593 186 229 -0.00562666  -0.0082199 0.0082199
26/08/2016 21:49:15 1.9743 0.992593 189 228 0.9724884 -0.0201046 0.0201046
26/08/2016 21:49:35 3.3943 2.388 187 228 2.3754484 -0.0125516 0.0125516
26/08/2016 21:49:59 5.9143 4.848 187 230 4.8652084 0.0172084 0.0172084
26/08/2016 21:50:22 8.30234  7.208 186 231 7.22459192 0.01659192 0.01659192
26/08/2016 21:50:49 10.9723  9.888 187 231 9.8625124 -0.0254876 0.0254876
26/08/2016 21:51:15 8.89234  7.788 187 230 7.80751192 0.01951192 0.01951192
26/08/2016 21:51:45 6.04234  4.948 187 231 4.99171192 0.04371192 0.04371192
26/08/2016 21:52:14 3.58234  2.528 188 233 2.56123192 0.03323192 0.03323192
26/08/2016 21:52:41 1.89234 0.888003 188 232 0.89151192 0.00350892 0.00350892
26/08/2016 21:52:54 1.05234 0.028003 188 232 0.06159192 0.03358902 0.03358902




Sigla di identificazione Rev. Distrib. | Pag. di
m Ricerca Sistema Elettrico ADPFISS — LP2 — 137 0 L 24 26
TEST 101 in PbBi - PbBi a 350° - Gefran a 380°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
31/08/2016 16:02:18 1.73584 0.024505 351 380 -0.01399008 -0.03849528 0.03849528
31/08/2016 16:02:36 2.91584 1.18451 352 381 1.15184992 -0.03266008 0.03266008
31/08/2016 16:02:57 4.50584 2.76451 351 379 2.72276992 -0.04174008 0.04174008
31/08/2016 16:03:20 6.71584 4.92451 349 380 4.90624992 -0.01826008 0.01826008
31/08/2016 16:03:52 9.25584 7.44451 349 381 7.41576992 -0.02874008 0.02874008
31/08/2016 16:04:22 11.8158 10.0083 348 380 9.9450104 -0.0632896  0.0632896
31/08/2016 16:05:06 9.50584 7.66828 348 378 7.66276992 -0.00551008 0.00551008
31/08/2016 16:05:32 6.67947 4.85828 349 380 4.87031636 0.01203636  0.01203636
31/08/2016 16:06:17 4.25947 2.46828 348 382 2.47935636 0.01107636  0.01107636
31/08/2016 16:06:50 2.63947 0.878282 349 383 0.87879636 0.00051436  0.00051436
31/08/2016 16:07:07 1.74947 0.028283 349 381 -0.00052364 -0.02880614 0.02880614
TEST 102 in PbBi - PbBi a 400° - Gefran a 380°
Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
31/08/2016 20:56:36 1.72003 -0.00908 400 382 -0.02961036 -0.02053197 0.02053197
31/08/2016 20:56:55 2.81003 1.09092 399 381 1.04730964 -0.04361036 0.04361036
31/08/2016 20:57:13 4.06142 2.31092 400 381 2.28368296 -0.02723704  0.02723704
31/08/2016 20:57:27 6.98142 5.18092 399 382 5.16864296 -0.01227704 0.01227704
31/08/2016 20:57:54 9.26142  7.4488 399 380 7.42128296 -0.02751704 0.02751704
31/08/2016 20:58:17 11.7814 9.9588 399 378 9.9110232 -0.0477768  0.0477768
31/08/2016 20:59:15 9.39142  7.5488 398 379 7.54972296 0.00092296  0.00092296
31/08/2016 20:59:51 6.87142 5.0388 396 381 5.05996296 0.02116296 0.02116296
31/08/2016 21:00:26 4.22142  2.4288 395 381 2.44176296 0.01296296 0.01296296
31/08/2016 21:00:59 2.80142 1.0388 395 382 1.03880296 2.96E-06 2.96E-06
31/08/2016 21:01:37 1.75552 0.018797 396 381 0.00545376 -0.01334344 0.01334344
TEST 103 in PbBi - PbBi a 450° - Gefran a 380°
Date Time  GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
31/08/2016 21:18:33 1.79552 0.068308 450 381 0.04497376 -0.02333384 0.02333384
31/08/2016 21:19:02 2.82552 1.07831 450 382 1.06261376 -0.01569624 0.01569624
31/08/2016 21:19:32 4.48552 2.71831 451 381 2.70269376 -0.01561624 0.01561624
31/08/2016 21:20:08 6.90329 5.09831 450 382 5.09145052 -0.00685948 0.00685948
31/08/2016 21:20:30 9.28329 7.46831 451 379 7.44289052 -0.02541948 0.02541948
31/08/2016 21:20:51 11.8533 10.0383 451 379 9.9820604 -0.0562396  0.0562396
31/08/2016 21:21:31 9.75329 7.91578 451 379 7.90725052 -0.00852948 0.00852948
31/08/2016 21:21:55 6.75329 4.91578 450 381 4.94325052 0.02747052 0.02747052
31/08/2016 21:22:38 4.26329 2.47578 450 381 2.48313052 0.00735052 0.00735052
31/08/2016 21:23:01 2.66329 0.895785 451 382 0.90233052 0.00654552  0.00654552
31/08/2016 21:23:54 1.72142 -0.00422 451 382 -0.02823704  -0.02402154 0.02402154
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TEST 104 in PbBi - PbBi a 500° - Gefran a 380°

Date Time  GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
31/08/2016 21:56:50 1.8448 0.062835 501 379 0.0936624 0.0308273  0.0308273
31/08/2016 21:57:09 2.7648 0.962835 501 379 1.0026224 0.0397874  0.0397874
31/08/2016 21:57:29 4.2848  2.44284 501 380 2.5043824 0.0615424  0.0615424
31/08/2016 21:58:07 7.1048 5.22776 501 379 5.2905424 0.0627824  0.0627824
31/08/2016 21:58:31 9.47033 7.56776 500 378 7.62768604 0.05992604 0.05992604
31/08/2016 21:59:01 11.8703 9.96776 500 376 9.9988564 0.0310964  0.0310964
31/08/2016 21:59:26 9.54033 7.61776 499 378 7.69684604 0.07908604 0.07908604
31/08/2016 21:59:58 6.71033 4.80776 499 378 4.90080604 0.09304604 0.09304604
31/08/2016 22:00:39 4.27033 2.39776 500 379 2.49008604 0.09232604 0.09232604
31/08/2016 22:01:10 2.84033 1.01364 500 379 1.07724604 0.06360604 0.06360604
31/08/2016 22:01:56 1.82033 0.023645 499 378 0.06948604 0.04584144 0.04584144

TEST 105 in PbBi - PbBi a 450° - Gefran a 380°

Date Time  GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
31/08/2016 22:26:41 1.8367 0.013645 451 378 0.0856596 0.072015  0.072015
31/08/2016 22:27:02 2.8167 0.963645 452 380 1.0538996 0.0902546  0.0902546
31/08/2016 22:27:17 4.41594 2.54364 452 381 2.63394872 0.09030872 0.09030872
31/08/2016 22:27:47 6.91594 5.01364 452 381 5.10394872 0.09030872 0.09030872
31/08/2016 22:28:18 9.53594 7.60364 452 380 7.69250872 0.08886872 0.08886872
31/08/2016 22:29:09 11.8259 9.90501 450 379 9.9549892 0.0499792  0.0499792
31/08/2016 22:29:41 9.60594 7.66501 451 379 7.76166872 0.09665872 0.09665872
31/08/2016 22:30:19 6.78594 4.84501 449 381 4.97550872 0.13049872 0.13049872
31/08/2016 22:30:49 4.15594 2.26501 449 381 2.37706872 0.11205872 0.11205872
31/08/2016 22:31:11 2.72079 0.855015 449 381 0.95914052 0.10412552 0.10412552
31/08/2016 22:31:57 1.88079 0.015015 450 382 0.12922052 0.11420602 0.11420602

TEST 106 in PbBi - PbBi a 400° - Gefran a 380°

Date Time GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
01/09/2016 20:54:07 1.67227 -0.02231 399 381 -0.07679724 -0.05448614 0.05448614
01/09/2016 20:54:23 2.71227 0.997689 400 381 0.95072276 -0.04696624  0.04696624
01/09/2016 20:54:50 4.38227 2.63769 400 382 2.60068276 -0.03700724  0.03700724
01/09/2016 20:55:27 6.72227 4.93769 399 381 4.91260276 -0.02508724  0.02508724
01/09/2016 20:55:44 9.05662 7.24769 399 381 7.21894056 -0.02874944  0.02874944
01/09/2016 20:56:10 11.7266 9.93769 399 378 9.8568308 -0.0808092 0.0808092
01/09/2016 20:56:47 9.46662 7.65049 400 378 7.62402056 -0.02646944  0.02646944
01/09/2016 20:57:28 6.96662 5.16049 399 379 5.15402056 -0.00646944  0.00646944
01/09/2016 20:58:02 4.11662 2.34049 400 379 2.33822056 -0.00226944  0.00226944
01/09/2016 20:58:26 2.83662 1.09049 400 380 1.07358056 -0.01690944  0.01690944
01/09/2016 20:58:49 1.73662 0.010487 400 380 -0.01321944  -0.02370614 0.02370614
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TEST 107 in PbBi - PbBi a 350° - Gefran a 380°

Date Time  GEFRAN PT-REF TCPbBi TC GEFRAN GEFRAN-OFFSET DIFF DIFF-ABS
01/09/2016 21:37:29 1.68656 -0.00951 349 379 -0.06267872 -0.0531654  0.0531654
01/09/2016 21:37:38 2.67656 0.960487 348 380 0.91544128 -0.04504572 0.04504572
01/09/2016 21:38:16 4.19656  2.44049 348 382 2.41720128 -0.02328872 0.02328872
01/09/2016 21:38:39 6.82656 5.03348 350 382 5.01564128 -0.01783872 0.01783872
01/09/2016 21:39:14 9.19656 7.39348 348 379 7.35720128 -0.03627872 0.03627872
01/09/2016 21:39:38 11.7066 9.90348 348 378 9.8371208 -0.0663592  0.0663592
01/09/2016 21:40:27 9.49656 7.64348 349 379 7.65360128 0.01012128 0.01012128
01/09/2016 21:40:54 6.78656 4.94348 348 380 497612128 0.03264128 0.03264128
01/09/2016 21:41:21 4.15656 2.36348 347 381 2.37768128 0.01420128 0.01420128
01/09/2016 21:42:08 2.71459 0.963476 348 380 0.95301492 -0.01046108 0.01046108
01/09/2016 21:43:09 1.74459 0.003476 351 382 -0.00534508 -0.00882106 0.00882106




