APPENDIX B

Instrumentation Suite
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CTRSPKF1
CTRSPKF2
CTRSPKR1
CTRSPKR2
OUTSPKF1
OUTSPKF2
OUTSPKR1
OUTSPKR2
CTRSPKTEMP
CTRRTRTEMPL

Description

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage
Thermocouple, Spoke
Temperature of Braking Surface, Infrared Sensor

CTRRTRTEMPR Temperature of Braking Surface, Infrared Sensor

OUTRTRTEMPL

Temperature of Braking Surface, Infrared Sensor

OUTRTRTEMPR Temperature of Braking Surface, Infrared Sensor

SPEED
SPARE
AXLELAT

LBOXLAT
LBOXVERT
RBOXLAT
RBOXVERT
CTRCALPLAT
CTRCALPVERT
CTRCALPLONG
CTRCALALAT
CTRCALAVERT
CTRCALALONG
OUTCALPLAT
OUTCALPVERT
OUTCALPLONG
PIPEPRESS
CYLPRESS
PARKPRESS

Speed; sine from encoder
spare
Lateral Acceleration, Axle Mounted

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Caliper, Near Pad
Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Lateral Acceleration, Caliper, Near Actuator
Vertical Acceleration, Caliper, Near Actuator
Longitudinal Acceleration, Caliper, Near Actuator
Lateral Acceleration, Caliper, Near Pad
Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Brake Pipe Pressure

Brake Cylinder Pressure

Brake Park Pressure

May 16 2005

Location
Center Rotor
Center Rotor
Center Rotor
Center Rotor
Outer Rotor
Outer Rotor
Outer Rotor
Outer Rotor
Center Rotor
Center Rotor
Center Rotor
Outer Rotor
Outer Rotor
slip ring

Axle

Axle Box Left
Axle Box Left
Axle Box Right
Axle Box Right
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Outer Caliper
Outer Caliper
Outer Caliper

Center Caliper
Center Caliper

Range

32-1832F Omega

0-1600F
0-1600F
0-1600F
0-1600F
+/-5v

+/-200g

+/-200g
+/-500g
+/-200g
+/-200g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g

Omega
Omega
Omega
Omega
michigan scientific

Silicon Design

Kistler

Kistler

Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design

0-200 psi Omega
0-200 psi Omega
0-200 psi Omega

MODEL
#

2410-200

8786A200r C196141
8702B500 2009710

2430-200
2430-200
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
px41c1-20(
px41c1-20(
px41c1-20(

SERIAL

#

07133

486

486
0005
0005
0005
0006
0006
0006
0012
0012
0012

148187
148202
148201

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-5vdc
0-5vdc
0-5vdc
0-5vdc
0-5vdc
+/-5Vdc

+/-5Vdc

+/-2.5Vdc
+/-2.5Vdc
+/-56Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-56Vdc
+/-5Vdc
+/-5Vdc
0-2.5V
0-2.5V
0-2.5V

5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B47-K-04
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02

5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-07
5B41-07
5B41-07

gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03

5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
0.002778 v/deg f
0.003125 v/deg f
0.003125 v/deg f
0.003125 v/deg f
0.003125 v/deg f

19.7 mV/G

9.57 mV/G
10.25 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G
0.012508 V/PSI
0.0125 V/PSI
0.012498 V/PSI
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CTRSPKF1
CTRSPKF2
CTRSPKR1
CTRSPKR2
OUTSPKF1
OUTSPKF2
OUTSPKR1
OUTSPKR2
CTRDSKTEMP
CTRRTRTEMPL
CTRRTRTEMPR
OUTRTRTEMPL
OUTRTRTEMPR
SPEED

SPARE
AXLELAT

LBOXLAT
LBOXVERT
RBOXLAT
RBOXVERT
CTRCALPLAT
CTRCALPVERT
CTRCALPLONG
CTRCALALAT
CTRCALAVERT
CTRCALALONG
OUTCALPLAT
OUTCALPVERT
OUTCALPLONG
PIPEPRESS
CYLPRESS
PARKPRESS

Description

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Thermocouple, Spoke

Temperature of Braking Surface, Infrared Sensor
Temperature of Braking Surface, Infrared Sensor
Temperature of Braking Surface, Infrared Sensor
Temperature of Braking Surface, Infrared Sensor
Speed; sine from encoder

spare

Lateral Acceleration, Axle Mounted

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Caliper, Near Pad
Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Lateral Acceleration, Caliper, Near Actuator
Vertical Acceleration, Caliper, Near Actuator
Longitudinal Acceleration, Caliper, Near Actuator
Lateral Acceleration, Caliper, Near Pad
Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Brake Pipe Pressure

Brake Cylinder Pressure

Brake Park Pressure

* Note - channels 1 and 2 on SCU1 were swapped 5/14/2005 after the test run

May 17 2005

Location
Center Rotor
Center Rotor
Center Rotor
Center Rotor
Outer Rotor
Outer Rotor
Outer Rotor
Outer Rotor
Center Rotor
Center Rotor
Center Rotor
Outer Rotor
Outer Rotor
slip ring

Axle

Axle Box Left
Axle Box Left
Axle Box Right
Axle Box Right
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Outer Caliper
Outer Caliper
Outer Caliper

Center Caliper
Center Caliper

Ver 9

Range

32-1832F Omega

0-1600F
0-1600F
0-1600F
0-1600F
+/-5v

+/-200g

+/-250g
+/-250g
+/-200g
+/-200g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g

Omega
Omega
Omega
Omega
michigan scientific

Silicon Design

PCB

PCB

Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design
Silicon Design

0-200 psi Omega
0-200 psi Omega
0-200 psi Omega

MODEL
#

2410-200

J353B01
J353B01
2430-200
2430-200
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
2440-100
px41c1-20(
px41c1-20(
px41c1-20(

SERIAL
#

07133

95259
95604
486
486
0005
0005
0005
0006
0006
0006
0012
0012
0012
148187
148202
148201

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-5Vdc
0-5Vdc
0-5Vdc
0-5Vdc
0-5Vdc
+/-5Vdc

+/-5Vdc

+/-2.5Vdc
+/-2.5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-2.5V
0-2.5V
0-2.5V

5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B47-K-04
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02

5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-07
5B41-07
5B41-07

gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03

5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
5911.33 uStrain
0.002778 v/deg f
0.003125 v/deg f
0.003125 v/deg f
0.003125 v/deg f
0.003125 v/deg f

19.7 mVIG

10 mV/G

10 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G
0.012508 V/PSI
0.0125 V/PSI
0.012498 V/PSI

invN

360
320
320
320
320

0.0508

0.1000
0.1000
0.0200
0.0200
0.0200
0.0200
0.0200
0.0200
0.0200
0.0200
0.0200
0.0200
0.0200
79.9464
80.0000
80.0160

shunt

2955.682 uStrain max
2955.682 uStrain max
2955.682 uStrain max
2955.682 uStrain max
2955.682
2955.682
2955.682
2955.682

1800

1600

1600

1600

1600
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14
13

CTRSPK6F1
CTRSPK6F2

6 CTRSPK6R1

7 CTRSPK6R2

8 CTRSPK3R1

9 CTRSPK3R2

10 AXLECSPKG6

11 AXLECSPK3

12 AXLEOSPK6

13 AXLEOSPK3
CTRDSKTEMP
CTRRTRTEMPL
CTRRTRTEMPR

14 SINE

4 AXLELAT
BAD

LBOXLAT
LBOXVERT
RBOXLAT
RBOXVERT
CTRCALPLAT
CTRCALPVERT
CTRCALPLONG
CTRCALALAT
CTRCALAVERT
CTRCALALONG
5 AXLELAT2
15 SYNC
AXLELAT3
PIPEPRESS
CYLPRESS
PARKPRESS
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Description

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Thermocouple, Rotor

Temperature of Braking Surface, Infrared Sensor
Temperature of Braking Surface, Infrared Sensor
Speed; sine from encoder

Lateral Acceleration, Axle Mounted

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Caliper, Near Pad
Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Lateral Acceleration, Caliper, Near Actuator
Vertical Acceleration, Caliper, Near Actuator
Longitudinal Acceleration, Caliper, Near Actuator
Lateral Acceleration, Axle Mounted
Synchronization signal

Lateral Acceleration, Axle Mounted

Brake Pipe Pressure

Brake Cylinder Pressure

Brake Park Pressure

CHANNEL 14 AND 15 ARE SWAPPED IN DATA FILE WITH CHANNEL 14 IS CALCULATED SPEED

May 25 2005

Location

Center Rotor R6
Center Rotor R6
Center Rotor R6
Center Rotor R6
Center Rotor R3
Center Rotor R3
axle ; center Rot
axle ; center Rot
Axle: 1/4

Axle: 1/4
Center Rotor
Center Rotor
Center Rotor
slip ring

Axle

Axle Box Left
Axle Box Left
Axle Box Right
Axle Box Right
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Caliper
Axle

signal generator
Axle

Center Caliper
Center Caliper

Ver 13

Range

32-1832F Omega

0-1600F
0-1600F
+/-5v
+/-200g

+/-250g
+/-250g
+/-250g
+/-250g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-100g
+/-500g
+-4V

+/-500g

0-200 psi Omega
0-200 psi Omega
0-200 psi Omega

MODEL
#

Omega
Omega
michigan scientific
Silicon Design 2410-200
PCB J353B01
PCB J353B01
PCB J353B01
PCB J353B01
Silicon Design 2440-100
Silicon Design 2440-100
Silicon Design 2440-100
Silicon Design 2440-100
Silicon Design 2440-100
Silicon Design 2440-100
Dytran 3030b4
0.5hz to 5Hz 5Secs tri
Endeveco 7264b-500

px41c1-201

px41c1-20!

px41c1-201

SERIAL
#

07133

95259
95604
97687
97688
0005
0005
0005
0012
0012
0012
12361

148187
148202
148201

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-5vdc

0-5vdc

0-5vdc

+/-5Vdc
+/-5Vdc

+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-2.5V
0-2.5V
0-2.5V

5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B38-02
5B47-K-04
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02

5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-02
5B41-07
5B41-07
5B41-07

gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03
gf=2.03

10v ex

5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
5911.330049 uStrain
0.002777778 v/deg f

0.003125 v/deg f

0.003125 v/deg f

19.7 mV/IG

10 mV/G

10 mV/G

10 mV/G

10 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

50 mV/G

10.1 mV/G

volts

0.8 mV/G
0.012508375 V/PSI
0.0125 V/PSI
0.0124975 V/PSI
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VISHAY ORG
CU ECTRON CAB
0 na 15
1 na x pl
2 na zZpu
3 na y pr
4 na X pr
5 na zpu
6 na
7 na
8 na y pf
9 na 1
10 na 2
1" na 3
12 na 31
13 na 9
14 na
15 na
0 na x pl
1 na zZpu
2 na y pr
3 na X pr
4 na zpu
5 na y pf
6 na 1
7 na 2
8 na 3
9 na
10 na
11 1-1 1 2
12 1-2 2 1
13 1-3 3 3
14 1-4 4 4
15
0 1-5 5
1 1-6 6
2 2-1
3 2-2
4 2-3
5 2-4
6 2-5
7 2-6
8 3-1
9 3-2
10 3-3
1 3-4
12 3-5
13 3-6
14 3-7
15 4-1
0 4-2
1 4-3
2 4-4
3 4-5
4 4-5
5 4-6
6 na
7 na
8 na

CABLE

AXLE2-14

AXLE2-15

AXLE1-1
AXLE1-2
AXLE1-3
AXLE1-4

AXLE1-5
AXLE1-6
AXLE1-7
AXLE1-8
AXLE1-9
AXLE1-10

AXLE2-1
AXLE2-2
AXLE2-3
AXLE2-4
AXLE2-5
AXLE2-6
AXLE2-7
AXLE2-8

AXLE2-9
AXLE2-12
AXLE2-13
AXLE2-10
AXLE2-11

display

3-2
3-3
3-3
3-3
43
43

43

1-2

1-3
1-3
1-3
2-3
2-3
2-3

11
11
2-1
241
2-1
241

31
3-1
31

4-1

4-1
41
4-1
41
4-1
3-2
42
3-2
42
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2-4
2-4
2-4
2-4

AXLELAT1-1
TRFLLAT1
TRFLVERT1
TRFLLONG1
BRMTLAT1
BRMTVERT1
SINE1

SINE2
BRMTLONGH1
CTRCALPLAT1
CTRCALPVERT1
CTRCALPLONG1
CYLPRESS1
CTRDSKTEMP1
SYNC
AXLELAT2

TRFLLAT2
TRFLVERT2
TRFLLONG2
BRMTLAT2
BRMTVERT2
BRMTLONG2
CTRCALPLAT2
CTRCALPVERT2
CTRCALPLONG2
CTRDSKTEMP2
CYLPRESS2
CTRSPK6F1
CTRSPK6F2
CTRSPK6R1
CTRSPK6R2
BAD

CTRSPK3R1
CTRSPK3R2
AXLECSPK6
AXLECSPK3
AXLEOSPK6
AXLEOSPK3
AXLE1LLINK
AXLE1RLINK
CTR2SPK6R1
CTR2SPK6R2
CTR2SPK3R1
CTR2SPK3R2
CTR2SPK6_4
CTR2SPK6_5
CTR2SPK4_6
AXLE2CSPK6

AXLE2CSPK3
AXLE2CSPK6+90
AXLE2CSPK6-90
AXLE20SPK6
AXLE20SPK3
LBOXLAT1
LBOXVERT1
RBOXLAT1
RBOXVERT1

Description

Lateral Acceleration, Axle Mounted

Lateral Acceleration, TRUCK FRAME LEFT
Vertical Acceleration, TRUCK FRAME LEFT
Longitudinal Acceleration, TRUCK FRAME LEFT
Lateral Acceleration, BRAKE MOUNTING TUBE
Vertical Acceleration, BRAKE MOUNTING TUBE
Speed; sine from encoder

Speed; sine from encoder

Longitudinal Acceleration, BRAKE MOUNTING TUBE
Lateral Acceleration, Caliper, Near Pad

Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Brake Cylinder Pressure

Thermocouple, Rotor

Synchronization signal

Lateral Acceleration, Axle Mounted

Lateral Acceleration, TRUCK FRAME LEFT
Vertical Acceleration, TRUCK FRAME LEFT
Longitudinal Acceleration, TRUCK FRAME LEFT
Lateral Acceleration, BRAKE MOUNTING TUBE
Vertical Acceleration, BRAKE MOUNTING TUBE
Longitudinal Acceleration, BRAKE MOUNTING TUBE
Lateral Acceleration, Caliper, Near Pad

Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Thermocouple, Rotor

Brake Cylinder Pressure

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage

june 14 2005

Location
Axle

slip ring 1
slip ring 3

Center Caliper
Center Caliper
Center Caliper
Center Caliper
Center Rotor
signal generator
Axle

Center Caliper
Center Caliper
Center Caliper
Center Rotor
Center Caliper
Center Rotor S6
Center Rotor S6
Center Rotor S6
Center Rotor S6

Center Rotor S3
Center Rotor S3
axle ; center Rot
axle ; center Rot
Axle: 1/4

Axle: 1/4
Center Caliper
Center Caliper

Ver 22

Range
+/-200g
+/-25g
+/-25g
+/-259
+/-25g
+/-25g
+/-10Vdc
+/-10Vdc
+/-25g
+/-100g
+/-100g
+/-100g
0-200 psi
32-1832F
+/-4V
+/-500g

+/-259
+/-25g
+/-259
+/-25g
+/-25g
+/-25g
+/-100g
+/-100g
+/-100g
32-1832F
0-200 psi

Strain Gage
Strain Gage
Strain Gage

Center Rotor S6 (SG1)
Center Rotor S6 (SG2)
Center Rotor S1 (SG3)

Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage

Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Lateral Acceleration, Axle
Vertical Acceleration, Axle
Lateral Acceleration, Axle
Vertical Acceleration, Axle

(
Center Rotor S1 (
Center Rotor S4 (
Center Rotor S4 (
Center Rotor S4 (
axle ; center Rot

axle ; center Rot
axle ; center Rot
axle ; center Rot
Axle: 1/4

Axle: 1/4

Axle Box Left
Axle Box Left
Axle Box Right
Axle Box Right

SG3a)
SG4)
SG5)
SG6)

+/-100g
+-250g
+/-100g
+-250g

MODEL SERIAL
# #

Silicon Des 2410-200 07133
Silicon Des 2440-025 0026
Silicon Des 2440-025 0026
Silicon Des 2440-025 0026
Silicon Des 2440-025 0028
Silicon Des 2440-025 0028
michigan scientific
michigan scientific
Silicon Des 2440-025 0028
Silicon Des 2440-100 0005
Silicon Des 2440-100 0005
Silicon Des 2440-100 0005
Omega px41c1-200g1 148202
Omega
0.5hz to 5Hz 5Secs tri
VibraMetric 7002hg2k 0902
Silicon Des 2440-025 0027
Silicon Des 2440-025 0027
Silicon Des 2440-025 0027
Silicon Des 2440-025 0029
Silicon Des 2440-025 0029
Silicon Des 2440-025 0029
Silicon Des 2440-100 0012
Silicon Des 2440-100 0012
Silicon Des 2440-100 0012
Omega
Omega px41c1-200g10t
PCB J353B01 95259
PCB J353B01 95604
PCB J353B01 97687
PCB J353B01 97688

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-10Vdc
+/-10Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-2.5V
0-5Vdc
+/-5Vdc
+/-5Vdc

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-5Vdc

0-2.5V

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc

PIN1=NO OFFSET

PIN3=OFFSET

JUMPERS

Scu
5B41-02 NO OFF 19.7 mVIG
5B41-02 NO OFF 197.10 mV/IG
5B41-02 NO OFF 199.00 mV/G
5B41-02 NO OFF 197.10 mV/IG
5B41-02 NO OFF 197.00 mV/G
5B41-02 NO OFF 198.10 mV/IG

NO 1

NO 1
5B41-02 NO OFF 196.70 mV/G
5B41-02 NO OFF 50 mV/IG
5B41-02 NO OFF 50 mV/G
5B41-02 NO OFF 50 mV/IG
5B41-07 NO OFF 0.0125 V/PSI
5B47-K-04 OFF 0.002778 v/deg f
5B41-02 NO 1

NO 9.5 mV/G
5B41-02 NO OFF 196.50 mV/IG
5B41-02 NO OFF 198.40 mV/G
5B41-02 NO OFF 196.90 mV/IG
5B41-02 NO OFF 197.00 mV/G
5B41-02 NO OFF 196.90 mV/IG
5B41-02 NO OFF 196.90 mV/G
5B41-02 NO OFF 50 mV/IG
5B41-02 NO OFF 50 mV/G
5B41-02 NO OFF 50 mV/IG
5B47-K-04 OFF 0.002778 v/deg f
5B41-07 NO OFF 0.0125 V/PSI
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
5B41-02 NO
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain
2120B NO 5911.33 uStrain

NA 10 mV/IG

NA 10 mV/IG

NA 10 mV/IG

NA 10 mV/IG



CH
57
58
59
60
61

62
63

-

***ANY ADDITIONAL CALCULATED CHANNELS TO BE ADDED AFTER THE AD CHANNELS; THIS IS AND EXAMPLE

SCU ECTRON CAB

9
10
11
12
13
14
15

VISHAY ORG

na
na
na
na
na
na
na

CABLE

display

1-2
2-2
1-2
2-2
3-2
3-2

AXLE-

SLIPRING Name

2
2
2
2

1-2
1-2
1

LBOXLAT2
LBOXVERT2
RBOXLAT2
RBOXVERT2
AXLELAT1-2
AXLELAT1-3
AXLE1LLONG
SPEED1

Description

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle Mounted
Lateral Acceleration, Axle Mounted
Long Acc Axle

CALCULATED SPEED FOR SINE1

june 14 2005

Location

Axle Box Left
Axle Box Left
Axle Box Right
Axle Box Right
Axle

Axle

Ver 22

Range

+/-100g
+/-250g
+/-100g
+/-250g
+/-500g
+/-500g
+/-100g

MODEL SERIAL

# #
PCB J353B31 97692
PCB J353B01 95603
PCB J353B31 97690
PCB J353B01 95258

VibraMetric 7002hg2k 0867
Endeveco 7264b-500

PCB J353B31 97691

+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-5Vdc

+/-5Vdc

+/-2.5Vdc

PIN1=NO OFFSET

PIN3=OFFSET

JUMPERS
Scu

NA

NA

NA

NA

NA

NA

NA

10 mV/IG
10 mV/IG
10 mV/IG
10 mV/IG
9.9 mV/IG
10 mV/IG
10 mV/IG



CH
0
1
2
3
4
5
6
7
8

9
10
1"
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55
56

S

VISHAY ORG
CU ECTRON CAB
0 na 15
1 na x pl
2 na zpu
3 na y pr
4 na X pr
5 na zpu
6 na
7 na
8 na y pf
9 na 1
10 na 2
1" na 3
12 na 31
13 na 9
14 na
15 na
0 na x pl
1 na zpu
2 na y pr
3 na X pr
4 na zpu
5 na y pf
6 na 1
7 na 2
8 na 3
9 na
10 na
11 1-1 2
12 1-2 1
13 1-7 3
14 1-8 4
15
0 1-5
1 1-6
2 2-1
3 2-2
4 2-3
5 2-4
6 2-5
7 2-6
8 3-1
9 3-2
10 3-3
1 3-4
12 3-5
13 3-6
14 3-7
15 4-1
0 4-2
1 4-3
2 4-4
3 4-5
4 4-6
5 na
6 na
7 na
8 na

CABLE

AXLE2-14

AXLE2-15

AXLE1-1
AXLE1-2
AXLE1-3
AXLE1-4

AXLE1-5
AXLE1-6
AXLE1-7
AXLE1-8
AXLE1-9
AXLE1-10

AXLE2-1
AXLE2-2
AXLE2-3
AXLE2-4
AXLE2-5
AXLE2-6
AXLE2-7
AXLE2-8

AXLE2-9
AXLE2-12
AXLE2-13
AXLE2-10
AXLE2-11

display

3-2
3-3
3-3
3-3
43
43

43

1-2

1-3
1-3
1-3
2-3
2-3
2-3

[N
LN

11
11
21
241
21
241

31
3-1
31

4-1

4-1
41
4-1
41
4-1
3-2
42
3-2
42

AXLE-

SLIPRING Name

11

N
[ O N I
N

NRONNNNNNDN E

N
LALALNANME

2-4
2-4
2-4
2-4

AXLELAT1-1
TRFLLAT1
TRFLVERT1
TRFLLONG1
BRMTLAT1
BRMTVERT1
SINE1

SINE2
BRMTLONGH1
CTRCALPLAT1
CTRCALPVERT1
CTRCALPLONG1
CYLPRESS1
CTRDSKTEMP1
SYNC
AXLELAT2

TRFLLAT2
TRFLVERT2
TRFLLONG2
BRMTLAT2
BRMTVERT2
BRMTLONG2
CTRCALPLAT2
CTRCALPVERT2
CTRCALPLONG2
CTRDSKTEMP2
CYLPRESS2
CTRSPK6F1
CTRSPK6F2
CTRSPK6R1
CTRSPK6R2
BAD

CTRSPK3R1
CTRSPK3R2
AXLECSPK6
AXLECSPK3
AXLEOSPK6
AXLEOSPK3
AXLE1LLINK
AXLE1RLINK
CTR2SPK6R1
CTR2SPK6R2
CTR2SPK3R1
CTR2SPK3R2
CTR2SPK6_4
CTR2SPK6_5
CTR2SPK4_6
AXLE2CSPK6

AXLE2CSPK3
AXLE2CSPK6+90
AXLE2CSPK6-90
AXLE20SPK6
AXLE20SPK3
LBOXLAT1
LBOXVERT1
RBOXLAT1
RBOXVERT1

Description

Lateral Acceleration, Axle Mounted

Lateral Acceleration, TRUCK FRAME LEFT
Vertical Acceleration, TRUCK FRAME LEFT
Longitudinal Acceleration, TRUCK FRAME LEFT
Lateral Acceleration, BRAKE MOUNTING TUBE
Vertical Acceleration, BRAKE MOUNTING TUBE
Speed; sine from encoder

Speed; sine from encoder

Longitudinal Acceleration, BRAKE MOUNTING TUBE
Lateral Acceleration, Caliper, Near Pad

Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Brake Cylinder Pressure

Thermocouple, Rotor

Synchronization signal

Lateral Acceleration, Axle Mounted

Lateral Acceleration, TRUCK FRAME LEFT
Vertical Acceleration, TRUCK FRAME LEFT
Longitudinal Acceleration, TRUCK FRAME LEFT
Lateral Acceleration, BRAKE MOUNTING TUBE
Vertical Acceleration, BRAKE MOUNTING TUBE
Longitudinal Acceleration, BRAKE MOUNTING TUBE
Lateral Acceleration, Caliper, Near Pad

Vertical Acceleration, Caliper, Near Pad
Longitudinal Acceleration, Caliper, Near Pad
Thermocouple, Rotor

Brake Cylinder Pressure

Strain Gage

Strain Gage

Strain Gage

Strain Gage

Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage

Strain Gage
Strain Gage
Strain Gage
Strain Gage
Strain Gage
Lateral Acceleration, Axle
Vertical Acceleration, Axle
Lateral Acceleration, Axle
Vertical Acceleration, Axle

june 17 2005 Ver 25
Location Range
Axle +/-200g
+/-259
+/-25g
+/-259
+/-25g
+/-25g
slip ring 1 +/-10Vdc
slip ring 3 +/-10Vdc
+/-25g

Center Caliper +/-100g
Center Caliper +/-100g
Center Caliper +/-100g
Center Caliper 0-200 psi
Center Rotor  32-1832F
signal generatc +/-4V
Axle +/-500g

+/-25g
+/-25g
+/-259
+/-25g
+/-25g
+/-25g

Center Caliper +/-100g

Center Caliper +/-100g

Center Caliper +/-100g

Center Rotor  32-1832F

Center Caliper 0-200 psi

Center Rotor S6

Center Rotor S6

Center Rotor S6

Center Rotor S6

Center Rotor S3
Center Rotor S3

axle ; center Rot

axle ; center Rot
Axle: 1/4

Axle: 1/4

Center Caliper

Center Caliper

Center Rotor S6 (SG1)
Center Rotor S6 (SG2)
Center Rotor S1 (SG3)
Center Rotor S1 (SG3a)
Center Rotor S4 (SG4)
Center Rotor S4 (SG5)
Center Rotor S4 (SG6)
axle ; center Rot

axle ; center Rot

axle ; center Rot

axle ; center Rot

Axle: 1/4

Axle: 1/4

Axle Box Left +/-100g
Axle Box Left +/-250g
Axle Box Right +/-100g
Axle Box Right +/-250g

MODEL

#
Silicon Des 2410-200
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
michigan scientific
michigan scientific
Silicon Des 2440-025
Silicon Des 2440-100
Silicon Des 2440-100
Silicon Des 2440-100
Omega
Omega
0.5hz to 5Hz 5Secs tri
VibraMetric 7002hg2k

Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-025
Silicon Des 2440-100
Silicon Des 2440-100
Silicon Des 2440-100

Omega

Omega px41c1-200g10t
PCB J353B01

PCB J353B01

PCB J353B01

PCB J353B01

px41c1-200g10t

SERIAL
#
07133
0026
0026
0026
0028
0028

0028
0005
0005
0005
148202

0902

0027
0027
0027
0029
0029
0029
0012
0012
0012

95259
95604
97687
97688

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-10Vdc
+/-10Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-2.5V
0-5Vdc
+/-5Vdc
+/-5Vdc

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
0-5Vdc

0-2.5V

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc

+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc

PIN1=NO OFFSET

PIN3=OFFSET

JUMPERS

SCu
5B41-02 NO OFF 19.7 mV/IG
5B41-02 NO OFF 197.10 mV/G
5B41-02 NO OFF 199.00 mV/G
5B41-02 NO OFF 197.10 mV/G
5B41-02 NO OFF 197.00 mV/G
5B41-02 NO OFF 198.10 mV/G

NO 1

NO 1
5B41-02 NO OFF 196.70 mV/G
5B41-02 NO OFF 50 mV/G
5B41-02 NO OFF 50 mV/G
5B41-02 NO OFF 50 mV/G
5B41-07 NO OFF 0.0125 V/PSI
5B47-K-04 OFF 0.002778 v/deg f
5B41-02 NO 1

NO 9.5 mV/IG
5B41-02 NO OFF 196.50 mV/G
5B41-02 NO OFF 198.40 mV/G
5B41-02 NO OFF 196.90 mV/G
5B41-02 NO OFF 197.00 mV/G
5B41-02 NO OFF 196.90 mV/G
5B41-02 NO OFF 196.90 mV/G
5B41-02 NO OFF 50 mV/G
5B41-02 NO OFF 50 mV/G
5B41-02 NO OFF 50 mV/G
5B47-K-04 OFF 0.002778 v/deg f
5B41-07 NO OFF 0.0125 V/PSI
2120B NO 4000 uStrain
2120B NO 4000 uStrain
2120B NO 4000 uStrain
21208 NO 4000 uStrain
5B41-02 NO
2120B NO 4000 uStrain
2120B NO 4000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 3000 uStrain
2120B NO 3000 uStrain
2120B NO 4000 uStrain
2120B NO 4000 uStrain
2120B NO 4000 uStrain
2120B NO 4000 uStrain
2120B NO 4000 uStrain
21208 NO 4000 uStrain
2120B NO 4000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain
2120B NO 2000 uStrain

NA 10 mV/G

NA 10 mV/IG

NA 10 mV/G

NA 10 mV/IG



CH
57
58
59
60
61

62
63

-

SCU ECTRON

9

10
11
12
13
14
15

VISHAY ORG

na
na
na
na
na
na
na

CAB

CABLE

display

1-2
2-2
1-2
2-2
3-2
3-2

AXLE-

SLIPRING Name

2
2
2
2
1-2
1-2
1

LBOXLAT2
LBOXVERT2
RBOXLAT2
RBOXVERT2
AXLELAT1-2
AXLELAT1-3
AXLE1LLONG
SPEED1

Description

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle

Vertical Acceleration, Axle

Lateral Acceleration, Axle Mounted
Lateral Acceleration, Axle Mounted
Long Acc Axle

CALCULATED SPEED FOR SINE1

***ANY ADDITIONAL CALCULATED CHANNELS TO BE ADDED AFTER THE AD CHANNELS; THIS IS AND EXAMPLE

june 17 2005 Ver 25

Location Range

Axle Box Left +/-100g
Axle Box Left +/-250g
Axle Box Right +/-100g
Axle Box Right +/-250g

Axle +/-500g
Axle +/-500g
+/-100g

MODEL

#
PCB J353B31
PCB J353B01
PCB J353B31
PCB J353B01
VibraMetric 7002hg2k
Endeveco 7264b-500
PCB J353B31

SERIAL
#
97692
95603
97690
95258
0867

97691

+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-2.5Vdc
+/-5Vdc

+/-5Vdc

+/-2.5Vdc

PIN1=NO OFFSET

PIN3=OFFSET

JUMPERS
SCu

NA

NA

NA

NA

NA

NA

NA

10 mV/G
10 mV/IG
10 mV/G
10 mV/IG
9.9 mV/G
10 mV/IG
10 mV/G



CALIBRATION CERTIFICATES

AND SPECIFICATION SHEETS

FOR SENSORS USED

DURING ENSCO’S

ACELA BRAKE DISC TEST



E] SILICON DESIGNS INC. 1445 NW Mall St., Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Mode!: 2430-200 CALIBRATION CERTIFICATE
Part #: 153-00007-05 Doc. Rev. D X-Axis Y-Axis Z-Axis
Mfg. Lot #2 9m095a - Op. Number: 740 +1GDC:| 330 | 190 | 120 |mvDC
Operator: Jerry -igDpc:| -170 | -31.0 | -380 | mVDC
Serial #: 427 Calibration Date: 05/04/05 oGBias| 80 | -60 | -13.0 [mvDC
Supply Current: 26.3 mA Scale Factor] 25.00 | 24.90 | 25.20 | mV/G
Full Scale: 200G Calibration Freq. 100 Hz Sensor ID| 62663 | 62661 | 62665
Linearity Error
1
0.75
T 05
®©
& o025
N . R N T ll
T -0.25
e
5 -05
-0.75
-1
-100 -80 -60 -40 -20 0 20 40 60 80 100
Acceleration (g's)
[= = = X Axis ==Y Axis Z Axis
Frequency Response*
3 e 0
Tl o
A
1 . 120
s 2
" T
a? '@ ! Ty LY X r‘% - =~
80 ‘ { '’ o 180 E
-1 -240
2 -300
3 -360
10 100 Frequency (Hz) 1000 10000
——X Axis —{+-Y Axis —O—Z Axis X Phase —s=Y Phase ~-+-Z Phase
Freq. (H2)** 40 60 100 | 230 | 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 | 4000
dB Out-X | -0.06 | -0.06 { 0.00 | -0.06 | -0.09 | -0.14 | 0.09 | 099 | 158 | 1.70 | 2.19 | 2.63 | 2.53 | 1.72
Phase (deg) -2.1 -2.6 -4.0 -79 | -179| -40.1 | -56.4 | -78.5 | -87.4 | -93.6 |-105.5|-120.4|-137.9}-157.5
Freq. (Hz)** 40 60 100 | 230 | 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 | 4000
dBOut-Y -0.03 | -0.03 | 0.00 | -0.03 | -0.09 | -0.22 | -0.29 | 0.09 | 0.35 | 0.39 | 0.71 | 1.07 | 1.18 | 1.07
Phase (deg) -2.0 -2.5 -3.8 7.7 | -175]-39.1 | -55.2 | -75.8 | -83.6 | -88.9 | -98.2 |-109.9|-124.0]-141.9
Freq. (Hz)** 40 60 100 230 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 | 4000
dB Out-Z 0.00 | 0.01 | 0.00 | -0.02 | -0.07 | -0.28 | -0.39 | -0.21 | -0.30 | 0.14 | 0.34 | 0.57 | 0.93 | 0.23
Phase (deg) | -2.1 | -2.6 -39 | -79 | -18.0| -40.3 | -56.7 | -77.5 | -81.2 | -91.7 | -99.9 |-110.4|-125.9]|-142.6

* Reference Frequency is 100 Hz Final Status:
** 14.142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-80157 P

ass.

[ ]

website: www.silicondesigns.com e-mail: sales@silicondesigns.com

Form: 0-000-00501 Rev 20 November 2000 TriAxial Analog Report Generator Rev 3/9/05 4:21:32 PM



|E| SILICON DESIGNS INC. 1445 NW Mall St Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model:

CALIBRATION CERTIFICATE PAGE 2

2430-200

Serial #:

427

Linear Fit:

Part #:

Op. Number:

153-00007-05 Full Scale: 200G

740 Calibration Date: 05/04/05

Room Temperature Correction Factors:

Y = G's measured

X = Output In Volts

Linear Correction

Y=zaX+b
X-Axis Y-Axis Z-Axis
b -4.292E-01 | 3.593E-01 | 5.426E-01
a 4.004E+01 | 4.011E+01 | 3.973E+01
RMS Error| 3.288E-01 | 3.319E-01 | 3.121E-01
2nd order Fit:
2
Y=a, X" +a; X+b
X-Axis Y-Axis Z-AXxis
b -8.208E-01 | 7.634E-01 | 9.225E-01
a, 4.004E+01 | 4.011E+01 | 3.973E+01
a, 3.944E-01 | -3.999E-01 | -3.687E-01
RMS Error| 3.677E-03 | 1.606E-02 | 1.658E-02
3rd order Fit:
3 2
Y= a3X +a2X +a1X+b
X-Axis Y-Axis Z-Axis
b| -8.298E-01 | 7.633E-01 | 9.226E-01
a;| 4.003E+01 | 4.015E+01 | 3.976E~+01
a,| 3.944E-01 | -3.996E-01 | -3.688E-01
as| 3.746E-03 | -2.203E-02 | -2.206E-02
RMS Error| 2.491E-03 | 3.204E-03 | 3.456E-03

__ 0800
B 0.600
5 0.400 \ — /
8 0200 N -~
k-] ’ . \¥ j s
G -0-400 —
2 -0.600 .
-0.800
-100 -50 0 50 100
Applied Acceleration (g)
[ ----- X Axis e ZAxis |
2nd Order Correction
0.030
5 0-020 N /
T 1\ /
S 0.010 : h\ /
— 0.000 Xy L= Py ‘-_.-'-' ".'.
g !.? . \w / .
B-0.010 [/ \ /
C-0.020 /’ J
-0.030
-100 -50 0 50 100
Annliad Arncalaratinn (~)
[ ----- X Axis s | AXIS ZAxis |
3rd Order Correction
0.006
S 0.004 A : A
6 0.002 - /‘L?\i -‘,fi'- (1A
i 0000 /AN ZATAY (A
w . 7{\ '-I ‘ig \-~ . / j é E[; F .
€ .0.002 3 NFAL AL S
2 LT A 6]
‘% -0.004 5 : .
@ / 1; v
0 -0.006
-0.008
-100 -50 0 50 100
Applied Acceleration (g)
- X Axis s N AXIS Z Axis_|

website: www.silicondesigns.com

e-mail: sales@silicondesigns.com

Form: 0-000-00510 Rev 18 December 2000

Report Generator Rev 3/9/05 4:21:32 PM




EI SILICON DESIGNS INC. 1445NW Mall St Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model: 2430-200 CALIBRATION CERTIFICATE
Part # 153-00007-05 Doc. Rev. D X-Axis Y-Axis Z-Axis
Mfg. Lot # 0mO063a Op. Number: 740 +GDpc| 510 | 140 | 140 |mvDC
Operator: Jerry -1GDC:| 20 -63.0 | -36.0 | mvDC
Serial #: 486 Calibration Date: 05/04/05 0GBias| 260 | -390 | -11.0 | mvDC
Supply Current: 26.5 mA Scale Factor}] 24.50 | 24.50 | 24.80 | mV/G
Full Scale: 200 G Calibration Freq. 100 Hz Sensor ID| 71916 | 71877 | 71896
Linearity Error
]
0.75
T 05
©
& o025
"5 0 e — - _--"‘""""'--._M@
o\o - .= N ’ N~ -
= -0.25
()
5 -05
-0.75
-1
-100 -80 -60 -40 -20 0 20 " 40 60 80 100
Acceleration (g's)
= = = XAxis Y Axis Z Axis
Frequency Response*
: = e °
2 iz N = -60
1 120 o
1 _9
g0 Ot} & o 180 5
ol ]
2
-1 -240
2 : -300
3 h \ -360
10 100 Frequency (Hz) 1000 10000
——X Axis ~{3—Y Axis —O—Z Axis -+~ X Phase -#--Y Phase -+-Z Phase
Freq. (Hz)** 40 60 100 230 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 | 4000
dB Out - X -0.03 | -0.03{ 0.00 | -0.04 | -0.11 | -054 | -1.01 | -1.85 | -1.97 | -2.48 { -2.79 | -3.47 | -4.08 | -4.58
Phase (deg) 23 2.9 -4.5 93 | -21.3| -48.5 ] -69.3 | -94.5 {-102.2|-107.5|-117.5]-125.4(-133.8|-142.5
Freq. (Hz)** 40 60 100 230 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 { 4000
dB Qut-Y -0.05 | -0.04 | 0.00 | -0.04 | -0.07 | -0.25 | -0.48 | -0.92 | -1.01 { -1.40 | -1.69 | -2.02 | -2.57 | -3.25
Phase (deg) -2.1 2.7 -4.1 -8.1 | -18.6 | -42.5 | -62.0 | -86.7 | -96.0 |-100.6|-109.4|-119.0{ -128.5| -140.1
Freq. (Hz)** 40 60 100 230 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 | 4000
dBv Qut-Z 0.03 | 0.03 | 0.00 | -0.01 | -0.06 | -0.42 | -0.84 | -1.73 | -2.21 | -227 | -2.72 | -3.30 | -3.85 | -4.70
Phase (deg) -2.2 -2.8 -4.2 -89 | -204 | -46.9 | -67.3 | -92.7 | -97.5 |-107.7|-115.9]|-124.7| -134.7| -145.7

* Reference Frequency is 100 Hz Final Status:
** 14.142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-90157 P
ass.:
n

website: www.silicondesigns.com e-mail: sales@silicondesigns.com
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El SILICON DESIGNS INC. 1445 NW Mall St, Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model:

CALIBRATION CERTIFICATE PAGE 2

2430-200

Serial #:

486

Linear Fit:

Room Temperature Correction Factors:

Y = G's measured

Part #:

Op. Number:

Full Scale: 200G

Calibration Date: 05/04/05

153-00007-05
740

X = Output In Volts

Y=aX+b
X-Axis Y-Axis Z-Axis
b -1.094E+00 | 1.677E+00 | 4.792E-01
a 4.078E+01 | 4.079E+01 | 4.024E+01
RMS Error| 3.350E-01 | 2.948E-01 | 2.273E-01
2nd order Fit:
2
Y=a,X"+a; X+b
X-Axis Y-Axis Z-Axis
b -1.503E+00 | 2.035E+00 | 7.549E-01
a, 4.077E+01 | 4.077E+01 { 4.024E+01
a, 4174E-01 | -3.684E-01 | -2.750E-01
RMS Error| 4.895E-03 | 9.119E-03 | 2.111E-02
3rd order Fit:
3 2 ,
Y=aX +a, X" +a;X+b
X-Axis Y-Axis Z-Axis
b -1.502E+00 | 2.036E+00 | 7.551E-01
a4| 4.076E+01 | 4.079E+01 | 4.029E+01
a,| 4.172E-01 | -3.695E-01 | -2.753E-01
ay| 5.374E-03 | -1.261E-02 | -2.958E-02
RMS Error| 3.246E-03 | 3.215E-03 | 2.981E-03

Linear Correction
__ 0600 -
& 0.400 — — 4
S 0.200 AN el S ,/
W 0.000 \\\ //
§ -0.200 X S — 3
T -0.400 - e s
3 -0.600 ’ :
= o.soo
-100 -50 0 50 100
Applied Acceleration (g)
[ ----- X Axis rrmmenrsis Y AXIS ZAxis |
2nd Order Correction
0.040
0.030 T~ /’
~0.020
2 0.010 . / A \ /s
- RSN, "y P
0.000 ¥ DTN T N
-0.010 7 I \f\\ ‘”‘\Zf "
‘ / \___/
8-0.020 / ——
-0.080 /
0.040
-100 -50 0 50 100
Annliard Arral tion_ {a)
[ - X Axis ~Y Axis Z Axis |
3rd Order Correction
0.006
= A
B 0.004 Af ! e
5 0000 \ f*z;A\%J o ...\ AN
et 1 ) . v F W i
u 0.000 k\‘-" lg&l 3 y\f Z,i :§ !
© HIE B TR EY
-g -0.002 *'X'j‘-‘ [}:j V: Ui X‘l( /\J\V/i-:; M
VARV AN
& -0.004 3 '’
v
-0.006
-100 -50 0 50 100
Applied Acceleration (g)
[ ----- X Axis e Y AXIS Z Axis |
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Form: 0-000-00510 Rev 18 December 2000

Report Generator Rev 3/9/05 4:21:32 PM



El SILICON DESIGNS INC. 1445 NW Mall St,, Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model: 2430-100 CALIBRATION CERTIFICATE
' Part#  153-00007-04 Doc.Rev. D X-Axis Y-Axis Z-Axis
Mfg. Lot # 4m286a Op. Number: 740 +1epc| 600 | 280 | 340 |mvDC
Operator: joe -1GDC:| 370 | 710 | -650 | mvDC
Serial #: 677 Calibration Date: 10/27/04 0GBias| 110 | 220 | -150 | mvDC
Supply Current: 27.1 mA Scale Factor| 49.00 | 48.80 | 49.50 | mV/G
Full Scale: 100G Calibration Freq. 100 Hz Sensor ID| 168393 | 168419 | 168381
Linearity Error
1
0.75
E 0.5 .
& 025 - i S P
5 T~ e~
2 AT —— T~
= -0.25 - ~ .
e f )
5 -05 -
-0.75
-1
-100 -80 -60 -40 20 0 20 40 60 80 100
Acceleration (g's)
= = = XAxis = =Y Axis Z Axis
Frequency Response*
3
2
1
Qo0 D= o) el —
et LT
=]
’ - \\C\\
L@
2 ‘\ \
3 b\
10 100 1000 10000
F H
requency (Hz) [——X Axis —0—Y Axis —0—Z Axis
Freq. (Hz)** 40 60 100 220 460 | 1000 | 1185 | 1400 | 1675 | 2000 | 2235 | 2500 | 3200 | 4000
dB Out-X |-0.033]|-0.037 0 -0.076|-0.234| -0.913| -1.263| -1.668| -2.28 | -3.065( -3.663 | -4.307 | -6.239 | -8.599
dBOut-Y |-0.019]-0.018 0 -0.062| -0.22 | -0.8731{-1.592| -2.24 | -2.974|-3.721| -4.435| -5.481 | -6.422 | -8.841
dB Out-2Z 0.041 | 0.039 0 -0.009|-0.076| -0.332| -0.671| -1.542| -2.015| -2.6 |-3.106|-4.287|-5.304| -6.656
* Reference Frequency is 100 Hz Final Status:
** 14,142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-90157 Pass .
website: www.silicondesigns.com e-mail: sales@silicondesigns.com
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== SILICON DESIGNS INC. 1445Nw Mall St., Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

CALIBRATION CERTIFICATE PAGE 2

Model: 2430-100 Part#: 153-00007-04 Full Scale: 100 G
Serial #: 677 Op. Number: 740 Calibration Date: 10/27/04
Room Temperature Correction Factors:
Y =G's measured X = Output In Volts
Linear Fit: Linear Correction
1.000
Y=aX+b 2 /
& 0.500 P
S ~ - e /
X-Axis Y-Axis Z-Axis % 0.000 \ 4
b | -3.957E-01 | 4.729E-01 | 3.922E-01 3 x \___/x
= _ - N
a | 2.042E+01 | 2.049E+01 | 2.020E+01 [ 0.500 K R
RMS Error| 3.879E-01 | 3.262E-01 | 3.099E-01 ® o0 2
-100 -50 0 50 100
Applied Acceleration (g)
[ ----- X Axis 'Y Axis ZAxis |
2nd order Fit: 0,200 2nd Order Correction
2 . 0.150
= (=]
Y=a X +a; X+b 2 0100
£ 0.050 (/"’V\«
X-Axis Y-Axis 2-Axis % 0.000 /
b | -8401E-01 | 8.417E-01 | 7.437E-01 3 -0.050 // >
a; | 20426401 | 2.049E+01 | 2.020E+01 @ 0.100 /
a, | 1.237E-01 | -1.035E-01 | -9.580E-02 & 0.150
RMS Error| 5.376E-02 | 6.824E-02 | 5.959E-02 -0.200
-100 -50 0 50 100
Applied Acceleration (q)
I ..... X Axis e Y AXIS 7 Axis I
3rd order Fit: 3rd Order Correction
0.025
3 ) 5 0020
Y= a3X +a, X +a1X+b T 0.01%
S 0.010
& 0.005
X-Axis Y-Axis Z-Axis = 0-000 +
b| -8.396E-01 3 0.005
-8.396E- 8.418E-01 | 7.436E-01 B 0010
a,| 2.049E+01 | 2.057E+01 | 2.027E+01 8 0015
a,| 1.233E-01 | -1.033E-01 | -9.560E-02 & 8822
a;| -1.025E-02 | -1.328E-02 | -1.108E-02 100 50 0 50 100
RMS Error| 8.126E-03 | 6.561E-03 | 5.613E-03 Applied Acceleration (g)
[ ----- X Axis - Y AXIS ZAxis_|

website: www.silicondesigns.com

e-mail: sales@silicondesigns.com

Form: 0-000-00510 Rev 18 Decembe

r 2000

Report Generator Rev 6/24/02-2:36:08 PM



El SILICON DESIGNS INC. 1445 NW Mall St., Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model: 2430-100 CALIBRATION CERTIFICATE
Part#:. 153-00007-04 Doc.Rev. D X-Axis Y-Axis Z-Axis
Mfg. Lot #: 4m286a Op. Number: 740 +1epc:| 280 | 500 | 380 |mvDe
Operator: joe -1GDC:| -700 | -49.0 | 610 | mvDC
Serial #: 678 Calibration Date: 10/27/04 0GBias| 210 | 00 | -120 |mvDC
Supply Current: 27.2 mA Scale Factor| 49.30 | 49.10 | 49.80 | mV/G
Full Scale: 100G Calibration Freq. 100 Hz Sensor ID| 168386 | 168379 | 168394
Linearity Error
1
0.75
’5‘ 0.5
a 7
» 025 ——T il
"6 O T — - p - - . L. — /
= -0.25 -
e -
5 05
-0.75
-1
-100 -80 -60 -40 -20 0 20 40 60 80 100
Acceleration (g's)
|- = = XAxis -~ ==Y Axis Z Axis
Frequency Response*
3
2
1
\%:\:%
) SN
T
. LY
)
4 N
10 100 1000 10000
Fre ncy (H
quency (Hz) [—2—X Axis —0—Y Axis —0—Z Axis
Freq. (Hz)** 40 60 100 220 460 | 1000 | 1400 | 2000 | 2235 | 2500 | 2830 | 3200 | 3575 | 4000
dB Qut-X |-0.026(-0.029 0 -0.037| -0.081(-0.256 | -0.569 | -1.305]-1.701} -2.191| -3.118| -3.941| -5.058 | -6.043
dBOQut-Y |-0.025]-0.023 0 -0.036|-0.107| -0.37 | -0.686|-1.465]-1.918|-2.367 | -3.157 | -3.777 | -4.749| -5,922
dB Qut-Z 0.047 | 0.043 0 -0.036] -0.209| -0.908 | -1.228 | -1.638| -2.303| -3.107 [ -3.757| -4.5 | -6.27 | -8.522

* Reference Frequency is 100 Hz Final Status:
** 14.142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-90157 P
dSsS.
[ ]

website: www.silicondesigns.com e-mail: sales@silicondesigns.com
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|E| SILICON DESIGNS INC. 1445Nw Mall St., issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

CALIBRATION CERTIFICATE PAGE 2

Model: 2430-100 Part#: 153-00007-04 Full Scale: 100 G
Serial #: 678 Op. Number: 740 Calibration Date: 10/27/04
Room Temperature Correction Factors:
Y =G's measured X = Output In Volts
Linear Fit: Linear Correction
1.000
= S 0.800
Y=aX+b T 0.600 /
£ 0400 F——— === — ra
X-Axis Y-Axis Z-Axis w0200 T~ 7
& 0.000 - =7
b | 2794E-01 | 1.073E-01 | 3.344E-01 3 0200 BN — >
a | 2.026E+01 | 2.038E+01 | 2.000E+01 F 0400 -
RMS Error| 2.914E-01 | 2.723E-01 | 3.237E-01 o -0.800
-100 -50 0 50 100
Applied Acceleration (g)
[ ----- X Axis oY Axis ZAxis |
2nd order Fit: 0.200 2nd Order Correction
) . 0.150
Y=a,X +a1X+b 90100 /
[ - /’
£ o0.050 AN /
X-Axis Y-Axis Z-Axis "'_; 0.000 > ni
b | -5.187E-02 | 4.176E-01 | 7.000E-01 3 -0.050 : /
a, | 2.027E+01 | 2.039E+01 | 2.009E+01 @ .0.100
a, | 9.077E-02 | -8.609E-02 | -9.859E-02 © 0.150
RMS Error| 5.347E-02 | 4.879E-02 | 6.990E-02 -0.200
-100 -50 0 50 100
Applied Acceleration (g)
[ ----- X Axis S Y AXIS ZAxis |
3rd order Fit: 3rd Order Correction
0.015
c
Y= a; X +a, X +a; X+b T 000
2 0.005
1]
X-Axis Y-Axis Z-Axis - 0000
b| -4.972E-02 | 4.168E-01 | 6.996E-01 3 -0.005
a,| 2.033E+01 | 2.045E+01 | 2.018E+01 8 o
& -0.010 t
a,| 8.964E-02 | -8.563E-02 | -9.822E-02 0015 ;
a;| -1.004E-02 | -9.369E-03 | -1.285E-02 100 50 0 50 400
RMS Error| 4.684E-03 | 4.446E-03 | 5.206E-03 Applied Acceleration (g)
[ ----- X Axis ~-- Y Axis Z Axis |
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IEI SILICON DESIGNS INC. 1445 NW Mali St,, issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

CALIBRATION CERTIFICATE

Mfg Lot # 5m031a Model: 2210-200 Part#  153-00001-05__ Doc.Rev. D
Op. Number: 135
. P =2
Serial #: 7132 Operator: ch +1GDC: 33mvDC
Calibration Date: 02/28/05 -1GDC: .smvDC
Full Scale: 200g Calibration Freq.: 100 Hz 0GBias 44 mvDC
Sensor ID 133344 Scale Factor 19.7 mV/G
Supply Current: 7.9 mA
Output
5 1
4 08 |
3 06 |
2 2 04 T
3 1 L 02 ¢
S0 0 g
g -1 ] 0.2 “g
£ i
P -2 -0.4
-3 -0.6
-4 -0.8
5= -1
-100 -80 -60 -40 -20 0 20 40 60 80 100
Applied G Level ——— Differential =—==% Lin Err| .
Frequency Response
3 7 0 i
r b a !
2 T - \
B 60
-
81 120
z 0 [ 1) %
,§ T = i ﬁ\\\ -180 g
-1 -
\A 240 n_’
-2 _
N 300 3
-3 Y -360
10 100 1000 10000
Frequency (Hz)

Freq.(Hz)* | 40 | 60 | 100 | 230 | 540 [ 1250 | 1500 | 1800 | 2120 | 2500 | 2690 | 2900 | 3400 [ 4000
dB Out 0.01]| 0.00 [ 0.00 | -0.08] -0.34] 1.64 | 2.34| -2.89 | -3.75 | -4.77 | 512 | -6.16 | -7.53 | -9.33

SF mVig 20 20 20 19 19 16 15 14 13 11 11 10 8 7
Phase (deg) -3 -4 -6 -12 -28 -61 -71 -83 -95 -109 | -116 | 122 | 137 | 155
* Reference Frequency is 100 Hz r
** 14,142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-90157 Final Status: ;
Pass:
website: www.silicondesigns.com e-mail: sales@silicondesigns.com
Report Generator Rev 2/8/05 4:15:59 PM

Form: 0-000-00502 Rev 20 November 2000
Analog Module




== SILICON DESIGNS INC. 1445NW Mall St, Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model:

CALIBRATION CERTIFICATE PAGE 2

2210-200

Part #:

Serial #:

7132

153-00001-05

Full Scale:

S ——————

Op. Number:

135

200G
Calibration Date: 02/28/05 |

Room Temperature Correction Factors:
X = Output In Volts

Y = G's measured

Linear Fit:

Y=aX+b
b -6.050E-01
a 5.078E+01
RMS Error 2.603E-01

2nd order Fit:

Y=a,X*+a,X+b

0.600
0.500
0.400
0.300
0.200
0.100
0.000
-0.100
-0.200
-0.300
-0.400

Residual Error (g)

Linear Correction

-100

-50 0 50 100}

Applied Acceleration (g)

b -3.178E-01
a; 5.089E+01
a, -5.531E-01
RMS Error 2.253E-02

3rd order Fit:

Y=a,X+a,X?+a,;X+b

0.050
0.040
0.030
0.020
0.010
0.000
-0.010
-0.020
-0.030
-0.040
-0.050

Residual Error (g)

2nd Order Correction

-100

Applied Acceleration (g) |

b -3.241E-01
a; 5.096E+01
a, -5.321E-01
a; -7.606E-02
RMS Error  3.572E-03

3rd Order Correction

0.008

0.006

3.004

t 59
9.002
.

e
L]

/ \

U000
[+

_-3).002

1]
g?.004

\
| |
|/ )
v

-0.006

-0.008
-100

-50 Applied Acceleration (9) 50 100f
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Form: 0-000-00511 Rev 18 December 2000
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|E| SILICON DESIGNS INC. 1445 NW Mall St., Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

CALIBRATION CERTIFICATE

Mfg Lot #: 5m031a Model: 2210-200 Part#  153-00001-05 Doc.Rev. D
Op. Number: 135
Serial #2 7133 Operator: +1GDC: -4mVvDC
Calibration Date: 02/28/05 -1GDC: 45 mvDC
Full Scale: 200 g Calibration Freq.: 100 Hz 0GBias -25mVDC
Sensor ID 127946 Scale Factor 19.7 mV/G
Supply Current: 7.0 mA
Output
5 1
4 0.8
3 0.6
2 2 04 %
3 1 e 02
,/ .25

50 = — ] 0 w2

g -1 i 02 B

E . _ ui

5 2 0.4

-3 -0.6
-4 -0.8
-5 _ -1
-100 -80 -60 -40 -20 0 20 40 60 80 100
Applied G Level — Differential % Lin Err
Frequency Response
3 £ £ £ = 0
=T -*—'E* ]
—_1 120 B
@ %Sb" 120 8)
2 T Z
- 0 1x Ay ~Zx ) — -180 ¢
< 8 e S a
© =N 240 &
v, 0.
2 \ -300
3 %‘ -360
10 100 1000 10000
Frequency (Hz)

Freq. (Hz)** 40 60 100 230 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 | 4000
dB Out 0.02| 0.02 | 0.00 | -0.03 | -0.07 | -0.42 | -0.70 | 1.31 | -1.36 | -2.03 | -2.33 | -2.57 | -2.90 | -3.44
SF mVig 20 20 20 20 19 19 18 17 17 16 15 15 14 13

Phase (deg) -2 -3 -4 -9 -21 -49 -69 95 | 103 | 109 | 118 | 126 | -136 | -147

* Reference Frequency is 100 Hz
** 14.142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-90157 Final Status:

website: www.silicondesigns.com
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Analog Module




== SILICON DESIGNS INC. 1445 NW Mall St,, Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

Model:

CALIBRATION CERTIFICATE PAGE 2

2210-200

Part #:

Serial #:

7133

Y = G's measured

153-00001-05

Op. Number:

135

Room Temperature Correction Factors:

X = Output In Volts

Full Scale:

Calibration Date: 02/28/05

200G

Linear Fit:
Y=aX+b
b 1.298E+00
a 5.073E+01
RMS Error _ 1.812E-01

2nd order Fit:

Y=a,X*+a,; X+b

0.400
0.300
0.200
0.100
0.000
-0.100
-0.200
-0.300

Residual Error (g)

Linear Correction

AN

N\

AN

/

e

-100

-50

0

Applied Acceleration {g)

50

100

b 1.500E+00

ay 5.078E+01

a, -3.826E-01

RMS Error 2.403E-02
3rd order Fit:

Y= a3X3+a2X2+a1X+b

0.060
0.040
0.020
0.000
-0.020
-0.040
-0.060

Residual Error (g)

2nd Order Correction

TN

S~

N\

/

N /

—

-100

-50

0

Applied Acceleration (g)

50

100

b 1.496E+00
a; 5.085E+01
a, -3.700E-01
a; -8.126E-02
RMS Error 3.427E-03

0.006

3rd Order Correction

0.004

A\
[\

[=
o
N

A
[\ ]

o
o
N

A
\

/

\/

(=]
[w]
=

/
\ /

| |

\

i
l
|

V

\/

Y

& Resgidt_@l Esgror_c(g)
153

o
o
o
(92}

-0.008

V

-100

-0 Applied Acceleration (9)

50

100
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E_El SILICON DESIGNS INC. 1445NW Mall St Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446

CALIBRATION CERTIFICATE

Mfg Lot #: 5m031a Model: 2210-200 Part#  153-00001-05 Doc.Rev. D
Op. Number: 135

+1GDC: 14 mvDC

Serial # 7134 Operator: ch
Calibration Date: 02/28/05 -1GDC: 25 mVDC

Full Scale: 200g Calibration Freq.: 100 Hz 0GBias -6 mVDC
Sensor ID 127944 Scale Factor 19.7 mV/G

Supply Current: 7.6 mA

Output
5 1
4 0.8
3 0.6
s 2 04 €
E —= 02 @
Q 1 " - "5
g 0 — 0 =
S -1 I 02 &
O S
E . . w
5 2 0.4
-3 -0.6
-4 -0.8
-5 -1
-100 -80 -60 -40 -20 0 20 40 60 80 100
Applied G Level |— Differential % Lin Err
Frequency Response
3 iy =t = 0
2 N\ 60
& 1 i 120 ©
T - 3
c 0 ST £ A Ar -180 o
8 2
- 240 &
2 -300
3 -360
10 100 1000 10000
Frequency (Hz)
Freq. (Hz)** 40 60 100 230 540 | 1250 | 1800 | 2500 | 2690 | 2900 | 3140 | 3400 | 3685 [ 4000
dB Out 001! 0.01 | 0.00 | -0.02| 0.01 | 0.07 | 0.28 | 0.56 | 0.74 | 0.44 | 049 | 0.59 | 0.60 | 0.43
SFmvig | 20 20 20 20 20 20 20 21 21 21 21 21 21 21
Phase (deg) -2 -2 -3 -6 -14 -34 -48 -69 -76 -82 -90 -98 -108 | 121
* Reference Frequency is 100 Hz
Final Status:

** 14.142 g Peak Acceleration Traceable to NIST through Vibration Calibration Standard M-90157
| |
n
Pass

e-mail: sales@silicondesigns.com
Report Generator Rev 2/8/05 4:15:59 PM
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Analog Module



== SILICON DESIGNS ING. 1445NW Mall St, Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 391-0446 |

CALIBRATION CERTIFICATE PAGE 2

2210-200 Full Scale: 2006 __

7134

Part#: 153-00001-05

135

Model:
Serial #:

Op. Number: Calibration Date: 02/28/05

Room Temperature Correction Factors:
Y = G's measured X = Output In Volts

Linear Fit: 0.600 Linear Correction
= 0500
2 0.400
Y=aX+b S 0.300 /
£ 0.200 /
L 0.100 N\ A
S 0.000 AN L
b 3.182E-01 2 0100 AN -
& -0.200 . e
a b5.070E+01 & 0300 P
' -0.400 ;
-100 -50 0 50 100
RMS Error __ 2.389E-01 ) .
Applied Acceleration (g) :
2nd order Fit: 2nd Order Correction |
0.040 .
Y=a, X" +a;X+b ® Gom — /
£ o010 /[ \\ /
% 0.000 / N /
b  5.832E-01 8 5010 N\ )4
a; 5.078E+01 3 0020 / N A~
a, -5.062E-01 0.0
-100 -50 0 50 1oo§
RMS Error  1.691E-02 Applied Acceleration (g)
3rd order Fit: 3rd Order Correction
0.006
Y= a3X3.+ as X2+a1X+b ’6-,9'004 /\
5.002 /\
b  5.794E-01 &, 000 " / \ / \\ /\/ \ ,
a; 5.083E+01 3 \ / \/ \ | \V
2.002
a, -4.935E-01 2 \/ \ l
a;  -5.681E-02 %004 i
-0.006 ;
RMS Error 2.294E-03 -100 -50 Applied Acceleration (9) 50 100%
website: www.silicondesigns.com e-mail: sales@silicondesigns.com |
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FROM :Silicon Designs Inc Fax NO. 1425 351 8446

Jun. B3 2885 B9:39AM P2

@ SILICON DESIGNS INC. 1445 NW Mall St, Issaquah WA 98027-5344, (425) 391-8329, FAX (425) 3910445

Model: 2440-025 CALIBRATION CERTIFICATE
Part #. 153-00024-02 Doc. Rev. - X-Anls  Y-Axls 2-Axls
Mfg. Lot #.  4m242a Op. Number: 740 Aapc] zoao | 1700 § 2180 } mviC
Operator: lynn A @ape:l e300 i -2170 | 1800 | mVOC
Serial #: 26 Callbration Date: 09/13/04 0GBas| eo | <190 | 120 [mvDC
Supply Current: 27,2 mA Scule Factor] 157.10 | 187.10 | 198.00 | mv/G
Full Scale: 250G Calibration Freq. 50 Hz Sensor ID| 165246 | 186770 | 166788
Linearity Error
; . .
0.75 | . o
ERCERE
[+ 9
¢t 025 J—
:fz 01 e R eI e s 12
+ -0.25 o
e
a 0.5 e " o
-0.75 - -
.1 JE——
-24 -20 15 -10 ¢ 5 10 185 20 25
Accaleration (g's)
- = X Axis -~ Y Axis =———Z Axis |
Frequency Response®
3 IO
L. SRR VU R NV U AR I S e - N
I
2 - - S
g — - N
| R [ i ;@ e
% 0 L " .b—-—“ e ""'"‘"':ﬁ | r——
: AL \{\\
g \\\
-3 = s o
10 100 1000 10000
Frequency (Hz) [ o X Axis ——Y Axis —o—2Z AXis |
Freq. (H2)** 20 50 100 | 200 | 380 { 750 | 10 1100 | 1285 | 1500 | 1775 | 2100 2900 { 4000
dB Out-X [-0.0021 0 [-0.027 0,028 -0.018] 0.112 | 0.189 ; 0.295 0.461 | 0.65 | 0.884] 0.43 |+4.913 -13.98
dBOut-Y |-0.002 0O |-0.023 ~0.027 | -0.016] 0.113 | 0.188 | 0.285 | 0.415 0523 | 0.7 | 0.114|-5.432|-14.97
da Out-2 |-6E-04] 0.017 1-0.005] 0.057 | 0.144 | 0,217 | 0.338 p.458 | 0.571 | 0,367 | -0.257 -6.088 -15.58

* Baforence Fraquancy la 50 H2
7,071 g Pask Accelaration ‘Tracoabla to NIST through Vibration Calibratlon Standard M-80152

Final Status:

Pass:

website: www.sliicondeslgns.com

e-mail: sales@silicondeslgns.com

Form: 0-000-00501 Hav 20 Nevember 2000 TriAxial Analog

Raeperl Generator Rav 6/24/02 2:36:08




TrM :Silicon Designs Ine Fox NOL 425 391 Bd4e Jun. B3 20685 @S:390m P3

[El SILICON DESIGNS INC. 1445 Nw Mal St, Issaquah WA 980276344, (425) 3918328, FAX (425) 3910445
CALIBRATION CERTIFICATE PAGE 2
Model:  2440-025 Part #: 153-00024-02 Full Scale: 25G
TR ARIU T S ATI———— T
Serial #: 26 Op. Number: 740 Calibration Date: 09/13/04
TR AR TN OIS
Room Temparature Correction Factors:
Y = G's measured X = Output In Volts
Linear Fit: Linear Correction
5 0060 .
Y -4 ax + b ':-: 0040 -+ . [ [P [ SO /——-
[=]
= Q020 ] R s -
™ ~—— il fl e D
X-Axls Y-Axis Z-Axis E 0.000 "”""“\":’\'Q(’\‘\;\ .o = J A
e 3 L PV e g
b [ -21728.02 | 7.957E-02 | -9.900E-02 g 0oz w."_.%_.,,.:‘f. - e N M i
g8 | 5.074E+00 | 5.075E+00 | 5.0258+00 g 0,040 |—*5° s
AMS Error| 1.2958.02 | 1.828E-02 | 1.921E.02 & 0080 , .
.25 15 -5 5 15 25
Applled Acceleration (9)
XA o o YAs ZAds ]
2nd order Fit: toso. _2nd Order Correctlon
Y=a, X*+a; X+b o 0020 : e L
b Y \'\1" v ﬂ
B o010 S ae Ik oo e
X-Axls Y-Axls 2-Axis w0000 {} N L
b | -31806-02 | 6692E-02 | -7.957E-02 § 2010 / ) Yo AN
8, | 5.074E+00 | 5.073E+00 | 5025E+00 7 ‘ j RO
a -0.028 Sk : -
s | 1.3948-03 | 1.732E-03 | -2.807E.03 @
RMS Error] 5.406E-03 | 1.19%E.02 | 8.0035-03 -0.030 "
-25 -15 -5 5 15 25
Annlied Acceleration (Q)
[T rerarXAde _zoooe Y AXS ZAds
3rd order Fit: 3rd Qrder Correction
__ 0.008 g -
Y= 2, X+, X +a; X+ b 2 0008
& 0.004
lh‘: 0.002
X-Axlg Y-Axis Z-Axis ~ 0000 4
ni .3.192E.02 | 6,710E-02 | -7.975E.02 ,g -0.002
B,| 6081E+00 | 5.085E+00 | 5.033E+00 ' 0.004 -
B, 1.385E-03 | 1.687E-03 | -2.666E-03 @ -0.006
-0.008 -
8, -5.030E-04 | -7,660E-04 | -5.495E-04 o a5 5 5 15 25
RMS Error| 2671£-03 | 2518F-03 | 2.683E-03 Applied Acceleration (g)
[~ XAxia _ ——-—Y Axig Z Axis |
website: www.sllicondesigns.com e-mail: sales@silicondesigns.com

Eorm: 0-000-00510 Rev 18 December 2000 Report Generater Rev §/24/02 2:36:08 P



FROM :Silicon Designs Inc FAX NO. 1425 391 8446 Jun, 93 2085 @9:39RM P4

[.IIE SILICON DESIGNS INC. 1445 NW Mall St, Issaquah WA 98027-5344, (425) 381-8329, FAX (426) 391-0446

Modet: 2440-025 CALIBRATION CERTIFICATE
Part #2  153-00024-02 Doc. Rev, - X-Axis YV-Axis Z-Axis
Mfg. Lot #. 4m242a Op. Number: 740 «aoc| 2180 | 1810 | 2406 | mvDC
Qperator lynn 5 GDo:| 1776 | -215.0 | -188.0 | mVDC
Serial #: 27 Calibration Date: 09/13/04 oGHas| 200 | -180 | 410 | mvoc
Supply Current:  27.8 mA Scale Factor] 196,50 | 108.90 | 188.40 | mV/G
Full Scale: 25G Calibration Freq. 50 Hz 3ensor ID| 186774 | 166772 | 188777
Linearity Error
£ 1 : -
| 0.75 .- B

0.5 -
Q.28 R s )

Error (% of Span}
o

‘ 95 4— s - - .
i R el -
! Q.75 -
-1 -
26 -20 -15 0 a 5 10 15 20 25
Acceleration (g's)
[+ = X Axis ~-=Y Axis -2 Axis |
i Frequency Response”
3 “ ,
| 2 [ P [ " : - .
1 JR—— ——— - — e I
rL - ': | | B PR I w Q’Q“ (. "N ISEVUUIOION PN IS IS SO P
% G- ' 1% T o " Nt Y
3 P N I b
10 100 1000 10000
Frequency (Hz) [ X Axis —— Y Axls —0—Z Axis ||

I

100 | 200 | 380 | 750 | ©10 | 1100 | 1285 | 1500 | 1775 2100 | 2800 ; 4000
~0.0221-0,029]-0,004] 0.142 | 0.226 { 0.332 | 0.486 | 0,63 | 0.88 0.441 | -3.926| -12.3
dB Out-Y |-0.002 -0.021 | -0.023 | -0.003| 0.149 | 0.233 [ 0.35 | 0.477 | 0.585 | 0.75 j 0.133 5,178 -14.21
dB Out-Z |-6E-04 0.02 | 0.005 | 0.069 | 0.195 | 0.281 | 0.403 | 0.511 | 0.562 | 0.187 | -0.727 6,71 | -15.86

* Refaranco Eroquency Is 50 Kz Final Status:
«=7.071 g Peak Accelgration Tracesble ta NIST through Vibratlon Caltbration Slandard M-90152

Freq. (H2)* 20
dB Out- X 1-0.003

0
oleloll

Pass:

website: www.sllicondeslgns.com e-mail; sales@sllicondesigns.com

Form: 0-000-00501 Rav 20 Novembar 2000 TriAxial Analog Report Generator Flev 8/24/02 2:36:08 f



ThiM :Silicon Designs Inc FAX NO. 425 391 8446 Jun, B3 2865 B3:40AM PS5

@ SILICON DESIGNS ING. 1245 NW Mall St, lssaqush WA 98027-6344, (425) 5918329, FAX (425) 3910448
CALIBRATION CERTIFICATE PAGE 2
Model:  2440-025 Part #: 153-00024-02 Full Scale: 25G
Serial #: 27 Op. Number: 740 Calibration Date: 09/13/04
P ] LIS
Room Temperature Correction Factors:
Y = G's measured X = Output In Volis
inear Fit: S
Linear Fit Linear Correction
. 0,060 - —
Y=aX+bh 2 o040 :
S 0020 o Ly —le
X-Axls Y-Axis Z-Axlg w 0.000 _,.-:“;1‘/" 7 N =
b | -63108-02 | 5597E-02 | -2511€-01 § 'g giz 7 ] ) -
a | 50882400 | 5.078E+00 | 5.041E400 B o060 / .
FIMS Error] 9.897E-03 | 1.148E-02 | 1.948E-02 F noso R
25 -15 5 5 15 25
Applied Acceleration (g)
R X Axls — = .-~ Y Axie ” ZAxS |
_I:Zf" b o vt e ai s ey
2nd order Fit: o 2nd Order Correction
B 0.030 1+~ - /
Y=g,X+a X+b g ]
° ’ A, ﬂl‘
= 0010 e 55
X-Axis YeAxls Z-Axls E 0.600 4 . -:i/'{
b 5850802 | 8.211E-02 | -2.661E-01 E_nmo 3 — '—;r“'*—-‘f
a, | soese+00 | 5.078E+00 | 5.041E+400 G 0020 < -
B, | -4.848E-04 | -8.425E-04 | 2.034E-03 I -0030
RMS Error| 9.384E-03 | 1.012E-02 | 1.433E.-02 “0.040 e e T
-25 -15 -5 15 25
Anniled Acceloration (a)
[ X Axis Y Axig Ay
3rd order Fit: 3rd Order Correction
3 2 D 004 - Y. A
Y= a; X +a X*+a; X+b ~ 0.004 A \
g 0.002 “--*' ,—J ]
. T 1 !
X-Axis  Y-Axis _ Z-Axis = 0.000 VeI ;ia\
bl 5.081E-02 | 8.219E-02 | -2.867E-01 5 0002 ] (f* AV
B 5004 il !
a,| 5.005E+00 | 5.086E+00 | 5.053E+00 g LR L) B
By| -4.707E-04 | -8.603E-04 | 2157E-03 e R B
0008 = e =
fg| -6.977E-04 | -6.412E-04 | -0.062E-04 28 45 5 i 5 05
RAMS Error] 25918.03 | 2.773E:08 | 2.819E:03 Applled Acceleration (g)
ST X hols oy Axls_ | = Z A ]
website: www.silicondesigns.com e-mail: sales@silicondesigns.com

Farm: ¢-000-00510 Rev 18 Decambar 2000 Raport Gonaralor Fev 6/24/02 2:36:08 Pr




~FROM :Silicon Designs Inc FRAX NO. :425 391 B44d6 Jun. B3 2085 89:48AM Pb
ST ySd

@ SILICON DESIGNS INC. 1445 NW Mall St Issaquah WA 38027-5344, (425) 391-8320, FAX (425} 391-044

Model: 2440-025 CALIBRATION CERTIFICATE
: Part #:  153-00024-02 Doc. Rev. « X-Axla Y-Axis 2-Axis
Mfg. Lot #: 4m242a Op. Nurnber: 740 1GDBC| 2250 | 1840 | 2260 | mvDC
AT ARINCEYSACTT I [re————er
Operator: lynn -1@bg:| 1700 | -2130 | <1720 [ MVDC
Serial #: 28 Calibration Date: 09/13/04 0GHms| 280 | -140 | 270 |mvDC
o T T
Supply Current:  27.7 mA Scela Factor] 197.00 | 196.70 | 19840 | mV/G
M
Full Scale: 25 G Callbration Freq. 50 Hz sionsar 10| 165247 | 166254 | 165769
pusm————_ ] I us S ——
Linearlty Error
3 e r———— —
0.75
€ 05
& oz
:59 0 s — nppit |
%’ 0.26
5 08
0.75 : S
-1 -
.25 20 15 10 5 0 5 10 15 20 25
Accelsration {g's)

[« = X Axig e Y Axis =27 AXig

Frequency Response®

3
A e i N i :_ . I - . .
| i - * M
8 o -:: o- - <} e . - ‘ = ipal A —--:—~ ,
I - L |
) - b . I O - -
K 10 l1uo 1000 ' - 10600

Frequency (Hz)

| ~tr— X Axis Y Axls —0~Z AxXis

Freq. (H2)™ 20 0 100 | 200 | @80 | 750 | 910 | 1100 | 1285 | 1500 | 1775 | 2100 | 2900 | 4000
dB Out-X |-6E-08] 0 |-0.016!-0.018]-0.005] 0.149 | 0.233 | 0.326 | 0.446 | 0.492 | 0.307 |-1,052} -7.73 | -1 6.87
dB Out-Y |-0.004] © |-0.024]|-0.023]-0.005] 0.051 | 0.144|0.216] 0.3 |0.353| 03 |-1.216}-7.481 ~16.5
dB Qut-2 1-0.001 0 0.012 |-0.008] 0.058 | 0.146 | 0.22 | 0.332] 0.445 | 0.49 | 0.085 {-1.008(-7.382|-17.04

- Reforence Freguancy Is 50 Hz Final Status:
** 7071 g Pesk Accelaration Traceable to NIST through Vibiration Calibration Standard M-20152 P
L
ass.

website: www.silicondesigns.com e-mail: sales@sillcondeslgns.com

o

Form: 0-000-00501 Rev 20 Novembar 2000 TriAxial Analog Rapon Ganerator Fev 6/24/02 2:36:06 F



"FROM :Silicon Designs Inc FAX NO. :425 331 8446 Jun. B3 2885 B3:48AM  P7

EE] SILICON DESIGNS INC. 1445 NW Mall St, lssaquah WA 880275344, (425} 391-8329, FAX (425) 3310448
CALIBRATION CERTIFICATE PAGE 2

Model:  2440-025 Part# 153-00024-02 Full Scale: 25G
Serial #: 28 Op. Number: 740 Calibration Date: 09/13/04

Room Temperature Correction Factors:
Y = G's measured X = Output In Volts

Linear Fit: Linear Correction
— 0080 - - f—
Y=aX+b £ ood : " — s
w0080 +— — - ¢
2 op20 o pme
X-AXiS Y-Axis Z-Axis w g'gég' I
= 0000 NN
b | -1.284E-01 | 5.041E-02 | -1.993E-0 2 0010 5 «Q: NG
a | 6.077E+00 | 5.083E+00 | 5.048E+00 TRy K o
RMS Error] 1.098E-02 | 1.346F-02 | 9.817E-03 & 5040 . .
25 15 -5 5 16 25
Applled Acceleration (g)
[, e X Ads Y A ———ZAds |
2nd order Fit: 0030 2nd Order Correction
Y - az xﬂ + a1 x + b % 0.020 - [ S .k_..._.._;'ylﬁm
© 0010 +— TS A ST &
E i e V\yh i
X-Axis Y-Axls Z-Axis Woooe | - !
b [ 315801 | 5.807E-02 | -1.678E-01 _g 0010 1 A VAN _o “’" :
a, | 5077E+00 | 5.0896+00 | 5.049E+00 | | B g R |
a, | azramos | 1053803 | aazsrod] | @ OO [
AMS Error| 1.084E-02 | 1.167E-02 | 9.721E-03 -0.030 ‘ Pl
25 15 -5 15 25
AnnllgctAccejg_[gtlon (e
| ere-- X Axls P—— ZAxls |
3rd order Fit: 3rd Order Correction
0.006 — - -
3 2 B o004 ‘
Y=g X +a X" +a1 X+b el ; ;‘f
G 0002 L
5 oovo .' .: I A
X-Axlg Y-Axls  Z-ANlS = ‘ JU.\ ]
b 1317601 | 6.818E-02 | -1.881E-01 3 -0.002 ““'““ ]
a,| 50855400 | 5.002E+00 | 5.057E+00 Fi -0.004
8| 4.766E-04 | -1.070E-08 | -1.388E-0¢ | | & -0008 4~
0008 f——svnmr e
@) -6.768E-04 | -7.530E-0¢ | -6.067E-
o] -6.768E-04 | -7.530E-04 | -6.067E-04 o 5 5 5 25
RMS Error| 2.757E-03 | 2.510E-03 | 2.598E-03 . _ .. .. Appiled Acceleration (g
[ cvm-- X Axig —=-— Y AXiS Axis
website: www.silicondesigns.com e-mail: sales@sllicondesigns.com

Form: 06-000-00510 Rev 18 Dacember 2000 Rapert Qenerator Aav 6/24/02 2:36,08 Ph



FROM :Silicon Designs Inc FAX NO. 1425 3391 B446 Jun. 93 2085 B9:4i0m  PB
P AT

@ SILICON DESIGNS INC. 1445 NW Mall St, Issaquah WA 98027-5344, (425) 3018320, FAX (425) 391-0445

Model: 2440-025 CALIBRATION CERTIFICATE
’ Part #1  153-00024-02 Doc. Rev. - X-Axls Y-Axls Z-Axis
Mfg. Lot #.  4m242a Op. Number: 740 +1G0be: 1880 | 2140 | 2070 | mvOC
TSN CEE———- et
Qparator: iynn Aaoe| 2070 | -1840 | -1840 | mV DO
Serial #: 29 Calibration Date: 09/13/04 0GBims| -100 | 150 | 60 [mvDC
P ] N TTEE————— R
Supply Current:  27.2 mA Scale Factor| 197.00 | 198.580 | 188.80 | mV/G
e ]
Full Scale: 25Q Calibration Freq. 50 Hz swnsor 0| 168793 | 186750 | 188785
Linearity Error
| — - -
0.75 e
T 05
c%' .25 -rm -
; 0 J HadedLitama Do LTI T L o - - o *:; Y
= -0.28 ‘ —
Q
E 084 -
0.7 e -
_1 J IR — B [ R, . . PR
.25 -20 -15 10 -5 0 5 10 15 20 25
Acceleratien (g's)
= - X Axig ~rrvrr oY AXlg - Axig
Fregquency Response*
3 ‘ -
o - - SRS VO
1 -
_— L . 3 A H _ I S ] :— :d,.
% G ) —— :‘ "l - .g———
-1
i€ 201 PSRN P s
3 - Sk - Lt
10 100 1000 10000
Frequancy (H2) (S o b o2 s
Freq. (H2)** 20 50 100 | 200 | 380 | 750 | 810 | 1100 { 1285 | 1500 | 1775 | 2100 | 2900 j 4000
dB Out- X 1-0.003] 0 |-0.004[-0.016{-0.009] 0.141 | 0.234 | 0.343 | 0.464 | 0.468 | 0.083 -1.369(-5.391 -15.2
dB Qut-Y |-0.001 0 .0.04 |-0.041] -0,03 | 0.086 | 0.156 | 0.258 | 0.386 | 0.472 | 0.638 | 0.0119 }-5.276 -15.3
dB Qut-Z 0 0 0.021 |-0.014] 0.051 | 0,105 | 0,168 | 0.267 | 0.407 { 0.535 | 0.363 | -0.025]-5.132] -14.2

* Aefarence Fragliency 15 50 Hz Final Status:
+*7.071 g Peak Acceleration Traceable 1o NIST through Vibration Calibration Standard M-80152 P
n
ass.

website: www.sllicondesigns.com e-mail: sales@silicondesigns.com

Farm: 0-000-00507 Hav 20 November 2000 TriAxial Analog Rsport Genaralor Rav 8/24/02 2:36:08 F



EROM :Silicon Designs Inc FaxX NO. 1425 391 8446 Jun., B3 2885 B9:4iAM PI

|=§" SILICON DESIGNS INC. 1445 Nw Mali $t. Issaquah WA 38027-5344, (425) 391-8328, FAX {425) 391-0446
* CALIBRATION CERTIFICATE PAGE 2
Model:  2440-025 Part #:  153-00024-02 Full Scale: 265G
Serial #: 29 Op. Number: 740 Calibration Date: 09/13/04
Room Temperature Correction Factors:
Y = G's measured X = Output In Volis
Linear Fit: Linear Correction
— Q080 - -
Y = ax + b *-? QAB0 e e« o e e A
B o040 ! :
X-Axls Y-Axls Z-Axis el Yo UV =SSU RS ___1 ) L
b | a7dze-02 | -7.7826-02 | -7.9926.02 _g 0.000 W wﬂfvw,m‘i?y——
8 | 50778400 | 5.08084+00 | 5.036E+00 7 0020 ’}f’ I P S ,_“_':'_:‘-;f“:;wuf e .
HMS Errorl 1.278E-02 | 2.1685-02 | 6.251E-D3 £ 4040 y . —
.25 15 5 5 15 25
Applled Acceleration (g)
| Teer- XA - . ¥ Axls Te——Z Axly |
2nd order Fii: oot 2nd Order Correction
04 - - -
. 2 S 0030 - ¥
Y=g, X +a; X+b < o020 e
£ 0010 orad e S O
X-Axia Y-Axig 2:Axis E‘E 0.000 : '-‘-—-L AT - Y
b 4.834FE-02 | -5.505E-02 | -B.318E-02 3 0.010 ,.J\L".r \:},,/\\_{G‘“
By | 5077Es00 | 5.080E+00 | 5.036E400 g 0020 5 bbb 4
8, | -1.263E-04 | -3.12BE-03 | 4.410E-04 o -0.030 1+ Eaba—
HMS Error] 1.275E-02 | 8.6268E-03 | 5.559E-03 -0.040 o T
25 15 -t 5 16 25
Apniled Accelaration {a)
i' ,,,,, ¥ Axia e s Y ANIG ___"_'."_,’—me"]
3rd order Fit: 3rd Order Correction
_ o008 -
3 2 B oous- :
Y= a; X" +8, X +a,X+b = 0004
uﬁ 0002 -
X-Axls Y-Axlg Z-Axls = 3000
b 4.844£-02 | -5,519E-02 | -8.326E-02 3 -0002
8,| 5.088E400 | 5.087E+00 | 5.040E+00 g 0004
8| -1.488£-04 { -3.090E-03 | 4.551E-04 o ‘g-ggi
asl -8.270E-04 | -5.308E-04 | -8.132E-04 25 15 5 5 15 35
AMS Errorj 2.241E-03 | 3.133E-03 | 2.683E-03 Applled Acceleration {g)
(e XA =Y Ade Z Axis |
website: www.sllicondesigns.com e-mail: sales@silicondesigns.com

Form: 0-000-00510 Rav 1B Dacember 2000 Report Generatar Rev 8/24/02 2:36:08 PM
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POWER SUPPLY CERTIFICATE OF CALIBRATION

We hereby certify that the power supply described below has been calibrated in compliance with
the system requirements defined by ANSI/NCSL Z540-1, as amended. Calibration instrumentation used
is maintained in accordance with ISOQ 10012-1, being directly traceable to N.L.S.T. Documentation
supporting this traceability is at our facility and available upon request.

mopEL: LE~ 94-30  seriar NumBER: | B
LED s ong )
MEASURED CURRENT SOURCE OF 2.2mA + 0.3 Ma is:

WY g.a , “YP= : 2“ } g Q_.a )

MEASURED VOLTAGE AT INPUT OF 24VDC £1.2V is: QL‘\O \
- xr=2H.0, v~ 2.0y, 7= a_LL—OM/

| \
FUNCTIONAL TEST USING SCOPE, FOR SIGNAL DISTORTION: |, /1

TECHNICIAN: y AN A
TEST DATE: é‘;} ﬂ_J 0S5
QUALITY VERIFICATION STAMP: €

ACCEPTANCE DATE: _@_Q/_Qg

AUTHORIZED SIGNATURE: Q AN INCS

TITLE: QQMLE# AN peakan

QUALITY ASSURANCE DEPT.

QAF-LP24,REV.-



Dytran Instruments, inc.

B W 21592 Marilia St Chalsworth, CA 91311 Ph: B18-700-7818 Fax 818-700-7880
VB (HSTRUMENTS, INC, www. dyltran com email: info@dyiran.com page 1 of 1
CALIBRATION CERTIFICATE
UNITY GAIN CURRENT SOURCE POWER UNIT
CUSTOMER: ENSCO, INC. | TESTREPORT# 1005 5/18/2005
PURCHASE ORDER #: 856737 | SALES ORDER#: 119156 [ PROCEDURE: TP4023
MODEL: 4110C SERIAL #: 1005
BATTERY POWERED | | LINE POWERED | X | 115VAC | X | 230vAC | |
NEWUNIT | X | RE-CALIBRATION[1] | | ASRECEIVED CODE | AS RETURNED CODE |
TEMPERATURE (°C): 22 HUMIDITY (%): 35
CALIBRATION DATA
'FOWER SUPPLY VOLTAGE (VDC): 24.0 BATTERY VOLTAGE (VDC}):
METER ZERO | X | METER CALIBRATION | X |
SENSOR DRIVE CURRENT (mA) '
CH1 CH2 CH3 CH 4 CH5 CH6 CH7 CHS8
50
CH9 CH 10 CH 11 CH 12 CH 13 CH 14 CH 15 CH 16
AS RECEIVED DATA
GENERAL CONDITION:
POWER SUPPLY VOLTAGE (VDC): BATTERY VOLTAGE (VDC):
METER CALIBRATION | | REPLACEDBATTERIES | IyEs | NO
SENSOR DRIVE CURRENT (mA)
CH1 CH2 CH3 CH 4 CH5 CH® CH7 CH 8
CH9 CH 10 CH 11 CH 12 CH 13 CH 14 CH 15 CH 16
NOTES:
TEST EQUIPMENT LIST - CALIBRATION STATION # 6
Dit# | MANUFACTURER | MODEL | SERIAL # DESCRIPTION CAL DATE | DUE DATE
228 DYTRAN INST 4515 117 SENSOR SIMULATOR 06/07/04 06/07/05
464 KENWOOGD CS-4135 5100491 OSCILLOSCOPE 07/25/04 07/28/05
418 KIETHLEY 197A G765030 DIGITAL MULTIMETER 06/23/04 06/23/05
564 INSTEK GFG BO20H DG75835 FUNCTION GENERATOR 12/28/04 12/28/05
[1) AS RECEIVED { AS RETURNED CODES:
1= IN TOLERANCE. NO ADJUSTMENTS 3= QUT OF TOLERANCE 5= REPAIRED AND CALIBRATED
2=1IN TOLERANGE, BUT ADJUSTED 4 = REPAIR RECOMMENDED 6 = NON-REPAIRABLE. REPLACEMENT RECOMMENDED
THiS CALIBRATION WAS PERFORMED IN ACCORDANCE WITH MIL-STD-45662A, ANSINCSL Z540-1-1994. ISO 10012-1
AND IS TRACEABLE TO THE NIST (NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY)
: THiIS CERTIFICATE SHALL NOT 8E REPRODUCED EXCEPT IN FUI,.}_, WITHOUT THE WRITTEN PERMISSION FROM DYTRAN INSTRUMENTS, INC.
QL , R(}és RECALL DATE:  05/18/06




Dytran iastruments, Inc.

Fﬁ 21582 Marilla St Chatsworth, CA 81311 Ph 818-700-7818 Fax B18-700-7880
4 \NETRUMENTS, INC. www dytran com email: info@dytran com page 1 of 1
CALIBRATION CERTIFICATE
VOLTAGE MODE ACCELEROMETER
CUSTOMER: ENSCO, INC. | TEST REPORT # 12361 5/16/05
'FURCHASE ORDER #: 85737 | SALES ORDER# 119156 | PROCEDURE: _TP3002
WIODEL: 303084 | SERIAL#: 12361 | RANGE, F.S. (g's): _ +~500
NEWUNIT | X | RE-CALIBRATIONT1] | | AS RECEIVED CODE | AS RETURNED CODE |
REF. SENSITIVITY (mV/g) [2]: 10.10 1 TEMP (°C): 22 HUMIDITY (%): 38
FREQUENCY RESPONSE [3]
FREQUENCY (Hz) SENSITIVITY (mV/g) FREQUENCY (Hz) SENSITIVITY (mVi/g)
20 10.10 500 1010
30 10 10 1000 10.10
50 10.10 3000 10.10
100 10.10 5000 10.00
300 10.10 8000 10.00
TRANSVERSE SENSITIVITY (%): 12 10000 10.10
DISCHARGE TIME CONSTANT (sec):  0.50 BIAS VOLTAGE (VDC): 8.9
Amplitude Response
30 L.
g 20%
g 103~
HE
A -10
® 20
_30 k4 -
10 100 1000 10000
Frequency in Herlz
REMARKS:
TEST EQUIPMENT LIST - CALIBRATION STATION # 3
Dil# | MANUFACTURER | MODEL [ SERIAL # DESCRIPTION CAL DATE | DUE DATE
565 INSTEK FG-8016G D685002 FUNCTION GENERATOR 12/28/04 12/28/05
389 GOODWILL INST. GOS5-622G 9631068 OSCILLOSCOPE 12/04/04 12/04/05
286 FLUKE 45 7025037 MULTIMETER 12/04/04 12/04/05
213 TRIG-TEK 3468 115 SYNTHESIZED CALIBRATOR 02/23/05 02/23/06
443 NICOLET 3081 85D01877 DIGITAL OSCILLOSCOPE 0B/17/04 08/17/05
576 DYTRAN INST. 3010M8 976 ACCELEROMETER 06/17/04 06/17/05
{11 AS RECEIVED / AS RETURNED CODES:
1= IN TOLERANGE. NO ADJUSTMENTS 4 = OUT OF TOLERANCE > 5% 7 = UNIT NON-REPAIRABLE, RECOMMEND REPLACEMENT
2= iN TOLERANGE. BUT ADJUSTED 5 = REPAIR REQUIRED a = UNIT SERVICEABLE WITH CURRENT CALIBRATION DATA
3 = OUT OF TOLERANCE < 5% § = REPAIRED AND CALIBRATED

[2] THE REFERENGE SENSITIVITY |5 MEASURED AT 100 Hz. 1G RMS

3] THIS CALIBRATION WAS PERFORMED IN AGCORDANCE WiTH MIL-STD-45652A, ANSUNCSL Z540-1-1994, ISO 100121 USING THE

BACK-TO-BACK COMPARISON METHOD PER 1SA RP37 2 AND IS TRAGEABLE TO THE NIST THROUGH TEST REPORT # B22/270316-04 DUE 08-17-05
ESTIMATED UNCERTAINTY OF CALIBRATION: 2% FROM 6-50 Hz. 1% FROM 100-2000 Hz. 2% FROM 2 5-10 kHz

THIS CERTIFICATE SHALL NOT BE REPRODUCED EXCERT IN FULL, WITHOUT THE WRITTEN PERMISSION FROM DYTRAN INSTRUMENTS, INC.

CALIBRATION TECHNICIAN: A=y A 51\1 TEST DATE: 05/18/05
HUNG LE / ) RECALL DATE:  05/16/06




~ Calibration Certificate ~

Per 1SO 16063-21

Model Number: J353B01

Serial Number: 95258

Description: ICP® Accelerometer Method: Back-to-Back Comparison Calibration

Manufacturer: PCB

Calibration Data

Sensitivity @ 100.0 Hz 19.69 mVig Output Bias 84 VDC

(2.008 mV/m/s?) ~ Transverse Sensitivity L7 %

Discharge Time Constant 0.8  seconds Resonant Frequency 41.7 kHz

Sensitivity Plot
Temperature: 77 °F (25 °C) Relative Humidity: 38 %

3.0

10,0 ' T 000 ' T o000 ' © 50000

Data Points

Frequency (Hz) Dev. (%) Frequency (Hz) Dev. (%)
10.0 -0.2 300.0 0.1
15.0 -0.2 500.0 0.1
30.0 -0.2 1000.0 0.1

50.0 -0.2 3000.0 0.6
. REF. FREQ. 0.0 5000.0 2.6

Mouating Surface: Stainless Steel w/Silicons Grease Coating  Fastener: Stud Mount Fixture Orientation: Vertical

Acceleration Level (rms)': 10.0g (98.1 mi@y

"The acceleration level may be limited by shaker displacemeat &t low frequencies, If'the listed level cannot be oblained, the calibeation system uses the following formula to set the vibration amplitude; Acceleration Level (g) = 0.010 x (freq).
The gravitational constant used for calculations by the calibration system is; 1 g = 9.8066 m/s*.

Condition of Unit

As Found: n/a
As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055.

This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.
Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSINCSL Z540-1-1994 and ISO 17025.
See Manufacturer's Specification Sheet for a detailed listing of performance specifications.

Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during calibration are as
follows 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1.0%, 2-10 kHz; +/- 2.5%.

Technician: Mary Warren '\X\“\ . Date: 10/29/04

@ ®PCB PIEZOTRONICS™

VIBRATION DIVISION
Cert No 1862.01 3425 Walden Avenue - Depew, NY 14043
TEL: 888-684-0013 - FAX:716-685-3886 + www.pchb.com cald - 3181906965.06

N

PAGE ! of 1




~ Calibration Certificate ~

Per 1SO 16063-21

Model Number: " J353B01

Serial Number: 95259

Description: ICP® Accelerometer Method: Back-to-Back Comparison Calibration

Manufacturer: PCB

Calibration Data

Sensitivity @ 100.0 Hz 1934 mvV/g Output Bias 85 VDC
(1.972 mV/m/s?*) Transverse Sensitivity 1.0 %
41.2 kHz

Discharge Time Constant 0.9 seconds Resonant Frequency

Sensitivity Plot
Temperature: 77 °F (25 °C) Relative Humidity: 38 %

3.0

"10.0 ' ST 000 ' T 0000 ' © 50000

Data Points

Frequency (Hz) Dev. (%) Frequency (Hz) Dev. (%)
10.0 -0.3 300.0 0.1
15.0 -0.2 500.0 0.1
30.0 -0.2 1000.0 0.1
50.0 -0.1 3000.0 0.7

REF. FREQ. 0.0 5000.0 1.5

Mounting Surface: Stamless Steel w/Silicone Grease Coating  Fastener:  Stud Mount Fixture Orientation: Vertical

Acceleration Level (rms)": 10.0g (981 /sy

"The acceleration level may be limited by shaker displacement @ low frequencies. If the listed level cannot be obtained, the calibration system uses the followmng formula to set the vibration amplitude; Aceeleration Level (g} =0.010 x {freq).
The gravitational constant used for calculations by the calibration system is; 1 g = 9.8066 m/s”.

Condition of Unit

As Found: n/a

As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055.

This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.

Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSI/NCSL Z540-1-1994 and ISO 17025.

See Manufacturer's Specification Sheet for a detailed listing of performance specifications.

Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during calibration are as
follows 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1.5%, 100- %}9& +/- 1.0%, 2-10 kHz; +/- 2.5%.

I, Date: 10/29/04

O

Technician: Mary Warren

"/  ®PCB PEZTRONCS

VIBRATION DIVISION
Cert No 1862.01 3425 Walden Avenue - Depew, NY 14043
TEL: 888-684-0013 -  FAX:716-685-3886 +  www.pcb.com cald - 3181907326.18

PAGE 1 of 1




~ Calibration Certificate ~

Per ISO 16063-21
Model Number: J353B01

Serial Number: 95603

Description: ICP® Accelerometer : Back-to-Back Comparison Calibration

Manufacturer: PCB

Calibration Data

Sensitivity @ 100.0 Hz 20.66 mV/g Output Bias
(2.107 mV/m/s?) Transverse Sensitivity

Discharge Time Constant 0.9  seconds Resonant Frequency

Sensitivity Plot
Temperature: 69 °F (21 °C) Relative Humidity: 34 %

100.0
Data Points

Frequency (Hz) Dev. (%) Frequency (Hz) Dev. (%)
10.0 -0.3 300.0 0.1
15.0 -0.0 500.0 0.3
30.0 0.1 1000.0 -0.2
50.0 0.1 3000.0 -0.4

REF. FREQ. 0.0 5000.0 1.6

Mounting Surface: Stainless Steel w/Silicone Grcasc Coating  Fastener:  Stud Mount Fixture Orientation: Vertical

Acceleration Level (rms)": 10.0g (98.1 m/s?p
"The acceleration level may be limited by shaker displacement at low frequencies. If the listed level cannot be obtained, the calibration system uses the following formula to set the vibration amplitude; Acceleration Level (g)
=0.010x (freg?. 2The gravitational constant used for calculations by the calibration system is; 1 g =9.8066 m/s%.

Condition of Unit
As Found: 1n/a

As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Pro_lect 822/267400 and PTB Traceable thru Project 1055.

This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.

Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSI/NCSL Z540-1-1994 and ISO 17025.

See Manufacturer's Specification Sheet for a detailed listing of performance specifications.

Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during
callbratlon are as follows: 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1.0%, 2-10 kHz; +/- 2.5%.

Technician: John Pitruzzella 7X © Date: 11/03/04

gg SPCB PIFZ0TRONICS™

VIBRATION DIVISION

Cert No 1862.01 3425 Walden Avenue - Depew, NY 14043
TEL: 888-684-0013 - FAX:716-685-3886 - www.pcb.com cald - 3132185060.01

PAGE 1| of |




~ Calibration Certificate ~

Per ISO 16063-21

Model Number: J353B01
Serial Number: 95604
Description: ICP® Accelerometer Method: Back-to-Back Comparison Calibration
Manufacturer: PCB
Calibration Data
Sensitivity @ 100.0 Hz 2049 mV/g Output Bias 85 VDC
(2.090 mV/m/s?) Transverse Sensitivity 1.5 %
Discharge Time Constant 0.7  seconds Resonant Frequency 42.5 kHz
Sensitivity Plot
30 Temperature: 69 °F (21 °C) Relative Humidity: 34 %
2'0_ et e e e o o e e e tet i it 1 e R e e e A R 8 b R i e i =
1.0__ i i e e s =+ e 2 s e —_—— —
dB 0.0 o]
2.0 e e e et e = -
-3.0 T " —r . — T - T —
10.0 100.0 1000.0 5000.0
Hz
Data Points
Frequency (Hz) Dev. (%) Frequency (Hz) Dev. (%)
10.0 0.0 300.0 0.1
15.0 0.1 500.0 0.2
30.0 0.1 1000.0 0.3
50.0 0.0 3000.0 0.8
REF. FREQ. 0.0 5000.0 1.6

Mounting Surface:  Stainless Steel w/Silicone Grease Coating  Fastener: Stud Mount Fixture Orientation: Vertical

Acceleration Leve! (rms)*: 100 g (98.1 mis?p
"The acceleration level may be limited by shaker displacement at low frequencies. If the listed level cannot be obtained, the calibration system uses the following formula to set the vibration amplitude; Acceleration Leve! (g)

=0.010 x {freq)®. 3The gravitational constant used for calculations by the calibration system is; 1 g =9.8066 m/s>.

Condition of Unit
AsFound: n/a
As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055.

This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.
Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSI/NCSL Z540-1-1994 and ISO 17025.
See Manufacturer's Specification Sheet for a detailed listing of performance specifications.

Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during
cahbratlon are as follows: 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1.0%, 2-10 kHz; +/- 2.5%.

Date: 11/03/04

R

Technician: John Pitruzzella. 3+

w/a TPCB PIEZOTRONCS

VIBRATION DIVISION

Cert No 1862.01 3425 Walden Avenue - Depew, NY 14043
PAGE 1 of | TEL: 888-684-0013 - FAX:716-685-3886 - www.pcb.com cald - 318238513001




~ Calibration Certificate ~

Per ISO 16063-21

Model Number: J353B01

Serial Number: 97687

Description: ICP® Accelerometer Back-to-Back Comparison Calibration

Manufacturer: PCB

Calibration Data

Sensitivity @ 100.0 Hz 20.21 mV/g Output Bias

(2.061 mV/m/s?) Transverse Sensitivity

Discharge Time Constant 0.8 seconds Resonant Frequency

Sensitivity Plot

Temperature: 72 °F (22 °C) Relative Humidity: 43 %

3.0
2.0
1.0
0.0 ‘91(
-1.0
2.0

3.0 - : ———
10.0 100.0

Hz
Data Points

Frequency (Hz) Dev. (%) Frequency (Hz) Dev. (%)

10.0 -0.2 300.0 0.1
15.0 -0.1 500.0 0.1
30.0 -0.1 1000.0 0.1
50.0 -0.0 3000.0 0.6

REF. FREQ. 0.0 5000.0 2.0

Mounting Surface: Stainless Steel wiSilicone Grease Coting  Fastemer: Stud Mount Fixture Orientation: Vertical

Acceleration Level (rms)': 10.0g (981 mA’y
“The acceleration level may be limited by shaker displacement 2 low frequencies. If the listed leve] cannot be obtained, the calibration system uses the following formula to set the vibration amplitnde; Acceleration Level () =0.010 x (freq)’.
The gravitational constant used for calculations by the calibration system is; 1g = 9.8066 m/s’.

Condition of Unit
As Found: n/a
As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055.
This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.
Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSI/NCSL Z540-1-1994 and ISO 17025.

See Manufacturer's Specification Sheet for a detailed listing of performance specifications.
. Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during calibration are as

follows: 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1.0%, 2-10 kHz; +/- 2.5%.
Technician: Alan Koetzle M Date: 10/26/04

"/ SPCB PIEZOTRONICS™

VIBRATION DIVISION
3425 Walden Avenue - Depew, NY 14043

Cert No 1862.01
PAGE 1 of 1 TEL: 888-684-0013 -  FAX:716-685-3886 -  www.pcb.com . 318168888590




~ Calibration Certificate ~

Per iSO 16063-21

Model Number: J353B01

Serial Number: 97688

Description: ICP® Accelerometer Method: Back-to-Back Comparison Calibration

Manufacturer: PCB

Calibration Data

Sensitivity @ 100.0 Hz 20.41 mV/g Output Bias 8.6 VvDC

(2.082 mV/m/s?) Transverse Sensitivity Ll %

Discharge Time Constant 0.7  seconds Resonant Frequency 72.4 kHz

Sensitivity Plot
Temperature: 72 °F (22 °C) Relative Humidity: 43 %

3.0

-3.0- : ; ; ; : —
10.0 100.0 1000.0 5000.0

Hz

Data Points

Frequency (Hz) Dev. (%) Frequency (Hz) Dev. (%)
10.0 0.1 300.0 0.0
15.0 -0.1 500.0 0.1

30.0 -0.1 1000.0 0.1
50.0 -0.0 3000.0 0.6
REF. FREQ. 0.0 5000.0 1.7

Mounting Surface: Stamless Steel w/Silicone Grease Coating  Fastener: Stnd Mouat Fixture Orientation: Vertical

Acceleration Level (rms): 10.0g (98.1 mAFy

"The acceleration level may be limited by shaker displacement at low frequencies. Ifthe listed level cannot be obtained, the calibration system uses the following formula to et the vibration amplitude; Acceleration Level (g) = 0.020 x (freqy.
“The gravitational constaut used for calculations by the calibration system ix; 1 g = 9.8066 m/s’.

Condition of Unit

As Found: n/a
As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055.
This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc.
Calibration is performed in compliance with ISO 9001, ISO 10012-1, ANSI/NCSL Z540-1-1994 and ISO 17025.
See Manufacturer's Specification Sheet for a detailed listing of performance specifications.

. Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during calibration are as
follows: 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1.0%, 2-10 kHz; +/- 2.5%.

Technician: Alan Koetzle A\L Date: 10/26/04

L ®PCB PIEZOTRONICS

VoA

ACCREDITED VIBRATION DIVISION
Cert No 1862.01 3425 Walden Avenue - Depew, NY 14043
TEL: 888-684-0013 - FAX: 716-685-3886 - www.pch.com 2 318169916501

PAGE | of |




Jul 07 05 02:54p Track Testing 302 425 6221 p.2

~ Calibration Certificate ~

Per IS0 1606321
Model Number: J353B31

Serial Number: 97690

Description: ICP® Accelerometer Method: Back-10-Back Comparison Calibration

Manufacturer: FCRB

Calibration Data

Sensitivity ‘@ 100.0 Hz 51.4 mV/ig Qutput Bias 972 voe
(5.24 mV/im/s*) Transverse Sensitivity 05 %
Discharge Time Constant a6 seconds Resonant Frequency 363 kHz
Sensitivity Flot
- Temperature: 75 °F {24 °C} Relative Humidity: 37 %
I .
20 ' j
10
dB 09 T :
-10
20 :
1c o 1000 106039 40000
Rz i
Data Points
! Frequency (Hz) Dev (%) Frequency (Hz) Dev. (%%}
oo 0.4 300.0 01
15.0 0.2 5000 g1
300 -0 1 1000 ¢ 01
500 -0 1 30000 0.8
REF FREQ Do 40000 13
Mouating Surlaze; Staink ss Steed wiBilione Orrass Codlisg Fuatcoze Stad Mot Fatare Orzoleien: Verfed

Asttkrwion Level imays 10.0g {98 | iy
"The sccelrration level may be lamited by shaker Sirplasemest o lowfregoenticn If fhe tsted Sovzl cropot be obiained, e calimatizo system wses the followng formuta e s=t e vibration wnplifude; Acceleration Level (g) = 001 ¢ (Treq).
"The geavitationsl conrtan | vsed For caleslations by she enliboution syniem is; 1 g * 5 BO6S mA®

Condition of Unit
As Found: nfa

As Lelt: New Unit. In Tolerance
Notes
1 Calibration is NIST Traceable thru Project 822/267400 and PTR Traceable thru Project 1035,
2 This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc
1 Calibration is performed in compliance with 130 9001, IS0 10012-1, ANSYNCSL Z540-1-1994 and ISO 17025
4. See Manufacturer's Specification Sheet for a detailed listing of performance specifications i
5 Measurement unceriainty (95% confidence level with coverage factor of 2) for frequency ranges tested during calibration are as
follows: 5-9 Hz; +/- 2.0%, 10-09 Hz: +/- [.5%, 100-1999 Hz, +/- 1 0%, 2-10 kHz; +/- 2 5%
Technician: Robert Zsebehazy Q , Z ; Date: 10/21/04

L—m_——_—@g VIBRATION DIVISION
&i‘ﬁf?&ﬁ?& 3475 Walden Avenue Dzpew, NY 14043
TEL: BBB-684-0013 FAX: 716-685-38R6 www.pcb.com

o3 - 11825516045
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~ Calibration Certificate ~

Per 1SC 16063-21
Model Number: JISIB3L
Serial Number: 697691
Description: ICP® Accelerometer Method: Back-to-Back Comparison Calibration
Manufacturer: PCB
Calibration Data l
Sensitivity @ 100.0 Hx 49,9 mV/g Output Bias ) vDC
(508 mV/im/s*) Transverse Sensitvity 71 04
Discharge Time Constant 09 seconds Resonant Frequency 350  kHz
Sensitivity Plot
30 Temperature: 75 °F (24 °C) Relative Humidity: 37 %
20 i
1.0
4B oo ¢ ]
40 !
-20
106 1000 10000 400090
Hz
Data Points
Frequency (Hz Dev (%9) Frequency (Hz) Dev. (%)
100 -0 4 300.0 -0t
I50 03 500 91
00 <02 1000 0 0.1
300 -2 3000 0 08
REF FREQ. 0.0 4000 0 18
Mouming Surface: Staiztess Sleel wibikeoae Grrase Contloy, - Fanemers Sud Messt Fixtarz Onizatation: Verticad
Agesieration Lovel {eay: 1o (981 oy
The accrierttion levelmay bo [iked by thaker dimphsermest ol low frequeceies 1 e lsted fovel emzotbe chiained, the calbraliza ryatem ubes the followdny fermutato szt the vlbration erphizds; Acteferatin Level (g} - D.0M {li=ys*
The gravilations) costtunt uned for caleutations by tke entibeation system fs; 1 g~ @ Ba6S mht

Condition of Unit
As Found:  n/a

As Left: New Unit, In Tolerance

Notes

Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055.

This certificate shall not be reproduced, except in full, without written approval from PCRB Piezotronics, Inc
Calibration is performed in compliance with ISO $001, ISO 10012-1, ANSI/NCSL 2540-1-1994 and IS0 170235 i1
See Manufacturer's Specification Sheet for 2 detailed listing of performance specifications

Measurement uncertainty (95% confidence level with coverage factor of 2) for freguency ranges tested during calibration dre as
follows: 5-8 Hz: +/- 2 0%, 10-99 Hz; +/- 1.5%, 100-1999 Hz; +/- 1 0%, 2-10 kHz; +/- 2 5% 1

Technician: Robert Zsebehazy R . & , Date: 10/21/04

K BPCB PIEZOTRONICS

VIERATION DIVISION
{ALCREDITED ]
Cott N:I‘l,:!ﬁz 0% 3425 Walden Avense - Depew, NY 14043

TEL: B§B.684-0013 -  FAX: 716-685-3886 www pch com

Whods e

oeld - 1181247558.51

e}
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~ Calibration Certificate

Per {50 16063-21

Vodel Number: J353B31
Scrial Number: 97692
Deseription: ICP® Accelerometer Method: Back-to-Back Comparison Calibration
Manufactures: PCB
Calibration Data
Sensitivity @ 100.0 Hz 50.2 mVig Output Bias 92 vVihC
(5.12 mV/im/sh Transverse Sensitivity 0.4 %
Discharge Time Constant 08 segonds Resonant Frequency 355 kHz
Sensitivity Plot
- Tempersture: 75 °F (24 °C) Relative Humidity: 37 %
T
20 :
10 f :
|
dB [ER4] e :
10 ’
=20 '
10 10040 10000 40000
Hz :
Data Points ;
Frequency (Hz) Dev (%) Frequency (Hz) Dev (%) il
10.0 -02 3000 -0
: 150 -03 5000 0.1
l 30.0 02 1000 0 01
560 -1 30000 08
REF. FREQ. 00 4000 0 14
Mounting Sitrface: Staisless StorbwiSiheoze Greass Codting  Fasteaen SmdMaunl Fixter Oninitation:  Vintied
Attelerstiazn Level {mm)t ity PRy
e erelzration level ooy e bt by shaker dispfartmest of low lrequeacles. $the listed level gannet b ebirkied, the catbiminn sysiem wres e frflnving femnainlo ool the vibexsien aplitude; Ascelertivn Lovel {5} = 0,010 1 {frg)'
TThe gravilelionat conetant uxed for caleulations by the eutivration system is; 3 5 =~ 9 BO56 mis* f

Condition of Unit
As Found:  nfa

As Left: New Unit, In Tolerance
Notes
I Calibration is NIST Traceable thru Project 822/267400 and PTB Traceable thru Project 1055
2 This certificate shall not be reproduced, except in full, without written approval from PCB Piezotronics, Inc
3 Calibration is performed in compliance with IS0 9001, ISO 10012-1, ANSI/NCSL. Z540-1-1994 and ISC 17025,
4 See Manufacturer's Specification Sheet for a detailed listing of performance specifications.
5 Measurement uncertainty (95% confidence level with coverage factor of 2) for frequency ranges tested during calibration are as

follows: 5-9 Hz; +/- 2.0%, 10-99 Hz; +/- 1. 5%, 100-199% Hz; +/- 1 0%, 2-10 kHz; +/- 2 5%
Yechnician: Robert Zsebehazy Q\% . Date: 10/21/04

w8 SPCB PIFZ0TRONICS

VIBRATION DIVISION
3435 Walden Avenue -~ Depew, NY 14043

Conl Nn 1862.01
TEL.: £88-684-0013 FAX: 716-685-3886 www peb com

cal - J16EISTTN. 38
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OMEGA

DYNE INC. ) |

PRESSURE TRANSDUCER

FINAL

0o -

CALIBRATION

200.00 PSIG

Excitation 15.000 Vdc

Job:
Model: PX41C1-200G10T

Date: 1/19/2004

Calibrated: 0.00 - 200.00
Pressure Unit Data
PSIG vdc
0.00 0.0003
100.00 5.0142
200.00 10.0067
100.00 5.0157
0.00 0.0004
Balance 0.0003 vdc
Sensitivity 10.0064 Vdc

ELECTRICAL LEAKAGE: PASS
PRESSURE CONNECTION/FITTING: 1/4-18

ELECTRICAL WIRING/CONNECTOR: PIN A
PIN B

PIN C
PIN D

This Calibration was performed
traceable to the United States

S/N Description
C-2020 PPB Pressure Console
US36087645 HP34401A DMM guT

STD

Serial: 148187
Tested By: BOB 3
Temperature Range: 60 to 160 F
PSIG Specfile: PX41-10T

NPT MALE

= +OUTPUT

=+ -QUTPUT
-INPUT (EXC)
= +INPUT (EXC)

using Instruments and Standards that;are

National Institute of Standards Technology.
- Range Reference . Cal Cert

0 - 500 1lbs © C-2020 C-2020 |

Unit Under Test C-2485 f

Pressure Monitor (C-2409

3146A22561 HP34401A DMM
Q.A. Representative : &/ g Z; , é Date: Z;”-Oft
This transducer is tested to & meets published specifications. After final

calibration our products are stored in a controlled stock room & considéred in
bonded storage. Depending on environment & severity of use factory calibration
is recommended every one to three years after initial service installation date

Omegadyne, Inc., 149 Stelzer Court, Sunbury, OH 43074 (740) 965—9340f

http://www.omegadyne.com email:

info@omegadyne.com (800) USA-DYNE ;



OMEGADTYNE INC.

PRESSURE TRANSDUCER
FINAL CALIBRATION

0 - 200.00 PSIG
Excitation 15.000 Vdc

Serial: 148201

Job:
Model: PX41C1-200G10T Tested By: BEN i
Date: 6/27/03 Temperature Range: 60 to 160 F
Calibrated: 0.00 - 200.00 PSIG Specfile: Px41-10T.spf
Pressure Unit Data
PSIG vdc
0.00 - 0.002
100.00 5.004
200.00 9.998
1Q0.00 5.005
0.00 - 0.003
Balance - 0.002 Vdc
Sensitivity 10.000 vdc

ELECTRICAL LEAKAGE: PASS
PRESSURE CONNECTION/FITTING: 1/4-18 NPT MALE

ELECTRICAL WIRING/CONNECTOR: PIN A +OUTPUT
PIN B -OUTPUT
PIN C -INPUT
PIN D +INPUT
PINS E&F NC

This Calibration was performed using Instruments and Standards that are
traceable to the United States National Institute of Standards Technology

S/N Description Range Reference  Cal Cert
0078/90-03 1000 PSI DRUCK STD 0 - 1000 1bs C-2501 C-2501
MY41005 AT34970A DMM Unit Under Test C-2470

Q.A. Representative : ' 77 Date: Q-'27LCE;

This transducer is tedted TS & meets published specifications. After final
calibration our products are stored in a controlled stock room & considered in
bonded storage. Depending on environment & severity of use factory callbfatlon
is recommended every one to three years after initial service 1nstallat1bn date

Omegadyne, Inc., 149 Stelzer Court, Sunbury, OH 43074 (740) 965-9340
http://www.omegadyne.com email: info@omegadyne.com (800) USA-DYNE



OMEGADYNE I NC.

PRESSURE TRANSDUCER
FINAL CALIBRATION

0 - 200.00 PSIG
Excitation 28.000 Vvdc

Serial: 148202
Tested By: BEN _
Temperature Range: 60 to 160 F

Job:
Model: PX41C1-200G10T
Date: 6/27/03

Calibrated: 0.00 - 200.00 PSIG Specfile: Px41-10T.spf
Pressure Unit Data
PSIG vdc
0.00 0.000
100.00 5.0009
200.00 ©10.000
100.00 5.010
0.00 - 0.001
Balance 0.000 vdc
Sensitivity 10.000 vdc

ELECTRICAL LEAKAGE: PASS
PRESSURE CONNECTION/FITTING: 1/4-18 NPT MALE

ELECTRICAL WIRING/CONNECTOR: PIN A +OUTPUT
PIN B -OUTPUT
PIN C - INPUT
PIN D +INPUT

PINS E&F . NC

- This Calibration was performed using Instruments and Standards that lare
traceable to the United States National Institute of Standards Technology

S/N Description Range Reference Cal Cert
0078/90-03 1000 PSI DRUCK STD 0 - 1000 1bs C-2501 C-2501
MY41005 AT34970A DMM UUT Unit Under Test C-2470

Q.A. .Representative ﬁ/;%;i Date: [ 2703

This transducer is tested to & meets published specifications. After flnal

calibration our products are stored in a controlled stock room & considered in
bonded storage. Depending on environment & severity of use factory callb%atlon
is recommended every one to three years after initial service 1nstallat1bn date

Omegadyne, Inc., 149 Stelzer Court, Sunbury, OH 43074 (740) 965-9340
http://www.omegadyne.com email: info@omegadyne.com (800) USA-DYNE
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'An OMEGA Technologies Company

Certificate of Calibration

Infrared Thermometer

OMEGA Engineering, Inc. certifies that the instrument referenced above has
been fully inspected, tested and calibrated prior to shipment in accordance
with the instruction manual supplied. OMEGA Engineering further certifies

P ) IS S S n"klé'&;hg»d Qlar\+rir\a!,

A
e B W LT Do

A0 amii ARl mamdiar s moamd cmew o ey P V7 Tt X
at wis wisuuinieiit miees OF eXTeels aa Ui Uit puw

mechanical and operational performance characteristics.

All tests and calibrations were performed with instruments, equipment, and
standards that are traceable to the U.S. National Institute of Standards and

Technology.

Specifically, this instrument is accurate to within:
e +1% of reading, or 3°F whichever is greater.

Accepted By: Todd Pratt

OMEGA Engineering, Inc., One Omega Drive, Box 4047, Stamford, CT 06907-0047
Tel: (203) 359-1660 * Fax: (203) 359-7811
www.omega.com e-mail: info@omega.com

isk: Forms FN: CertCal
WCS-0594



Acela Brake Disc Test - Post Test Instrumentation Evaluation

Boston, MA May 16™, 2005

Personnel Performing Evaluation:

Randall Wingate — Knorr Brake Corporation
Frank Hellmer — Knorr Brake Coporation

Boris Nejikovsky, ENSCO, Inc
Eric Sherrock, ENSCO, Inc
Bill Jordan, ENSCO, Inc

1. Visual evaluation

All sensors mounted on the axle and bearing adapters were visually inspected.
No physical damage was found. All accelerometers mountings are solid. All bolts are

tight.

2. Impact test

The purpose of the test is to verify that accelerometers and the corresponding
measurement channels provide the whole required measurement range (i.e. do not

saturate). The sensors mounted on the bearing adapters have been mechanically removed
for the test. Electrically the sensors were still connected to data acquisition system. The
test was performed by subjecting accelerometers to successively higher impacts until the

measurement range was reached. The ENSCO triaxial accelerometer (Silicon Design,
Inc., Model 2430-100, range +/-100g) was removed and tested on impact. Levels of up
to 70 to 80g were observed with no saturation.

3. Vibration test

The purpose o_f the test is to verify sensor linearity over the frequency range. The test was
performed using a portable shaker (Hardy Instruments, Model DI-803) that allows to set
amplitude and frequency of vibration in the range 10Hz to 1KHz). The following table

shows the test results

ENSCO accelerometer evaluation

Shaker setting | Shaker setting | ENSCO System | ENSCO System
measurement measurement

Freq Ampl Freq Ampl

50Hz 5.0g 50Hz S5g

100Hz 9.97¢g 100Hz 9.9¢

200Hz 9.97¢ 200Hz 10.1g

500Hz 10g S00Hz 7.5¢

Due to mounting configuration only the Vertical acceleration was verified. The Lateral
acceleration will be verified post-test.




4. Accelerometer channel frequency sweep

A signal generator (Agilent 3312A serial# MY40027658 ) was connected to all SCU
sensor inputs. A 2V peak to peak sinewave was injected in all inputs. The frequency of a
sine waveform was swept through 10, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1100, 1200Hz frequencies. The roll-off of all channels is at 500Hz. The roll-off
acceleration measured value of the axle mounted accelerometer was 35.32 g. The axle
mounted accelerometer has a 19.7 mv/g calibrated scale factor with a 1v peak equals
50.76 g and a measured value of 50.56 g.

Conclusion: All instrumentation tested as described above performed in an acceptable
manner. There is no evidence of any data quality issues.

ENSCO, Inc. Knorr Brake Corporation
Borts M %&é S 5%% T
Boris Nejikovsky ' Randall Wingate
Chief Engineer Test Engineer

o = 2 i A
Eric Sherrock rank Hellmer

Senior Engineer Test Engineer
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