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True artists and true scientists share a legitimate privilege. The musician,
the obscure poet, and abstract painter, together with the research scientists
inany field are all entitled to explore and to express the esoteric aspects

of existence. They all study, perform and work to achieve results which at

first may have no purpose but to make the aware even nore aware, or the

know edgeabl e even nore knowledgeable.

Artisans and technol ogi sts share a very different but equally legitimte
privilege. Technol ogists seek to achieve results which have inmmediately
practical application in the real world. They do not exist in a refined
intell ectual universe of speculation but they operate in an earthy world of
use and rel evance.

Any feelings of inferiority that mght spring fromthis apparently |esser
role are soon dispelled by realizing that nost occupations and professions
are conducted on the sanme plane. Including, for exanple, those anmong us who
are airline pilots or farners or trash collectors or bureaucrats!

There is gentle irony as truth in the realization that technol ogists probably
have nore natural affinity with legislators than they do with scientists!
Being here, essentially as a technol ogi st addressing scientists and
legislators makes me feel a little like the statistician with one leg in a
furnace and the other in a deep freeze: | am on average, quite confortable.

I have had the good fortune to live and work in this country for the past six
years, and this experience, together with ny equally good fortune in
acquiring a New Jersey wife, have inpelled a substantial change in ny
vocabularly. | have learned to say al um num and schedul e; I'm working on
tomato and twenty. M conversion is, | suppose, fifty-fifty. You could say
half and half. M life, professional and domestic, would be even nore
confused were it not the absolute authority of Webster's (ollegiate
Dctionary. To ensure we are talking the sane |anguage, let ne quote,
direct, how Whbster defines technology: a technical nethod of achieving a
practical purpose, the totality of the neans enployed to provide objects
necessary for human sustenance and confort.

Yes, | ama technologist, and proud to be one.

And Racal's AirstreamHelnet is certainly a product of technology, brought
about by using technical nethods to achieve a practical purpose, and
contributing to human coniort.

Qur particular concern with Airstreamis for those people in our society
exposed to occupational hazards. As advanced as our technology may be, the
telechiric worker is still a thing of the future. Robots are the work force
of the twenty-first century —maybe. The manufactured goods, m ning
products, equipnent, vehicles, building, and so on that we here will use wll
be produced by people. Peopl e exposed to occupational hazards.



36

Let me di scuss a basic design philosophy, relating to the product
characteristic called "protection factor". The PF of a product. This
characteristic is a fundanental neasure of performance being the ratio of the
challenge to the penetration. Suppose a force of 300 lbs. iS exerted, for
example, on a safety shoe, and 30 1lbs. is transmitted to the foot of the man
who wears it. Then 300 lbs. can be considered as the challenge, and 30 lbs.
as the penetration, the PF in this instance would be 300 divided by 30, or
10. This concept of protection factor is built into many of our judgenents
in the real world and often determ nes our solutions, because it is related
to technological value. It is somewhat built into the certification
procedures of government departnents, but as a student of some regul ati ons,
it is ny opinion that many rules need to be restructured to gi ve the concept
nore significance.

The PF can be the single nost inportant characteristic under a given set of
circunstances. But, and here is drama, there is another even nore basic and
sinple characteristic that can make the protection factor of any system
becorme conpletely uninportant, and be of no consequence whatsoever.

What is this technol ogical characteristic that has the power to negate our
protection factor?

The answer is gloriously sinple, but overwhelnming in its inportance.
The answer is wearability.

Consi der our hypot hetical safety shoe with its PF of 10. If a force of 30
lbs. strikes this, the wearer will feel 3 1lbs. But if our man is not wearing
it for sone reason, he will feel the full 30 1lbs. | can envisage a shoe with
a PF of mllions. It could weight half a ton, be made of cast iron, and have
a dianeter neasured in real feet! And nobody would wear it. And so its
wearability or absence of wearability would negate conpletely its high
protection factor.

There are three main factors that affect wearability:

1. is the inmmedi acy of the hazard. No one will knowi ngly breathe a highly
toxi c atnmosphere that causes death in a few seconds and no one will
enter a chanber devoid of oxygen.

2. is the level of control and supervision. CBHA and MSHA regul ations have
the force of law, and enpl oyers nust ensure that enployees are
protected. Safety procedures and rul es nust be supervi sed and enforced.

But the vast majority of occupational hazards are long-termcunul ative or
have a low incident probability. Back lung takes time before it becones
serious, it doesn't kill within seconds. People are not good at respondi ng
torisk and dangers that are not imediate to us.
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Factor three in considering wearability is comfort, because confort
determ nes acceptance. Hardhats are generally wi dely worn because they are
accepteu, because they are comfortable.

Confort may be difficult to measure, but its consequences can be readily
quantified. Take the case of a worker in a uraniumm ne who is wearing a
high efficiency respirator with a PF ot 500. This neans that the filtered
air he breathes through this respirator contains only 1/500th or 0.00Z ot the
hazard in the outside air. Consider this worker's eight-hour day in the
mine. He has to work and comunicate with his supervisor, nonitor his
machi nes, speak to a friend, w pe his face because his respirator is tight,
and so on. Even a diligent man could easily need to spend ten m nutes
communicating With a supervisor, ten m nutes exam ning his machine closely,
five mnutes talking to a friend, and five mnutes nopping his face. What
has happened to the PF of this respirator? Remenber, it is moninally 500.
But in the relatively short removal spans, our worker has been unprotected

and exposed to the full contamination in the air. H's experience protection
is much less than 500. It is even less than 100. It is, in fact, less than
20.

Consider briefly another instance of a respirator with a PF of 3000. I f that

respirator is renmoved for just five mnutes in an eight-hour day, the
effective PF is reduced from3000 to 100. |If it is not worn for 10% of the
day, the PFis effectively 10. Not 3000, but 10.

This is the secret dilemma of respirator design. Hgh protection factors can
be achieved by engineering techniques leading to better face fits, tighter
clamping actions, and so on. But the very features that inprove the PF are
the same features that reduce wearability. And low wearability will destroy
PFact ors. Human face variations need conplex facepiece profiles, increasing
the possibility of hyperventilation. Restrictions on confort, workability,
speech, vision, communication, novement and, yes, even socializing are just
not acceptable to users. And the associated loss of productivity should be
unacceptable to owners.

The solution for respiratory protection is to accept that conventional
desi gns have the inherent clash between protection and wearability, and then
to force technology to meet the demands of new concepts.

The key to the design of a device that avoids the problenms associated with
conventional respirators, is the successful engineering of a powered
air-purifying system and the subsequent packaging of this systeminto a
wear abl e, confortable product. The basic concept of Airstream came out of
the Safety in Mnes Research Establishment in Sheffield; a concept which was
patented, licensed enclusively to us at Racal for further devlopment and
engi neering, production, and marketing.

In its most usual configuration, this powered air-puritving device consists
of a safety helmet with an integral faceshield and a built-in double
filtration system the second and main filter being |ocated inside the
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hardhat above the wearer's head. Contam nated air is drawn from the back of
the helmet, through the filters, delivered to the breathing zone, and, after
passing across the wearer's face, flows through a space at the bottom of the
faceshield.

This has maxim zed the inherent advantages of powered air-purifying

respirators. It is easy fitting. Since the positive pressure behind the
faceshield tends to prevent contam nation entering the breathing zone, the
faceseals were made very light and still are effective. The powered airflow

itself is used to elimnate the need for tight fitting, nose and nouth
cl ampi ng seal arrangements. O her user advantages have resulted fromthe
technol ogi cal enphasis on confort and wearability.

| don't intend to dwell on the characteristics of our particul ar products,
because such information is readily available to you.

But | will enphasize that a disciplined application of technical nmethods to
achieve a practical purpose did indeed contribute to human confort |

I have relected a little on the nature of technology and on the design
approach that created this range of approved PAPRs. | would now like a
l[ittle nmore time to consider the future of such products.

Technol ogy never ceases tao be responsive to need. The user advantages of
PAPR's are adding to the demand for such products, and it is beconing clear
that the already w despread use is only a beginning. Racal, as other

i nnovative conpani es nust be, are still forcing the technology and we have
new versions in various stages of product devel opnent

There are sone inhibiting factors that nmust be resolved if users are to
receive the full benefits of this revolution. And the growth of PAPR
applications is indeed revolutionary. The major inhibiting factors relate to
regul ations, and | urge those regulators here to renenber that they, like
technologists, need to use technical methods for practical purposes. | ama
firm advocate of the need for governnent certification of protective devices,
and of the need for enforcement of occupational health standards in the
workplace.

But our regulations are out-of-step with our technology. W nust have
prograns that certify conbination protection devices. These are no |onger
products of the future, they are already in use, thousands and thousands of
them in the workplace. And the nunbers will increase and increase! The
absence of such progranms is inhibiting to technol ogi cal advance. Wrse, it
is causing workers to remain exposed to risks.

Al so, the acceptability and perfornmance of certain PAPRs should be cause to
review the now outdated distinction between engineering controls and
respirators. There is a need for the acceptance of certain PAPR
configuration as permanent elements of conformance programs in the

wor kpl ace. The absence of such acceptance is inhibiting technol ogica
advance. Worse, it is causing workers to renmain exposed to risks
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Ve technologists will inprove the vital attributes of PAPRs. W will reduce
costs, reduce weight, inprove conforts and inprove performance. | believe
the short-termfuture will see only two types of respiratory devices in use
in all except specialized applications, and that these two types will be

i nprovenents of the current disposable respirators and powered air-purifying
devices.

The technology for these devel opnents will soon be avail able. However,
considerable technology is available now as we at Racal have denonstrated

PAPR technology is developing and inproving. Let us all renenber its
purpose. To provide human confort.
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EQUATIONS RELATI ON PROTECTI ON FACTCRS TO TOME WORN
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__iq AH15 Intrinsically Safe System

AH5 Standard Air Purifying System
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