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AMU
ATA

B/S

BPM
BTPS

CLM
cm
cmH,0
CcoO,
EDF
°F

fsw
HeO,
HP

ID

JIL
kg-m/L

kPa

L/min
L-min*
L/sec
LP
LVDT

NEDU TM 15-01

ACRONYMS

Authorized for Military Use
Atmospheres absolute

Breathing simulator
Breaths per minute
Body temperature and pressure, saturated

Degrees Celsius

Cowgill, Landstra, Mobley (verification orifice)
Centimeters

Centimeters of water pressure

Carbon dioxide

Experimental Diving Facility (NEDU unmanned test facility)
Degrees Fahrenheit

Breathing frequency measured in breaths per minute (BPM)
Feet of seawater

Feet

Helium-oxygen gas mixture
High pressure

Inside diameter
Inches

Joules per liter (unit of breathing effort, equivalent to 1 kPa)

kilogram meters per liter of respired volume (old form for breathing effort;

aka, work of breathing)
kiloPascal (unit of pressure or breathing effort = 1000 Pa)

Liters

Liters per minute

Liters per minute (scientific format)
Liters per second

Low pressure

Linear variable differential transformer (displacement transducer)
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m
min
mg/L
msw

NAVSEA
NEDU
N.L.S.T.

O/B
o/C
oD

Pa
PO,
psi
psid
psig
PTC
P-V
AP

RE
R

RMV
resistive effort

scuba
% SEV
SLL
slpm
STPD

suprasternal notch

test mannequin

UBA
USN

NEDU TM 15-01

Meters

Minutes

Milligrams per liter (water vapor content)
Meters of seawater (a unit of pressure)

Naval Sea Systems Command

Navy Experimental Diving Unit

National Institute of Science and Technology (formerly National Bureau of
Standards)

Overbottom (pressure)
Open circuit
Outside diameter

Pascal = (newton/meter?)

Oxygen partial pressure

Pounds per square inch

Pounds per square inch differential
Pounds per square inch gauge
Personnel transfer capsule
Pressure-volume

Pressure differential

Resistive effort, volume-averaged pressure, “work of breathing”
Gas exchange ratio; R=V €0,/ V0,

Respiratory minute volume; volume of breathing mixture exhaled by a diver
in one minute (measured in L/min, BTPS)

Volume-averaged pressure ( P, or RE), historically called work of breathing

Self-contained underwater breathing apparatus

Percent surface equivalent volume

Static lung load

Standard liters per minute

Standard Temperature and Pressure (Dry)

An anatomical reference point for oral/nasal differential pressure

Semi-rigid polymer head sized to cover 93" percentile

Underwater breathing apparatus
United States Navy
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NEDU TM 15-01

|3V Volume averaged pressure (Resistive Effort)

Ipm Volumetric flow rate in liters per minute

vco, Metabolic carbon dioxide production measured in liters per minute (STPD)

Vo, Metabolic oxygen consumption in liters per minute (STPD)

max Maximum flow rate

1% Ventilation, first time derivative of volume

V1 Tidal volume; volume of gas that a diver either inspires or expires during
each breath (measured in liters, BTPS)

RE Resistive work of breathing normalized for tidal volume (aka resistive
effort), a measure of pressure averaged over volume and thus removing
pressures due to UBA elastance. Consequently, RE — a volume-
averaged pressure — is currently measured in kPa or J/L. Historically,
NEDU reported RE with units of kg-m/L.

p Gas density

oc Proportional to

T Pi=3.14159...

Xi
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NEDU TM 15-01

CONVERSIONS

To Convert From To Multiply By
kg-m/L J/IL 9.807
psi kPa 6.895
msw fsw 3.2646
fsw kPa 3.063
bar psi 14.504
bar kPa 100
cmH,0 kPa 0.0982
J/IL kPa 1.000

SAFETY SUMMARY

The following general safety precautions are not related to any specific procedures; thus,
they do not appear elsewhere in this manual. They are, however, recommended precautions that
personnel must understand and apply during various phases of testing and evaluation.

STANDARD SAFETY PRECAUTIONS. Operating personnel must observe all applicable
safety regulations in compliance with the Navy Occupational Safety and Health (NAVOSH)
Program Manual, OPNAVINST 5100.23 Series.

Safety precautions for unmanned testing are normally associated with testing at pressures of
5000 psig or less. To minimize safety risks when UBA testing is being conducted, personnel shall
adhere to the test procedures as presented in this report. Failure to perform the procedures as
prescribed may result in injury to personnel or damage to equipment.

xii
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CHAPTER 1. INTRODUCTION

The Navy Experimental Diving Unit (NEDU) is the United States Navy facility for testing
and evaluating underwater breathing apparatus (UBAs). Each military or commercial UBA that the
Navy considers for use is sent to NEDU for an in-depth evaluation of its performance, material
suitability, human factors, and systemic reliability. This technical manual supersedes NEDU TR
01-94 and presents the unmanned performance goals and test methods NEDU currently uses to
evaluate UBA:s.

This manual employs physiologically-based performance goals and limits — a significant
departure from previous engineering-based goals. Much of the rationale for this transition is detailed
in NEDU Technical Report 15-03 and various publications cited in this manual.

The instrumentation and test methods described in this manual should allow any hyperbaric
test facility to reproduce the tests conducted by NEDU. Any test instrument comparable to those
specified in the UBA test setup may be used, if its accuracy and response characteristics are equal to
or exceed those used by NEDU — and if its calibration is traceable to National Institute of Science
and Technology standards.

Minimum manning during unmanned hyperbaric testing shall be two personnel per
chamber (one test supervisor and one chamber operator per test per chamber).

This manual is meant to be dynamic in nature, and the methods herein are valid as of 15

July 2015. As instrumentation technology advances and new test methods are developed, this
manual will be updated to facilitate improved unmanned test simulations.

1-1
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CHAPTER 2. UBA CATEGORIES
2-1 GENERAL

NEDU has classified UBAs into five categories. Each category was selected according to
UBA operational characteristics. This chapter provides a general description of each category and
the operation of each UBA classified within.

Category 1. Open-circuit Demand UBA
Category 2. Open-circuit Umbilical Supplied Demand UBA

A. Open-circuit Noncompliant Demand UBA

B. Open-circuit Compliant Demand UBA
Category 3. Open-circuit Umbilical Supplied Free Flow UBA
Category 4. Closed and Semi-closed-circuits, Breath Powered UBA
Category 5. Semi-closed-circuit, Ejector or Pump-Driven UBA

2-2  CATEGORY 1. OPEN-CIRCUIT DEMAND UBA

! & | All open-circuit scuba equipment authorized for Navy
i use employ a demand system that supplies breathing gas each
‘ time the diver inhales. Category 1 is comprised of a first stage
regulator, hose, a second stage demand regulator, and a
. mouthpiece. The purpose of the first stage regulator is to reduce
the tank pressure from as much as 345 bar (5000 psi) to 8.6-12
bar (125-175 psi) over ambient. This reduced pressure is
constantly maintained at the second stage. The second stage
regulator supplies air through the mouthpiece to the diver on
demand and at a pressure slightly above the surrounding water
pressure. The second stage demand regulator is the central
component of the Category 1 UBA; however, the first stage
regulator should never be overlooked when evaluating a
Category 1 UBA.
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2-3  CATEGORY 2. OPEN-CIRCUIT UMBILICAL SUPPLIED DEMAND UBA

Equipment in this category requires either a full face mask or a dry helmet. Each is assumed
to have a built-in oral-nasal mask or a mouthpiece.

Category 2 consists of two types of UBA:

A Open-circuit noncompliant demand UBA. This
category covers UBAs that provide gas to the diver via a
demand regulator attached to an oral-nasal mask in the
face mask or helmet. An example of the UBA in this
category is the MK 20.

B. Open-circuit compliant demand UBA.  This
category contains UBAs that supply gas to a diver's helmet
via a demand regulator with an oral-nasal mask, and is
fitted with a neck dam. This category includes MK 21 and
o the KM 37 diving helmets.

1. UBAs in this category also supply gas to the
& diver via an umbilical hose; however, the gas constantly
~ flows past the diver's face (no demand required) into the
/7= helmet or mask. Excess gas is constantly dumped from
i~ the helmet or mask into the water. No oral-nasal mask
- or mouthpiece is used.

Free flow helmets like the MK 12 are no longer
in Navy use.

2-2
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2-5  CATEGORY 4. CLOSED- AND SEMI-CLOSED-CIRCUITS, BREATH
POWERED UBA

Fully closed-circuit UBA are divided into two categories: 100% O, and constant oxygen
partial pressure.

Pure oxygen UBAs have no electronics and consist of
an oxygen bottle, regulator, breathing bag, and a chemical-
based carbon dioxide scrubber. 100% O, is added to the
breathing bag prior to diving. As the diver consumes oxygen,
the volume in the breathing bag decreases, causing the bag to
bottom out; an O, add valve attached to the regulator then
allows O, to flow into the breathing bag, reinflating the bag.
The diver's exhaled carbon dioxide is removed from the UBA
by the chemical scrubber. The MK-25 is an example of a
closed-circuit O, rebreather.

Closed-circuit constant O, partial pressure UBAS are
more complex than 100% O, UBASs, but are also more
versatile. These UBAs maintain a constant O, partial pressure
regardless of depth or diver work rate. The UBAs consist of a
chemical scrubber, electronics, oxygen sensors, breathing
bag(s), O, bottle, electric O, add valve, and a mixed gas
: bottle. The constant O, partial pressure is maintained by the
electronics and the O, sensors. As O, is consumed and the O, partial pressure falls below the set
point, O, is automatically added into the UBA until the set point is reestablished. This cycle is
repeated during the entire dive. Carbon dioxide is removed by the chemical scrubber as the gas
flows from the diver through the scrubber and into the
compliant breathing bag. Examples of these types of
UBAs are the MK 16 and MK 28.

Semi-closed-circuit UBAs function by flowing

a constant volume of gas (100% O, or O, mixed with

nitrogen or helium) through a mass flow orifice into the

‘o inhalation side of the UBA. This provides a supply of

M. O, to the diver, but the O, level maintained in the UBA

depends upon the diver's work rate. Because gas is

. constantly added to the UBA, an exhaust regulator

periodically dumps gas into the water to keep the UBA

from overinflating. An example of a semi-closed-
circuit UBA is the Viper VSW.

U.S. Navy photo by Bernie Campoli.
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2-6 CATEGORY 5. SEMI-CLOSED-CIRCUIT, EJECTOR OR PUMP-DRIVEN UBA

An example of the semi-closed-circuit [ ‘
pump-driven UBA is the Divex Gasmizer Diver l

Gas Recovery System / Helium Reclaim Helmet.
The Gasmizer Diver Gas Recovery system consists
of four main components: a Control Console,
Reprocessing Unit, Dive Bell Panel and a Gas
Booster Pump. The Diver’s Helmet is a Category
2B modified to recover the diver’s exhaust back
into the system. The Divex Ultrajewel 600 Helium
Reclaim Helmet is an example of this. This system
could also have Emergency Life Support System
which would normally be a Category 4. An
example of this is the Divex SLS MK IV Deep
Diving Bailout System.

2-4
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The semi-closed-circuit MK 12 mixed gas UBA (no longer in use) was an example of an ejector
type UBA. It consisted of a helmet, umbilical, back pack with chemical carbon dioxide scrubber,
and mass flow orifice. Gas flowed from surface gas banks through an umbilical to a backpack
constant mass flow orifice, through the backpack and into the helmet. The gas then flowed from the
helmet through the scrubber and back to the helmet. The mass flow ejector assisted in circulating
the gas through the UBA. Excess gas was dumped from the helmet into the water through an
exhaust valve located on the helmet.
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CHAPTER 3. UBA TEST PROCEDURES - AN
INTRODUCTION

3-1 GENERAL
3-1.1 Functional Characteristics

A UBA's suitability for diving can be described by up to seven functional characteristics,
although not all characteristics apply to all UBA categories. Those characteristics of current
interest to NEDU are:

» Peak inhalation and exhalation breathing pressures

» Resistive breathing effort

» Hydrostatic imbalance

» Dynamic elastance

« Intermediate pressure loss
- First stage over bottom pressure drop (SCUBA regulators and open-circuit
demand helmets)
- Umbilical pressure drops (surface supplied or Personnel Transfer Capsule (PTC)
supplied umbilical fed UBA)
- Mask/helmet sideblock and non-return valve pressure loss CO, concentration
Oxygen control (closed and semi-closed-circuit UBA)

This section contains a general discussion of each of the seven areas mentioned above.
Where appropriate, the rationale for NEDU's use of various test methods or performance goals
will be given.

3-1.2 Data Acquisition

The digital sampling of pressure and volume data must occur at a rate high enough to
faithfully resolve details. At a minimum, the time-varying analog signal should be sampled at a
frequency greater than twice the highest frequency present in the signal’. Pressure and volume
signals should be acquired at more than 100 Hz per channel. NEDU uses an IBM compatible
personal computer with a LABVIEW interface (National Instruments, Austin) for some tests and
a similar PC with proprietary software using MS Visual Basic to sample data channels at rates
from 2 to 250 Hz, as appropriate, for the specific parameters being evaluated.

3-2 SIMULATOR SETTINGS
As a diver's work load varies, tidal volume (V) and breathing frequency (f) measured in
breaths per minute (BPM) change to meet metabolic demands. These conditions are reproduced

in the testing laboratory by using a breathing simulator with various tidal volume and BPM
settings as shown in Table 3-1. Respiratory Minute Ventilation (RMV) is f times VT.

3-1



http://archive.rubicon-foundation.org

Table 3-1 Breathing Simulator Standard Setting

f Vr RMV Diver
(BPM) (Liters) (L/min) Work Rate
15 1.5 22.5 Light
20 2.0 40.0 Moderately Heavy
25 2.5 62.5 Heavy
30 2.5 75.0 Severe
30 3.0 90.0 Extreme

3-3  VENTILATORY PRESSURES

A differential pressure transducer measures the positive and negative pressures generated
during breathing. This respiratory pressure is measured at the NEDU Breathing Block where
inspiratory and expiratory flow is divided during Category 1 and 4 tests (Figures 5-3 and 5-4) and in
the oral cavity of the test mannequin for Category 2, 3, and 5 UBAs. The physical reference point
for the £7 kPa (x1 psi) differential pressure transducer is an anatomical landmark called the
suprasternal notch which is approximately 17 cm (6.7 in) below the mid-oral cavity in a vertical
orientation?.

Three types of ventilatory pressures are routinely measured. These are routinely referred to
as various mouth pressures since they are measured near the mouth or oronasal cavity of an
unmanned testing mannequin.

1) Peak inhalation and exhalation pressure - the minimum and maximum pressures found in
a P-V loop with pressure measured for zero flow defined to be 0 kPa referenced to the
suprasternal notch.

2) Volume-averaged pressure (PR,), commonly denoted as resistive effort (RE), or

sometimes work of breathing (WOB), is an average of the pressures contributed by resistive
components to flowing gas within the UBA. (Use of the term “WOB?” is misleading because
it does not have units of work, but rather pressure.)

3) Tidal volume is measured by a linear variable displacement transducer (LVVDT) mounted
on the breathing machine. An example time tracing of both mouth pressure and tidal volume
are shown in Figure 3-1.

While it may be dimensionally correct to refer to RE in units of work of breathing per liter
(WOBI/L), that is not a concise physical description. Dimensionally, a six foot tall person may be

3-2
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REGULATOR STUDY REGULATOR STUDY
PRESSURETIME WOLUMETIME
20.00 3.00
15.00
2.50

10.00
g 200
z 50 g -
o =]
£ 000 S 150
2 2
2 500 a
£ = 1.00
o

10,00

0.50
15.00
-20.00 0.00
0 1 1.5 2 25 0 1 1.5 2 25
TIME TIME

Figure 3-1 Pressure and Volume Tracings (Category 1 or 2)
1829 Liter/meter? tall, but <6 ft” or “1.83 meters” is the engineering convention.
3-4 BREATHING RESISTIVE EFFORT

It is customary to plot pressure against tidal volume, yielding a P-V loop (Figure 3-2). The
P-V loop provides useful information because the area inside the loop represents the resistive effort
of breathing. The larger the area enclosed within the loop, the greater the RE; i.e., the more difficult
it is to breathe. Mechanical work (W) is defined as the product of force multiplied by displacement,
or for fluid systems, the change in system pressure (AP) multiplied by the change in system volume

(AV). Expressed® as an integral, W :§ p - dv with units of kg-m or Joules (J).

40.00

30.004

o] i
& 2000
I
= 10009
]
Moo 001‘ -
UD) J
ﬁ 4000~
| 154 ChHzo
T I [ o I e [ ]
o - h H v i | TP
' H H ' ' 1103 GMH2O
80.00-------- [Ty Ty T T T wes |
: 0122 kgryl
-40.00 t t t t t t
0. 0.50 1.00 1.50 2.00 250 200 350
VOLUME(l)
‘ ----- ASSISTED == NOMASSISTED .

Figure 3-2 P-V Loop (Category 1 or 2 UBA)

Most modern demand regulators are assisted; i.e., they have venturi, vortex, or pilot assisted
boosters to reduce second stage inhalation effort. As a result, while peak inhalation pressures for an
assisted and non-assisted regulator may be similar, W and P, for the assisted regulator drops
significantly because its peak inhalation pressure occurs for a much shorter period of time. This is
illustrated in Figure 3-2 where RE is much larger for the non-assisted regulator (bold curve) than for

3-3



http://archive.rubicon-foundation.org

the assisted unit (light curve).

Resistive effort (RE) or volume-averaged pressure (P, ), are terms that will be used

interchangeably throughout this document. Those terms are not widely used outside of the U.S.
Navy*, however they are gaining credence in the medical literature. Dr. Walter F. Boron, 72nd
President of the American Physiological Society, Secretary-General of the International Union of
Physiological Sciences and co-editor of the book, Medical Physiology, uses similar terminology to
describe inspiratory pressure as effort, further dividing effort into elastic and resistive components®

(Figure 3-3).

Static ' Dynamic
component component

Total _ | Overcomes " Overcomes

effot |~ | elastic forces resistance and inertia
Maintains current Produces
lung volume . airflow

Pp = —Prp + Pa

Figure 3-3 Respiratory Effort

Figure 3-3 illustrates that the pressures that a diver has to generate to breathe are
perceived as a respiratory effort. Those pressures come from both resistive and elastic sources.
PIP is inspiratory pressure, PTP is transthoracic pressure, and PA is alveolar pressure.

Since successive P-V loops invariably differ due to electrical or mechanical noise, a number
of P-V loops are required to ensure statistical validity of the collected data. Typically, ten breathing
loops are acquired, but even six iterations provide relatively noise free, average loops. Ensemble-
averaging of P-V loops (Figure 3-4 and Chapter 6) reduces random noise without the distorting
effects of filters. Figure 3-4 is an extreme example. In the upper portion of the figure, the underlying
oscillating waveform is obscured by random noise. In the lower plot, ensemble averaging reveals
the previously hidden structure (solid black curve). Likewise, the oscillating patterns in Figure 3-4
become clearly discernible only after signal averaging.
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Pressure (kPa)

Noisy P—V Loop

4 \ \ \ \ \ \ \
—-05 0.0 05 1.0 15 20 =25 30 35

Pressure (kPa)

Averaged

—— Noise—free

_2 \ \ \ \ \ \ \
—-05 0.0 05 1.0 15 20 25 30 35

Volume (L)

Figure 3-4 Noisy P-V Loop with and without Ensemble Averaging
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3-5 HYDROSTATIC IMBALANCE
3-5.1 What Is 1t?

The weight of water pressing around a diver's ribcage can make it difficult for him to
breathe unless that inward force is counterbalanced by the outward force of gas filling the diver's
lungs. If breathing bags are placed high on the chest or back of an upright diver, a pressure
imbalance will exist with the inspired gas being at a lower pressure than the mean hydrostatic
pressure surrounding the lungs. Relative to the external pressure, the inspired pressure is negative in
sign, and therefore a negative pressure balance is said to exist.

To inhale against a negative imbalance, a diver has to create highly negative respiratory
pressures. Likewise, breathing bags low on a diver means the gas supply is at a higher, more
positive pressure than the hydrostatic pressure surrounding the diver's chest. Therefore, gas flows
down a pressure gradient into the diver's lungs. Unfortunately, to exhale, the respiratory muscles
must contract forcefully to expel gas back to the breathing bags. Both forceful inhalation and
forceful exhalation can result in diver fatigue. Excessively positive pressure can also result in off-
gassing of the rig, reducing gas supply and endangering covert operations.

The effects of hydrostatic imbalances *
on diver comfort and performance, reviewed
by Lanphier and Camporesi®, has been one of
the most extensively researched topics in
diving physiology during the last decade. The
central question has been the following: What
respiratory  pressures are optimal for

(=]

PRESSURE

counterbalancing the inward force of the water ® _
column? g 1
§ 0 ELASTIC
Lung centroid pressure (P.c) appears ) TIve =
to be the optimal pressure for diver comfort HvprosTaTIC = 0
during immersion’. P.c in an upright
immersed man is 13.6 cm below the sternal ©

notch, and 7 cm above the plane of the sternal
notch in supine (horizontal, face down) man
(Figure 3-5). More positive static pressures (up
to 20 to 30 cmH,0) benefit helmeted divers HYDROSTATIC > 0 |
during high ventilatory rates. In tests with MK
15 closed-circuit UBA, the tolerated range of
hydrostatic imbalance was relatively large®.

o PRESSURE
I m :
| e— ——

Rl -t
]
o

Therefore, hydrostatic imbalance can range
approximately 10 cmH,O (0.98 kPa) in any Figure 3-5. Breathing Bag Position and Hydrostatic
direction from the P ¢ identified in Figure 3-6. Imbalance

For non-helmeted diving, values between P\ ¢

and P c-10 cmH,0 are favored. Lower pressures cause less inflation of the cheeks and oropharynx.
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For helmeted diving where the upper airways are counterbalanced by helmet pressure, pressures
between P, and P_c+10 cmH,0 are advantageous®.

3-5.2 How is it Measured?

3-5.2.1 General

From a physiology standpoint, the pertinent
pressure is pressure at the lung centroid. Since most
testing manikins do not provide access to a location
in space comparable to the lung centroid, we use an
anatomical landmark used in human research; the
suprasternal (above the sternum, aka breastbone)
notch. In upright man, the suprasternal notch ranges
from 14 to 17 cm below the mouth opening®. When a
UBA is in the vertical position, the position of the
mouthpiece Breathing Block is fixed relative to the
support for the UBA. The mouthpiece pressure
transducer with its integral reference pressure port is
secured 17 cm below the Breathing Block, with a
pressure line attached between the positive side of the
transducer and the Breathing Block. Therefore, mouth
pressure is automatically referenced to a pressure
corresponding to the approximate pressure at a diver's
suprasternal notch. Figure 3-6 Lung Centroid and Suprasternal

Notch in an Upright Diver.

Figure 3-6 provides one measurement of the vertical distance from the suprasternal notch to
the lung centroid, with other sources quoting a larger value (19 cm). As long as a pressure reference
port is located consistently relatively to the mid-oral position, and that distance is reported, then
translation from one anatomical reference system to another should be facilitated.

————— sternal notch

13.6 cm

- — —lung centroid

Hydrostatic pressure is that pressure which exists in a diver's lungs in the absence of gas
flow; hence hydrostatic. However, in elastic UBA, mouth pressure varies with UBA volume even in
static, no-flow conditions. Therefore, it is necessary to establish a reference, no-flow condition. We
define that condition as end-expiration.

In divers, normal end-inspiration occurs at a volume called Functional Residual Capacity
(FRC). In unmanned testing, the reference condition is simply end-expiratory volume. By present
convention, "volume™ means the volume contained in the breathing machine. Therefore, end-
expiration is identified on a P-V loop as a volume of 0 liters.

If the UBA is upright, and the pressure transducer reference port is situated 17 cm below the
submerged mouthpiece, then a reading of 0 kPa with a volume of O liters is interpreted as a zero
hydrostatic imbalance referenced to the suprasternal notch. It is 13.6 cm H,O negative (lower
pressure) relative to the lung centroid.

Mouth pressure is determined by the location in the water column of the interface between
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gas and water in the breathing bag. If the reference port on the mouth pressure transducer is located
at the same level as the gas-water interface, then a pressure of 0 cmH,O will be sensed.

3-5.2.2 Specific Procedures

Hydrostatic loading has a great impact on the tolerance of divers using closed-circuit UBA
such as the MK 16 and LAR V. See detailed procedures for measuring hydrostatic imbalance in
Chapter 10.

3-6 DYNAMIC ELASTANCE

Sloping P-V loops are indicative of UBA elastance (Figure 3-7). Due to the vertical motion
of the air-water interface in UBAs with breathing bags or neck dams, a change in UBA volume is
associated with a change in system pressure. Elastance presents a respiratory load to a diver'®*? and
is measured by the average slope, AP/AV, of the P-V loop™. By necessity, peak-to-peak pressure
measurements include contributions from both the resistive and elastic components of UBA. See
detailed procedures for measuring hydrostatic dynamic elastance in Chapter 10.

Peak expiratory and inspiratory pressures are identified in Figure 3-7, along with the line of
elastance and peak resistive inspiratory pressure (PRIP). The line of elastance connects points of
zero flow (maximum and minimum volume) obtained dy