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Abstract

The shock tube is a device in which a normal shock wave is produced by the

interaction of fluids at significantly high-pressure difference. The shock tube is

comprised of two sections known as driver and driven sections. These two sections

are interacted with the high-speed valve or a bursting disc. When the interaction

happens, a shock wave forms almost instantaneously and propagates into the

driven section, while simultaneously an expansion wave propagates in the

opposite direction into the driver section. The most commonly used technique to

set-up such initial conditions is the use of a bursting diaphragm; however, a

high-speed valve provides better control over the event.  

  

In the given setup, a high-speed valve is used for the generation of the shock

wave. In this setup, solenoid valves are placed at various locations to control the

filling and the safe operation. The shock tube is fitted with three pressure sensors. 

First pressure sensor is placed in the driver section whereas two other pressure

sensors are placed in the driven section. A T-joint is placed in the driven section

to mount a specimen for the study. The particular setup has computerized data

acquisition system, which can record information up to 1MHz. The operation of

the shock tube and its various sensors is programmed to auto-trigger to gather

the information. 

Hassan Abbas Khawaja

Juma Kapaya  

Mojtaba Moatamedi
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Nomenclature

Abbreviations:

Eng. Engineer

SOPs Standard Operating Procedures

RG Gauge resistance

Change in resistance

GF Gauge factor
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Fe Iron
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0F Degree in Fahrenheit
0C Degree in Centigrade

LV-Source code LabVIEW-Source code

VI/Vis                               Virtual Instrument

DAQ Data Acquisition

I/O Input/output

A/D Analogue-to-Digital

PC Personal Computer

NI National Instrument

API Application Program Interface

RTDs Resistance Temperature Detectors

TTL Transistor-to-Transistor Logic

SNR Signal-to-Noise Ratio

ADC Analogue-to-Digital Convertor

AIGND Analogue Input Ground

UK United Kingdom

FP Flexible Pipe

V Valve

SV Safety Valve

CNG Compressed Natural Gas

P Pressure Gauge
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Pf Peta farad

mA Milli Ampere

DC Direct Current

Pa Pascal

OSHA
Occupational Safety and Health

Administration

PPE Personal Protective Equipment

MSDSs Material Safety Data Sheet

NFPA National Fire Protection Association

AC Alternating Current

AI Analogy Input

AO Analogy Output
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AC2DC AC to DC
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Chapter 1: Introduction

1.1 General
The shock tube is a device in which a normal shock wave is produced by the

interaction of fluids at significantly high pressure difference. The shock tube is

comprised of two sections known as driver and driven sections. These two sections

are interacted with the high-speed opening valve or a bursting disc. When the

interaction happens, a shock wave forms almost instantaneously and propagates

into the driven section, while simultaneously an expansion wave propagates in the

opposite direction into the driver section [1].

The shock and expansion waves are generated when the fluids at high and low

pressures are in contact [1]. The common technique used to set-up such initial

conditions is the use of a bursting diaphragm, however, high-speed valve provides

better control over the event of shock wave generation and initial pressure value

[1]. In this work, high-speed valve is used for the generation of the shock wave

[1]. In this setup solenoid valves are placed at various locations to control the

filling and safe operation of the shock tube experimental setup. The shock tube is

fitted with three pressure sensors. The first pressure sensor is placed in the driver

section whereas two pressure sensors are placed in the driven section [1]. A T-

joint is placed in the driven section to study the materials under the influence of

shock wave impact [1]. This particular setup has a computerised data acquisition

system which can gather information up to 106 Hz. The operation of the shock

tube and its various sensors is programmed to auto-trigger to record the data [1]. 

This particular experimental facility is useful to study the normal shock and

expansion waves in the fluids. With slight modification, it can also be used for

study of fluid jets, cavitation, and other physical phenomenon in fluids. 

1.2 Purpose
The shock wave tube testing facility is useful for wide range of investigations, 

for example, testing the use of new lightweight materials under dynamic loading

for its use in engineering applications [2, 3].  

The purpose of this report is to show the reader how to collect the information

from the shock tube experimental setup. This report gives the descriptions of

specifications for the equipment used in setting-up the shock wave tube. It
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1.4 Brief history of shock tube
Paul Vieile used the first shock tube in France in 1899 [4]. Shock tubes did not

come into general use until the blast wave studies during World War II [5]. Since

then, shock tubes have been used to develop the laws of reflection for shock and

expansion waves, shock wave diffraction, gas dynamics at high temperatures,

study of detonations, and act as high-speed wind tunnels for supersonic and

hypersonic flows. Earlier shock tubes were installed with state of the art

instrumentations and high-speed data acquisition systems, however the cost was

very high and performance was very low in comparison to the modern systems

[4, 5].

1.5 Overview of the report
This report consists of five chapters:

First chapter gives a brief overview of the shock tube.

Second chapter describes specifications of the equipment in the shock tube.

Third chapter covers safety, limitation of usage, and risk assessment in the

operation of shock tube.

Fourth chapter covers the standard operating procedures (SOPs) of the shock

tube.

Fifth chapter is the conclusion and the future work.

Appendices contains specifications of the equipment and safety certifications.
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Chapter 2: Equipment in Shock Tube Testing Facility

2.1 Introduction
The shock tube system consists of variety of equipment. These are

connected together to make a setup. The names of the equipment are listed in

Appendix A1.

2.2 Specification of the Equipment  
In the shock tube experimental facility, equipment with the required

specifications are put together according to the design specifications [1].

Specifications for the various equipment items are given in this chapter.

2.2.1 Compressed air cylinder
A compressed air cylinder is the source of pressurised air in the shock tube. 

It has capacity of 300 bar, volume of 50 litres and weight of 74.4 kg. It is fitted

with a manual valve (V1) and flexible hose tube (FP1) (see figure 2-1). The

cylinder meets the required standards for industrial usage (Appendix- B3).  

Figure 2-1: Compressed air cylinder with valve and flexible pipe
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Manually Operated Ball Valves (V2 and V4):
These are S Series, sandwich style, ball valves can be operated up to 6000 psi

(413 bar). They are manufactured with the choice of threaded and socket or butt

weld ends for easily installation into the pipeline. They are constructed by 316

S11 stainless steel threaded with NPT, BSPP and BSPT. Once these types of

valves are installed, they are easily maintained by removing the centre section for

renewing the seats and seals to prolong the valves life.

Figure 2-5: Shows Manual valve (V2 and V4)

Pressure Reducing Valve (V3)
The function of the pressure reducing valve (see figure 2-6) is to precisely

reduce a high upstream pressure to a lower, suitable pressure for the user’s

application. Furthermore, the regulator is used to maintain and control the outlet

pressure within limits. This valve does not regulate flow rate. The regulator

consists of load mechanism, sensing element and control element, see figure 2-6.

This valve has maximum rated inlet pressure of 6000 psi (413 bar), design

outlet proof pressure 150% of maximum rated pressure, operating temperature

rated between -400C to +740C and maximum operating torque of 1 Nm. The body

and bonnet are constructed of 316 and 300 stainless steel respectively. The

connection has ¼” NPT inlet, outlet and gauge ports.
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Figure 2- 8: Safety Relief Valve SV2 (close-up view)

Electrically Operated Valves (Solenoid Valves)
There are two electrically operated valves (solenoid valves) which are placed

on the main control panel, namely; filling valve and relief valve. The filling valve

is used to fill the pressurized air to the driver section of the main shock tube

through the flexible pipe, see Appendix A2. The relief valve is used to release the

pressurized air from the driver section of the main shock tube to the atmosphere,

see Appendix A2. Both valves can be operated remotely. 

These valves are in the closed position when solenoid is not activated. The

bodies of the valves made of stainless steel to achieve a compact and reliable

design see figure 2-9. The high quality PEEK piston guarantees a long operating

life and a large temperature range. The valves can withstand a burst pressure

beyond 1400 bar. More information relating to the specifications of these valves

is in the Appendix A6.
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Figure 2-9: Solenoid valve (close-up view)

Pressure Measuring Devices
Pressure measuring devices are used to collect pressure data during the

shock tube experiments. The pressure measuring devices are connected on the

pressurising line and on the main shock tube, see Appendix A2.

There are two types of pressure measuring devices located on the main

control panel; pressure gauges (P1 and P2) and static pressure sensor

(Compact pressure transducer), see figure 2-4. In addition, two dynamic

pressure sensors are attached in the driven section of the shock tube. The

details of this are discussed later.

Pressure Gauges (P1 and P2)
The pressure gauges are used to measure the correct value of the air

pressure in the pressure line, see Appendix A2.

P1 is used to measure the pressure from the cylinder and can read up to

400bar. P2 is used to measure the pressure after the pressure regulating valve

and can read up to 250 bar. During normal operation, P1 should not indicate

pressure more than 300 bar and P2 more than 100 bar. Pressures above these

limits may activate the safety relief valves (SV1 and SV2).
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The pressure gauges are tested against vibration and are shock resistant. The cases

of the pressure gauges are constructed from stainless steel.

Figure 2-10: Pressure gauges (P1 and P2)

2.2.3 Main shock tube
The main shock tube consists of two sections, commonly referred to as the

driver and the driven sections. In this setup, these two sections interact through a

high-speed valve. The driver and driven sections are divided into subsections,

which are connected together by flanges to make a complete set of main shock

tube, see figure 2-11.

This shock tube is constructed with 316 stainless steel tubes, with thickness of

7.62 mm, weight 15.5 kg/m, outer diameter 88.9 mm and inside diameter 73.7

mm, for more details, please see Appendix A4. The shock tube fabrication details

are given in Appendix A3. 

When operating at 100 bar pressure the hoop stress corresponds to 58MPa, 

which is 20% of the yield strength of the build material giving a margin of safety

of 5. This margin of safety is important in case of over-pressurizing.
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Figure 2-11: The overview of the shock tube experimental setup. Far end is high

pressure section (driver). Near end is low pressure section (driven). T-section is

used to mount test specimens. 

The tube consists of number of movable sections. The T-Section has

opening for attachment of test samples. This section can be moved to different

locations (close or away from high-speed valve) to allow different pressure

loadings. 

Key constructional details associated with the joining of the tube

subsections (S1, S2, S3, S4 and S5), are shown in figure 2-11. These joints are

designed such that the strength requirements are met and the continuity of the

bore is maintained without misalignment. The tube subsections are joined by

flanges, which conform to the pressurised equipment (Directive 97/23/EC).

These flanges are around 190 mm in diameter, held by 12 bolts, and sealed

with O-rings on the faces, see figure 2-12.







15

This valve is equipped with a screw (stainless steel), locking washer (stainless

steel), washer (stainless steel), encapsulated coil (plastic), DIN 43650 Form A

(plastic), armature tube (Stainless steel), spring, 2x(Stainless steel), plunger

(Stainless steel), screws/washers, 9x (stainless steel), valve body, 3x(stainless

steel), O-rings, 3x(VITON/FKM) and piston (Stainless steel W/PTFE seal), see

figure 2-17.

Figure 2-17: Shows the trigger valve
  





























29

Chapter 3: Safety, Limitation of Usage and Risk Assessment

3.1 Introduction
This chapter describes the safety, limitation of usage and risk assessment of

the working place on the shock wave tube testing facility. Much of the chapter is

devoted to describe the importance of safety in the working place, risk

management, risk assessment, electrical safety training requirements and the

guidelines relating to the safety in operating the shock tube. The test, verification, 

approval and certification of the equipment in the shock tube setup facility are

also covered.

Safety is for both people and environment. It involves people and productivity

and the costs of managing each. It involves coordinating policies and operations

with industry standards and practices according to government regulation.

3.2 The importance of safety in the working place
Safety in the workplace is the arrangement of all equipment for insuring safety

and absence of risks to the health in connection with the use, handling and storage

of equipment. Safety saves lives and money while increasing trust and teamwork.

Any ethical work place will place a high emphasis on safety if it values its

employees and future existence.

In order to meet the basic safety requirement, equipment must be designed and

manufactured such that it protects against risk of damage to persons by electrical

shock and other hazards, and against resulting fire and explosion.

To ensure safe plant operation, the performance of all levels of safety system

needs to be reconsidered. Besides the organizational and process control measures

to maintain safe plant operation, the last stage of protection of process equipment

against excess pressure is often through the use of a mechanical self-activated

devices. These devices, a safety relief valve or bursting disc, are mostly installed

on top of the pressurized system.

3.2.1 Accidents and their consequence
Any accident in a person injury causes pain to the victim and disruption to the

project. In purely economic terms, the organization may have to bear significant
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costs. This may cause delays in operation hence delay in deliverables .Delays

are likely to have an immediate impact on performance and a poor safety

record will worsen this problem through damage to the organization’s

reputation . 

Why do accidents happen?
Most accidents and unpleasant incidents at workplace are caused either

directly or indirectly, by human error. They might be a result of an unsafe act

by an individual, unsafe working condition (also ultimately attributable to

human error) or a combination of the two.

Why do people on the workplace commit to many unsafe acts?
One or more of the following factors are usually involved.

Failure to follow the correct procedure

Inadequate training

Stress

Fatigue and

Lack of motivation

3.2.2 The contribution to safety by workers on the working place
All who work on the working place are responsible for safety, both for

themselves and others. In order to fulfil these responsibilities, each member

on the working place should:

Always use common sense for their safety and for the safety of those around

them.

Familiarize themselves with and always follow the general rules which apply

to a particular work place

Familiarize themselves with and always follow the safety practices which

apply to a particular job

Make sure that appliances are fit for the work to be undertaken

Familiarize themselves and always follow safe operating procedures for the

equipment at all time

Promptly report unsafe equipment conditions or operations
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Contribute positive safety ideas to those responsible

Remember, any participant on the working place has the duty to intervene if

they think something is unsafe. No member in the working place is obliged to

carry out unsafe acts or to work in unsafe conditions.

3.3 Risk management: The key to cost containment
Workplace accidents can happen. Such accidents, however, can be prevented

or minimized through effective risk management program. Risk management

involves:

Identifying hazards and potential hazards

Taking action to reduce and/ or eliminate them.

Taking such action minimized employers exposure to liability, losses resulting

from workers’ compensation claims, and hidden losses resulting from production

downtime, employee absence and replacement and/or job reassignment.

3.3.1 Cost containment strategies
All workers loss from workplace accident or illness. Controlling these losses

involve understanding various strategies that include:

Developing management awareness programs

Installing employee involvement programming

Investigating accidents and incidents

Conducting safety audits

Managing the claims process

Managing litigation

3.3.2 Safety Regulations and Facility liability
Poor safety practices can result in many direct and hidden costs to the

employer’s bottom line, including penalties for non-compliance with OSHA

standards and the higher cost of insurance premiums. For these reasons, it pays

facility managers to know how OSHA makes its standards, what safety and health

regulations are on the reports and are in process of change, and key liability issues.
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effectiveness is measured, and any adjustments are made, before the whole cycle

begins again

The team identifies the risk element(s) in an activity or piece of equipment

A plan is agreed to implement a new measure which will address the risk(s)

The measure is then assessed and refined

Based on the findings, an improved measure is agreed and implemented

The improved measure is assessed and refined.

3.5 Routine Operation
All routine operations that could have safety implications should be managed,

and part of the management process involves assessing them for risk (this is dealt

with in detail under risk assessment)

Each aspect of the operations must be planned in detail, and carefully

scheduled to ensure there are enough people for the task and that it will not

conflict with other operations taking place at the same time.

The most efficient approach to delegating tasks is to plan and prioritize them

in advances, preferably in a meeting with the relevant personnel:

What tasks need to be done?

When do they need to be done?

If there are too many to do at once, can one of them be off to a later time?

If not, what would be the most appropriate task for you, personally, to be

taking control of?

Who would be the most suitable supervisor(s) to take on the other task(s)?

Have they been trained in how to do this? Do they have sufficient experience?

What feedback mechanism can be used to ensure that job is being done

properly?

3.6 Record keeping
Record keeping is an important part of the safety management system for

routine operation and essential for auditing purposes. Has the operation been
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safely planned? Has it been checked? Has equipment been safely and regularly

maintained? All these things should be recorded .

3.7 Risk Assessment
Risk assessment is an essential aspect of safety management. It can be

applied to any procedure or equipment, and really does reduce the risk of

accidents.

The obvious use of risk assessment is to find out what risk might be

attached to a new task or piece of machinery. Yet one of the most useful

applications is on existing working practices which have always been done in

a particular way. Because people have become used to do it on that way, they

do not see how potentially dangerous it is. 

There are no fixed rules for how to perform a risk assessment, but it is

strongly recommended that, the organization set up a procedure for doing this

and for ensuring that risk assessments are recorded, put into action and

evaluated. 

3.7.1 How to manage a successful risk assessment

Plan. What needs to be done? Who is going to do it? Will it need a written

assessment? Will it need a permit to work? (Usually for work on pressurized

equipment, work requirement isolation from sources of electrical power).

Hold a briefing meeting with everyone who will be involved. Explain why the

risk assessment is being carried out. Remind people about risk and precautions

and check that they are properly prepared, and wearing the appropriate

Personal Protective Equipment (PPE). Don’t forget to ask for the participant

opinions and suggestions, and praise good idea. This is good management and

helps to create a safety culture.

Identify the hazards inherent in the procedure or equipment, and evaluate the

severity of the level of risk.

Decide what would be the best course of action to take. Have a contingency

plan in case something unforeseen happens.
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Communicate the work plan throughout the working place. Everyone on the

working place should know what other people are doing.

Before starting the task, hold the ‘toolbox talk’ (an on-the-job-briefing) to 

ensure everyone understands the task to be done, what is required of them, and

has the correct tools, PPE and permit to work

Carry out the agreed action

Monitor what has been done. Has it been successful? Could it be improved?

3.7.2 The importance of risk assessment
The purpose of risk assessment process is to remove a hazard or reduce the

level of its risk by adding precautions or control measures, as necessary. By doing

so, the workplace is created to be safer and healthier.

3.7.3 The ways of doing the risk assessment
The assessments should be done by a competent team of individuals who have

a good working knowledge of the workplace. The staff should be involved always

include supervisors and workers who work with the process under review as they

are most familiar with the operation. 

In general, to the assessment, the following steps should be considered:

Identify hazards

Evaluate the likelihood of  an injury or illness occurring, and its severity

Consider normal operational situations as well as non-standard events such as

shutdowns, power outage, emergencies, etc.

Review all available health and safety information about the hazard such as

MSDSs, manufactures literature, information from reputable organizations, 

results of testing, etc.

Identify action necessary to eliminate or control the risk

Monitor and evaluate to confirm the risk  is controlled

Keep any documentation or records that may be necessary. Documentation

may include detailing the process used to access the risk, outlining any

evaluations, or detecting how conclusions were made.
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3.8 Limitation for the usage of Equipment
Shock wave tube operates at high pressures can cause explosion and

produce violent shock waves if the pressure of air in the system will exceed

the given limit. To avoid catastrophic failure, it was recommended to have the

control and safety valves in the pressure lines to limit the excess pressure. In

addition on that, the protection principles and non –technical measures are

defined for the purpose of safety.

3.9 Protection Principles
Protection principles are defined as the way of excluding the equipment

and component as the ignition source in the plant. The ignition sources which

are caused by sparks from friction or impact or from electro-static charging

have to be prevented by selecting appropriate materials and by constructive

measures. This must be verified and confirmed by the appropriate tests,

Appendix B1.

The protection principles can be equally applied to electrical and non-

electrical devices and for gases and for dusts. 

3.9.1 Personal Protective Equipment
The Personal Protective Equipment Standard (PPE) was revised in April,

1994 . The purpose for the revision was to update the standard to reflect current

technological improvements to personal protective equipment; conduct

assessments to determine the presence of actual and potential hazards

(including those created by impact, compression, penetration, heat, chemicals,

harmful dust and light radiation) which necessitate or would necessitate the

use of personal protective equipment; and provide employee training in the

use of personal protective equipment.

The PPE now requires that employers certify in writing that, they have

performed the assessment, and verify in writing that employees have been

trained on and understand the necessity use, limitations and proper care and

maintenance of personal protective equipment. The written certification must:

Identify the worksite evaluated

List the dates the assessment was performed
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Specify that the written document is a certification of the assessment.

The effective compliance dates for the revised PPE were July 5, 1994 for the

PPE upgrades, and October 5, 1994 for the hazard assessment and training

requirements.

3.9.2 Non-technical measures
The requisite preconditions for the safe operation of electrical equipment in

potentially explosive atmospheres are created in a joint effort by the manufactures

of explosion protected equipment, the constructors and operators of the plant. It

is important that, the operator of such plant should ensure that, their personnel

know how the danger of explosions is likely to arise and measures that are to be

taken to prevent it. The employees should be regularly trained on the contents of

the explosion protection document in accordance with Directive 1999/92/EC

(Occupational safety regulations) and informed by means of written corporate

regulations which should be regularly updated, Appendix B2. 

3.10 Electrical safety training requirements
Workers near energized, or potentially energized electrical circuitry of fifty

(50)-volts to ground or greater, shall be trained in energized electrical safe work

practices and procedures, and retrained as necessary (PDEs). 

The responsible persons in the plant must receive training in avoiding the

electrical hazards associated with working on or near exposed energized electrical

work, such training will be provided when the person is initially assigned to the

job and refresher training will be provided every three years or when conditions

changes (PDEs). 

The following items are to be included in the training of Qualified Electrical

persons (PDEs). 

Demonstrate a working knowledge of the National Electrical Code

Universal electrical safety procedures

Skills and techniques necessary to distinguish exposed live parts from other

parts of electrical workers.
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Perform on-the-job training with a qualified electrical worker

Selection and use of proper work practices, personal protective equipment,

tools insulating and shielding materials and equipment for working on or near

energized parts.

Qualified Electrical person must also be trained in recognizing signs and

symptoms of electric shock, heart fibrillation, electric burns, and proper first

aid protocols for these conditions (PDEs). 

3.10.1 Portable electrical equipment and extension cords
The following requirements apply to the use of cord and-plug-connected

equipment and flexible cord set (extension cords) (PDEs). 

Extension cords may only be used to provide temporary power.

Portable cord-and-plug connected equipment and extension cords must be

visually inspected before use on any shift for external defects such as loose

parts, deformed and missing pins, or damage to outer jacket or insulation, and

for possible internal damage such as pinched or crushed outer jacket. Any

defective cord or cord-and-plug connected equipment must be removed from

service and no person may use it until it is removed from service and no person

may use it until it is repaired and tested to insure it is safe for use.

Extension cords must be of three wire type. Extension cords and flexible cords

must be designed for hard or extra hard usage (for example, type S, ST, and

SO). The rating or approval must be visible.

Portable equipment must be handled in a manner that will not cause damage. 

Flexible electric cords connected to equipment may not be used for raising or

lowering the equipment.

Extension cords must be protected from damage. Sharp corners and projects

must be avoided. Flexible cord may not be run through windows or doors

unless protected from damage, and then only on temporary basis. Flexible

cords may not be run above ceiling or inside or through walls, ceiling or floors,

and may not be fastened with staples or otherwise hung in such a fashion as to

damage the outer jacket or insulation.

Persons’ hands must be dry when plugging and unplugging flexible cords and

cord-and-plug connected equipment if energized equipment is involved.
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3.10.2 Working on de-energized equipment
In working on de-energized equipment, the most important principle of

electrical safety is to assume that all electric circuits are energized unless each

involved worker ensures they are not. 

Every circuit and conductor must be tested every time work is done on them. 

Proper PPE must be worn until the equipment is proven to be de-energized. 

Voltage rated gloves and leather protectors should be worn

Electrically insulated shoes should be worn

Safety glass must be worn

The required Arc Flash PPE must also be worn

The National Fire Protection Association (NFPA)
The National Fire Protection Association lists six steps to ensure conditions

for electrically safe work.

Identify all sources of power to the equipment. Check applicable up-to-data

drawings, diagrams, and identification tags.

Remove the load current, and then open the disconnecting devices for each

power source.

Where possible, visually verify that blades of disconnecting devices are fully

open or that draw out type circuit breakers are fully withdrawn

Apply lockout/tag out devices in accordance with a formal, written policy.

Test each phase conductor or circuit part with an adequately rated voltage

detector to verify that, the equipment is de-energized. Test each phase

conductor or circuit part both phase-to-phase and phase-to-ground. Check the

voltage detector before and after each test to be sure that it is working.

Properly ground all possible sources of induced voltage and stored electric

energy (such as, capacity) before touching. If conductors or circuit parts that

are being de-energized could contact other exposed conductors or circuit parts,

apply ground-connecting devices rated for the available fault current.
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The process of de-energizing is a “live” work and can result in an arc flash due

to equipment failure. When de-energizing, the following procedures as

described in “Working On or Near Live Equipment.

Before beginning work relating to the electrical equipment, each involved

person must verify through testing that all energy source have been de-

energized

Return to service. Once work is completed and lockout/tag out devices

removed tests and visual inspected must confirm that all tools, mechanical

restraints, electric jumpers, shorts, and grounds have been removed. Only then, 

it is safe to re-energize and return to service. Persons who are responsible for

operating the equipment and needed to safety re-energize it should be out of

the danger zone before the equipment is re-energized.

3.11 The guidelines relating to the safety requirements during the operation
In order to control safety for those who working on the shock wave tube

laboratory, the following guidelines should be adhered to in operating the

shock tube:

Personnel should not be in the vicinity of the tube when the driver section is

pressurized.

Pressurizing of the tube should be carried out from a remote location

De-pressurizing (Venting) of the tube through the vent (relief valve) should be

carried out remotely.

The tube should always be operated with the safety relief valve in place

The safety relief valve should undergo periodic checks to ensure that it

operates as its normal set pressure.

Opening of the driver section by the unlocking of driver section flange bolts

should be carried out with the vent valve open.

3.12 The OSHA inspection
The Occupational Safety and Health Administration (OSHA) were

authorized by the OSH Act of 1970 to conduct workplace inspections. These

inspections are carried out to determine whether employers are complying

with Agency Standard as well as to enforce section 5(s) (1) of the OSH Act,

commonly known as the General Duty Clause. 
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3.13 Test, verification, approval and certification of the equipment
In order to meet the safety standard requirements, the shock wave tube

equipment were tested by qualified companies. The testing companies offered the

certificates as verification and approval for the equipment after being qualified.  

The following equipment was tested in the shock wave tube test facility and then

approved.

3.13.1 Stainless steel shock tube
The hydrostatic pressure test was conducted to the stainless steel shock tube

by FABWELD QUALITY FABRICATION on 21/03/2011. The testing

equipment was hand pump; testing medium was water under pressure of 150Bar

for the duration of 30 minutes. The FABWELD QUALITY FABRICATIONS

was satisfied with equipment by hydrostatically test in accordance with Quality

Control Procedure, Appendix B7.

Then on 27/04/2011 ZURICH ENGINEERING certified that, the pressure

equipment (shock tube) was subjected to EC unit verification, including

examination during and upon completion of manufacture, as required by the Code

of construction and inspection specification. This was found to meet with the

provisions of the pressure Equipment Regulations 19999, Appendix B8. 

3.13.2 Compressed air cylinder
The compressed air cylinder was tested on 20/06/2012 by FLO/TV- MAR-

Quality System.  The test was based on the volume capacity of the cylinder

(50.7litre), working pressure (300bar), testing pressure (450bar) and weight

(74.4kg).

During such testing, the air bottle was also inspected for rusting and approved

that, there was no rust. The new bottle valve was fitted and then, the bottle

approved to be used on compressed air of maximum pressure up to 300bar, 

Appendix B3.

The bottle passed the applicable requirements under pressure testing and

approved to meet the safety standard, Appendix B3.
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3.13.3 Solenoid valves
The test report for the solenoid valves was given by KEMA Quality B.V

with KEMA No. 210962800, Appendix B4/B5. The equipment (solenoid

valves) have been found to comply with Essential Health and Safety

Requirements relating to the design and construction of equipment and

protective systems intended for use in potentially explosive atmospheres given

in Annex II to the directive, see Appendix B.

The annex II states that, for the special condition of the safety use, the

solenoid valves shall be protected by a suitably rated fuse, capable of

interrupting the protective short circuit current.

The compliance with the Essential Health and Safety Requirements has

been assumed by compliance with: EN 60079-0:2006 EN 60079-7:2007 EN 

60079-18:2004 EN 61241-0:2006 EN 61241-1:2004. 

The actual ambient temperature for properly working of the valves was

marked to be within the limits between -200 oC to +400 oC, Appendix B4-B5.

3.13.4 Piezoelectric pressure transducer
SINOCERA Piezotronics, Inc. tested the pressure transducers on

29/07/2011. The test was based on charge sensitivity, linear range, 

capacitance, insulations resistance, resonance frequency, non-linearity and

repeatability. All components in the transducers were approved to meet the

standard of safety and the certificate offered by the company, Appendix B4.

3.13.5 High Pressure Transducer
These types of pressure transducers from Gems Sensors & Control are

tested and supplied in accordance with published specifications or individual

special requirements that are agreed in writing at a time of order. They are

constructed so as not to affect adversely the safety of persons and property

when properly installed, maintained and used by qualified personnel, in the

applications for which they were designed and manufactured, Appendix B4.
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The series 3100/3200 with the CE Mark conform to the essential protection

requirements of the EMC Directive 89/33/EEC certified by type testing to

EN50062-2 & EN50081-1, Appendix B6.

The series 3100/3200 with the CE0086 mark also complies with the

requirements of the Pressure Regulation 1999 and is classed as a safety accessory

and can be used as safety related device on Category IV pressure equipment,

Appendix B6.

The following are general instructions relating to safety on the high pressure

transducers, Appendix B6.

Transducer should not be subjected to mechanical impact

Transducer should not be subjected to greater than maximum allowable

pressure (P.S)/Temperature (T.S) where defined on the transducer labor

In the event of fire the end user must ensure that, the system pressure is vented

to a safe area

The transducer has no means of draining or venting, this must be performed

by another component in the end users systems.

Pressure range must be compatible with the maximum being measured

Liquid must not be allowed to freeze in the pressure part.

The gasket must be fitted under the electrical connector.

Supply voltage must not exceed the value stated on the unit label.

3.13.6 Strain gauge
In order to control the standard on limitation of usage and safety requirement

for the strain gauge, the FLO/TV/MAR-NORD SIVILE OPPDAG RO was

inspected the strain gauges and approved that, they met the standard of

requirement, Appendix B4.
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Chapter 4: Standard Operating Procedures (SOP)

4.1 Introduction
This chapter describes the Standard Operating Procedure (SOPs) for the

shock tube setup. Much of the chapter is devoted to describe the general

operation of the shock tube together with descriptions of equipment. The

chapter includes checklists for devices such as pressurised air cylinder, valves, 

pressure gauges, specimen on T-section, the driver section, the driven section,

the open end of the driven section, and control panel.

The method for collection of experimental data and procedures for

processing and analysing those data by using DAQ system are also covered in

this chapter.

4.2 General operation of shock wave tube
The shock wave tube was operated by various manual valves such as V1

and V2, and solenoid valves (filling, relief and trigger valves), see figure 4-1.

Further there were safety relief valves such as SV1 and SV2 as shown in figure

4-1 for safety of personal. There were also three pressure sensors (one static

sensor and two dynamic sensors) on the shock tube, see figure 2-25, and figure

2-29.

Manual valves V1, V2, V3, and V4 as shown in figure 4-1 were used to

pressurize air in the steel tubing which was located on the control panel. The

process of pressurizing air to the driver section was done through the filling

valve; see figure 4-1. V7, V6, and V5 were also manually operated valves as

shown in figure 4-1 on the driven section of the main shock tube, see Appendix

A1. V7 was used to fill water in the driven section under atmospheric pressure

while V5 was used to remove residual air bubbles, since the main shock

oriented with the downstream and slightly elevated, so air bubbles were

collected at the end of the driven section. V6 was used to drain water from the

driven section after having finished the experimental activities.

The relief valve as shown in figure 4-1 was used to release the compressed

air pressure on the driver section after having finished the test.
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4.5 Safety and checklists for equipment in the standard operational

procedure
The checklists detailed below outline the standard operating procedures

and efficient operation of shock tube. Failure to comply with these procedures

could result in serious injury and several damages to equipment.

4.5.1 Safety Checklist for the main control panel of shock tube

Check the main control panel to see if the following valves are in the correct

position:-

V1 closed, V2 closed, V3 closed and V4 closed (see Figure 4-1)

Check that, the pressure gauges P1 and P2 are pointed to the zero position.

Check SV1 and SV2 if they are in order for the safety purpose.

Check AC2DC Converter, if it has connected properly to the static pressure

sensor  and it has powered by 230V AC (see Figure 4-1)

Check if sensor1 has well connected to the data acquisition device (DAQ

device) through the terminal block. (see Appendix A2)

Check the solenoid valves by switching on and off from control panel; these

include filling valve, relief valve and trigger valve. The correct function is

judged by clicked sound produced when engaged. Once this test has completed

ensure all solenoid valves have turned off.

4.5.2 Procedures for mounting the testing specimen to the T-section

Remove the bolts which hold the flange and specimen on front of T-section.

Place the specimen and flange to the T-section and then, replace and tight the

bolts by two socket wrenches whiles keeping the three wires of strain gauges

attached to the testing specimen.

Connect three wires from testing specimen at T-section to the Wheatstone

bridge and then to acquisition device (DAQ) for the purpose of collection the

strain data to the PC (see figure 4-4)

4.5.3 Checklist for the charge amplifiers

Check if both two amplifiers have connected well to the electrical power rated

230V AC (Appendix A2). 
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Check if both two sensors (piezoelectric pressure transducers at Boss1 and at

Boss2) in the driven section of main shock tube have connected well to the

individual amplifier (see Appendix A2). 

Check if the cable from each amplifier has connected well to the data

acquisition device (DAQ device) through the terminal block (see Appendix

A2). 

4.5.4 Procedures for filling water on the driven section before experiment

Remove the bolts which hold the flange at the end of the driven section, see

figure 4-6.

Prepare thin plastic materials (such as cling film) with the size of flange see, 

figure 4-6.

Close the open end of the driven section by using thin plastic material (cling

film), see figure 4-6. 

Open valve V5 (see figure 4-1) to ensure that air is not trapped inside the

driven section of the shock tube. In case V5 has left closed during filling

process, thin plastic material (cling film) holding the water will burst.

Fill driven section with water while valves V7 (see figure 4-1) has opened

while V6 (see figure 4-1) has kept closed

Allow overflowing of water from valve V5 (see figure 4-1) to remove any air

bubbles in the driven section,

Valve V6 (see figure 4-1) can also be used to remove any air bubbles in the

driven section.
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Leave the room of the shock tube, and then close the door for the safety

purpose

Turn on the remote switch for filling valve which is located on the control

panel

Watch the pressure gauges P1 and P2. P1 drops while P2 starts to rise during

the filling process.

The filling is completed once P1 returns to cylinder pressure and P2 shows the

shock tube pressure. Both P1 and P2 show steady value. At this stage, turn off

the switch for the filling valve. The pressure can be also monitored using static

pressure sensor placed at filling side using signal transmitted via DAQ system

to PC. On this case, when the driver section of the shock tube has already

charged by pressurized air, however this pressure can be discharged also by

using the relief valve.

Ensure DAQ system is on and all wires have connected properly.

Ensure LABVIEW® Signal Express program is running on the PC. 

Ensure Calibration and Data analysis software program has setup in the PC. 

Once all above steps are checked then proceed with the final steps. Precaution

should be taken before triggering, since this will generate loud sound. It is

recommended to put on earplugs. 

Press the trigger button on the remote main switch to engage trigger valve, and

then turn it off immediately.

See the response of pressure sensors in the LabVIEW program to validate the

functionality.

4.6 The operations of Software and Data analysis programs
Two software application programs were installed on the PC. These

application programs are NI LabVIEW® graphical program, and NI

LabVIEW® Signal Express program. The NI LabVIEW graphical program

was used to implement two programs on the Block diagram and display on the

Front Panel of LabVIEW®. The LabVIEW® Signal Express program was

used to implement the simple software program for sensors pre-checks.  

Another software program was implemented by using Python programming

language to aid the conversion of data units from Voltage units to the pressure

and strain gauges’ units. The application software from Python programming

language was setup to the computer as Calibration and Data analysis software
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Chapter 5: Conclusions and future work

5.1 Conclusions
Chapter one of this reports has covered the following sections:

The historical background of the shock tube testing facility.

The purpose of the researches for understanding the failure of composite shell

structures under dynamic shock loads and their interactions. These researches

led to the introduction of the modern shock tube testing facility to aid the

testing of composite materials.

The introduction to strain gauges, Wheatstone bridge circuit, LabVIEW

application software program, DAQ driver software (DAQmx), LabVIEW®

Signal Express program and physical and virtual channels.

The overview of the report has also explained in this chapter

Chapter 2 has covered the list of the equipment which are connected together

to setup the shock tube. The chapter has included features and specifications of

the equipment in the shock tube.

Chapter 3 has covered the safety in the working place, limitation of usage and

risk assessment. The following sections were also included in this chapter.

The important of safety in the working place

Accidents in the working place and their consequences

The contribution to safety by workers in the working place

Risk management. The key to cost containment. This includes:

o Developing and refining safety management system

o Managing safe operation and maintenance

o Creating a safety culture

o Training and familiarization

o Motivation and leadership

Routine operation of the working place

Record keeping which is an important of the safety management system for

routine operation and essential for auditing purposes.
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Risk Assessment, which is an essential aspect of safety management. This

section includes also:

o How to manage a successful risk assessment

o The importance of risk assessment

o The ways of doing the risk assessment

The limitation for the usage of equipment in the working place

The protection principles, which are defined as the way of excluding the

equipment and component as the ignition, source in the working place.

Personal Protective Equipment (PPE). This section has explained that, the

PPE requires the employers to certify in writing that, they have performed the

assessment, and verify in writing that:

o Employees have been trained on and understand the necessary use

o Limitations and proper care and

o Maintenance of personal protective equipment.

Electrical safety training requirements. This section has explained that, the

workers near energized, or potentially energized electrical circuitry of fifty

(50)-volts to ground or greater, shall be trained in energized electrical safe

work practices and procedures, and re-trained as necessary.

The requirements apply to the portable electrical equipment and extension

codes. 

The important principles of working on de-energized equipment. 

The guidelines relating to the safety requirements during the operation in the

workplace

Responsibilities of the occupational safety and Health Administration (OSHA)

to the working place.

The explanation relating to the test, verification, approval, and certification of

the equipment in the shock wave tube testing facility. This section has

explained the equipment, which was used to setup the shock tube and the

certificates offered to approve that the equipment qualified.

Chapter 4 has covered the explanations of the Standard Operational

Procedures (SOPs) for using shock tube testing facility. This includes the

following sections.

The descriptions of general operation of shock wave tube.
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The descriptions of the instrumentation (static sensor, dynamic sensors, and

strain gauges). 

The operation details of the remote control switch (switch box). 

Safety and checklists for the equipment in the standard operational procedure. 

This includes:

o Safety checklist for the main control panel of shock tube

o Procedures for mounting the testing specimen to the T-section

o Checklists for the charge amplifiers

o Procedures for filling water in the driven section before experiment

o Checklist for preparation of remote control panel

o The procedure for the preparation of DAQ system

o SOPs showing all steps for generating shock wave data

The operations of software and data analysis programs which includes:

o Data acquisition program.

o The procedure of using Calibration and Data analysis software.

5.2 Future Work
The suggestions for the future work are as follows:

To introduce the shock tube testing facility to the petroleum industries and ship

companies as a useful device for testing the composite materials which will be

used on the piping systems to transfer gases, petroleum products, and other

fluids with high pressure.

To introduce the shock tube testing facility to the different universities and

colleges as a training device for engineering students. This is because; the

facility has consisted with fluid mechanics, electronics and electrical devices

as a part of physics. The facility has software programs for the data analysis

as a part of computer science.

To plan the best design for the experimental rooms. The idea behind is to have

two room, the first one for the shock tube and main control panel and the

second one is for the remote control. The remote control room will be

separated by sight glass with the room for the shock tube. The remote control

room will be equipped with DAQ system devices and switches.
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To establish the safety requirements in the experimental rooms by introducing

the written safety procedures.

The Personal Protective Equipment (PPE) refers to protective clothing, 

helmets, or other equipment designed to protect the wearer’s body from injury

should be placed in the working place for the safety purpose.
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Appendix A: Equipment List and Schematics

A1. Equipment List
1. Compressed air cylinder

2. Cylinder Valve (V1)

3. Flexible hose pipes

4. Fittings and Connections

5. Manually Operated Valves (V2 and V4)

6. Pressure Reducing Regulator Valve (V3)

7. Safety Relief Valves (SV1 and SV2)

8. Electrically Operated Valves (Relief, Filling, and Trigger Solenoid Valves)

9. Pressure Gauges (P1 and P2)

10. Static Pressure Sensor (Compact Pressure Transducer)

11. Stainless Steel Main shock tube (Driver and Driven Section)

12. Flanges and O-Rings

13. Water Inlet and Outlet Valve (V7 and V6 respectively)

14. Dynamic Pressure Sensors (Shock sensors at Boss1 and Boss2)

15. Strain gauges (Mounted on the testing specimen at T-Section of Main

Shock Tube)

16. Water Valve for releasing the remaining water air bubbles in the Driven

section (V5)

17. Rupture face at the end of the driven section of the main shock tube.

18. Main Shock Tube supports

19. Charge Amplifiers Amp1 and Amp2)

20. Wheatstone bridge

21. Terminal Block

22. Remote control switch

23. DAQ device

24. Personal Computer

25. Cable and Accessories

26. Electric Extension lead
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A4. General Specifications details of the main shock tube

  



69

A5. Features of Sandwich style ball valves
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A6. Details for the features of the solenoid valves
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A7. Specification details for High Pressure Transducer
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A8. Specification details for Piezoelectric Pressure Transducer
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A10. Specification details for YE5856 Charge Amplifier
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Appendix B: Safety and Risk Assessment

B1. Safety related to the Protection Principles

  



77

B2. Safety related to the Protection Principles
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B3. Certified copy of Compressed Air Cylinder
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B4. Certified copy for flexible pipe, Filling and Relief solenoid Valves,

Pressure gauges, and Valve Regulator
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B5.Testing and Approval of Solenoid Valves
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B6. Safety Details for the High Pressure Transducer
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B7. The certified copy for Hydrostatic Pressure Test of shock
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Appendix C: Standard Operating Procedure on Shock Tube Setup

C1. Operation Manual of TML_Coating Material to the Strain Gauge
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