INSTRUCTION MANUAL
HF 160 WATER HAMMER TEST SET

(The equipment sent to a customer may have some differences from the above picture, mainly depending on options and our
continuing improvement of products.)

ESSOM COMPANY LIMITED

508 SOI 22/1 SOMDET PHRACHAO TAKSIN RD.
BUKKALO THONBURI BANGKOK 10600, THAILAND

TEL. +66 (0) 24760034 FAX +66 (0) 24761500
E-mail: essom@essom.com I S o 9 0 0 1

WWw.essom.com

041214


mailto:essom@essom.com

CONTENTS

Page

Receipt of goods A
Safety Guidelines B-C

1. General description 1-1

2. Theory 2-1

3. Experimental procedures 3-1

4. Typical data 4-1

5. Sample calculations 5-1

6. Sample graphs 6-1
Addendum

Addendum 1 Pressure transducer
Addendum 2 Analog to digital signal converter
Addendum 3 Certificate of calibration

All rights reserved. No part of this publication may be reproduced in any material form (including photocopying or
storing in any medium by electronic means and whether or not transiently or incidentally to some other use of this
publication) without the written permission from ESSOM COMPANY LIMITED.

1 041214



RECEIPT OF GOODS

1. On Receipt of Goods

a) On receipt of the goods at the consignee’s premises, the shipment should be immediately inspected for any damages
or missing package. This should be checked against the packing list or shipping documents. Any damage should be
reported immediately to the insurance agent.

b) The package should then be open to check items or parts against the delivery list. Any damaged or missing items
should be immediately claimed to the insurance agent with copy to the supplier.

c) If insurance has been arranged by the buyer then you must notify your insurer in writing of any damage or loss of
parts which was observed regarding this shipment within a specified period of time as stated in the Terms and
Conditions. This should include detailed photographs of the damaged equipment.

d) If insurance has been arranged by the seller you should notify the insurances representative along with any
correspondence including the insurance certificate supplied by the seller. These should include detailed photographs for
evaluation of damages or replacement parts pertaining to the shipment.

e) The supplier will only replace damaged items or missing on notification by the insurance company that the claim has
been accepted. The insurance company may refuse responsibility if parts are damaged or missing while under custody’s
for a long time without prior claim. Immediate claim is therefore vital.

2. Manufacturers Liability

a) Before proceeding to install, commission, or operate the equipment listed in the instruction manual, we would like to
alert the user to the health and safety aspects of people who will work on or operate our equipment with regard to the
liability of the manufacturers or suppliers.

b) Manufacturers or suppliers are absolved of any responsibilities with regard to misuse of their equipment causing harm
or financial charges being incurred against them from clients or third parties for consequences of failure or damage of the
equipment in any way if the equipment is not installed, maintained and operated as outlined in the instruction manual
published by the manufacturers or suppliers.

c¢) In order to safeguard the students and operators of the equipment it is vital that all safety aspects as outlined in the
instruction manual are observed.
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3. Safety Guidelines
3.1General Safety Concerns

Before proceeding to install, commission, or operate the equipment described in the instruction manual we would like to
alert you to the dangerous potential hazards that would be present if safety practices were not performed in accordance
with the local standards and governing bodies’ regulations.

-Injury would occur to the operational staff of the equipment through misuse, electric shock, rotating equipment hazards
and lack of cleanliness.

To be able to achieve the aim, of “accidents can be avoided” it must be ensured that the equipment is installed correctly,
regularly maintained and operators of the equipment are made aware of the potential hazards associated with the
particular equipment.

We would like to inform our valuable customers of the safety guide lines when using their equipment.

3.2 Awareness of Safety Hazards

(a) Before attempting to work on the equipment the personnel who are going to install, commission, or operate the
equipment must be qualified and fully aware of all the manufacturers and suppliers recommendations and instructions.
(b) Ensure that the all the recommendations specified in the instruction manuals are maintained as stated in the contents.

4. Electrical Safety

(a) Ensure that the person who works on the equipment is a qualified electrical engineer/technician who is competent in
the safety aspects and operational mode of the equipment.

(b) If the electrical supply to the equipment is supplied by means of a portable trailing cable, protective devices such as
an Earth Leakage Circuit Breaker (ELCB) must be installed.

This protective device must have a very high sensitivity (20-30mA).This device is also referred to as a residual current
device(R C D) within the electrical supply circuitry for personnel protection.

(c) The supply cable must be sized accordingly for all fault and physical conditions pertaining to its use. The supply
network must also incorporate a protection device that will disconnect and isolate the supply voltage in the case of an
overload in a specified period of time without causing any damage to the equipment. (An overload relay)

5. Installation

(@) On receipt of the equipment extreme care should be used to avoid damage to the equipment on handling and
unpacking. If slings are used ensure they are held on a rigid part of the equipment, the structure. In the case of a
mechanical lift such as a fork lift ensure the lifting forks are beneath the structure framework so that no damage will
occur during the lifting operation.

(b) In some cases it is imperative that the equipment be installed on a level and solid foundation

5.1 Electrical Supply Cables

(a) The normal color code of the power cables supplied on this equipment is as follows:

- Black Line.

- Gray or white ---------=------- Neutral.

- Green-Yellow----------------- Ground.

(b)The three phase power cable has five wires.
- Red, blue and black --------- Line.

- Light gray or white ---------- Neutral.

- Green-Yellow ---------=------ Ground.

5.2 General Precautions for Equipment with Water Including Evaporative Cooling Towers

(&) Any water contained in the system should be drained regularly. If it is left in the system for a long period of time
without circulation it will stagnate.

(b) The equipment should be flushed regularly with clean water.

(c) Impurities in the water will cause scale or algae and must be cleaned on a regular basis. An anti rust additive such as
used in the automobile industry is recommended to inhibit this process.

(d) The water should be at temperature under 45 degrees C to maintain effectiveness.

(e) Many of the problems encountered with water contamination can be reduced and prevented by means of a water
treatment program being introduced using the expertise available locally or on site.
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5.3 Rotating Equipment

(a) If the equipment is supplied with any rotating parts such as a motor, generator, fan etc these items are provided with
a protection shield or a guard to protect the operator from any dangers which may occur when the rotating parts fail.
These guards must be in place whenever the rotating parts are in operation (rotating) and only removed for maintenance
periods.

After maintenance is carried out ensure that the machine guards are replaced back in service. Do not operate any
rotating parts unless machine guards are in place.

5.4 Steam Equipment

(a) When using steam equipment, there are a number of vital precautions which must be remembered by the operators
and maintenance crew and placed into operation when both operating and performing maintenance schedules. During
operation of this equipment the steam and water are at a high temperature and pressure which can have a very damaging
and hazardous effects on students if safety precautions are not observed.

(b) Ensure that critical values of temperature and pressures listed in the instruction manual are maintained and not
exceeded on the equipment.

(c) Safety valves should be calibrated on a regular basis with mandatory service records maintained. This should also
include pressure reducing valves.

(d) Calibration of any instrumentation such as pressure gauges, thermometers and sensors should be checked regularly.
(e) Visual inspection of the equipment should be regularly observed for leaks of steam etc and any frameworks or joints
should have the hardware checked for tightness.

(f) Always use protective clothes including gloves when carrying out maintenance on the equipment.

5.5 High Temperature Equipment

(a) When using high temperature equipment there are a number of vital precautions which must be remembered by the
operators and maintenance crew and observed when both operating and performing maintenance schedules. During
operation of this equipment the air, gas or water is at a high temperature and pressure which can have a very damaging
and hazardous effect on students if safety precautions are not observed.

(b) Ensure that critical values of temperature and pressures listed in the instruction manual are maintained and not
exceeded on the equipment.

(c) Calibration of any instrumentation such as, thermometers and sensors must be checked regularly for safe operation.

6. Maintenance Safety Practices

(a) Always isolate the equipment from the electrical supply when carrying out maintenance on the equipment

(b) Ensure that safety notices are placed on the equipment supply advising personnel that the equipment is being
worked on, inspected and should not be operated.

(c) Check the operation of any protective devices, such as an ELCB so that it operates in accordance with its
specifications thus ensuring the safety of all operational personnel working on the equipment. Any malfunction of the
device must be corrected by a qualified electrician before returning the equipment back to a service condition.

(d) Ensure on completions of the work that the equipment is returned to its original state and that no covers, panels are
left open along with loose screw drivers, spanners are left in the equipment.

(e) If water is used with the equipment then there are certain preventative mandatory regulations that have to be taken to
prevent infection from harmful micro organisms.

7. General Safety Conditions when Operating or Maintaining the Equipment

(&) When operating or carrying out maintenance on the equipment the Health and Safety of the students can be
safeguarded in many ways by wearing protective clothing.

(b) Loose fitting clothes should never be worn in a laboratory. These clothes can cause a serious accident if caught in
rotating equipment, i.e. tie etc.

(c) Protective gloves must be used if handling toxic materials or where there is a high temperature present.

(d) Ear protectors should be worn when operating noisy equipment.

(e) Eye protection should always be used when there is a risk to the eyes.
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INSTRUCTION MANUL
HF 160 WATER HAMMER TEST SET

Pressure sensors
-«——— Surge shaft

- Manual closing valve
Supply tank —
/ Quick closing valve

Flow control valve

Hydraulic bench
(optional)

Analog to digital Computer (not included)
signal converter and software

Figure 1-1 HF 160 Water hammer test set
1. GENERAL DESCRIPTION

This apparatus is used to study the effects of both pipe surge and water hammer using two separate straight pipes
with a constant head tank.

Pipe surge employs a clear acrylic surge shaft to demonstrate gradual velocity change, hence pressure rise and its
oscillations on slow valve closing. Water hammer employs a quick closing valve and two pressure sensors-one next
to the valve and another further away. Sudden rise in pressure on quick closing valve can be demonstrated on a
computer (separately supplied). A Hydraulics Bench (separately supplied) with a measuring tank, a storage tank and
a pump is used for both water supply and flow rate, hence velocity, measurement.

1.1 Technical Data

1.1.1 Constant head tank : 900 mm high. 200 mm ID, with over flow pipe.
1.1.2 Delivery pipes:
1.1.2.1 Water surge . Stainless steel surge pipe, 21 mm ID x 3 m long and a 40 mm ID x 900

mm high clear acrylic surge shaft, with a slow closing valve, and a flow
control valve.

1.1.2.2 Water hammer . Stainless steel water hammer pipe, 21mm ID x 3 m long with a quick
closing valve.
1.1.3 Pressure sensor . 2 ea 1.5 mapart on water hammer pipe, Response frequency 5 kHz,

Linearity and hyteresis + 0.2 %.
1.1.4 Computer interface unit, and software for data display of pressure waves on computer (separately

supplied).
- Analog inputs . 8 single- ended, 4 differential.
- Input resolution : 14 bits single- ended.
- Max sampling rate . Single channel, 48 kS/s
- USB specification - USB 2.0 full-speed
- USB bus speed : 12 Mb/s
1.1.5 Power supply : 220V, 1 Ph, 50 Hz. Other power supply is available on request.

1.2 Typical tests

1.2.1 Pipe surge and oscillations in surge shaft.

1.2.2 Friction loss between head tank and surge shaft.

1.2.3 Pressure profiles for water hammer and comparison with theoretical values.
1.2.4 Determination of the velocity of sound through a fluid in a pipe.
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1.3 Optional Equipment
1.3.1 HB 100 Hydraulic bench.

1.3.2.1 Measuring tank . Stepped fiber glass, 10 and 45 1.
1.3.2.2 Storage tank . Fiber glass 160 |
1.3.2.3 Pump 0 0.37 kW

Figure 1-2 Pressure wave
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2. THEORY
2.1 Introduction

When water flows in a pipe it has kinetic energy. If a valve at the end of the pipe is closed this kinetic
energy must be dissipated to minimise damages to the pipe. If the pipe is very long such as hydro power plant
penstock sudden closure of the water flow can result in penstock pipe damage. Sudden closing of a pipe which
flow will hour water flowing in it result in high pressure waves within the pipe at many times the normal
pressure. This pressure wave will travel in the pipe at a velocity equal to the speed of sound in water. The wave
travels back and forth between supply tank and the closing valve creating vibrations and loud noise. This is
known as a water hammer.

Discipating kinetic energy of the flowing water can be done in many ways such as employing a surge
shaft at the end of the pipe.

HF160 Water hammer test set has two sets of pipes, one for pipe surge experiments and the other one for
water hammer experiment.

2.2 Relevant Theory on A Pipe Surge:

Assuming no friction loss

Surge shaft
Y
= Y
. . Y
Reservoir v Static Water Level
__________________________ doX---
hy
h
N
Vv
k @ \
y k. 0

Figure 2-1 Flow in a pipe

Symbols:
A = Pipe cross section
At = Surge shaft cross section
V = Flow velocity in pipe
Y = Level in surge shaft above supply tank level
dy .
d_ Rate of level change in surge shaft
t
t = Time after flow through the valve is changed (closed)
q = Rate of flow
hL = Head loss due to flow in pipe
0 = Slope of the pipe

From Newton’s second law
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ZF: mxa
Forcedure to pressure . Gravity in the N Frictionloss
Diflerence in pipe direction of flow in pipe

mass x accelerati on

. dv
plAl—p2A2+WS|n6—yAh|_ = m(—j .......................

Since
pp=pghy
P, =pg(h,+Y)
m=pAL
W=mg=pALg
From Fig. 2-1: k=L.sin®
Substitute the above in Eq. 1

. dv
pgAh; —pgA(h,+Y)+(pAL)gsinO—pgAh :(pAL)(Ej

dv
PgAhl—pgA[(hl+k)+Y]+pgAk_pgAhL :(pAL)(E)

dv
PgAh -pgAh, -pgAk-pgAY+pgAk-pgAh =pAL (—j

Divide through by pgA

——+Y+h =0 L

g dt

From continuity equation:

Rate of flow in pipe = Rate of flow through the valve + Rate of flow to surge shaft

AV = q+A (de
= + —_—
T at

or

A+ (dY
V:g+—T(—) .................

A A \dt

Substitute V in Eq. 2

Ld[A;dY q
g dt

A d A

If the valve is closed, g=0 and h; =0

A; L|d%Y
“Lol=—+Y =0
A g| dt

or —+—=Y=0

2-2
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Eqg. 5 becomes

As the flow in the surge shaft (movement of level) is a Simple Harmonic Motion.

Period of oscillation
T=2r /i
02

Com |— 2 o AL 7)
Ag/ATL Ag
Amplitude Yin the surge shaft is found from velocity u in the tank divide by €2, thus
u
Y=— (8)
Q

dy
Where: u= d_ = orbital velocity for Simple Harmonic Motion in the surge shaft.
t

The amplitude Y is maximum when there is no flow through the valve or q=0
Thus from Eq. 3

Substituting u from Eq. 9 in Eq. 8 gives:

A 1
Yo Vo x—
max= AL 'a=070)

Where: Ymax = maximum amplitude corresponding to maximum level in the surge shaft.

No friction is considered in the above analysis. If friction is considered and approximate solutions are applied
for the case of instantaneous valve closure,

Maximum amplitude insurgeshat = Y —0.6h_
or

2
Maximum amplitude in surge shat = Y (l—%]

2-3 041214



2.3 Relevant Theory on Water Hammer

If the valve is suddenly closed, the kinetic energy of the flowing water is converted to potential energy
due to strain in the water and is in the form of pressure.
Kinetic energy lost = Strain energy gained

1 2 1p°

“mvi = AL
2 2E,
2
1 1
“peADVE = =P AL
2 2E,
2 2 2
l(pﬂL)sz Ep_ﬂL
2 4 2E, 4

Where: E,, = Bulk's modulus or volume modulus of elasticity of water, N/m®

SP=VAEL e, (11)

But the velocity of sound in pipe is given by

Substituting E,, from Eq. 12 in Eq. 11 gives:

p = Vy(c?p)p
=pVec (13)

The sudden rise in pressure is transmitted from the valve to pipe at the velocity of sound to the supply tank
then reflected back to the valve and back to the supply tank so on so forth. The amplitude of the pressure wave
is diminishing with each wave.

Since there are two pressure sensors in the pipe. The one next to the closing valve will first sense the
pressure wave. As the wave moves towards the supply tank the second pressure sensor will sense the pressure
wave later. The time difference between the two sensors is called delay time or lag time

L
t = —
c
Where: t = Lagtime
L = Distance between the two sensors
¢ = Velocity of sound

Thus we can calculate the velocity of sound from the measured lag time and compare to theory

Where: ty = Pipe wall thickness, m
E = Young’s modulus or modulus of elasticity of the pipe, N/m?
d = Pipe inside diameter, m
p = Density of water, kg/m3
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3. EXPERIMENTAL PROCEDURES

The equipment is supported on four legs with adjusting screws. Once the equipment is in place, the legs should
be adjusted to ensure that the equipment is level for accurate measurements.

3.1 Pipe Surge Experiment

3.1.1 Objective:
(a) To demonstrate surges in a pipe.
(b) To determine surge oscillation.

(c) To demonstrate friction loss in pipe between supply tank and the surge shaft.
3.1.2 Equipment set up

~——Supply tank ~——- Surge shaft

Manual closing valve

I I T
U —=—F|ow control valve
—~+—\Water supply :

— Bench valve Hydraulics

bench (optional)

—/

™ Overflow

] -«——Footing screw O T O
Figure 3-1 Pipe surge equipment set up

3.1.3 Summary of theory
() Head loss in a pipe,
h, =h Vi
L S 29

Where: hg = Static head of the surge shaft when there is no flow

2
— = Velocity head of water in pipe
29
. A L A
(b) Period of oscillations, T =27
gA
. . A AL
(c) Maximum level in surge shaft, Yy, = — Vg [——
A gA
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3.1.4 Experimental procedures

3.1.4.1 Put the equipment over a Hydraulics Bench and set the footing screws to ensure the equipment
is level. (Surge shaft vertical)

3.1.4.2 Fill up the bench storage tank to nearly full. Connect the bench outlet to the supply tank and
tank over flow back to the bench.

3.1.4.3 Close the flow control valves for the water hammer pipe and the surge pipe.

3.1.4.4 Start the bench pump.

3.1.45 Open the bench outlet valve and adjust the flow until the supply tank has an over flow.

3.1.4.6 Record the level of water in the surge shaft.

3.1.4.7 Open the flow control valve and adjust the flow from the bench until a slight over flow is
observed.

3.1.4.8 Wait until the level in the surge shaft is stable then record the level.

3.1.4.9 Measure the flow rate using the Hydraulics Bench (record volume and time).

3.1.4.10 Close the manual valve quickly record the time to reach the maximum level and record the
level.

3.1.4.11 Record the time to complete the first cycle of oscillation.

3.1.4.12 Wait until the level in the surge shaft is stable and record the level again. (it should be the same
asin 3.1.4.6).

3.1.4.13 Repeat the experiment 3 times to obtain the average.

3.2 Water Hammer Experiment

3.2.1 Objective: To study the characteristics of a water hammer
3.2.2 Equipment set up
The equipment is set up as per the following figure.

«——Supply tank Second pressure sensor First pressure sensor
i~ o <«——Quick closing valve
—Hi [ [ t [
UPWater supply — o] <+———Flow control
7 ) valve
> HH @ < Bench outlet
) —— valve Hydraulics Bench
Overflow (optional)
Analog /digital
T«—Footing module O O

SCreW  computer (not included) and software
Figure 3-2 Water hammer equipment set up

3.2.3 Summary of theory
Velocity of sound

Pressure,

L
Duration of first pulse, =—
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3.2.4 Experiment procedures
3.2.4.1 Set the equipment over a Hydraulics Bench and adjust the footing screws of equipment to set

level.

3.2.4.2 Fill the Hydraulics Bench storage tank to nearly full. Connect bench pipe outlet to supply the
tank and supply tank over flow back to the bench.

3.2.4.3 Close flow control valve for pipe surge the Hydraulics Bench outlet valve and close the water
hammer flow control valve.

3.2.4.4 Open the quick closing valve by pushing in the stem and twist to lock.

3.2.4.5 Switch on the pump. Slowly open the bench outlet valve until small overflow is observed at
flow rate about 30 Ipm.

3.2.4.6 Open the water hammer flow control valve.

3.2.4.7 Plug in power supply of the sensors without turn on the power and connect signal from the A/D
module the computer.

3.2.4.8 Turn on the computer, turn on power supply to the sensors and open water hammer program.

3.2.4.9 Start the program by click |I| and set the signal detect level about 2 to 4 kg/cm”.

3.2.4.10 Waiting for the “start” lamp then release the quick closing valve by twist the knob to unlock.

3.2.5 Calculations and recording of data
In the case a storage oscilloscope is used, setting must be made to convert the voltage reading to

pressure reading.

p = N,xAxC
Where: p = Pressure, bar
Ny = Oscilloscope reading, number of division.

A= Set voltge mV
number of devision  div
1.378 bar _ .
C = constant= —— or from calibration curve (optional)
mV
Example
If N, = 4 div.
2mVvV
A =
div
1378 bar
mV

Then P = N,xAxC

. 2mV 1.378bar
= 4 divx X =11.024 bar

div mV

Similarly the horizontal scale on the oscilloscope represents the time scale and can determine the
time lag between two pressure waves.

Where: At =time lag, ms
N = scale reading, div

ms
T =time scale, d_ (Set from oscilloscope)
iv
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Example

If Nj, =1.1div
ms
T=1—
div
Then  At=1.1divx1™>
div
=1.1ms

In the case of reading from computer monitor the time scale is set able from computer. The

pressure scale is calibrated against calibrated pressure gauge from ESSOM factory to read in

kg/cm 2

When reading AT , it is necessary to read AT at the beginning of the pressure waves.

3-4
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DATA SHEET
PIPE SURGE EXPERIMENT
HF 160 WATER HAMMER TEST SET

Testby..ooveviiiiiiieeeaes Date............
Pipe inside diameter (21 mm) R — m
Pipe cross section (A) = e m?
Surge shaft cross sectional (At) S m?
Volume from hydraulic bench (Vol.) = ---eeeooemmceeeeeee m°
Time (t) e — 5
Rate of flow in pipe (Q) = VOIJt = e m3/s
Flow velocity in pipe (V) S0/ N — m/s
Static head (hs) T e m of water
Maximum level of surge shaft after valve closing, (repeat experiment)
Test No. 1 2 3 4 5 6 7 8 9
Level (hpay)
Actual time for one complete cycle ( T qqa;) A — S
Maximum level Y., = hpax— s S — m
LA
From theory T=2x /_T = e S
gA
v - A v AsL _ .
max As g=0 gA
Theory Experiment Difference (%)

Time for one complete cycle, T (s)

Maximum level, Y, ax (m)
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4. TYPICAL DATA

DATA SHEET
PIPE SURGE EXPERIMENT
HF 160 WATER HAMMER TEST SET

Test by......... K.Pornsit...... Date......... Oct7,02......
Pipe inside diameter (21 mm) = 0.021 m
. . I
Pipe cross section A= 2(0.021 m)? = 0.000346 m?
I8
Surge shaft cross section At = Z(O'M m)? = 0.001257 m’
Volume from hydraulic bench (Vol.) = 0.008 m>
Time (t) = 25.68 S
3
A 0.008 m 3
Rate of flow in pipe (Q) = Vol./t=—— = 0.000312 m’/s
25.68 s
o 0.000312 m*/s
Flow velocity in pipe (V) =Q/A = —_— 0.9017 m/s
0.000346 m
Static head (hs) = 0.614 m
Maximum level of surge shaft after valve closing, (repeat experiment)
Test no. 1 2 3 4 5 6 7 8 9
Level 0.914
(Nmax) '
Actual time for one complete cycle (Ty.qa1) = 6.24 s
Maximum level Y., =hq . —hs = 0.914 - 0.614 = 03 m
From Eg. 7 in theory
LA 2
Toon T _on 3mx0.001257m - 6622 s
gA 9.81" x0.000346m’
s
From Eg. 10
2
Ymax = Voo | = —o.9017 0 | 0000886MEX3M 56,
Atg s | 0.00125m2 x9.81m/s2
Theory Experiment Difference (%)
Time for one complete cycle, T (s) 6.62 6.24 6.09
Maximum level, Y ax (m) 0.262 0.3 12.7

4-1
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5. SAMPLE CALCULATIONS
Test runs were conducted by a team of engineers and technicians at ESSOM factory prior to shipment to
customer. Typical test data were shown below.
From page 4-1

c =
tp = Pipe wall thickness = 2.9mm = 0.0029 m
E = Young’s modulus or modulus of elasticity of the pipe
d = Pipeinside diameter = 21 mm = 0.021 m
Water at 30°C give Ev = Bulk’s modulus
= 225x10°  KkN/m?
p = Density
= 995.7 kN/m’
Stainless steel tube, give  E = Modulus of elasticity

= 193 x 10° N/m?

Substitute all variables in above equation give velocity of sound, ¢

2.25x10%9 N/m?

9 2
1,oooﬁ 14 2:25x10 N/m2x0.021m
m3|" 0.0029 mx 193 x109 N/m?2

2.25x10° N/m?

kg
e

1,000 — [1+0.084]

N m3
2,075,645.76 —x—
m kg

m
1,440.71 —
S
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6. SAMPLE GRAPHS
Graphs of Pressure Vs Time (Normal Size)

Display Data | galibration all channel |

[vIGraph Pressure 2 S5 )| l

<
£
2

Pressure 1 9 7
% 6
% 5
& 4

N W

DO O R R O R OO R O RO B

;
LY

Pressure 2

(Graph with zoom)
Display Data | calibration all channel |

[“]Graph Pressure 2 <+ o ]

~

6

Pressurekg/cm”™2
B ]

w

J
a

~n

1
0.061 ] i ] %

Time,s Trigger_

Pressure 1 Pressure 2

Note: At between P1 and P2 must be measured from two markers lines or hard copy printed out.
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ADDENDUM 1
PRESSURE TRANSDUCER



Data Sheet: TP12.401.R3

14TV V - T-T' J | —

TP12

Trasmettitore di pressione

Pressure transmitter

| trasmettitori di pressione di questa serie si distinguono per
la grande affidabilita e stabilta a lungo termine delle
caratteristiche meccaniche ed elettriche.

La parte sensibile a contatto con la pressione € interamente
realizzata in acciaio inox 17-4 PH resistente alla corrosione.

| trattamenti termici ad alto vuoto, ai quali viene sottoposto
I'acciaio, assicurano il perfetto funzionamento del sensore
anche in presenza di sollecitazioni altamente dinamiche.
L'esecuzione monolitica dell'elemento di misura, esente da
qualsiasi assemblaggio a mezzo di anelli di tenuta o
guarnizioni, assicura un'elevata stabilitd con isteresi e deriva
di zero trascurabili nel tempo.

Internamente le pressioni vengono rilevate tramite un ponte
estensimetrico completo che garantisce il mantenimento
delle prestazioni anche in presenza di picchi.

La sezione elettronica, realizzata con tecnologia SMD, &
composta da un amplificatore strumentale di alta precisione
e da un alimentatore stabilizzato con protezione dai
cortocircuiti e dall'inversione di polarita.

Tutti i trasmettitori vengono interamente saldati al LASER e
completamente incapsulati in resina per garantire
insensibilita alle vibrazioni e un elevato grado di tenuta
ermetica.

Durante il ciclo produttivo i trasmettitori sono compensati
termicamente, collaudati e tarati individualmente tramite
stazioni completamente automatiche che analizzano e
archiviano tutti i parametri.

Queste caratteristiche rendono idoneo il loro impiego in vari
settori industriali: pneumatico, idraulico, controllo di processi
alimentari, impianti frigoriferi (depressione) e di livello.
Utilizzati anche per banchi di prova, macchine prove
materiali, laboratorio e ricerca.

Pressure transmitters in these series distinguish themselves
for high long-term reliability of mechanical and electrical
features.

The sensitive part, in contact with pressure, is entirely made
of 17-4 PH corrosion-proof stainless steel.

High vacuum thermal treatments which stainless steel is
subjected to, ensure the correct functioning even when
highly dynamic stresses are involved. Monolithic execution of
measuring element, without any assembling via tight rings or
gaskets, guarantees a high long-term stability, with negligible
hysteresis and zero drift. Pressure is internally detected by a
full bridge strain gauge, which assures the maintenance of
performances even in presence of peaks.

Electronic section, realised via SMD technology, consists of
a high precision instrumental amplifier and a stable supplier,
protected against short circuits and polarity inversion.

Every pressure transmitters is entirely LASER welded and
completely resin-encapsulated, to ensure insensitivity and a
high degree of hermetic tight.

During production cycle, pressure transducers are thermally
compensated, tested and individually calibrated with the use
of completely automated stations that analyse and record
data.

These features make them suitable for being used in several
industrial fields, as : pneumatic, hydraulic, food process
control, level and refrigerating (depression) plants. They are
also instalfed on test benches, materials testing machines,
laboratories and research in general.

RoHS

COMPLIANCE

C€

<+ 0.20%

(W
JiC

Linearita - Isteresi.

Linearity - Hysteresis

Per sollecitazioni altamente dinamiche.

For highly dynamic stresses.

Certificato SIT arichiesta.

SIT certificate on request.

Elevata resistenza
Alta stabilita a lungo termine

High resistance
Long term high stability

Dimensioni Dimensions [mm] ,)\
121(124)
_— Chiwr27
— T—
0 L
]
5 Internal ZERO
I -
Nominal Pressure < 10 bar @F = 6 mm
Nominal Pressure = 20 bar @F = 7 mm
Installazione tipica Typical installation
0:700 bar 0:1000 bar 0:2000 bar
~ 7
W/
e
+—1/2"c

%,
CONO MORDENTE
DOUBLE FERRULE SEAL
FORO NON SMUSSATO

HOLE WITH SHARP EDGE

USIT RING ysIT ch\
A 63-11 A 63-18



Dati Tecnhici Technical Data

PRESSIONE RELATIVA (R)
PRESSIONE ASSOLUTA (A)

L4

059, 1% .25, 5..10-.20'bar l

50- 100 - 250 - 350 - 500 - 700 bar
*1000 - *1500 - *2000 bar

LINEARITA' e ISTERESI £+020%

EFFETTO DELLA TEMPERATURA {1°C)

a) sullo zero =+0.015%

b) sulla sensibilita <+0.015%

SENSIBILITA" NOMINALE 4-20mA (2 or 3wires)
05V, 010V

TOLLERANZA DI CALIBRAZIONE <+0.1%

ALIMENTAZIONE NOMINALE 4-20mA and 0-5V = 12-24Vdc

0-10V = 15-24Vdc

ALIMENTAZIONE MAX. 28Vdc

ASSORBIMENTO MAX.

a) 3fili 30mA

b) 2 fili 20mA

RESISTENZA DI CARICO!

a) tensione min. 3KQ

b) corrente from 0 to 47002

RESISTENZA DI ISOLAMENTO >26GQ

BILANCIAMENTO DI ZERO +10% ADJ.

FREQUENZA DI RISPOSTA
VALORI MECCANICI LIMITE RIFERITI
ALLA PRESSIONE NOMINALE :

from 0.5 to 5 kHz

a) pressione di servizio 100%

b) pressione limite 150%

) pressione di rottura >300%

d) pressione altamente dinamica 75%
TEMPERATURA DI RIFERIMENTO +23°C
TEMPERATURA DI ESERCIZIO -10/+70°C
TEMPERATURA DI STOCCAGGIO -20/+80°C
ATTACCO DI PROCESSO 1/14"Gas (*1/2"Gas) Maschio / BSP Male
CHIAVE DI SERRAGGIO 27 mm
COPPIA DI SERRAGGIO 28 Nm
CLASSE DI PROTEZIONE (EN 60529) P65
MATERIALE PARTE SENSORE INOX 17-4 PH

CONNESSIONE ELETTRICA
" Alimentazione nominale © 15-24 Vidc. § No

Connector DIN 43650 - A/IISO 4400

OPZIONE: .
<
CONNESSIONE ELETTRICA .
Connettore M12X1 \
\
"y
Collegamenti elettrici Electrical connections
Connector DIN43650 Connector M12X1 @

®La regolazione dello ZERQ ¢ accessibile svitando |a ghiera / 765

FIEP transauears o IE XD

1Q-1100-01 TUV 06 ATEX 553793 Q

41010 Cognento (MODENA) ltaly Via Bottego 33/A Tel:+39-(0)59-346441 Fax:+39-(0)59-346437 E-mail: acp@aep.it

Alfine di migliorare |e prestazioni tecniche del prodotto, la societa si riserva di apportare variazioni senza preawiso.
In order to improve the technical performances of the product, the company reserves the right to make any dynamometer without notice.
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Low-Cost, Bus-Powered Multifunction DAQ for USB —
12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

=
NI USB-6008, NI USB-6009

+ Sanalog inputs at 12 or 14 bits,
up t0 48 kifs

« Zanalog outputs at 12 bits,
software timed

* 12 TTL/CMOS digital 170 lines

o 32-bit, 5 MH coumter

+ Digital tngoering

¢ Bus-powered

* |wearwaranty

Operating Systems

« Windows Vista (32- and 64 -bit) XP/2000
o Ma: 05X

Recommended Software

* LabVIEw

« Lab\IEW SignalExpress
 LabWindows™/CVI

* Measurement Studio

Other Compatible Software
¢ (#, \isual Basic NET

* ANSIC/C+

Measurement Services i
Software {included)

« NI-DAQm driver software

* Measurement & Automation

* Linuw®t | G
Vit ot A ~
o Windyws CEl iy
1ou need to dowwnload NI-DADmx
Base for these operating systems.
Input Max Input Output Output Output Digital
Analog Aesolution  Sampling Aate  Aange Analog Resolution Rate Range ro 2-Bit
Product Bus Inpust (hits) (ks/s) v Outputs (hits) (Hz) W Lines Counter  Trigger
LEe-6009 use 2SEM DI 1 12 21 o) 2 12 150 0ms 12 1 Digital
L6002 use 3 SEM DI 12 10 Bl !D_?@D_ 2 12 150 0mb 12_ 1 D'qﬁzl_

1SE =5y le ada D= dfferertal  3Softva retmed

Overview and Applications

With recent bandwidth improvements and new inngvations from
Matignal Instruments, USE has evnlved into acore bus of choice for
measurement applications. The NI USB-6008 and USBE-E008 are lpw-
cost entry points to NI flagship data acquisition (D AQ) devices. With
plug-and-play USB connectivity, these modules are simple enough for
quick measurements but versatile enough for more complex
measurement applications.

The USE-8008 and USE-6009 are ideal fora number of applications
where low cost, small form factor, and simplicity are essential.
Examples include:

o [ata lngging — quickand easy erwironmental or voltage data lngging
e Academic lab use — student ownership of DAQ hardware for
completely interactive lab-based courses (Academic pricing available.

Vist ni.com/academic fordetails)

o 0EM applications as|/0 for embedded systems

Recommended Software

Mational Instruments measurement services software, built arpund
NI-DAQmx driver software, includes intuitive application programming
interfaces, configuration tools, 1/0 assistants, and other tonls
designed to reduce system setup, configuration, and development time.
Matinnal Instruments recommends using the latest version of NI-DAQmx

driver software forapplicationdevelopment in NI LabVIEW, LabViIEW
SignalBepress, LabWindows/ CVl, and Measurement Studio software.
To obtain the latest version of NI-DAQmx, visit
nicom fsupportidag/versions.
NI measurement services software speeds up your development with
features including:
o Aquide to create fast and accurate measurements with no
programming using the DA Assistant.
o Automatic code generation to create your application in LabWIEW
o LabWindows/Cyl; LabVIEVY SignalExpress; and C#, Visual Studio MET,
ANSI C/C++, or Visual Basic using Measurement Studip.
o ultithreaded streaming technalogy for 1,000 times
performance improvements.
o Automatic timing, tiggering, and synchronzation routing
tn make advanced applications easy.
o [ore than 3,000 free software downloads available at
ni.com/zone to jump-start your project.
o Software configuration of all digital 170 features without
hardware switches/jumpers.
® Single programming interface for analog input, analog output,
digital /0, and counters on hundreds of multifunction DAQ hardware
devices. M Series devices are compatible with the following versions
{or later) of NI application software — LabVIEW, Lab\Wind ows/ CVI, or
Measurement Studin versions 7.3 and LabVIEW SignalExpress 2 x.

PN s



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Every M Series data acquisition device also includes a copy of
LabVIEW SignalExpress LE data-logging software, so you can quickly
acquire, analyze, and present data without programming. The NI-DAOmx
Base driver software is provided for use with Linux, Mac OS X,
Windows Mobile, and Windows CE operating systems.

Recommended Accessories

The USB-6008 and USB-6009 have removable screw terminals for easy
signal connectivity. For extra flexibility when handling multiple wiring
configurations, NI offers the USB-600x Connectivity Kit, which includes
two extra sets of screw terminals, extra labels, and a screwdriver.

In addition, the USB-600x Prototyping Kit provides space for adding
mare circuitry to the inputs of the USB-6008 or USB-6009.

NI USB DAQ for OEMs

Sharten your time to market by integrating waorld-class National
Instruments OEM measurement products into your embedded system
design. Board-only versians of NI USB DAQ devices are available for
OEM applications, with competitive quantity pricing and available
software customization. The NI OEM Elite Program offers free 30-day
trial kits for qualified customers. Visit ni.com/oem for more information.

Information for Student Ownership

To supplement simulation, measurement, and automation theory courses
with practical experiments, NI has developed the USB-6008 and USB-6009
student kits, which include the LabVIEW Student Edition and a ready-to-run
data logger application. These kits are exclusively for students, giving them
a powerful, low-cost, hands-on learning toal. Visit ni.com/academic for
maore details.

Information for OEM Customers

For information on special configurations and pricing, call {800} 813 3693
{U.S. only} or visit ni.com/oem. Go to the Ordering Information section
for part numbers.

Ordering Information

NEUSB-B00BT ... 779051-01
NEUSB-B0097 ... 779026-01
NI USB-6008 OEM ........ccoccoconeneenns 193132-02
NIUSB-6009:0EMP =tenaes s e s 193132-01

NI USB-6008 Student Kit!,2 .....
NI USB-6009 Student Kit!,2 .
NI USB-600x Connectivity Kit .

NI USB-600x Pratotyping Kit .........cccooooiuveieiriiiiceries 779511-01
1 Includes NI-DAGmx software, LabVIEW SignalExpress LE, and a USB cable.
2Includes LabVIEW Student Edition.

BUY Now!

For complete product specifications, pricing, and accessory
information, call 800 813 3693 (U.S. only) or go to ni.com/usb.

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Specifications

Typical at 25 °C unless ctherwise noted.

Analog Input

Absolute accuracy, single-ended

Range Typical at25 °C (mV)

+10 147
Absolute accuracy at full scale,

Range Typical at25 °C (mV)

+20 147

+10 773

45 428

+4 359

25 256

£2 221

125 170

+ 153

Number of channels................c..cco......

Type of ADC oo
ADC resolution (bits)
Module Differential
USB-6008 12
USB-6009 14

Maximum {0 to 55 °C) (mV)
138

differential!

Maximum {0 to 55 °C} (mV)
138
848
584
531
451
425
389
375

8 single-ended/4 differential
Successive approximation

Single-Ended
i |
13

Maximum sampling rate (system dependent)

Module
USB-6008
USB-6009

Input range, single-ended..................
Input range, differential......................

Maximum waorking voltage ..
Overvoltage protection ........
FIFO buffer size .....
Timing resolution .
Timing accuracy ....
Input impedance ...
Trigger source....
System naise.....

Analog Output

Absolute accuracy (no load) ...............

Number of channels................c..cc.......

Type of DAC ......
DAC resolution ..

Maximum update rate ...........c...co......

Maximum Sampling Rate (kS/s)
10
48

+10V

170, 10, 5, +4, +2.5, +2,
+1.25,+1V

10V

+35V

512 B

41.67 ns {24 MHz timebase}
100 ppm of actual sample rate
144 k&2

Scftware ar external digital trigger
5m Vs (£10 V range)

7 mV typical, 36.4 mY maximum
at full scale

2

Successive approximation

12 bits

150 Hz, software-timed

1lnput voltages may not exceed the working voltage range.

Output range
Output impedance...
Output current drive....
Power-on state
Slew rate.........ccocon...
Short-circuit current....

Digital 1/0

Number of channels..............ccc.coee....

10711 T4 [ [ | I —————

Oto+hV
50Q
5mA
ov
1V/ps
50 mA

12 total

8{P0.<0..75)

4{P1.<0..35)

Each channel individually
programmable as input or output

Output driver type
USB-6008..........ooveveeier. Open-drain
USB-6009............cccoooocrevevmrrnnneee. Each channel individually
programmable as push-pull or
open-drain

Compatibilil.con e CMOS, TTL, LVTTL

Internal pull-up resistor .. v 47kQ 1045V

Power-on state ... Input {high impedance}

Absolute maximum voltage range...... 05t0+58V

Digital logic levels
Level Min Max Units
Input low voltage -0.3 08 v
Input high voltage 20 58 v
Input leakage current = 50 pA
Output low voltage (I = 8.5 mA} — 08 v
Output high voltage {push-pull, | = -8.5 mAj 20 35 v
Output high voltage (open-drain, | = -0.6 mA, nominal) 20 50 v
Output high voltage [open-drain, | = -8.5 mA,
with external pull-up resistor) 20 - v

Counter

Number of counters.... 1

Resolution .................. 32 bits

Counter measurements...
Pull-up resistor
Maximum input frequency......
Minimum high pulse width.....
Minimum low pulse width..
Input high voltage ...............
Input low voltage ..o,

Power available at I/0 connector
+5 'V output {200 mA maximumj.........

+2.5V output {1 mA maximumy.
+2.5 V output aceuracy .....................
Voltage reference temperature drift...

Edge counting {falling edge}
47kQtobV

5 MHz

100 ns

100 ns

20V

08Y

+5 V typical
+4.85 ¥ minimum
+2.5 'V typical
0.25% max

50 ppm/°C max

BUY ONLINE at ni.com or CALL 800 813 3693 {U.S.}



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Physical Charactenistics

If you need to clean the module, wipe it witha dry towel.

Dimensions (without connectors)....... B35 by851by231cm

[2.50 by 335 by 091 in.)

818 by 851 by231cm

322 by 335 by 091 in.)
Wgi2.10z)

g3

UUSE senies B receptacle

12) 16-pasition {screw-terminal)

Dimensions (with connectors) ...........

Weight (without connectors)............
Weight (with connectors) ..............
10 connectrs. ..o

plug headers
Screw-terminal wiring... 16 tn 28 AWG
Screw-terminal torque 022 tn0.25 Nem

201022 Ibein.)

Power Requirement

USB(4.10to 525VDC)..oii &0 mé typical
500 mé& maximum
USBsuspend......oooooveoeeeceee 00 pA typical
500 pd maximum
Environmental

The 1JSB-6008 and USB-E008 are intended far indoor use anly.
Operating envirpnment

Ambient temperature range............ 0to 55 °C(tested inaccordance
with [ECE0068-2-1
and |EC-B0068-2-2)
10 tp 0%, noncondensing
(tested in axcordance
with [EC-B0068-2-56)

Relative humidity range ................

Storage envirpnment

Ambient temperature range ... 40 tp 85 °C (tested in
acordance with [EC60063-2-1
and |EC-B0068-2-2)
5tn 90%, noncondensing
(tested in accordance

with [EC-60063-2-55)

Relative humidity range ................

Maximum altitude..............ccooveerrn 2,000 m
[at 25°C ambient temperature)
Pollution degree ..o 2

Safety and Compliance
Safety

This product is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement, cantrol,
and laboratory use:

e |ECB1010-1, EN 610101
e LLB1010-1, CSAB1010-1

Note: For UL and pther safetycertifications, refertothe product label
orvisit ni.com/certification, search by model number or product line,
andclick the appropriate link in the Certification column.

Electromagnetic Compatibility

This product is designed to meet the requirements of the following
standards of EMC for electrical equipment for measurement, contral,
and laboratory use:

o ENB1326 EMC requirements; Minimum Immunity
o EN 55011 Emissions; Group 1, Class &
e CE, C-Tick, ICES, and FCC Part 15 Emissions; Class &

Note: For ENC compliance, nperate this device accoding to
product documentation.

CE Compliance

This product meets the essential requirements of applicable Eurppean
Directives, as amended for CE marking, as follows:

o 2006/95/EC; Low-Vinltage Directive (safety)
o 2004/108/EC; Electramagnetic Compatibility Directive (EMC)

Note: Refertothe Declaration of Conformity {DoC) for this product for
any additional regulatory compliance information. To abtain the DoC for
this product, visit ni.com fcertification, search by model number or
product line, and click the appropriate link in the Certification column.

Waste Electrical and Electronic Equipment {WEEE)

Ell Customers: At the end of their life cycle, all products must be
sentto a WEEE recycling center. For more information about WEEE
recycling centers and National Instruments WEEE initiatives, visit
nicom fenvironmentiweee.him.

TS T RO, (T RoHS)

PEEP Lol Instrurnecks FED DUFRESORH SRS 01
¥ (PoMs). ZF Naticoal Incrrumezs B8 FoHS SHAMMM . RS

1L 000 STV EDTON: 1was (forinformeton abowt Chins RoMS
corrgliance, 4o o ni. con/ envicomment/sohs_chiza.)

BUY UNLINE at ni.com or CALL 800 813 3693 (U.S.)



NI Services and Support

NI has the services and support to meet
your needs amund the globe and through
the application life cycle — from planning
and development through deployment
and ongoing maintenance. We offer
senvices and semvice levels to meet
customer requirements in research,
design, validation, and manufacturing.
Visit ni.com fservices.

Training and Certification

NI training is the fastest, most certain route to productivity with our
products. NI training can shorten your learning curve, save development
time, and reduce maintenance costs overthe application life cycle. We
schedule instructorled courses incitiesworddwide, or we canholda
course at your facility. We alsn offera professional certification program
that dentifies individuals who have high levels of skill and knowledge on
using NI products. Vist ni.com/training.

Professional Services

Dur Professinnal Services Team is comprised of NI applications engineers,
NI Consulting Services, and a workdwide Mational Instruments Alliance
Partner program of more than 600 independent consultants and

integrators. Services range from
mewmm'
Curfified Allmws Purtwer

start-up assistance to tumkey
system integration.
Visit ni.com/alliance.
OEM Support
W pfferdesign-inconsulting and product integration assistance if you
want to use pur products for DEM applications. For information about
special pricing and services for OEM customers, visit ni.com/oem.

NATIONAL
INSTRUMENTS'

ni.com ¢ {800) 813 3693

Nationallnstrumants « info@ni.com

Local Sales and Technical Support

In pffices wordwide, our staff is local to the country, giving you access
to engineers who speak your language. NI delivers industry-leading
technical support through online knowledge bases, our applications
engineers, and accesstn 14,000 measurement and automation
professionals within NI Developer Exchange forums. Find immediate
answers to your questions at ni.com/support.

We alsn offer service programs that provide automatic upgrades to
your application development emironment and higher levels of technical
support. Visit ni.com Ssp.

Hardware Services

NI Factory Installation Services

NI Factory Installation Services (FIS) is the fastest and easiest way to
use your PXI or PXI/SCAIcombination systemsright out of the box.
Trained NI technicians install the spftware and hardware and configure
the system to your specifications. NI extends the standard wamanty by
oneyear on hardware companents (controllers, chassis, modules)
purchased with FIS. To use FIS, simply configure your system online with
nicom fpxiadvisor.

Calibration Services

NI recognizes the need to maintain propedy calibrated devices for
high-accuracy measurements. We provide manual calibration
procedures, services to recalibrate your products, and automated
calibration software specificallydesigned for use by metrology
laboratories. Visit nicom fcalibration.

Repair and Extended Warranty

NI provides complete repair services for pur products. Express repair
and advance replacement services are alsp available. We offer
extended wamanties to helpyvou meet project life-cycle requirements.
Visit ni.comfservices.

ATy

20B-F21-20+10+D

@006 Natond nstrument. 0l righs resarved, OV, LabV IBA, Maxsuram ant Studo, Natond nstument, Natond Irsfum ants dllianc2 Paner, N nicom, SCXI, and SignalExpess

Je ofNatond Temak L

alicFse tom Migosoft Corporaton. Wndows is )

Tadamak of Mi Comporationin h2

Unied St and ohe coutries Linué is ha regsiered tadamark of Lines Torvdds inthe U.S and oha coaunties. Ohe product and compary names listad are rademarks of trade
names o thsf respactve companies. 4 Natond Rsfuments Alliancs PaNe is atusness amtityindepandant fom NI axhas no a3ancy pa nRrship, of jantvamtra rdatorship win NI



ADDENDUM 3
CERTIFICATE OF CALIBRATION



F 7601.3.1
Dec 14,11

ESSOM COMPANY LIMITED
@ 508 TAKSIN RD..SOI 22/1, BUKKALO,THONBURILBANGKOK 10600
Tel (662)476-0034,Fax (662)476-1500

'WWW.essom.com

CALIBRATION CERTIFICATE
PRESSURE READING

Date : 04/12/2014

Code : HF 160 Name Water Hammer Apparatus Serial No.: 15599
Work Order No. 2773

2. Instrument
2.1 Indicator Manufacturer - Model - Serial/ID Number -

2.2 Sensor Manufacturer AEP Mode TP12BL53R Serial/ID Number 906115

Note : Program HF160 Reading

3. Reference Standard Instruments
3.1 Pressure Tester No. PG1

4. Calibration Room
Ambient Temperature : 24 °C ,Atmospheric Pressure : 1012 hPa , Humidity : 52 %RH

5. Result of Calibration

Percent
Standard Pressure Reading Deviation Deviation Note
(kg/cm?) (kg/em?) (kg/em?) (%)
1.00 1.01 0.010 1.00 P1
2.00 1.99 0.010 0.50
3.00 2.96 0.040 1.33
4.00 4.00 0.000 0.00
5.00 5.03 0.030 0.60
6.00 6.02 0.020 0.33
7.00 7.01 0.010 0.14
8.00 7.97 0.030 0.38
9.00 8.96 0.040 0.44
10.00 10.06 0.060 0.60
=~
Calibrated by /é‘(i‘_\ Date : 04/12/2014
)
Checked by “efal P Date : 04/12/2014

Approved by g g’ Date : 04/12/2014




F 7601.3.1
Dec 14,11

ESSOM COMPANY LIMITED
508 TAKSIN RD.,SOI 22/1, BUKKALO,THONBURI.BANGKOK 10600
Tel (662)476-0034,Fax (662)476-1500

'WWW.essom.com

CALIBRATION CERTIFICATE
PRESSURE READING

Date : 04/12/2014
Code: HF 160 Name Water Hammer Apparatus Serial No.: 15599
Work Order No. 2773

2. Instrument
2.1 Indicator Manufacturer - Model - Serial/ID Number -

2.2 Sensor Manufacturer AEP Model TP12BL53R Serial/ID Number 906166
Note : Program HF160 Reading

3. Reference Standard Instruments
3.1 Pressure Tester No.PGl

4. Calibration Room
Ambient Temperature : 24 °C ,Atmospheric Pressure : 1012 hPa , Humidity : 52 %RH

5. Result of Calibration

Percent
Standard Pressure Reading Deviation Deviation Note
(kg/cm®) (kg/cm?) (kg/em?) (%)
1.00 0.98 0.020 2.00 P2
2.00 2.02 0.020 1.00
3.00 2.99 0.010 0.33
4.00 3.97 0.030 0.75
5.00 4.99 0.010 0.20
6.00 5.97 0.030 0.50
7.00 7.03 0.030 0.43
8.00 8.02 0.020 0.25
9.00 8.95 0.050 0.56
10.00 10.06 0.060 0.60
Calibrated by /éé < Date : 04/12/2014
Checked by Lo jak P Date : 04/12/2014

S L

Approved by Date : 04/12/2014
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HF 160 WATER HAMMER TEST SET

Pressure sensors

«+«—— Surge shaft
i Manual closing valve
Supply tank —
/ Quick closing valve
M= "F = = —  Flow control valve

}-

Analog to digital Computer (not included)
signal converter and software

Hydraulic bench
(optional)
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Amquq | Mnadey | esEuan1a (%)

1 4 ?)I v o
°])”NL’JﬁWﬂ‘§$Lﬁ’f]iﬂl’E]Q‘L!ﬂ‘l!@lﬂ]ﬁﬁWEJWﬁ\i\ﬂuﬂi’U 1 39U T (sec)

9
izﬂumqqqﬂ“lumﬁmﬂwawm, Ymax (M)
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4. MIPENINANITNAADY

luiinndeyarnamsnaaes

YAANHINIINIZUNNVD I

HF 160 WATER HAMMER TEST SET

d’ Y o a Q‘{ a = o A
FONNINITNAADI.. . NIAND Lﬂiﬂ]lﬂiﬁi...?]u‘ﬂ..] f.7. 45...

9 1 J 1
idurguanalanglune 21 uu.) =0.021m
{ A o ' T
HWuhnthdavene , A= S (0021 m)? =0.000346 m”
dy ~ Y o [ (2 T 2 2
WUNHUIAAVDIDITAIINANU A = Z(0.04 m) =0.001257 m
4
YsuasvenhludeiatSuasvealdzyamans (vol) =0.008 m®
1 d' Qv SOI Qv Q
¥219a1M50450H 10 IalTuas (1) =25.685
y 3
sams lnaveshlure @ = voli=29%8M 000312 ms
25.68's
v 3
anuizilune, (V) = QA= M =0.9017 m/s
0.000346 m
Static Head (hs) =0.614m
Y 9
szavigegaludiaininilandd, naassnaienss
Test No. 1 2 3 4 5 6 7 8 9
Level (hmax) | 0.914
981N INTLNONU IUDITA1BNEINU ATV 1 58V (Tactual) = 6245
s2AUNgIaA U IEAIeNEINUIINTZAVB DY YVay = Nimax—Ns = 0.914-0.614
=03 m
] = 2
MNNYY  T=2n /LAT =21 3mr:0'001257m = 6.6226's
gA 9817 x0.000346m”
S
2
AL m 0.000346m“ x3m
Ymax :Vq =0 = 0-9017_\/ > > = 0.262 m
| Arg s 10.001257m* x9.81m/s
1 = 1 J 2 g
Amauq | Mmadou | oimudaig (%)
1 4 90‘ % %
$19AMINTLNENVEI IUAIFa1eNEINUATY 1 58U, T (sec) 6.62 6.24 6.09
Y
32AUINGIGATUAITAINAINY, Yinax (M) 0.262 03 12.7
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5. A9LNIMIMIUIN

1nni 4-1
C =
tp = ANUHUIVDIHIIND = 29 mm = 0.0029 m
E = Young’s modulus W3© modulus of elasticity V0410
d = Wurgudnanneluve= 21 mm = 0021 m
Y d' ) v
igangil 30°C IRgaiauiia E, = Bulk’s modulus
= 2.25 x 10° kN/m?
p = ANUHULUY
= 995.7  kN/m’
1 < Yy MY A 9 o ..
mmaﬂﬂm"liﬁuﬂmmﬁum E = Modulus of elasticity
= 193 x 10° N/m?

[

Vo 2 v Ay v 3 o 2
Lm‘um@]3mJa‘VNwuﬂm"lﬂ“luﬁumimuuuu“lﬂm AIULIUTYY, ¢ ANU

2.25x10° N/m?
kgl . 2.25x10°(N/m2 )« 0.021 m
0.0029 mx 193 x10° (N/m?

1,000
m3

2.25x10° N/m?
K9 11+ 0.084]

m3

1,000

3
= \/2,075,645.76 N m
27

m g

m
= 1,440.71 —
S

5-1 041214



[-y) |
6. vgans
N51ANAUNDIAT (Normal Size)

Display Data l Calibration all channel |

[“]Graph Pressure 2 S+ o) ]
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045 0475 02 25 T
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PRESSURE TRANSDUCER



Data Sheet: TP12.401.R3

14TV V - T-T' J | —

TP12

Trasmettitore di pressione

Pressure transmitter

| trasmettitori di pressione di questa serie si distinguono per
la grande affidabilita e stabilta a lungo termine delle
caratteristiche meccaniche ed elettriche.

La parte sensibile a contatto con la pressione € interamente
realizzata in acciaio inox 17-4 PH resistente alla corrosione.

| trattamenti termici ad alto vuoto, ai quali viene sottoposto
I'acciaio, assicurano il perfetto funzionamento del sensore
anche in presenza di sollecitazioni altamente dinamiche.
L'esecuzione monolitica dell'elemento di misura, esente da
qualsiasi assemblaggio a mezzo di anelli di tenuta o
guarnizioni, assicura un'elevata stabilitd con isteresi e deriva
di zero trascurabili nel tempo.

Internamente le pressioni vengono rilevate tramite un ponte
estensimetrico completo che garantisce il mantenimento
delle prestazioni anche in presenza di picchi.

La sezione elettronica, realizzata con tecnologia SMD, &
composta da un amplificatore strumentale di alta precisione
e da un alimentatore stabilizzato con protezione dai
cortocircuiti e dall'inversione di polarita.

Tutti i trasmettitori vengono interamente saldati al LASER e
completamente incapsulati in resina per garantire
insensibilita alle vibrazioni e un elevato grado di tenuta
ermetica.

Durante il ciclo produttivo i trasmettitori sono compensati
termicamente, collaudati e tarati individualmente tramite
stazioni completamente automatiche che analizzano e
archiviano tutti i parametri.

Queste caratteristiche rendono idoneo il loro impiego in vari
settori industriali: pneumatico, idraulico, controllo di processi
alimentari, impianti frigoriferi (depressione) e di livello.
Utilizzati anche per banchi di prova, macchine prove
materiali, laboratorio e ricerca.

Pressure transmitters in these series distinguish themselves
for high long-term reliability of mechanical and electrical
features.

The sensitive part, in contact with pressure, is entirely made
of 17-4 PH corrosion-proof stainless steel.

High vacuum thermal treatments which stainless steel is
subjected to, ensure the correct functioning even when
highly dynamic stresses are involved. Monolithic execution of
measuring element, without any assembling via tight rings or
gaskets, guarantees a high long-term stability, with negligible
hysteresis and zero drift. Pressure is internally detected by a
full bridge strain gauge, which assures the maintenance of
performances even in presence of peaks.

Electronic section, realised via SMD technology, consists of
a high precision instrumental amplifier and a stable supplier,
protected against short circuits and polarity inversion.

Every pressure transmitters is entirely LASER welded and
completely resin-encapsulated, to ensure insensitivity and a
high degree of hermetic tight.

During production cycle, pressure transducers are thermally
compensated, tested and individually calibrated with the use
of completely automated stations that analyse and record
data.

These features make them suitable for being used in several
industrial fields, as : pneumatic, hydraulic, food process
control, level and refrigerating (depression) plants. They are
also instalfed on test benches, materials testing machines,
laboratories and research in general.

RoHS

COMPLIANCE

C€

<+ 0.20%

(W
JiC

Linearita - Isteresi.

Linearity - Hysteresis

Per sollecitazioni altamente dinamiche.

For highly dynamic stresses.

Certificato SIT arichiesta.

SIT certificate on request.

Elevata resistenza
Alta stabilita a lungo termine

High resistance
Long term high stability

Dimensioni Dimensions [mm] ,)\
121(124)
_— Chiwr27
— T—
0 L
J
5 Internal ZERO
I -
Nominal Pressure < 10 bar @F = 6 mm
Nominal Pressure = 20 bar @F = 7 mm
Installazione tipica Typical installation
0:700 bar 0:1000 bar 0:2000 bar
~ 7
W/
e
+—1/2"c

%,
CONO MORDENTE
DOUBLE FERRULE SEAL
FORO NON SMUSSATO
HOLE WITH SHARP EDGE

USIT RING usiT ch\
A 83-11 A 63-18



Dati Tecnhici Technical Data

®

059.. 1% .25, 5..10.-.20'bar l

50- 100 - 250 - 350 - 500 - 700 bar
*1000 - 1500 - "2000 bar

PRESSIONE RELATIVA (R)
PRESSIONE ASSOLUTA (A)

LINEARITA' e ISTERESI £+020%

EFFETTO DELLA TEMPERATURA (1°C)

a) sullo zero =+0.015%

b) sulla sensibilita <+0.015%

SENSIBILITA"NOMINALE 4-20mA (2 or 3wires)
05V, 010V

TOLLERANZA DI CALIBRAZIONE <+0.1%

ALIMENT AZIONE NOMINALE 4-20mA and 0-5V = 12-24Vdc

0-10Y = 15-24Vdc

ALIMENTAZIONE MAX. 28Vdc

ASSORBIMENTO MAX:

a) 3fili 30mA

b) 2 fili 20mA

RESISTENZA DI CARICO:

a) tensione min. 3KQ

b) corrente from 0 to 47002

RESISTENZA DI ISOLAMENTO >26GQ

BILANCIAMENTO DI ZERO +10% ADJ.

FREQUENZA DI RISPOSTA from 0.5 to 5 kHz
VALORI MECCANICI LIMITE RIFERITI

ALLA PRESSIONE NOMINALE :

a) pressione di servizio 100%

b) pressione limite 150%

) pressione di rottura >300%

d) pressione altamente dinamica 75%
TEMPERATURA DI RIFERIMENTO +23°C
TEMPERATURA DI ESERCIZIO -10/+70°C
TEMPERATURA DI STOCCAGGIO -20/+80°C
ATTACCO DI PROCESSO 1/14"Gas (*1/2"Gas) Maschio / BSP Male
CHIAVE DI SERRAGGIO 27 mm
COPPIA DI SERRAGGIO 28 Nm
CLASSE DI PROTEZIONE (EN 60529) P65
MATERIALE PARTE SENSORE INOX 17-4 PH

Connector DIN 43650 - A/ISO 4400

CONNESSIONE ELETTRICA
" Alimentazione nominale © 15-24 Vdc. § No

OPZIONE:
. = LQ
CONNESSIONE ELETTRICA .
Connettore M12X1 \
\ |
"y
Collegamenti elettrici Electrical connections
Connector DIN43650 Connector M12X1 @

3 wires

2 wires

P === ATEXE
ﬁEP [POBSTHERRS »ze TV, e,

1Q-1100-01

41010 Cognento (MODENA) ltaly Via Bottego 33/A Tel:+39-(0)59-346441 Fax:+39-(0)59-346437 E-mail: acp@aep.it

Al fine di migliorare |e prestazioni tecniche del prodotto, la societa si riserva di apportare variazioni senza preawviso.
In order to improve the technical performances of the product, the company reserves the right to make any dynamometer without notice.
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Low-Cost, Bus-Powered Multifunction DAQ for USB —
12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

= sss s e
NI USB-6008, NI USB-6009

« Banalog inputs at 12 or 14 bits,
up t0 48 ks/s

+ Zanalog outputs at 12 bits,
software-timed

* 12 TTL/CMOS digital 1/0 lines

* 32-bit, 5 MHe coumter

+ Digital tnggering

* Bus-powered

* 1wearwaranty

Operating Systems

* Windows Vista (32- and B4 -bit) AXP/2000
* Ma: 05 X!

o Linm®

* Windows Mobilet

* Windows CEY

Recommended Software
« LabViEw

« LabVIEW SignalExpress

* LabWindows™/CVI

+ easurement Studio

Other Compatible Software
+ G, Visual Basic NET
* ANSIC/CH

Measurement Services |

Software {included}

o NI-DA0mw driver software

* Measurement & Automation
Explorer configumtion utility

« Lab\IEW SignalExpress LE

1Y ou need to download NI-DAD

Base for these opemting systems.
Input Max Input Output Output Output Digital
Analog Aesolution  Sampling Aate  RAange Analog Resolution Rate Range 1o 2-Bit
Product Bus Inpust (hits) (kSis) OQutputs (hits) (Hz) w) Lines Counter  Trigger
LEe-600e use 2SEM DI 1 128 1 o) 2 12 180 0ms 12 1 Digital
UEe-6008  Use  2SEM DI 12 10 21 o) 12 150 0w’ 12 1 Digital

VS =single s e DI= differertal 3oftvaretmed

Overview and Applications

With recent bandwidth improvements and new inngvations from
Natignal Instruments, USE has evolved into acore bus of choice for
measurement applications. The NI USB-6008 and JSE-8009 are lpw-
cost entry points to NI flagship data acquisition {DAQ) devices. With
plug-and-play USB connectivity, these modules are simple enough for
quick measurements but versatile enough for more complex
measurement applications.

The USE-E008 and USE-6009 are ideal fora number of applications
where low cost, small farm factor, and simplicity are essential.
Examples include:

e [ata lngging — quickand easy erwironmental or voltage data lngging
e Academic lab use — student pwnership of DAQ hardware for
completely interactive lab-based courses (Academic pricing available.

Vistt ni.com/academic fordetails)
® (EM applications asl/0 for embedded systems

Recommended Software

Matinnal Instruments measurement services software, built arpund
NI-DAOmx driver software, includes intuitive application programming
interfaces, configuration tools, 170 assistants, and other tools
designed to reduce system setup, configuration, and development time.
Natignal Instruments recommends using the latest version of MI-DAQmx

driver software forapplicationdevelopment in NI LabViIEW, LabViIEW
SignalBepress, Lab\Windows/ CVI, and Measurement Studin software.
To obtain the latest version of NI-DAQmx, visit
nicom fsupportidag/versions.
NI measurement services software speedsup your development with
features including:
o Aquide to create fast and accurate measurements with no
programming using the DAQ Assistant.
o Automatic code generation to create your application in LabVIEW,
o Lab\Windows/CVl; LabVIEW SignalExpress; and C#, Visual Studio .NET,
ANSI C/Cr+, or Visual Basic using Measurement Studip.
o Nultithreaded streaming technology for 1,000 times
performance improvements.
o Automatic timing, triggering, and synchronzation routing
to make advanced applications easy.
o [ore than 3,000 free software downlpads available at
ni.com/zone to jump-start your project.
o Spftware configuration of all digital /0 features without
hardware switches/jumpers.
® Single programming interface for analog input, analog output,
digital /0, and counters on hundreds of multifunction DAQ hardware
devices. M Senes devices are compatible with the following versions
{or later) of NI application software — LabVIEW, Lab\Wind ows/ CVI, or
easurement Studin versions 7.3 and LabVIEW SignalExpress 2 x.

) .



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Every M Series data acquisition device also includes a copy of
LabVIEW SignalExpress LE data-logging software, so you can quickly
acquire, analyze, and present data without programming. The NI-DAOmx
Base driver software is provided for use with Linux, Mac OS X,
Windows Mobile, and Windows CE operating systems.

Recommended Accessories

The USB-6008 and USB-6009 have removable screw terminals for easy
signal connectivity. For extra flexibility when handling multiple wiring
configurations, NI offers the USB-600x Connectivity Kit, which includes
two extra sets of screw terminals, extra labels, and a screwdriver.

In addition, the USB-600x Prototyping Kit provides space for adding
mare circuitry to the inputs of the USB-6008 or USB-6009.

NI USB DAQ for OEMs

Sharten your time to market by integrating waorld-class National
Instruments OEM measurement products into your embedded system
design. Board-only versians of NI USB DAQ devices are available for
OEM applications, with competitive quantity pricing and available
software customization. The NI OEM Elite Program offers free 30-day
trial kits for qualified customers. Visit ni.com/oem for more information.

Information for Student Ownership

To supplement simulation, measurement, and automation theory courses
with practical experiments, NI has developed the USB-6008 and USB-6009
student kits, which include the LabVIEW Student Edition and a ready-to-run
data logger application. These kits are exclusively for students, giving them
a powerful, low-cost, hands-on learning toal. Visit ni.com/academic for
maore details.

Information for OEM Customers

For information on special configurations and pricing, call {800} 813 3693
{U.S. only} or visit ni.com/oem. Go to the Ordering Information section
for part numbers.

Ordering Information

NI USB-60081 .. 779051-01
NEUSB-B0097 ... 779026-01
NI USB-6008 OEM ........ccoccoconeneenns 193132-02
NIUSB-6009:0EMP =tenaes s e s 193132-01

NI USB-6008 Student Kit!,2 .............ccoommveeicerceercees 779320-22
NI USB-6009 Student Kit!,2 .....
NI USB-600x Connectivity Kit .

NI USB-600x Pratotyping Kit .........cccooooiuveieiriiiiceries 779511-01
1 Includes NI-DAGmx software, LabVIEW SignalExpress LE, and a USB cable.
2Includes LabVIEW Student Edition.

BUY Now!

For complete product specifications, pricing, and accessory
information, call 800 813 3693 (U.S. only) or go to ni.com/usb.

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Specifications

Typical at 25 °C unless ctherwise noted.
Analog Input

Absolute accuracy, single-ended

Range Typical at25 °C (mV) Maximum (0 to 55 °C) (mV)
+10 14.7 128

Absolute accuracy at full scale, differentiall

Range Typical at25 °C (mV) Maximum (0 to 55 °C} (mV)
+20 147 138

£10 173 848

+5 428 584

+4 359 531

+25 256 451

£2 2 425

#1725 170 389

+1 153 375

Number of channels..... 8 single-ended/4 differential

Type of ADC .............. Successive approximation
ADC resolution (bits)
Module Differential Single-Ended
USB-6008 12 "
USB-6009 14 13

Maximum sampling rate (system dependent)

Module Maximum Sampling Rate (kS/s)
USB-6008 10
USB-6009 48

Input range, single-ended.... +10V

Input range, differential....... +20, +10, 45, +4, +2.5, +2,
+1.25,+1V

Maximum warking voltage .. 10V

Overvoltage protection .... +3hV

FIFO buffer size ..... 512 B

Timing resolution . 41.67 ns {24 MHz timebase}
Timing accuracy
Input impedance
Trigger source....

System naise.....

Analog Output

Absolute accuracy (no load) ...

144 kQ

5m Vs (£10 V range)

at full scale
Number of channels............c.ccccccoeeo. 2
Type of DAC ...... Successive approximation
DAC resolution.. 12 bits
Maximum update rate ..... 150 Hz, software-timed

1lnput voltages may not exceed the working voltage range.

100 ppm of actual sample rate

Scftware or external digital trigger

7 mV typical, 36.4 mY maximum

OUtput raNge ...
Output impedance......
Output current drive....
Power-on state....
Slew rate
Short-circuit current............ooocvenrenen.

Digital 1/0

Number of channels..............cccooee....

107116 T4 [ [ o —————

Oto+hV
50Q
5mA
ov
1V/ps
50 mA

12 total

8{P0.<0..75)

4{P1.<0..35)

Each channel individually
programmable as input or output

Output driver type
USB-6008.... Open-drain
USB-6009.... Each channel individually
programmable as push-pull or
open-drain

Compatibility CMOS, TTL, LVTTL

Internal pull-up resistor .. v 47kQt0 4BV

Power-on state..........ccooeevioericronnenns Input {high impedance)

Absolute maximum voltage range...... 05t0+b8V

Digital logic levels
Level Min Max Units
Input low voltage 0.3 08 v
Input high voltage 20 58 v
Input leakage current — 50 pA
Output low voltage (I = 8.5 mA} - 08 v
Output high voltage {push-pull, | = -8.5 mAj 20 35 v
Output high voltage (open-drain, | = -0.6 mA, nominal) 20 50 v
Output high voltage (open-drain, | = -8.5 mA,
with external pull-up resistor) 20 - v

Counter

Number of counters ...........ccccooe..e. 1

Resolution .........cccoeeees 32 bits

Counter measurements...
Pull-up resistor
Maximum input frequency ..
Minimum high pulse width.....
Minimum low pulse width......
Input high voltage ...
Input low voltage ...

Power available at I/0 connector
+5 'V output {200 mA maximumj.........

+25V output {1 mA maximumj..........
+2.5'V output aceuracy ......................
Voltage reference temperature drift...

Edge counting {falling edge)
47kQtobV

5 MHz

100 ns

100 ns

20V

08V

+5 V typical
+4.85 ¥ minimum
+2.5 'V typical
0.25% max

50 ppm/°C max

BUY ONLINE at ni.com or CALL 800 813 3693 {U.S.}



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Physical Charactenistics

If you need to clean the module, wipe it witha dry towel.

Dimensions (without connectors)....... B35 by851by231cm

[2.50 by 335 by 091 in.)

818 by 851 by231cm

322 by 335 by 091 in.)
Wgi2.10z)

A g(3nz)

UUSE senies B receptacle

12) 16-pasition {screw-terminal)

Dimensions (with connectors) ...........

Weight (without connectors)............
Weight (with connectors) ..............
10 connectrs. ..o

plug headers
Screw-terminal wiring... 16 tn 28 AWG
Screw-terminal torque 022 tn0.25 Nem

201022 Ibein.)

Power Requirement

USB(4.10 to 525VDC)...... &0 mé typical
500 mé& maximum
USBsuspend......oooooveoeeeceee 00 pA typical
500 pd maximum
Environmental

The 1JSB-6008 and USB-E008 are intended far indoor use anly.
Operating envirpnment

Ambient temperature range............ 0to 55 °C(tested inaccordance
with [ECE0068-2-1
and |EC-B0068-2-2)
10 tp 0%, noncondensing
(tested in axcordance
with [EC-B0068-2-56)

Relative humidity range ................

Storage envirpnment

Ambient temperature range ... 40 tp 85 °C (tested in
acordance with [EC60063-2-1
and |EC-B0068-2-2)
5tn 90%, noncondensing
(tested in accordance

with [EC-60063-2-55)

Relative humidity range ................

Maximum altitude..............ccooveerrn 2,000 m
[at 25°C ambient temperature)
Pollution degree ..o 2

Safety and Compliance
Safety

This product is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement, cantrol,
and laboratory use:

e |ECB1010-1, EN 610101
e LLB1010-1, CSAB1010-1

Note: For UL and pther safetycertifications, refertothe product label
orvisit ni.com/certification, search by model number or product line,
andclick the appropriate link in the Certification column.

Electromagnetic Compatibility

This product is designed to meet the requirements of the following
standards of EMC for electrical equipment for measurement, contral,
and laboratory use:

o ENB1326 EMC requirements; Minimum Immunity
o EN 55011 Emissions; Group 1, Class &
e CE, C-Tick, ICES, and FCC Part 15 Emissions; Class &

Note: For ENC compliance, nperate this device accoding to
product documentation.

CE Compliance

This product meets the essential requirements of applicable Eurppean
Directives, as amended for CE marking, as follows:

o 2006/95/EC; Low-Vinltage Directive (safety)
o 2004/108/EC; Electramagnetic Compatibility Directive (EMC)

Note: Refertothe Declaration of Conformity {DoC) for this product for
any additional regulatory compliance information. To abtain the DoC for
this product, visit ni.com fcertification, search by model number or
product line, and click the appropriate link in the Certification column.

Waste Electrical and Electronic Equipment {WEEE)

Ell Customers: At the end of their life cycle, all products must be
sentto a WEEE recycling center. For more information about WEEE
recycling centers and National Instruments WEEE initiatives, visit
nicom fenvironmentiweee.him.

TS T RO, (T RoHS)

PEEP Lol Instrurnecks FED DUFRESORH SRS 01
¥ (PoMs). ZF Naticoal Incrrumezs B8 FoHS SHAMMM . RS

1L 000 STV EDTON: 1was (forinformeton abowt Chins RoMS
corrgliance, 4o o ni. con/ envicomment/sohs_chiza.)

BUY UNLINE at ni.com or CALL 800 813 3693 (U.S.)



NI Services and Support

NI has the services and support to meet
your needs amund the globe and through
the application life cycle — from planning
and development through deployment
and ongoing maintenance. We offer
senvices and semvice levels to meet
customer requirements in research,
design, validation, and manufacturing.
Visit ni.com fservices.

Training and Certification

NI training is the fastest, most certain route to productivity with our
products. NI training can shorten your learning curve, save development
time, and reduce maintenance costs overthe application life cycle. We
schedule instructorled courses incitiesworddwide, or we canholda
course at your facility. We alsn offera professional certification program
that dentifies individuals who have high levels of skill and knowledge on
using NI products. Vist ni.com/training.

Professional Services

Dur Professinnal Services Team is comprised of NI applications engineers,
NI Consulting Services, and a workdwide Mational Instruments Alliance
Partner program of more than 600 independent consultants and

integrators. Services range from
mewmm'
Curfified Allmws Purtwer

start-up assistance to tumkey
system integration.
Visit ni.com/alliance.
OEM Support
W pfferdesign-inconsulting and product integration assistance if you
want to use pur products for DEM applications. For information about
special pricing and services for OEM customers, visit ni.com/oem.

NATIONAL
INSTRUMENTS'

ni.com ¢ {800) 813 3693

Nationallnstrumants « info@ni.com

Local Sales and Technical Support

In pffices wordwide, our staff is local to the country, giving you access
to engineers who speak your language. NI delivers industry-leading
technical support through online knowledge bases, our applications
engineers, and accesstn 14,000 measurement and automation
professionals within NI Developer Exchange forums. Find immediate
answers to your questions at ni.com/support.

We alsn offer service programs that provide automatic upgrades to
your application development emironment and higher levels of technical
support. Visit ni.com Ssp.

Hardware Services

NI Factory Installation Services

NI Factory Installation Services (FIS) is the fastest and easiest way to
use your PXI or PXI/SCAIcombination systemsright out of the box.
Trained NI technicians install the spftware and hardware and configure
the system to your specifications. NI extends the standard wamanty by
oneyear on hardware companents (controllers, chassis, modules)
purchased with FIS. To use FIS, simply configure your system online with
nicom fpxiadvisor.

Calibration Services

NI recognizes the need to maintain propedy calibrated devices for
high-accuracy measurements. We provide manual calibration
procedures, services to recalibrate your products, and automated
calibration software specificallydesigned for use by metrology
laboratories. Visit nicom fcalibration.

Repair and Extended Warranty

NI provides complete repair services for pur products. Express repair
and advance replacement services are alsp available. We offer
extended wamanties to helpyvou meet project life-cycle requirements.
Visit ni.comfservices.
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F 7601.3.1
Dec 14,11

ESSOM COMPANY LIMITED
@ 508 TAKSIN RD.,SOI 22/1, BUKKALO,THONBURI,BANGKOK 10600
Tel (662)476-0034,Fax (662)476-1500

'WWw.essom.com

CALIBRATION CERTIFICATE
PRESSURE READING

Date : 04/12/2014

Code : HF 160 Name Water Hammer Apparatus Serial No.: 15599
Work Order No. 2773

2. Instrument
2.1 Indicator Manufacturer - Model - Serial/ID Number -

2.2 Sensor Manufacturer AEP Mode TP12BL53R Serial/ID Number 906115

Note : Program HF160 Reading

3. Reference Standard Instruments
3.1 Pressure Tester No. PG1

4. Calibration Room
Ambient Temperature : 24 °C ,Atmospheric Pressure : 1012 hPa ., Humidity : 52 %RH

5. Result of Calibration

Percent
Standard Pressure Reading Deviation Deviation Note
(kg/cm?) (kg/cm?) (kg/em?) (%)
1.00 1.01 0.010 1.00 P1
2.00 1.99 0.010 0.50
3.00 2.96 0.040 1.33
4.00 4.00 0.000 0.00
5.00 5.03 0.030 0.60
6.00 6.02 0.020 0.33
7.00 7.01 0.010 0.14
8.00 7.97 0.030 0.38
9.00 8.96 0.040 0.44
10.00 10.06 0.060 0.60
Calibrated by /é:é‘"‘ Date : 04/12/2014
) .
Checked by “efal - Date : 04/12/2014

Approved by g g’ Date : 04/12/2014
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ESSOM COMPANY LIMITED
508 TAKSIN RD.,SOI 22/1, BUKKALO,THONBURI,.BANGKOK 10600
Tel (662)476-0034,Fax (662)476-1500

'WWW.essom.com

CALIBRATION CERTIFICATE
PRESSURE READING

Date : 04/12/2014

Code: HF 160 Name Water Hammer Apparatus Serial No.: 15599
Work Order No. 2773

2. Instrument

2.1 Indicator Manufacturer - Model - Serial/ID Number -
2.2 Sensor Manufacturer AEP Model TP12BL53R Serial/ID Number 906166
Note : Program HF160 Reading

3. Reference Standard Instruments
3.1 Pressure Tester No.PG1

4. Calibration Room
Ambient Temperature : 24 °C ,Atmospheric Pressure : 1012 hPa , Humidity : 52 %RH

5. Result of Calibration

Percent
Standard Pressure Reading Deviation Deviation Note
(kg/em?) (kg/em®) (kg/em®) (%)
1.00 0.98 0.020 2.00 P2
2.00 2.02 0.020 1.00
3.00 2.99 0.010 0.33
4.00 3.97 0.030 0.75
5.00 4.99 0.010 0.20
6.00 5.97 0.030 0.50
7.00 7.03 0.030 0.43
8.00 8.02 0.020 0.25
9.00 8.95 0.050 0.56
10.00 10.06 0.060 0.60
Calibrated by /éé < Date : 04/12/2014
Checked by Lo jat P Date : 04/12/2014

Approved by Date : 04/12/2014




