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Preface

Throughout history, from ancient epics like Ramayan and Mahabharat 
to the present-day Ukrainian war, battles and wars have been a constant 
reality. The weapons employed in warfare have evolved significantly over 
time. In the past, bows, arrows, maces, and swords were the primary tools 
of combat. Today, we rely on firearms, mortars, missiles, and explosives 
of various types and capacities. The perpetual duel between weapons and 
their countermeasures has led to the development of increasingly complex 
weapon systems.

The reliability and effectiveness of these weapons are of utmost 
importance. They need to be safe to handle while remaining lethal to the 
enemy. Moreover, they should be efficient, accurate, durable, and easy to 
operate and maintain. The only way to ascertain these qualities is through 
rigorous testing and evaluation. Actual firing tests or flight tests for missiles, 
are conducted to validate their claimed capabilities. Performance parameters 
are meticulously observed, recorded, and analysed before reaching a final 
verdict.

A letter addressed to the then government of India in 1894 by one  
Maj Gen A Walker in which he had  sent the proposal for establishing 
today’s PXE at Chandipur is relevant here.

“ .... These guns will be of no use unless a satisfactory supply of shells, 
fuzes, and breech components is assured, and this is impossible without 
an efficient Proof Department. It is actually unsafe to continue the present 
scale of manufacture without this safeguard, which has been so much 
insisted on in England of late years, and I respectfully submit that this 
department cannot be held responsible for failure,  or disaster in the future, 
if the necessary steps are not now taken to ensure the systematic and careful 
proof by an independent establishment of all such war material….”
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While the successful introduction of new weapons and missiles often 
receives media attention, the crucial role played by the Test Ranges in the 
development and evaluation process often goes unnoticed. This book aims 
to shed light on the significance of Test Ranges in the larger scheme of 
weapon development and military preparedness.

Chapter 1  briefly traces the evolution of weapon systems from the days 
of stones and twigs through stones axe, bows and arrows, ballista, trebuchet 
etc. which used mostly muscular energy. The invention of gunpowder in 
the 13th century marked a significant shift, replacing muscle power with 
explosive energy as the driving force behind weapons.

It will be like talking in vacuum if the weapon systems that are  tested in 
a Range are not introduced and their design features not explained. Chapter 
2 delves into the intricate details of guns and their major sub-assemblies, 
including the breech assembly, barrel, muzzle brake, recoil system, carriage, 
trails, saddle, cradle, and different gears. It also explores the components of 
ammunition, such as propellants, explosives, cartridge cases, primers, fuzes, 
and projectiles, using photographs and detailed explanations. The chapter 
elucidates concepts like high and low explosives, primary, secondary, and 
tertiary explosives, sensitivity of explosives, explosive trains, deflagration, 
explosion, detonation, and armor for tanks. The perpetual battle between 
tanks and anti-tank projectiles is highlighted.

Quality assessment is a critical aspect of weapon development and 
production. Chapter 3 defines key terms like quality, reliability, efficiency, 
effectiveness, durability, and failure. It explores the impact of environmental 
factors like temperature, solar radiation, dust, water, altitude, and humidity 
on weapon performance. The chapter also delves into the design process, 
starting from user requirements and qualitative specifications to the stages 
of design iteration and technology transfer. Multiple developmental firings 
in a Test Range help bridge the gap between the conceptual weapon and 
the final product, ensuring it meets the user’s requirements. The chapter 
also discusses documents like “particulars,” “sealed particulars,” and the 
Authority Holding Sealed Particulars (AHSP), as well as the role they play 
in the proof process.

Chapter 4  focuses on how the quality control team at factories 
monitors and inspects raw materials and production processes. It explains 
the significance of visual, physical, chemical, and metallurgical tests 
carried out on samples. Any deviation observed at any stage freezes further 
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manufacture unless remedial steps are taken to investigate and rectify the 
defects. They draw samples out of production lot to carry out static tests 
and send to Ranges along with Lab test reports for dynamic tests. How the 
Ranges proceed to carry out proof  on receipt of samples, has been discussed 
in detail with a few case studies. Without giving a long list of items proofed, 
suffice it to say that most of the items mentioned have been discussed in 
detail. Ranges also carry out some non-routine types of firings like ‘charge 
assessment trials’, Range Table compilation, Tarage Table compilation, and 
defect investigation firings. A few case studies provide insight to proof 
processes.

Chapter 5 discusses the aspects that need consideration before setting 
up a Proof Range. Why Chandipur is a location that any country would 
be proud to have to set up a Proof Range has been explained in detail. 
Growth of Range infrastructure and expertise over the years at PXE are 
representative of similar Ranges anywhere in the world. Narratives are 
anchored around Chandipur and PXE so that  examples can be drawn 
from day to day activities concerning safety, security, instruments, proof 
techniques, mistakes and  lessons learnt from those incidents, problems 
faced and solutions.

When a Test Range starts functioning it is equipped with the 
instruments that  are available on date and state of weapons planned to 
be fired from it. Introduction of new instrument or new techniques for 
data acquisition are demand driven, desire of the Range users keeping pace 
with new development in weapons. When PXE started functioning it had 
stop watches for elapsed  time measurement,  measuring tapes for distance 
measurement, Boulenge chronograph for velocity measurement, crusher 
gauges and coppers  with screw gauge, for pressure measurement. Range 
was upto 9000 yards. It has come a long way since then in the mission of  
providing  more precision and   varieties  to the parameters already being 
recorded. Time for fuze functioning is no longer measured by  stop watch, 
BTME is deployed. Infrared impulses start and stop electronic timers. 
Distance is measured by angle measurements by theodolites or electronic 
distometers. Boulenge chronograph has been replaced by Doppler Radar 
(DR). The DR records muzzle velocity, spin, velocity-time profile inside 
barrel, besides long range tracking. Crusher gauges and coppers are still used 
to measure peak chamber pressures in guns during routine firings. Now 
electronic Internal Piezo Gauge (IPG) system records pressure-time profile 
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within barrel as a projectile moves within it. Velocity-time and pressure-
time profiles are invaluable tools for ballisticians and gun designers. Blast 
pressure, illumination, sound level, temperature, strain on gun bodies can 
be measured;  ultrasonic method of detecting internal faults deep inside 
gun, computerised online boroscopefor examination of barrel interior have 
been created. Chain of networked environmental conditioning chambers 
capable of conditioning ammunition at  as low as –50 oC  and as high as 
80 oC are now monitored and controlled, remotely. It is now possible to 
record meteorological parameters upto a height of 35 km. Capability for 
short term weather prediction over a limited area that helps in scheduling 
day to day firings has also been built up.

High speed camera systems record transient phenomena like impact of 
shots on armour, sabot separation of FSAPDS shots. An automated flight 
follower system  gives a visual record of the flight of a projectile for upto 
100 to 200 m from the muzzle. This can detect phenomena like physical 
deformations, break up of shot, displacement/damage to driving band,  
functioning of  base bleed/tracered  ammunition, sabot discard, etc., which 
mostly occur during first 200 m.

A Range fires actual guns and ammunition, and that too of uncertain  
behaviour. Malfunctioning of weapon, prematures, misfires, cook off, barrel 
jamming, short ranging of shells, early bursts, splinters flying all over, even 
barrel burst are bound to occur in a Proof Range. A few case studies of 
accidents and the lessons learnt have been described. Robust safety measures 
during storage, handling, transportation at firing points and at target area 
have now been implemented. 

Chapter 6 focuses specifically on missile testing. It begins by explaining 
the principles of rocket propulsion and the components of a typical missile 
system, including the airframe, propulsion system, warhead, guidance 
system, and control systems. Artillery projectiles are ‘fire and forget’ type, 
once out of muzzle it is free-flight,  range upto some 60 km or so. But missiles 
range from a few kilometres to thousands of kilometres. These have to be 
tracked and internal health monitored every moment and navigated during 
flights. Like any other armament store missiles also need to be tested before 
introduction into Services. The development phase for a missile is rather 
long. There is nothing like ‘routine proof firings’ involving missiles. There 
is no concept of reproof, double reproof and rejection. Before a missile 
comes to a Range for flight test, exhaustive static checks of subassemblies 
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and simulation studies are carried out by the designer/developer. Unlike 
an artillery test Range where the personnel of the Range assemble a round, 
carry out firings and acquire data, in a missile Range its personnel provide 
all assistance and instrumentation support for missile launch and data 
acquisition. Personnel involved in design and development are invariably  
involved in missile integration, checks and launch. All these aspects have 
been discussed. Importance and role of countdown document, ‘Hold’, central 
timing system, Range clock, etc., have been explained. It is not possible to 
fully track the flight from a single location, hence a number of down range 
tracking stations with tracking radars, EOTS, telemetry are activated before 
a flight. All these are interconnected by fail proof communication system. 
Along with tracking a missile from launch to splashdown,  these also record 
status of all vital on board subsystems which are in two-way communication 
with ground control. Even if a missile flight is aborted midway or fails to hit 
a pre designated target the data from the missile are invaluable for thorough 
post flight defect investigation. Data is vital for successful flights also. 

Sight selected for a missile test Range needs to have some specific 
characteristics. It is said that about 30 possible sites from western coast 
to eastern coast of India were evaluated before finalising the ITR at  
Chandipur–Baliapal. Why Baliapal was abandoned, inspite of being the best 
site, has been discussed dispassionately. Chance ‘discovery’ of Abdul Kalam 
island and setting up of a Launch complex have been described.

The series of activities that take place at the Integrated Test Range (ITR) 
at Chandipur or at Abdul Kalam  island, once a missile arrives, till handing 
over of flight data have been elaborated.

Guns or missiles at launch point spew toxic gases into the atmosphere- 
that are reaction products of propellant  burning. These are not exactly 
benign. Chapter 7 discusses  effect of these on the environment with a 
few experimental data from India and foreign countries. Ground around 
firing point/launch pad and the target area also contain some pollutants. 
Fortunately these have not reached dangerous level. That is one of the 
reasons of siting test Ranges away from thick population. Itarsi and  
Khamaria were selected for CPE and LPR, respectively,  adhering to the 
same requirement. When PXE was established it was amidst jungles, far 
from human habitation, where tigers used to roam freely. Abdul Kalam 
island is also similarly situated. That leaves the target area. At PXE the target 
area is always sea. Explosive filled shells are rarely fired into the sea. Shells 
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are picked by PXE or taken away by thieves. Those not picked up get buried 
in the sea. Missiles are similarly made to splash down  far into the sea or on 
uninhabited deserts.   

This chapter also discusses the impact of a Range on the society at large, 
taking PXE and ITR as samples. Ends with hope that someday in the future 
there will be an organisation in India like the Ordnance Board of the UK, 
which will be the repository of all data generated at Ranges.
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CHAPTER 1

Weapons: Prehistoric to Twenty First Century

1.1 INTRODUCTION - NEED FOR WEAPONS
In the prehistoric days, when fire was yet to be invented, human life 

was extremely stressful. Humans had to compete with carnivorous animals 
for food. They had to protect themselves from those predators lest they 
should end up as food of those animals.  When a man picked up a stone or 
a twig of a broken tree and threw it at his adversary (and the competitor) 
to ward off immediate danger, weapon was born. Then it was solely for 
self preservation. Now it is not exactly so. Weapons and wars are as old, 
(and as modern and ingenious) as human civilization. From a stone to a 
stick to swords to bows and arrows of prehistoric times to today’s nuclear 
capable ICBMs, “weapon” has come a long way, keeping pace with growth 
of technology. Weapon development and the arms bazaar have often been 
catalysts for pushing growth of science and technology. The epics of all old 
civilizations are full of fights, wars, and destructions. 

Emperor Ashoka’s Kalinga War in which lakhs of people lost their lives 
is one example from Indian history. Almost whole of the Middle Ages were 
full of raids, battles and wars involving Europe and Middle East. Hundred 
years war between England and France is one sample from Europe. The two 
World Wars in the twentieth century surpassed all past records in death, 
destruction and devastation. War and conflict are not likely to end in the 
foreseeable future.  Arms race will continue. More and more efficient and 
effective weapons are sure to be developed. All wars can come to an end by 
fighting with nuclear weapons. No fighters would be left thereafter to fight 
and human civilization would start all over again ab initio. It is for nothing 
that somebody had appropriately commented “only the dead has seen the 
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end of war”. The development of weapons has greatly influenced the course 
of wars and formation/reformation of nation states. This chapter glances 
through the most important weapons, from technology point of view, that 
existed from pre-historic times to the use of gunpowder as a propellant till 
late nineteenth century.

Weapons in the pre-gunpowder era could be put under three general 
categories: direct body contact with enemy, use of muscular energy, and 
transfer and storage of muscular energy. Those weapons were not of as 
complicated mechanisms as of today. Only physical strength and muscle 
power were the tools to fight with. Number of subsystems in a complete 
weapon was only a few. Pre-delivery testing of its serviceability was neither 
very complicated nor rigorous. From 19th century onwards weapon systems 
designs have undergone sea change which would not have been possible 
without assessing the impact of each design modification to an existing 
system by as many means as possible, the last one being carried out with live 
firings from a Test Range. As they say, “seeing is believing”. 

1.2 WEAPONS OF THE STONE AGE
First it was hand-to-hand fighting through hands, legs, nails, teeth, and 

wrestling - through body contact only. If the adversary tried to flee, or if the 
adversary had to be followed, be it another human being or an animal,  body 
contact was out of question. A pebble, a stone or a broken twig of any tree, 
anything he could hold, aim, and throw gave rise to non-contact weapons, 
which derived the motive force for projection from his muscle only. There 
was a limit to the distance to which such an irregularly shaped projectile 
could be projected. During the Stone Age, stone made axes, knives, maces 
appeared. An attempt was made for the first time to give a regular shape to 
a stick with a pointed head and thus appeared spear. This was also a contact 
weapon to charge at the enemy. The next logical step was sort of javelin, a 
longer version, which could be thrown to a longer distance because of its 
‘ballistic shape’. Figure 1.1 represents a pre-historic stone axe.  

Next stage was the design of bows and arrows, in and  around 6000 BC. 
The bow stored the energy of  one’s pull generated by straining his muscles, 
as potential energy, transferred it to the bowstring as potential energy 
imparting kinetic energy  and killing power to the arrow. The maximum 
energy that could be stored was limited by how much the bow could be bent 
by pulling the bowstring towards him in a single coordinated movement 
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