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Spider Calibration

The Spider hardware requires periodic calibration of the input and output
channels. The voltage input modes (AC, DC, and IEPE) are calibrated separately
from the charge input modes (for Spiders equipped with a charge amplifier). Both
should be calibrated at least once per year. The EDM desktop software provides
Calibration Wizards that help automate these processes. The process is the same
for all Spider hardware, including the Spider-80, Spider-81, and Spider-81B.

There is also a Sensor Calibration feature that can determine the sensitivity of
external sensors connected to the Spider and exposed to a known excitation.
External sensors should be calibrated per the manufacturer’s suggestions.

All three types of calibration are accessed under the Tools menu in EDM Spider
Working Mode: Voltage Calibration for voltage modes, Charge Calibration
for charge modes, and Sensor Calibration for the sensors. The Spider must be
powered on and connected to EDM for these to be available.
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Input / Output Channel Calibration

The voltage input modes (AC, DC, and IEPE) have offset and gain adjustments.
The offset adjustment changes the zero level and the gain adjustment sets the
multiplication factor. The calibration process detects errors in both adjustments
and corrects them. One adjustment affects the other, so they must be set for each
input range (0.2 V and 20 V).

The signal source used for calibration is the Spider’s own signal generator. Before
it can be used to calibrate the input channels, it must be calibrated itself. This is
done by the measuring the output with an accurate multimeter. The accuracy of
this meter determines the accuracy of the calibration; in general, the meter should
be four times as accurate as the target accuracy of the unit being calibrated. So to
calibrate the Spider to +1% accuracy, the meter should have an accuracy of
+0.25%.

The calibration process consists of four major steps:

1. Calibrate the output channel(s)
2. Calibrate the input channels

3. Validate the calibration results
4. Generate a calibration report

After the output channel is calibrated against the multimeter, it is used to
generate a Sine tone to calibrate the input channels. The signal is automatically
routed through internal relays, so the user does not need to make any external
connections.

The Spider Calibration Wizard will guide the user through all the necessary steps
of the whole process, which involves measuring output signals from the Spider in
both AC and DC modes in various ranges. This determines the gain and offset
errors in each range. Once the output error has been determined, the internal
relays will connect the output to each input channel and measure gain and offset
errors of the inputs. The adjustments will be set to make these errors zero. Lastly,
there is a verification step that checks to ensure the calibration was made to
acceptable tolerances.
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The multimeter used for the calibration process should be an accurate, NIST-
traceable or equivalent meter capable of measuring both DC and AC RMS voltage
with 5 significant figures up to 10 V. Connect the output 1 of the Spider to the
meter input with a BNC cable.

OUT 1 ivm

Spider 80/81/81B Multimeter

1)

£

L]

To begin the calibration wizard, select Input/Output Calibration from the
EDM Tools menu and follow the on-screen instructions. Go through the 16 steps
by clicking the Next button on the windows.

I—5|:|ic|ErCalil:uratiu:un'.'-."lz,ard X

1/16: Introduction

Youneed an accurate voltmeter, that can measure DC Voltages and ACVoltages up to 1
KHz, to calibrate this system.You alsoneed an outputcable provided bythe factory. The
calibration accuracy will depend onthe accuracy of the meter.

The CalibrationWizard uses yourmeter readings to calibrate the outputchannels. Then,
using internal relays to connectthe output toeach input, itautomatically calibrates the
input channels. Mo external connection tothe input channels isnecessary.

Click on Nextbutton to continue.

Next> | | Cancel
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In step 2, select a Spider module in the currently connected system to calibrate.
You can also enter test notes and view results from the previous calibration.

rSpiderCaIibratiDn Wizard X |
8 2/16: Select module
2
Spider Module: SM: 980640 (IP: 192,168.0.102) |E|

Pleaseselect aSpider modulewhich needsto be Calibrated.

Click on View Test Notes to view and editthe Test Notes. Click on Wiew Current
Calibration Settings to viewthe current Calibration settings on the Spider module.

Click on Mext to continue Calibration of the selected Spidermodule.

Wiew Current

—— H Calibration Settings

< Back || Mext = || Cancel
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Step 3 is the first of 4 output measurements. Make sure OUT 1 from the Spider is
connected to the multimeter, and that the meter is set to DC volts mode, 10 V
range. When ready, press Start Measurement, and enter the meter reading in the
text box. The reading should be between +0.5 V and -0.5 V; if it is outside this
range the software cannot calibrate it and you must contact Crystal Instruments
support.

rSpiderCaIiI:uraticun','-."lzard X
8 J/16: Calculate Offset Error of Output Channel
OUT 1 for 10V range

Conned Qutput Channel OUT 1 of the Spider to the meter.

Set the meter to measure DC Volts.

Click the Start Measurement buttonand enter the meter readings
below.

Start Measurement

Meter reading (DCV):

Clear

< Back || Mext = || Cancel
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Step 4 measures the 0.1 V DC output. Set the meter to the 0.1 V DC range and
measure the output just like step 3.

r5|:|i|:In3rICaIiI:urEltiu:un‘.'-.l’lzzlrd x
o 21/16: Calculate Offset Error of Output Channel
OUT 1 for 0.1V range
Conned Output Channel OUT 1 of the Spider to the meter.
Set the meter to measure DC Volts.
Click the Start Measurement buttonand enter the meter readings
below.
Start Measurement
Meter reading (DC my):
0.00000 Clear
<Back | ned- || Cancel
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Step 5 measures the AC output at 10 V range. For this step, make sure the meter is
in AC RMS mode.

r5|:|i|:||3rIiZaIiI:rEltiu:nn1.'.l'|17:|rc| X
& /16: Calculate Gain Error of Output Channel
OUT 1 for 10V range

Conned Qutput Channel OUT 1 of the Spider to the meter.

Set the meter to measure AC Volts.

Click the Start Measurement buttonand enter the meter readings
below.

Start Measurement

Meter reading (ACRMSV):

0.00000 Clear

< Back || Next = || Cancel

Step 6 measures the 0.1 V AC range.

rSpiderCaIiI:uratiu:unWmard x
%8 0/16: Calculate Gain Error of Output Channel
OUT 1 for 0.1V range

Conned Output Channel OUT 1 of the Spider to the meter.

Set the meter to measure AC Volts,

Click the Start Measurement buttonand enterthe meter readings
below,

Start Measurement

Meter reading (AC RMS mV):

0.00000 Clear

< Back || Mext = || Cancel
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Steps 7 through 10 repeat steps 3 through 6 for the second output. Be sure to
connect the meter to OUT 2 on the Spider.

rSpidEFCE“brEtiDl‘l":'-fEﬁl‘d 4

8 //16: Calculate Offset Error of Output Channel
OUT 2 for 10V range

Conned Qutput Channel OUT 2 of the Spider to the meter.

Set the meter to measure DC Volts.

Click the start Measurement buttonand enter the meter readings
bel o,

Start Measurement

Meter reading (DCWV):

0.00000 Clear

| « Back " Mext = || Cancel

-,

r5|:|i|:h3rl:ZE|IiI:|rati|:|n7'.|'ul'|zilrd x

ad 8/16: Calculate Offset Error of Output Channel

-~

2N OUT 2 for 0.1V range

Conned Output Channel OUT 2 of the Spider to the meter.

Set the meter to measure DC Volts.

Click the Start Measurement buttonand enter the meter readings
below,

| Start Measurement

Meter reading (DC my):

0.00000 | Clear

= Back || Mext = || Cancel
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rSpiderCaIiI:uratiu:unleard X
& 9/16: Calculate Gain Error of Output Channel
OUT 2 for 10V range

Conned Qutput Channel OUT 2 of the Spider to the meter.

Set the meter to measure AC Volts.

Click the Start Measurement buttonand enter the meter readings
below.

' Start Measurement

Meter reading (AC RMSWV):

|—-:m—|| Mext > ||—md—

-

rSpiderCaIiI:uratiu:unV-.ﬂzard x
8 10/16: Calculate Gain Error of Output Channel
OUT 2 for 0.1V range

Conned Qutput Channel OUT 2 of the Spider to the meter.

Set the meter to measure AC Volts.

Click the Start Measurement button and enter the meter readings
below.

' Start Measurement

Meter reading (AC RMSm\):

0.00000 |SSSSSSClears

ﬂ-m—u MNext = ||—m—
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At step 11, the software will use the previously entered readings to make the offset
and gain adjustments to all the channels.

r5|:|i|:|ErCalil:uratiu:un'.-'c'lzard x

:L* 11/16: Calibrate Input Channels Automatically
4]

Do not changeany connections. EDM is calibratingthe input channels.

60% complete, pleasewait...

—

| = Back || Mext = || Cancel |

Step 12 begins the validation measurements. Connect the meter back to OUT 1, and put it
in DC V mode. Click Start Measurement when ready and enter the reading in the text box.

-,

-
spider Calibration Wizard x

%8 12/16: Validate Output Channel OUT 1
JM calibration Results

Conned Output Channel OUT 1 of the Spider to the meter.

Set the meter to measure DC Volts.

Click the Start Measurement buttonand enterthe meterreadings
below.

Start Measurement

Meter reading (DC m\y):

= Back || Mext = || Cancel
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Step 13 measures the AC output. Switch the meter to AC V mode and take a
measurement.

rSpiderCaIiI:uratiu:-nWmard x
%8 13/16: Validate Qutput Channel OUT 1
Calibration Results

Conned Output Channel OUT 1 of the Spider to the meter.

Set the meter to measure AC Volts.,

Click the Start Measurement buttonand enter the meter readings
below.

' Start Measurement

Meter reading (AC RMSV):

0.00000 |FSSSSSElaar—

< Back || Next = || Cancel
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For step 14 and 15, connect the meter to OUT 2 on the Spider and repeat the
previous two measurements.

rSpiderCaIihratiDnleard

Validate Output Channel OUT 2 Calibration
Results

Conned Qutput Channel OUT 2 of the Spider to the meter.

Set the meter to measure DC Volts.

Click the Start Measurement button and enter the meter readings
below.

Start Measurement

Meter reading (DC mv):

0.00000 Clear

<Back | Ned- || Cancel
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At this point, the calibration process is complete. On step 14, enter the operator
name, the model and serial number of the multimeter that was used, and
optionally enter a description. This information will be stored with the calibration

results.
rSpiderCaIiI:uraticun',‘u'lz.ard w |
Y 14/16: Test Notes
Gl

Operaton MM

Generated Date: 4172013 |z|
Meter Model: FLIIKE 45

Meter Series: 6966073

Description:

<Back | Next> | | Cancel
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Step 15 summarizes the results in a table. Click Generate Report to create an

MS Word calibration report.

AN

rSpiderCaIiI:uratiu:unleard

=N 15/16: Calibration Report

Date:

Meter Model:

Description

Channel
Qutput.1
Qutput.2
CH.1
CH.2
CH.3
CH.4

CH.5
rH A

2013-04-01

FLUKE45

Offset
0.00
0.01
1.0
1.0
1.0
1.0
1.0

1n

Gain
41.4%
41.4%
100%
100%
100%
100%
100%

1000

By:

Meter SM:

Result
Failed
Failed
Failed
Failed
Failed
Failed

Failed
Eailad

MML

6966073

F

[

Generate Report

<Back | Net> | Cancel
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In the final step, click Apply to apply the calibration adjustments to the output

and input channels on the Spider.

-
Spider Calibration Wizard

N

= 16/16: Finishing Calibration

Apply

|  Generate Report

Calibration of the Spidermodule is now complete. Please click on Apply button to
savethe Calibration datafile to the Spider module.

< Back || Finish || Cancel
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Charge Calibration

The Spider-81 has built-in charge amplifiers that can be used with charge-mode
sensors. These sensors output an electrical charge instead of a voltage, which is
read in Coulombs. There are two charge-mode ranges: 10,000 picoCoulomb (pC)
and 49,000 pC. The sensitivity of the charge amplifier must be periodically
adjusted to maintain accuracy.

To calibrate the charge amplifiers, a reference source of a precisely known charge
amount is needed. This reference charge can be generated by putting a voltage
potential across a capacitor. A potential V, in Volts, across a capacitance of C, in
Farads, will give a charge Q, in Coulombs, given by

Q=CV

The accuracy of the calibration is determined by both the accuracy of the voltage
source and the tolerance of the capacitance value.

The Spider output is used as the voltage source, so before the charge calibration
the Spider should be well calibrated in the voltage mode (see above). 1000 pF
capacitors must be connected between the Spider output and all the inputs. The
Spider will then output a calibration voltage and read the charge on the inputs.
The difference between the measured charge and the known actual charge is the
charge sensitivity error, and this value is stored as an offset for each channel.

A calibration board with the required capacitors, pictured below, is available from
Crystal Instruments. You can also make your own calibration circuit with the
wiring diagram shown here.

INPUTI

INPUT2

INPUT3

O O O

INPUT4
DRIVE

O

INPUTS

INPUTG

INPUTT

R OR 0

INPUTR

LU0
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To begin the charge calibration process, you will need this calibration board and 9
BNC cables. First, connect the Spider to EDM and power it on. Then, connect the
output and all inputs to the calibration board with the cables, as shown in the
pictures below.

{

RN

Charge
Calibration | ©YT N
ouT1 Board A

Spider cH1-8

W

When everything is connected, select Tools -> Charge Calibration in EDM. The
two charge ranges, 10,000 pC and 49,000 pC, must be calibrated separately. To
choose the range to calibrate, select it under Calibrate Mode and then press Set
Charge Mode. Then, run the calibration process by clicking Start Charge. The
whole process is automatic and will complete within a couple seconds.
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rChargE Calibration

Calibration

Select a module: SM: 980640 (IP: 192.168.0.102) |Z|

Charge Amplifier Calibration Unit Serial Number:

ICaIihrateModei

®10,000PC 49,000PC ‘

Channel ID Offset Gain Result | Start Charge
| Create Report

| <Back | Finish | | Cancel

The results will be shown in the table. For each channel, if the gain error is within
the acceptable range the result will show as “Pass”. Press Finish to complete the

calibration and accept the changes.

41112013
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rChargeCaIibraﬁnn x

Selecta module: SM: 980640 (IP: 192.168.0.102) E

Charge Amplifier Calibration Unit Serial Number:
[ Calibrate Mode |

® 10,000PC 44,000PC ‘

Channel ID Offset Gain Result Start Charge
Channel 1 | 0.09674 0.57197 Pass
Channel 2 0.00013 7.05069 Failed Bt
Channel 3 0.00023 7.03884 Failed
Channel 4  -0.00015 6.98880 Failed
Channel 5 -0.00002 6.88289 Failed
Channel & -0.00074 7.02062 Failed
Channel 7 -0.00034 6.95407 Failed
Channel 8 -0.00014 6.88130 Failed
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Sensor Calibration

41112013

The Sensor Calibration function can determine the sensitivity of a sensor exposed
to a known excitation. This excitation can be a shaker with a precisely known
output acceleration level for accelerometers or a speaker with a known output
SPL for microphones. The accuracy of this calibration is determined by how
accurately the sensor excitation is known.

To start the Sensor Calibration Wizard, select Sensor Calibration from the
EDM Tools menu. In the first window, select the channel or channels that will be
used to calibrate sensors. More than one can be calibrated at a time.

rSEI‘ISDF Calibration Wizard

=m| Select Channels for Calibration

(4™
A

Please select the Device: SM: 980640 (IP: 192.168.0.102) |E|

Channel Label Enable Calibration
1 Chi
2 Ch2
3 Ch3
4 Ch4
5 Chs
6 Che
7 Ch7
8 Cha

< Back Mext = Cancel

It is assumed that the excitation signal will be a sine wave. The frequency of this
signal is set in the second window. The excitation amplitude, entered in the third
window, can be given in a magnitude or decibel value. The choice between the two
types of values is set in this window, along with the reference value for dB
readings.

20
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rSensu:urCaIiI:uratiu:unleard X

=m| Define Excitation Signal used as Reference

[

14

Reference Value(dB) and Reference Value(linear) are linkedto each other.
The user anly needs toinput ane of them.
Please make sureall parameters are correct. Click Next to starttransducer

calibration.

Calibration Signal Type gine wave

Calibration Signal Freguency(Hz) EED.DDE
Use RMSardBrms reading ® RMS dBrms
Reference value(linear) 1.IJIJIJIJIJE
Reference value(dB) D.DDE

|<Ba:k||ﬂent>||cancd|

The signal reading, which is the RMS or dB amplitude of the sensor excitation, is
entered here.
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| Enter the RMS level of Calibration Signal
A

Flease enter the expected accurate value. Itis either an RMS [evel
measured by a standardtransducer orthe reference signal generated
from pistonphaone.

Calibration Signal RMS Level(m/s2) D.?D?DDE

| <Back | Next> || Cancel |

Now, the sensor is ready for calibration. Activate the excitation and press Start
Calibration. After a few moments, the correct sensitivity will be calculated.

-,

rSEI‘ISDrCa“bFatiDH"-'-."IIﬂI‘d x

= Channel Calibration
oL

Channel ID Chi
0ld Sensitivity

New Sensitivity

| Start Calibration

| <Back | Net> || Cancel

The final window gives a table that summarizes the results.
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rSensu:urCaIiI:uratiu:unV-.ﬁzard x

Calibration Report

Calibrated on: 4/1f2013

Channel ID 0ld Sensitivity Mew Sensitivity

Chi 10.19716mV/{m/s2) 10.19716mV/{m/s)
ch2 10.19716mV/{m/s2) 0.01193858mV/{m/s2)
Ch3

Ch4

Chs

Chs

ch?

Chs
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