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Standard Specification for

Ventilators Intended for Use During Anesthesia *!

This standard is issued under the fixed designation F 1101; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—The precaution note in paragraph 7.1.7was moved into the text editorially in December 2003.

1. Scope F 1161 Specification for Minimum Performance and Safety
1.1 This specification applies to all ventilators specifically ~ Requirements for Components and Systems of Anesthesia

introduced for sale following acceptance of this specification _Gas Machine$

and intended for use during the administration of anesthesia. 2-2 ANSI Standards:

Definitions, performance requirements, test methods, and a £-79-10 Standard for Oxygen Analyzérs

rationale for all mandatory requirements are included. Z-79.11 Standard for Scavenging Systems for Excess for

1.2 The anesthesia ventilator cannot protect against mal- _Anesthetic Gasés
functions within the anesthesia machine, nor can it protect 2-3 SO Standard:
against inappropriate or inadvertent use of the oxygen flush SO 4135 Anesthesiology Vocabuldry
valve, and therefore, no attempt has been made to address2-4 Other Standards: . _
problems that may arise from malfunctions with these devices |EC 601-1 Safety of Medical Electrical Equipmént
in this specification. (See also X3.1.) CGA V-5, 1978 Specifications for DISS Connectiéns

1.3 Several definitions have been included in Section 2 an ;

Appendix X1 that are not used in the text of this specificationg' Termm.ollo.gy . o
This material has been included for the sake of completeness, 3-1 Definitions—For the purposes of this specification, the
and for any possible educational benefit that may be servedefinitions in 3.1.1-3.1.51 shall apply. B o
Appendix X1 also outlines various characteristics of ventilators _3-1.1 alrway pressure (RJ)—pressure at a specified pointin
intended for use during anesthesia and defines the main clasdb§ Patient's airway. The site and conditions under which
of breathing machines that may be used in medical practice arfjéasurements are made should be given.

indicates how these may be subdivided according to their mode 3-1.2 alarm—a means of alerting the operator that a par-
of action. ticular condition exists.

1.4 The following precautionary caveat pertains to the test 3-1.3 alveolar pressure (R)—pressure in the alveoli. In the
methods portion, Section 6 of this specificatidiis standard @€ Of the lung model, this is represented by the pressure in
may involve hazardous materials, operations, and equipmentl€ compliance chamber. _

This standard does not purport to address all of the safety 3-1.4 apparatus internal complianeevolume/pressure re-
concerns associated with its use. It is the responsibility of thé2tionship, expressed in millilitres per kilopascal (or millilitres
user of this standard to establish appropriate safety and healtlP€" centimetre D) of those portions of the patient system that
practices and determine the applicability of regulatory limita- &€ pressurized during the inspiratory phase time (see also 5.8

tions prior to use.For an additional safety precaution, see@nd 3.1.36).

7.1.7. 3.1.5 continuous positive airway pressure (CPAPR,,,
maintained by the ventilator above ambient.
2. Referenced Documents 3.1.5.1 Discussior—Common usage of the term references
2.1 ASTM Standards? spontaneous ventilation.

F 1054 Specification for Conical Fittings

1 This specification is under the jurisdiction of ASTM Committee F29 on  *Withdrawn.
Anesthetic and Respiratory Equipment and is the direct responsibility of Subcom- “ Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
mittee F29.10 on Anesthesia Workstations. 4th Floor, New York, NY 10036.
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3.1.6 control—a means available to the operator of directly 3.1.25 intermittent mandatory ventilation (IMMa mode
adjusting a ventilator function. of operation of the ventilator that permits spontaneous breath-
3.1.7 cycling pressure-that pressure which, when reached ing of a controlled inspiratory gas mixture between predeter-
in the patient system, causes the ventilator to cycle frommined ventilator-delivered breaths using the same inspiratory
inspiratory to expiratory phase or from expiratory to inspira-gas mixture.
tory phase. 3.1.26 low priority alarm—signal which indicates a condi-
3.1.8 differential inspiratory triggering pressureAP,)—  tion which requires operator awareness, but not necessarily
change in airway pressure at the patient connection port whicéaction.
must be generated by the patient to initiate the ventilator 3.1.27 maximum limited pressure (R,.)—highest gage
inspiratory phase. pressure which can be attained in the patient system during
3.1.8.1 Discussior—Pressure shall be expressed in terms ofmalfunction of the ventilator but with functioning safety
gage pressure in units of kilopascals (or centimetre®)Ho  mechanisms.

follow the kPa units. 3.1.27.1 Discussior—The title of this definition is different
3.1.9 expiratory pause time gp)—interval from the end of from the title given in ISO 4135. However, the text is identical

expiratory flow to the start of inspiratory flow. to ISO 4135. The title of the ISO definition maximum safety
3.1.10 expiratory phase time J—interval from the start of pressure

expiratory flow to the start of inspiratory flow. 3.1.28 maximum working pressure (R, )—highest gage

3.1.11 expiratory positive airway pressure (EPARP,,  pressure which can be attained in the patient system during the
above ambient during the expiratory phase, generally approxinspiratory phase when the ventilator is functioning normally.
mated byP, 3.1.28.1 Discussior—This may be limited by a controllable

3.1.12 expiratory (sub-atmospheric) subambient pressdre ventilator mechanism to less th&) ..
pressure lower than ambient, during the expiratory phase time. 3.1.29 medium priority alarm—signal which indicates a

3.1.12.1 Discussior—Subambient pressure may be constantcondition requiring prompt action.
throughout the expiratory phase time or it may vary through the 3.1.30 minimum limited pressure (R,;,)—highest numeri-
phase time, depending upon the method by which suckal value of sub-atmospheric gage pressure which can be

pressure is generated. attained in the patient system during malfunction of the
3.1.13 frequency (ventilatory) (B-number of breathing ventilator but with functioning safety mechanisms.
cycles per minute. 3.1.30.1 Discussior—The title of this definition is different

3.1.14 heat and moisture exchanger (HMER passive from the title given in ISO 4135. However, the text is identical
device which is designed to converse some of the patient'® ISO 4135. The title of the ISO definition minimum safety
exhaled moisture and heat, and to release heat and moisturegtessure

the patient’s airway during inspiration. 3.1.31 minimum working pressure (R, )—highest nu-
3.1.15 high priority alarm—signal which indicates a condi- merical value of sub-atmospheric gage pressure which can be
tion requiring immediate action. attained in the patient system during the expiratory phase when

3.1.16 inspiratory-expiratory phase time ratio (I:E ratie}  the ventilator is functioning normally.
ratio of the inspiratory phase time to the expiratory phase time. 3.1.31.1Discussior—This may be limited by a controllable
3.1.17 inspiratory minute volume (Y—volume of gas in- ventilator mechanism to a sub-atmospheric pressure that is

spired per minute by the patient, measured in litres (L). numerically smaller thai,_ n.

3.1.18 inspiratory pause time (F)— interval from the end 3.1.32 minute volume (}—volume of gas, expressed in
of inspiratory flow to the start of expiratory flow. litres per minute, entering or leaving the patient or lung model.

3.1.19 inspiratory phase time (J— interval from the start The physical conditions under which measuring was made
of inspiratory flow to the start of expiratory flow. should be given.

3.1.20 inspiratory positive airway pressure (IPARP,,, 3.1.33 monitor (indicator displayy—a means of informing
above ambient during the inspiratory phase of CPAP, generallthe operator of the status or numerical value of ventilation or a
approximated byP,¢ _ ventilator.

3.1.21 inspiratory triggering flow ({,)—flow which must 3.1.34 nebulizing humidifier-device designed to add water
be generated by the patient at the patient connection port t® the inspired gas in the form of droplets.
initiate the ventilator inspiratory phase. 3.1.35 negative end expiratory pressure (NEEPhe P at

3.1.22 inspiratory triggering pressure (B—airway pres- the end of expiration, below ambient.
sure at the patient connection port which must be generated by 3.1.36 patient system-that part of the gas system of a
the patient to initiate the ventilator inspiratory phase. ventilator through which respired gas travels at appropriate
3.1.23 inspiratory triggering response time {F—time de-  respiratory pressures.
lay between the satisfaction of the inspiratory triggering 3.1.37 patient system complianeevolume/pressure rela-
pressure or flow, or both, volume requirements, and the start dfonship, expressed in millilitres per kilopascals (or millilitres
inspiratory flow. per centimetre LD) of those portions of the patient system that
3.1.24 inspiratory triggering volume ()—volume, mea- are pressurized during the inspiratory phase time.
sured at the patient connection port, which must be moved by 3.1.38 positive end-expiratory pressure (PEEPRP,, at the
the patient to initiate the ventilator inspiratory phase. end of expiration, above ambient.
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3.1.39 pressure, patient system JP—pressure at a speci- 5. Performance Requirements

fied point in the patient system. Conditions under which 5 1 \olume and Wave-FormThe tests in 6.1.3 and 6.1.4
measurements are made shall be given. _ shall be carried out on one or more samples of production
3.1.40 pressure supporta ventilator mode designed 10 yentilators with the assurance that the results, which shall be
augment the patient’s ventilation synchronously with his in-made available to customers, are representative of all produc-
spiratory effort until a preset pressure is met. _ tion ventilators of that type. These tests include one test for
3.1.41 selector valve-a valve that routes the breathing endurance and two tests for performance. The endurance test
mixture to the breathing bag of the anesthesia circuit or t0 &hg|| pe performed first and the performance tests immediately
ventilator. thereafter.
3.1.42 sigh (ventilatory—deliberate increase in tidal volume 52 ventilator Endurance-Each tested ventilator (as de-
for one or more breaths at intervals. scribed in 5.1) shall be tested for endurance with respect to
3.1.43 spirometer—device designed to measure a volume ofgach group of patients for which its use is recommended, that
gas. ) ) s, for adults, for children, and for infants. A separate machine
3.1.44 synchronous intermittent _mandatory ver_ltllat|on may be used for each group or the period of tests may be
(SIMV)—an IMV mode which provides a mechanism for givided equally between groups. Inspiratory/expiratory phase
synchronizing the ventilator-delivered breaths with a patient'sime ratio shall be as close to 1:2 as possible and the ventilator

inspiration, as detected by the ventilator. ~ run for 72 h against the appropriate condition shown in Table
3.1.45tidal volume ({)—volume of gas, expressed in 1 (See also X3.3.1.)

millilitres (mL), entering or leaving the patient or the lung 5 3 power Sources

model during the inspiratory or expiratory phase time. The 5 31 Electrical—When tested as outlined in 6.3.1, the

physical conditions under which gas volumes are measuregentilator shall continue to function within the manufacturer’s

should be given. o _ . specifications at any control setting throughout a range of
3.1.46 time constant-time in which an exponential process 10 o4 fluctuation of the stated nominal voltage and %

is 63 % complete. o _ _ fluctuation of the stated frequency for electrical power sources.
3.1.47 vaporizing humidifier-device designed to add water por g other aspects, ventilators intended for use during

to the inspired gas in the form of vapor. _ ~ anesthesia shall comply with the electrical requirements of IEC
3.1.48 ventilator expiratory resistaneefor ventilators in  gp1-1. (See also X3.3.3.)

which expiration is not assisted, the total resistance to gas flow _ _ _
from the patient connection port through the expiratory port of NOT!E 1—The IEC. is presc_sntly developing electrical safety_ standards
the patient system to atmosphere. This is expressed in kilopaggeuflcally addressing ventilators. When approved, these will take pre-
g : Cedence over the requirements in IEC 601-1.
cals (or centimetres JD) referred to a flow of 0.5 L/s. i ] .
3.1.48.1 Discussior—This definition is applicable in those  5-3.2 Pneumatie-When tested as outlined in 6.3.1, the
types of ventilators in which expiration is not assisted. ventilator shall continue to function within the manufacturer’s
3.1.49 ventilator-patient systerthat part of the ventilator SPecifications at any control setting throughout a range of

gas system through which inspired gas travels at respirator§UPPly pressures of 55 psig +20 % and — 25 %. The device’s
pressures. gas connection shall be non-interchangeable. If the device has

3.1.50 ventilators intended for use with anesthesia @ threaded connection, it shall conform to the appropriate CGA
ventilator designed to be used with or integral to an anesthesi4> 1978 specification for DISS connections. If the ventilator
breathing system. is capable of being independently connected to the gas piping

3.1.51 ventilator pressure (P,,)—pressure at a specified Systém, it shall have _pgrmanently attached a Body Fitting
point in the ventilator. The site and conditions under whichnumber 1240 (oxygen) if intended to be powered by oxygen, or
measurements are made should be given. a Body Fitting number 1160 (compressed air) if intended to be

3.2 Symbols:Symbols: powered by air. (See also X3.3.3.)

mL/cm H,0), for example, C20 =20 mL/kPa (20 mL/cm Suré Relief Devices

H,0). 5.4.1 Calibrated Working Pressure Contrellf provided,
3.2.2 R—indicates resistance to flow in units of kPa (or cm calibrated controls foP ,, .., shall be accurate to 0.245 kPa (
H,0)/L/s; for exampleR5 = 0.5 kPa/L/s (5 cm EDILIs). 2.5 ¢cm H,0) up to 2.94 kPa (30 cm 4®) and to 0.49 kPax{

3.2.2.1 Discussion—For the purposes of clarity, all other 5 ¢m HO) above 2.94 kPa (30 cm ) when tested as
abbreviations have been listed in parentheses following théescribed in 6.4.1. (See also X3.3.4.1.)

related term or phrase in Section 2.
TABLE 1 Ventilator and Test Lung Settings for Endurance Test

4. Materials and Manufacture

' A : Tidal Volume,
4.1 Sterilization or Decontamination or Bath Compliance Resistance Frequency L
4.1.1 All components of the ventilator that come in contactAdult €20 R20 (R, 20) 10/min 600
: : ’ : H diatric Cc10 R50 (R, 50) 20/min 200
with the patient’'s respired gases shall be capable of belnﬁ‘?am C3 2200 (R’Z 200) 20/min 0

sterilized, or shall be for single use only. (See also 6.2.) FYEpT— - 20 mL/0.098 KPa (L om 0 and C 101
. reters t0 a compliance o m . a cm H,0), an 0 a
4'1.'2 Al_l ?Xtemal surfaces of the ventilator shall be Capabl%ompliance of 10 mL/0.098 kPa (1 cm H,0), and C 3 refers to a compliance of 3
of being disinfected. (See also 6.2 and X3.2.) mL/0.098 kPa.
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5.4.2 Indicators—The manufacturer shall disclose the accu-created by the anesthesia ventilator with no fresh gas flow
racy of all indicators when tested as outlined in 6.4.1 unlessvhen the bellows does not reach the limiting stop. (See also
accuracy is otherwise addressed in this draft standard. (See alx8.3.7.1.)

X3.3.4.2)) 5.7.2 If the ventilator incorporates a weighted descending
5.4.3 Maximum Working Pressure ContrelA maximum  bellows, the manufacturer shall specify the maximum negative
working pressure control may be provided in the anesthesigressure created when tested as outlined in 6.7.2. (See also

ventilator. If provided, these devices shall linf, ., and X3.3.7.2.)

shall be accurate to withint10 % of the set value (if 5.8 System Internal ComplianeeThe manufacturer shall
calibrated) when tested as outlined in 6.4.2. If the ventilatodisclose the internal compliance of the ventilator and shall
derives its patient breathing mixture from a continuous flowprovide, upon request, the test methods used to determine the
anesthesia machine, then the manufacturer shall disclose tderived values. Manufacturers of ventilator tubing that recom-
pressure at the breathing system connection port when a flomend the use of their tubing with several ventilators, or who do
of 75 L/min is passed through the ventilator system with thenot manufacture ventilators, shall provide the data on the
P, max CONtrol activated. (See also X3.3.4.3.) compliance of their tubing in the labeling of their product. (See

5.4.4 Maximum Limited Pressure Mechanism, (R, )—A  also 6.8 and X3.3.8.)
maximum limited pressure mechanism may be provided in the 5.9 Fittings Connecting Ventilator, Ventilator Circuit and
ventilator. If provided, these devices shall contf| )  Spirometer
during ventilator malfunction, and may be operator adjustable. 5.9.1 The fitting for the tubing connecting the ventilator to
These devices shall be accurate to within 0.98 kPaQ(cm  the breathing circuit shall be a standard 22-mm male conical
H,0) of the set value at the opening pressure when tested difting, according to the dimensions specified in Specification
described in 6.4.3. (See also X3.3.4.3.) F 1054. For flow direction-sensitive devices, the direction of
flow shall be permanently marked on the connector, and the
connector should be designed so that it cannot be installed in
the reverse direction. (See also 6.9.1 and X3.3.9.1.)

5.4.5 If provided, integral devices indicating ventilatory 5.,9.2 If a 22-mm connector for a bag for manual ventilation
frequency shall be accurate to one breath per min or 10 % d provided on the ventilator, it shall be markieag with either
actual (whichever is smaller) when tested as described in 6.4.¢he symbol or the word, and should face downward and shall
(See also X3.3.4.3) be situated away from the connectors for the patient breathing

5.4.5.1 Calibrated devices controlling ventilator frequencytubes. No valve shall be permitted on the ventilator which will
shall be accurate to within one breath per min or 10 % of actuathannel the patient’s exhaled gas into the manual bag. The bag
(whichever is smaller) when tested as described in 6.4.4. mount should provide a secure connection. (See also 6.9.2 and

Nore 3—This accuracy specification is not considered as an additiveX35.3§.9?;2i? there is a separate outlet for the spirometer on the
error in combination with the requirement of 5.4.5. . . .

breathing tubes or the machine, the gas outlet leading to the

5.5 Delivered Volume-Delivered volume of the ventilator spirometer should be a 30-mm male conical fitting.
shall be indicated to the operator by some means and shall be5.9.4 If an ambient air inlet is fitted to the ventilator, it shall
accurate ta-15 % and shall be repeatabletdb % overalh not be a 22, 15, 19, or 30-mm male cone and shall be clearly
period. Test conditions shall be stated. marked asir inlet. (See also 6.9.3 and X3.3.9.3.)

5.6 Accuracy of Gas Mixture Contrels When ventilators 5.9.5 Outlets for anesthetic gas pollution control devices
have incorporated as a primary control an inspiratory gashall conform with ANSI Z-79.13. If an expired gas outlet
mixture control, the accuracy of the mean delivered oxyger{other than an outlet for spirometer) is fitted to the machine, it
concentration shall be withir=10 % of the set oxygen con- shall be designed in such a way that it cannot easily be
centration or 3 % oxygen, whichever is greater, throughout theonnected to either 22 or 15-mm cones or sockets, or to 22-mm
range of pressures, frequencies, and tidal volumes of which thaternal diameter tubing. (See also 6.9.4 and X3.3.9.3.)
ventilator is capable when tested as described in 6.6. Ata given 5.10 Mechanical Stability and Transportability
setting of the ventilator, the delivered oxygen concentration/entilators intended for use during anesthesia that are not an
shall be*+3 % oxygen for at least 1 h. (See also X3.3.6.) integral part of an anesthesia machine shall comply with

5.7 Expiratory Resistance Clause 24 of IEC 601-1.

5.7.1 Adult and Child Ventilators-When tested as de-  5.11 Ventilatory Monitoring and Alarms-If provided as an
scribed in 6.7, and in the absence of expiratory resistors dntegral part of the ventilator, ventilatory monitoring and
positive end expiratory pressure devices, the pressure at tt@arms shall comply with the relevant sections set forth in
breathing system connection for adult and child ventilatorsSpecification F 1161 and with the requirements of this section.
shall not exceed 0.49 kPa (5 cm,®) at a flow of 50 LPM 5.11.1 The alarm characteristics of monitors specified in this
when spirometer or breathing attachments, or both, as specifisgecification shall be grouped in three categories: (I) High
by the manufacturer, are used. If the ventilator is integral to thériority, (1) Medium Priority, and (I1l) Low Priority (see Table
anesthesia machine, the manufacturer shall disclose the exj®).
ratory resistance when the flush valve is activated. The 5.11.1.1 The audible components of these alarms should be
manufacturer should specify the maximum negative pressurgesigned to allow silencing until the anesthesia ventilator is

Note 2—The maximum limited pressure control may not protect
against malfunction in the anesthesia machine.
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TABLE 2 Alarms 5.11.4.3 The audible indicator shall reset automatically
c o ) . Operator when the condition causing the alarm has cleared. The audible
ategory Priority Auditory Visual L. . . . ..
Response indicator may be silenced until a different low priority alarm
| High Not Il or 1l Not Il or Il Immediate condition occurs.
" Medium Not For il Not Tor lll - Prompt 5.11.5 Required Alarms-The following alarms shall be
ow Not | or I Not | or Il Awareness

provided in association with all ventilators or ventilator/patient
systems intended for use during anesthesia:
5.11.5.1Loss of Main Power Supply—Alarm Category:

placed in use (in other words, connected to the patient) in orddf!9h Priority—A loss of main power alarm shall be provided,

to reduce nuisance alarms. and shall have a duration of at least 2 min at a constant sound
5.11.1.2 The visual indicators for these alarms shall conP'>>ure level when tested as outlined in 6.10. Ameans shall be

form to the requirements given in the first two sentences o rowde_d for silencing this ‘?"afm foIIowmg d|§connectlon from

513 he main power supply. This means of silencing the ala_rm s_haII
T not be remote from the ventilator, and the alarm silencing

5.11.1.3 The audible component of these alarms at miniz,ochanism shall automatically reset when the main power is

mum volume should be discernible, to a person with normategiqreq (see 6.10). If alternatively an alarm is provided to
hearing, above a background white noise level of 55 dB(A) ajgicate loss of main power with backup power functioning, it
a distance of 3m from the front of the anesthesia gas machingy 5| pe assigned to theow Priority category. (See also

5.11.1.4 There should be a visual indication that an audibl&3.3.10.)

alarm has been silenced. 5.11.6 Battery Power Supplies|f any alarm incorporates a
5.11.1.5 The set points of adjustable alarms shall be indibattery power supply:1) the system shall include a means
cated continuously or on user demand. whereby the user may determine that the battery needs to be

5.11.1.6 Testing of Alarm FunctioaR-A means shall be replaced for disposable batteries or recharged, a@yl the
provided to test the function of the audible and visual annunbattery should be of a type readily obtainable.
ciation of all alarms. 5.12 Anesthetic Gas Pollution Contrels If provided as a
5.11.2 High Priority Alarms part of the ventilator, pollution control devices shall comply

5.11.2.1 There shall be a visual indication of the highWith the requirements of ANSI Z-79.11.

priority alarm. It shall be different and distinguishable from the 5.13 Controls an.d Indicators-The faces o_f a[l scales and
visual signals specified in 5.11.3 and 5.11.4. gages shall be legible and all controls and indicators shall be

. L isible at a distancefdl m (3.3 ft) and at a light level of 215
5'11.'2‘2 T_he_re shall be as_|multar_1eous_ al.Jd'b.le indication q\(Jx (20 footcandles) to an operator with 6.5 (20-20) vision
the high priority alarm. This audible indication shall be corrected), seated or standing in front of the anesthesia
Qifferent and distinguishable from the audible signals Specme‘ﬁnachine. 'I"he markings and calibrations should be readily
in 5.11.3 and 5'11'4'_ o ] identified with the controls, gages, meters, or indicators with
5.11.2.3 The_ _aud|ble .|nd|cators shall reset automatlcallx,vhich they are associated. Flowmeters, gages, controls, and
when the condition causing the alarm has cleared. The maxjther displays that need to be read most frequently should be
mum time an audible high priority alarm can be silenced 5ha'brouped together and should be placed as close as possible to
be 120s. the operator’s field of vision when in the normal position of
5.11.3 Medium Priority Alarms operating the anesthesia machine and observing the patient.
5.11.3.1 There shall be a visual indication of the medium(See Appendix X4.)
priority alarm. It shall be different and distinguishable from the
visual signals specified in 5.11.2 and 5.11.4. 6. Test Methods _
5.11.3.2 There shall be a simultaneous audible indication of 6-1 Lung Models and Method of Testing Performance of
the medium priority alarm. This audible indication shall be -ung Ventilators

different and distinguishable from the audible signals in 5.11.2 6-1.1 Test Equipment-The lung models illustrated in Figs.
and 5.11.4. 1 and 2 do not preclude the development of different or more

5.11.3.3 The audible indicator shall reset automaticalIySOph'fst'Cated '“’.‘9 modelg with the same ranges of_comphance
nd linear or alinear resistances. If nonlinear resistances are

when the condition causing the alarm has cleared. The aUd'bl?sed, their characteristics must be specified.

indicator may be silenced for not more than 120 s, or until a : .
. g - o 6.1.1.1 Lung Models—Lung models are designed to provide
different medium priority alarm condition occurs. . ; )
o impedances to the ventilator output that simulate both normal
5.11.4 Low Priority Alarms and diseased lung states. The impedances to ventilator output
5.11.4.1 There shall be a visual indication of the low priority gre lung elastance and airflow resistance, which can be
alarm. It shall be different and distinguishable from the Visua|simu|ated in the |ung models by a Comp"ance and a resistance
signals in 5.11.2 and 5.11.3. connected in series (see Figs. 1 and 2). The various combina-
5.11.4.2 There shall be a simultaneous audible indication dfions of compliances and resistances used in the test procedures
the low priority alarm. This audible indication shall be different are given in Table 1.
and distinguishable from the audible signals specified in 5.11.2 6.1.1.2 Compliances-The required compliances are given
and 5.11.3. in Table 2. These compliances shall include the compliances of
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Read tidal volume

Y] Compliance setting spring
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Bellows, or expansible element
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- o |
[ ]
Spontaneous Ventiiator
breath generator under test

Pressure tapping (Pz, alveolar pressure)

Pressure tapping (l’1 , alrway pressure)

FIG. 1 Representative Active Lung Model

shall be determined as in 6.1.2 and shall be withi% of the
required compliance values shown in Table 1.

6.1.1.3 Resistors—The required resistors are given in Table
1. Values for these resistors are given in Tables 3 and 4. These
— PRESSURE TAPPING values relate to measurements at NTPD (20°C, 760 mm Hg,

(P|, AIRWAY PRESSURE )

and 0 % RH).

6.1.2 Test Methods—GeneralMake measurements of
FLOWMETER pressure, flow, and volume as shown in Fig. 1 accurate to
S EnE o o INTEGRATED within =2.5 % of the reading. Allow an additional tolerance of
+2.5 % of the full scale reading. Make measurements of power
and work accurate to within=5 % of the reading. Allow an
additional tolerance of5 % of the peak reading. Maintain the
reading accuracy of the recording device at frequencies up to
10 Hz. Record ambient conditions, and report all results at
NTPD even though other conditions might exist during actual
testing. Dry air, unless otherwise specified in an individual
requirement, is the test gas.

6.1.3 Wave-form Performance TestConnect the ventilator
“—»””’THERMOMETER to the compliance and resistance combinations appropriate to
its intended use (that is, for adults, for children, or for infants).
At the beginning of the test adjust the ventilator controls to

22.mm 10— |

RIGID TUBING

MODEL RESISTANCE (Rs TO Rio00)

COPPER WIRE

: M PLIA :
| MODEL COMPLIANCE (C; TO Cs0!

PRESSURE TAPPING obtain the desired frequency and tidal volume at an inspiratory/
(P2, ALVEOLAR PRESSURE) i i i . i
L2y LA P S RE ) expiratory ratio that is as close to 1:2 as possible. Record the

CALIBRATED FOR EACH
COMPLIANCE TO GIVE VOLUME }

TABLE 3 Linear Resistances

FIG. 2 Representative Passive Lung Model

Resistance Value in Flow Range Range of Airflow
+20 % kPal/L/s (cm/H,0lL/s) (L/s)
all components of the lung model system. The vqume-pressuregzsg i-gg gg% 8 :g ég
characteristics of the model compliances including connectionsg,g 19.60 (200) 01001

shall be determined at ambient pressure and temperature amt
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TABLE 4 Parabolic Resistances * frequencies from 6 to 20 breaths per min. Test pediatric
AP =K V2 cm H,0 (where V= L/s) ventilators at three representative volumes, that is, min, mean,
Resist s 100 PT10% ho @ VU and max, within the range of 50 to 300 mL tidal volume against
esistances K= 10% © ypy (M H;0) e a compliance ofC 10 and a resistance @& 50 (R,50) at a
R,,20 17.60 0.43 (4.40) @ 0.5 frequency of 20 breaths/min. Test the infant ventilator against
173 (17.60) @ 10 a compliance ofC 3, and a resistance & 200 [R,200), at a
Ry50 108.70 0.67 (6.79) @ 0.25 tidal | f30 200 mL d il f
2.67 (27.20) @ 05 idal volume range of 30 to mL and a ventilatory frequency
R,,200 2440.00 0.60 (6.10) @ 0.05 of 40 breaths per min.
2.39 (24.40) @ 0.1

6.1.5 The manufacturer shall determine the range of tidal

A Linear and parabolic resistances may be used interchangeably. Representa- volumes that the ventilator is capable of delivering to the Iung
tive test lungs and the appropriate parabolic resistances are available from

Michigan Instruments, Inc., 6300 28th Street, SE, Grand Rapids, Mi 49506; BioTek @t the specified frequencies with an inspiratory/expiratory
Instruments, Highland Park, Winooski, VT 05404, or Hyco-Aulas Gauthier S.A., phase time ratio as close to 1:2 as possible. Further measure-

Bureau a Paris, 13, rue Guyton-de-Morveau, 75013 Paris, France or their ments at different frequencies and with different compliance
equivalents have been found satisfactory for this purpose. Resistances will have

different performance values, depending on the manufacturer and individual and resistance combinations may be included if desired. State

resistor configuration. The ventilator manufacturer shall supply data on the the conditions under which the tests are carried out (See 5.1 and
resistors used during testing upon request. 6.1.3 1)

6.2 Materials RequirementsReview the operation and

. . . . . ... maintenance manual for recommended methods.
ventilator settings required to obtain these settings. If it is .
6.3 Performance Requirements

necessary to reset the ventilator controls to match the ventilator
to the new set of conditions, note this in the results. In such an 6-3-1 Power Sources-Vary the supply pressure and voltage

event, obtain records before and after resetting the ventilatdpdependently and perform the tests in 6.1.3 and 6.1.4 under
controls. Always reset the ventilator to the standard condition&® Worst possible conditions, that is, Test No. 4 for adults and

appropriate to a given tidal volume (as indicated in Table 1f:hlldren, respectively. These tests are to be_conducted at both
before each subsequent test. Perform all tests without the upper and lower extremes as indicated in 5.3.1 and 5.3.2.
subambient phase unless this is an integral feature of the 6.4 Accuracy of Calibrated Controls, Indicators, and Pres-

ventilator mechanism. sure Relief Devices
6.1.3.1 Record the following traces during the tests and 6.4.1 Connect the controls to a calibrated device (generally
display in the order shown: one five times more accurate), and test the accuracy of the
(a) Pressure at the patient end of the ventilator tuBgsee  controls.
Fig. 1), 6.4.2 Using the same apparatus as outlined in 6.4.1, activate
(b) Pressure in the chamber (equals alveolar presBure the ventilator and determine the accuracy offe, ., control.
(see Fig. 1), Review the operation and maintenance manual for pressure
(c) Flow at ventilator output, and data.
(d) Volume. 6.4.3 Repeat the tests as outlined in 6.4.2, however, use a
If desired, append additional recordings to illustrate speciafiow of 150 L/min.
characteristics of the ventilator. 6.4.4 Measure the time for at least 100 breaths after a steady

6.1.3.2 Reproduce the scale and clarity of the records sucfiste is reached.
that a change of-2.5 % of the peak reading can be detected
easily. Inscribe all records with the appropriate scales, tim
base, and details of the test. Include the following:

6.5 Delivered Volume-Measure the volume gas over a
%eriod of 5 min unless the manufacturer can show an equiva-

(2) Ambient temperature and pressure, together with th lent accuracy with a lesser collection time, when measured at
pere pres: , togethe She outlet of the ventilator, with compensation for fresh gas
temperature, composition, and humidity of the inspired gas. flow

(b) The nature and dimensions of the breathing tubes 6.6 Accuracy of Gas Mixture Contrels Measure delivered

connecting the ventilator to the test lung and whether other rati t the all bl ¢ £ oiell
apparatus (for example, humidifier, spirometer, or water traps xygen concentrations at the allowable exiremes of pipeline

were included in the part of the circuit which is pressurized ressures, that is, at 284 kPa and 455 kPa (41.2 psig and 66

during inspiration. If such apparatus is included, specify thé[:’s'g)' AI%O mea?_ure coEc$ntratlogs f?t th?l extrte_zlmtes Or: resis-
type and position. If a humidifier is included, fill it to tHell ~ @NCe and compliance, betore and arter all ventiiator changes

water level with a relatively non-compressible substance. hdurlng the Endurance and Wave Form Performance tests, and

this is not practicable, replace the humidifier with an equivalenfmder worst case combinations. Collect gases from ten breaths
compliance and resistance. and the reading recorded when the analyzer has reached a

(c) Alisting of all settings of controls, if possible. steady stqte. ,
(d) Any other relevant information (for example, source and  ©-7 Explrgtory Resistance o ' '
pressure of driving gas, use of special ventilator circuits, or 6.7.1 Deliver a flow of 50 L/min into the patient connection

type of humidifier). port of the ventilator. Measure the pressure generated at that
6.1.4 Volume Performance TestTest the adult ventilator point.
against a compliance & 20, and a resistance 820 (R ,20), 6.7.2 Shut off the fresh gas flow, and obstruct the patient

at tidal volumes ranging from 300 to 1200 mL, and a range oftonnecting port of the delivery system just after a tidal volume
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is delivered, then shut off the ventilator and read the pressure 7.1.4 All markings applied to breathing system components
gage of the breathing system. for the purpose of indicating direction of gas flow should be
located, if possible, so that they will fall in the operator’s

normal field of view when equipment is in use.

) ] ) 7.1.5 Breathing system components in which the direction
6.8 System Internal ComplianeeReview the operation and ¢ gas flow is not critical need not be marked to indicate

Note 4—The test lung has rigid walls; negative presswannot
collapse the lung as it would do in actual patient application.

maintenance manual provided with the ventilator. specific flow direction.
6.9 Fittings Connecting Ventilator and Spirometer 7.1.6 If possible, ventilators should be clearly marked with
6.9.1 Visually inspect the connector and attempt to changg,e following:

connector direction. 7.1.6.1 Adequate instructions for lubrication and routine

6.9.2 Inspect the ventilator for appropriate marking andyaintenance

connector position, and review the ventilator circuit diagram. 71 g2 Operating instructions, if a means of hand operation
6.9.3 Attempt to fit a 15, 19, or 22-mm or 30-mm fitting. g provided ’
6.9.4 Repeat the test as outlined in 6.9.3 for 15 and 22-mm 7 1 g 3 Required operating gas pressure for equipment op-
connectors. erated by gas,

6.10 Alarms—Connect the power supply to the ventilator, 7 1 g 4 Relief pressure of non-adjustable safety valves and
run according to the manufacturer’s instructions, then discona,ayimum relief pressure of adjustable safety valves

nect the ventilator from the main power supply and determine 7 1 g 5 The maximum volumetric displacement, if less than
that the alarm sounds, and maintains a constant sound pressyifng mL

level =3 dB for at least 2 min. Repeat the test as outlined 7 1 56 The manufacturer's name or trademark and the
above, and silence the loss of main power supply alarmcountry of manufacture,

Reconnect the ventilator main power immediately after silenc- 7 1 g 7 Inlets and outlets of the machine, and

ing the alarm, and then disconnect the ventilator from the main 7 1 g g Voltage and current requirements.

power supply again and determine that the alarm silencing

mechanism has reset. Note 5—If it is not possible to mark this information on the ventilator,

an instruction to refer to the instruction manual shall be marked on the

. . ventilator.
7 Warnlng.s a?nd Markings 7.1.7 All connectors for electrical and gas supply shall be
7.1 Marking: marked with identification labels\Warning—In addition to

_ 7.1.1 All breathing circuit components in which the direc- other precautions, if electrical components are included in the

tion of gas flow is critical shall be permanently marked in suchygntilator. the device should be marked with the phrisise

a way that the intended direction of gas flow is immediatelyrq, se in the Presence of Flammable Anesthetic Agenjs

apparent to the operator. . o . 7.1.8 If multiple connection ports are provided, their in-
7.1.2 For the purposes of this specification, all ventilatohended use shall be marked.

system components that contain a valve or valves, the purpose7 1 g Alarm Operating Instructions-The manufacturer

of which is to establish the direction of gas flow, are consideredha| provide instructions for testing and setting of the alarm.

to be flow critical and shall be so marked. Examples includerpese instructions shall be either permanently marked on or
inhalation check valves, exhalation check valves, and nonsitached to the ventilator or ventilator alarm.

rebreathing valves.

7.1.3 Where markings are applied to breathing systen$. Supplementary Requirements
components in order to indicate the direction of gas flow, the 8.1 Information to be Included by the Manufacturelhe
minimum acceptable marking shall consist of at least ondollowing information shall be included in the information
headed arrow permanently affixed to the component. Where provided by the manufacturer:
component contains more than one check valve, the minimum 8.1.1 Recommended means of sterilization or decontamina-
acceptable marking shall consist of at least one headed arration, or both, of the ventilator, and
indicating the direction of flow through each check valve. 8.1.2 Recommended power supply.



A8y F1101-90 (2003)!
APPENDIXES

(Nonmandatory Information)

X1. CHARACTERISTICS OF VENTILATORS INTENDED FOR USE DURING ANESTHESIA

X1.1 Volume Control:

X1.1.1 Pressure Preset
X1.1.2 Volume Preset
X1.1.2.1 Tidal

X1.1.2.2 Minute
X1.1.3 Combined

X1.2 Cycling Control:

X1.2.1 Inspiration to Expiration
X1.2.1.1 Volume

X1.2.1.2 Pressure

X1.2.1.3 Time

X1.2.1.4 Flow

X1.2.1.5 Combined

X1.2.1.6 Manual override
X1.2.1.7 Other

X1.2.2 Expiration to Inspiration
X1.2.2.1 Pressure

X1.2.2.2 Time

X1.2.2.3 Flow

X1.2.2.4 Combined

X1.2.2.5 Patient

X1.2.2.6 Manual override
X1.2.2.7 Other

X1.3 Types of Safety Limits:

X1.3.1 Volume
X1.3.2 Pressure
X1.3.3 Time
X1.3.4 Other

X1.4 Types of Pressure Patterns:

X1.4.1 Positive-ambient
X1.4.2 Positive-subambient
X1.4.3 Positive-positive

X1.5 Source of Power:

X1.5.1 Pneumatic
X1.5.2 Electric

X1.5.3 Other

X1.6 Power Transmission:

X1.6.1 Direct
X1.6.2 Indirect

X1.7 Source of Inspired Gas:

X1.7.1 Driving gas
X1.7.2 Fresh gas
X1.7.3 Mixed

X1.8 Type of Control:

X1.8.1 Pneumatic
X1.8.2 Electronic
X1.8.3 Mechanical
X1.8.4 Combined

X1.9 Classification and Definitions of Types of Breathing
Machines:

X1.9.1 Lung Ventilator— An automatic device that is con-
nected to the patient’s airway and is designed to augment or
provide for the patient’s ventilation.

X1.9.2 There are four types of lung ventilators

X1.9.2.1 Controlle— A device, or mode of operation of a
device, that inflates the patient’s lungs independently of the
patient’s inspiratory effort.

X1.9.2.2 Assister—A device or mode of operation designed
to augment the patient’'s breathing synchronously with his
inspiratory effort.

X1.9.2.3 Assister/Controlle—An apparatus or mode of op-
eration that is designed to function either as an assister or a
controller, and that may, in default of the patient’s inspiratory
effort, automatically function as a controller.

X1.9.2.4 Assister/Controller—Spontaneous Breathing
Those devices that incorporate various modes of operation
which allow the patient to breath spontaneously (1) at or above
ambient pressure levels, or (2) with or without supplemental
mandatory positive pressure breaths.

X1.9.3 High Frequency Ventilatior-Those ventilators that
employ a frequency of greater than 2.5 Hz.

X2. DEFINITIONS OF ALARM CATEGORIES AND ASSOCIATED VISUAL INDICATORS

X2.1 Category +A sound or indication of potential danger  X2.3 Category II—A sound meaning that alertness to a
meaning that urgent action is required. Visual indicator—particular condition is required. Visual indicator—continuous
flashing indicator, colored red if indicator lights are used. indicator, colored yellow if indicator lights are used.

X2.2 Category 1A sound meaning that increased vigi-
lance or prompt action is required. Visual indicator—flashing
indicator, colored yellow if indicator lights are used.
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X3. RATIONALE

X3.1 Scope: X3.3.4 Accuracy of Calibration Controls, Indicators, and

X3.1.1 This specification defines minimum performancePressure Relief Devices
and safety requirements for all types of anesthesia ventilators. X3.3.4.1 The Subcommittee felt that this was the level of
The Subcommittee preparing this draft was of the opinion tha@ccuracy that was available with current technology.
the major problems with these devices would be addressed by X3.3.4.2 Accurate limiting ofP ,, ,,ox May be desirable in
the requirements that have been included, but was well awargertain conditions, for example, ventilation of small premature
that not all types of failures (double-fault, triple-fault, etc.) caninfants. The disclosure of thE , . @t 75 L/min provides
be allowed for, and that it is not possible to design a totally safelinically useful information as it describes the maximum

or a totally effective ventilator. potential pressure generated in the patient system if the flush
valve on the continuous flow anesthesia machine is activated
X3.2 Materials Requirements: during the inspiratory phase of anesthetic ventilation.

X3.2.1 Although ideally all components of the ventilator X3.3.4.3 Limits specified in requirements in 5.4.5 and
should be sterilizable, certain components may not be able t9.4.5.1 encompass the range of accuracy that the members of
be sterilized with currently available methods without causinghe Subcommittee felt were necessary and appropriate for
damage to the device. These components should be capableatihical performance and that were achievable within current
being disinfected with a high level disinfect&mr should be technology.
isolated from other portions of the patient breathing circuit. ~ X3.3.5 Delivered Volume-The removal of carbon dioxide

depends upon ventilation and the accurate measurement of the

X3.3 Performance Requirements: minute or tidal volumes is helpful to facilitate the control of

X3.3.1 Volume PerformanceThe tests used to demon- carbon dioxide levels.
strate compliance with these requirements were designed to X3.3.6 Accuracy of Gas Mixture ContrelsMaintaining the
demonstrate that the ventilator can provide adequate ventilaccuracy of delivered oxygen concentrations throughout the
tion under relatively severe circumstances, that is, low comrange of ventilator performance is important in order to allow
pliance and high resistance. However, the values given in 6.1#r the rapid and often frequent adjustment of the ventilator
are not considered the worst case. These values are insteaithout significant variation in the oxygen concentration.
considered to be median values. ANSI Z-79.10 specifies 3 % oxygen as the range of accuracy

X3.3.2 Wave-Form and EnduraneeThe Subcommittee for oxygen analyzers. Limiting the fluctuation to this level at
felt that 72 h was a reasonable length of time for an anestheseny given ventilator setting is technologically possible, and
ventilator to be able to meet the requirements of the standangill minimize the time spent making control adjustments. This
without requiring readjustment or recalibration. The cliniciansshould enhance operator confidence in the accuracy of control
on the Subcommittee felt that it was quite possible that arsettings provided on the gas mixing device. With the exception
anesthesia ventilator would be required to be used for thisf some critical care ventilators intended for use during
length of time without any possibility for recalibration. anesthesia, the gas mixing device is often the anesthesia

X3.3.3 Power Sources- Fluctuations within the ranges machine itself and not the anesthesia ventilator.
specified in 5.3 are known to occur in both electrical and X3.3.7 Expiratory Resistance

pneumatic power supply systems in hospitals. The causes fory3 3 7.1 The Subcommittee felt that it was important to test
such variation may be outside the control of the ventilator usek,gniilators by the methods described in 6.7 to assure that

For example, a decrease in the power supplied by the locglniilator inherent PEERyreater than 0.49 kPa (5 cm,@)

electric utility, or the variation that may result from demand for, oc not generated during exhalation in the breathing system of
power caused by such equipment as elevator motors angla yentilator.

air-handling apparatus within th_e .hOSp'ta.ll will cause these X3.3.7.2 Anesthesia ventilators utilizing weighted descend-
types of fluctuations. The periodic testing of emergency.

: > ive pressure when the bellows are
generators may also create this type of variation. Pneumatlmg bellows generate negative p

. o i . Thi iti durin
power sources may show transient variations as well. Thﬁm seating on the stop. This condition may occur 9

filling of liquid oxygen bulk reservoirs, changes in pressure. nesthesia |f_the f_resr_l gas rov_v Is low and Fhefe 'S ashghF leak
. ! ; . in the breathing circuit, or during closed-circuit anesthesia.

switch settings on compressed air reservoirs, and the tempera- . . .

ture effects on regulator components in nitrous oxide systems *3-3-8 System Internal Complianeeincreasing internal

are examples of functional variations that could cause th&ompliance will €) decrease the actual volume delivered to the

supply pressure to change. patient from asetvolume, and 2) increase measured volume

above the patient’s actual minute volume.
X3.3.9 Fittings Connecting Ventilator and Spirometer
: o _ X3.3.9.1 Flow-direction-sensitive devices such as one-way
Garner, J. S. et al, "CDC Guidelines for the Prevention and Control ofy/a1yes or humidifiers may be caused to malfunction by
Nosocomial Infections—Guideline for Handwashing and Hospital Environmental, . . h .o |
Control, 1985"American Journal of Infection Control4:110-129, 1986, Section mad\_/ertem c_:o_nnectlon In t e reverse ma_nner, and it is also
2, pp. 116-129. possible for injury to the patient to occur if flows of gas are

10
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misdirected or humidifier contents are emptied into the breath- X3.3.10 Alarms
ing circuit as a result of such a misconnection. X3.3.10.1 The Subcommittee felt that a loss of main power
X3.3.9.2 The positioning of the connector for a bag mount,supply alarm with a duration of 2 min was adequate to allow
if provided, is important so that it is not mistaken for a personnel to reach the ventilator and determine the cause of the
connector to a patient breathing tube. The marking of thelarm. The Subcommittee also felt that a means for silencing
connector is important for the same reason. If selector valvethis alarm when main power was disconnected was important
that provide for channeling of the patient's exhaled volumein order to minimize the number of spurious alarm signals in
into the manual bag are allowed on anesthesia ventilators, it ihe operating room environment. If such a means for silencing
possible to then have two selector valves, one on the anesthesia alarm was not provided, every time the ventilator was
machine and one on the anesthesia ventilator, creating disconnected to be moved from the patient area the loss of
potentially serious device complication if both selector valvesmain power alarm would sound for 2 min, distracting person-
are set so that no flow goes into the patient. nel. However, the Subcommittee also felt that the means of
X3.3.9.3 These requirements are intended to minimize thsilencing the loss of main power alarm should not be remote
possibility of inappropriate connection of the ventilator breath-from the ventilator proper, and that when the alarm sounded the
ing circuit components to the spirometer outlet, ambient ailoperator should be forced to walk to the ventilator to determine
inlets or anesthetic gas scavenging connections. the cause of the alarm and correct the situation.

X4. HUMAN FACTORS CONSIDERATIONS

40° MAXIMUM

TABLE X4.1 Applications of Various Types of Mechanical

Displays
SCALES
USE Maving Pointer Fixed Pointer COUNTERS PRINTERS FLAGS
FAIR FAIR GOOD GOOD ¥
QUANTITATIVE { May be difficult | May be difficult | Minimum time and | Minimum time and
INFORMATION | to read while to read while error for exact error for exact NrA
pointer is in scale is in numerical value. numerical vatue. 15° OPTIMUM
motion, mation. Provides reference
records. EYE ROTATION
GooD POOR POOR POOR GooD
o
Location of pointer | Difficult to judge | Numbers must be | Numbers must be | Easily detected. 0° OPTIMUM 657 MAXIMUM
QUALITATIVE | easy. Numbers and | direction and read. Position read. Position Economicai of
INFORMATION | scale need not be | magnitude of changes not changes not space.
read. Position deviation without | easily detected easily detected
change easily reading numbers
detected and scale R
o
GOOD FAIR GOOD 60° MAXIMUM 60° MAXIMUM

N

OR,
) May NE op
N SiGuy

N\

Simple and direct | Relation to mo- | Most accurate mon-|

relation of motion tion of setting itoring of numerical

of pointer to motion| knocb may be setting. Relation to

SETTING of setting knob. ambiguous. No motien of setting N/A N/A

Pasition change pointer position knob less direct [/

aids monitoring. change to aid than for moving U
monitoring. Not | painter. Not read-
readable during | abie during rapid
rapid setting. setting

GOOD FAIR POOR

357 MAXIMUM
Pointer pasition No position No gross position N/A N/A HEAD ROTATION
readily controlled | changes to aid changes to aid
TRACKING and monitored monitoring. Re- | monitoring 15° OPTIMUM  15° OPTIMUM 20° MAXIMUM
Simplest relation | lation to control
1o manual control motion somewhat
motion ambiguous.
Requires largest Saves panel space. | Most economical Limited Limited
exposed and it- Onty small section | ot space and il- application. application
luminated area on | of scale need be lumination. Scale
GENERAL panel. Scale exposed and il- length limited
length limited {uminated. Use of | only by number of 15° OPTIMUM
unless multiple tape allows (ong | counter drums
pointers used. scale. — T——

95° MAXIMUM

75° MAXIMUM

15% OPTIMUM
HEAD AND EYE ROTATION

FIG. X4.1 Vertical and Horizontal Visual Field

11
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Horizontal Line of Sight

Minimum 45°

FIG. X4.2 Lines of Sight

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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