QH“y) Designation: F 1161 — 88 (Reapproved 1994)

Standard Specification for
Minimum Performance and Safety Requirements for
Components and Systems of Anesthesia Gas Machines

This standard is issued under the fixed designation F 1161; 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 epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope Section
; e : P cope 1
1.1 This §peC|f|cat|on covers the minimum pen‘ormance.antieferenced Documents >
safety requirements to be used in the design of anesthesia g&sinitions 3
machines for human use in order to enhance safety of théeF?efa! t 31
. . H H equirements .
pat!ent and operator. InFerm|ttent-row maphmes, vyhlch oNnly Tt Procedures and Equipment 42
deliver gas to the breathing system at varying rates in responsgnger Yokes 5
to the patient’s inspiratory efforts, draw-over vaporizers, and _Fr?etlugemegts g;
. . . . est Proceadures .
denta_l mtr_ous oxide-oxygen analgesia machines are not Coys, . Gauges (Pressure Indicators) 6
ered in this standard. Requirements 6.1
1.2 This standard supercedes ANSI Z279.8-1979. The sec&)—Test Pff;fedulfis 3-2
tions in ANSI Z79.8-1979 covering Flowmeter-Controlled and™"goy 1o 71
Electrically-Heated Vaporizers have been omitted since they Test Procedures 7.2
are no longer manufactured in the U.S. GaRS Machine T'P'ng 21
. . g . . . iremen .
1.3 This specification is based in part on actual USer eXpe- roq procedures oo
rience (see Appendix X1) and on relevant portions of MIL- Flow-Control Systems 9
STD-1472C (see Appendix X2). Requirements 9.1
1.4 lification test procedures to determine compliance, .. ocedures 22
o Qua - p o i p - %xygen Flush Valves 10
with the requirements are also specified. Equivalent qualifica- Requirements 10.1
tion test procedures to determine compliance with thesglgﬁggﬂge‘j“fes i;’-z
requirements may be used. Correlation of paragraph number-gequirements 111
ing has been maintained between the subsections on requireTest Procedures 11.2
ments and the subsections containing the corresponding te%‘i”ecegit::;‘;:ga"bfated Vaporizers 131
procedures to enable the appropriate test to be easily Iocatecﬁesci Procedures 129
(for example, the test for the requirement stated in 5.1.1 iS iCommon Gas Outlet 13
5.2.1, the test for the requirement stated in 7.1.4 is in 7.2.4, andReauirements 131
Test Procedures 13.2
SO Ol’l). . . Pipeline Inlet Connections 14
1.5 The following safety hazards caveat pertains only to the Requirements 14.1
test methods described in this specificatibhis standard does ~_ Test Procedures _ 14.2
R Gas Power Outlet for a Ventilator 15
not purport to address all of the safety problems, if any, gequirements 151
associated with its use. It is the responsibility of the user of this Test Procedures 15.2
standard to establish appropriate safety and health practiceé'?{rg:;uirememS 121
and determine the applicability of regulatory limitations prior g priority Alarms 16.2
to use. Medium Priority Alarms 16.3
1.6 This specification is arranged as follows: Low Priority Alarms 164
Oxygen-Supply Precautions 17
Requirements 17.1
Test Procedures 17.2
Ventilatory Monitoring 18
Requirements 18.1
1 This specification is under the jurisdiction of ASTM Committee F-29 on  Test Procedures 18.2
Anesthetic and Respiratory Equipmentand is the direct responsibility of Subcom-  Tables ,
mittee F29.01.010n Anesthesia Gas Machines. Identifying Colors of Medical Gas Cylinders and their
Current edition approved July 29, 1988. Published March 1989. Contents (Volume) when Full Table 1
Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Doc u m ents
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Section TABLE 2 Alarms
Alarms Table 2 o . ] o t
Figures Category Priority Auditory Visual Rez‘v;?nz:e
23-mm Plug and Ring Gages Fig. 1 - -
Profile of Oxygen Flow-Control Knob Fig. 2 | ngh_ Not Il or IlI Not Il or 11l Immediate
Rigid Conical Fittings of 23-mm Size Fig. 3 I Medium Not I or Il Not I or 1l Prompt
Components for Screw-Threaded Weight-Bearing Fittings Fig. 4 I Low Not I or Il Not I or II Awareness
Appendixes

Rationale for Requirements Appendix X1

Sample Pre-use Check Lists Figs. X1.1 and

_ X1.2 ANSI/UL 252-1984 Standard for Safety-Gas Pressure

Flowmeter Markings Table X1.1 R lat %
Human Engineering Design Criteria Appendix X2 egulator L

Lines of Sight Fig. X2.1 2.3 Compressed Gas Association Standards:

Vertical and Horizontal Visual Field Fig. X2.2 CGA C-9-1982 Standard Color Markings of Compressed
Application of Various Types of Mechanical Displays Table X2.1 . . . .
Notes on Materials Appendix X3 Gas Cylinders Intended for Medical Use in the United
Derivation of Formula for Forward Flow (Q) Through a Stateé

Regulator Appendix X4 CGA V-5-1978 Diameter Index Safety Systeém

2.4 Military Standard:
MIL-STD-1472C Human Engineering Design Criteria for

2. Referenced Documents Military Systems, Equipment and Facilities, Notice 3, 17

2.1 ASTM Standards: March 1987
F 1054 Specification for Conical Fittings of 15 mm and 22 2.5 |EC Standard:

mm Slze_é _ IEC 601-1 Part 1: General Requirements for the Safety of
2.2 American National Standards: Medical Electrical Equipment-1977

ANSI 779.2-1976 Tracheal Tube Connectors and Adapters ) N )
ANSI/CGA V-1-1977 (B57.1) Compressed Gas Cylinder NoTe 1—It is expected that additional related standards will be pub-
Valve Outlet and Inl tC. tioh lished (for example, Alarms, Capnometry). At that time the related
alve Lutiet and Iniet Lonnections ... sections of this document will be reconsidered.
ANSI/ASME B40.1-1985 Gauges—Pressure Indicating
Dial Type—Elastic Element 3. Terminology
ANSI/NFPA 99-1987 Health Care Facilittes 3.1 Definitions:

ANSI S1.4-1983 Specifications for Sound Level Meters 3.1.1 common gas outletthat port through which the

ANSI 779.10-1979  Requirements for,QAnalyzers for iy re dispensed from the anesthesia machine is delivered to
Monitoring Patlent.B_reathmg—Mlxturés the breathing system.

ANSI Z79.8-1979 Minimum Performance and Safety Re- 3 1 5 piSS_Diameter Index Safety Systém.
quirements for Components and Systems of Continuous-
Flow Anesthesia Machines for Human Use

4 Available from Compressed Gas Association, 1235 Jefferson Davis Highway,
Arlington, VA 22202.

5 Available from Naval Publications and Forms Center, Code 3015, 5801 Tabor
2 ’ )
Annual Book of ASTM Standards, Vol 13.01. Avenue, Philadelphia, PA 19120.

2 Available from American National Standards Institute, Department SD, 1430 ¢ .
Broadway, New York, N 10018. See CGA V-5-1978, Diameter Index Safety System.

TABLE 1 Identifying Colors and Medical Gas Cylinder Capacities

Color Identification Cylinder Fill Pressure at 21°C  Contents When

Chemical (70°F) Full
Name Symbol 5 Federal Standard 595a Pantone Color - (E Size Cyl.)

CGA Colors Color Numbers®© Numbers? kPa Ibifin Liters

Air Yellow 23655 Yellow 13 100 1900 620

Carbon Dioxide CO, Gray 26492 428 5800 838 1590

Carbon Dioxide-Oxygen CO,-0, Gray-Green 428-363 13 100 1900 650
Mixture

Helium He Brown 470 11 300 1600 490

Helium-Oxygen Mixture He-O, Brown-Green 470-363 13 100 1900 580

Nitrous Oxide N,O Blue 292 5100 745 1590

Nitrogen N, Black 37038 (Lusterless) 13 100 1900 610

27038 (Semigloss)
Nitrogen-Oxygen Mixture N,-O, Black-Green 363 13100 1900 620
Oxygen 0, Green 14187 363 13100 1900 650

A Based on the CGA P-2 pamphlet’s Draft 2, revised Sept. 29, 1986, values given are minimum for pressures indicated.

B See CGA C-9—1982, Standard Color-Marking of Compressed Gas Cylinders Intended for Medical Use in the United States.

€ See Fed. Std. No. 595a, Colors, Vol |, Text and ¥2-by-inch Chips (for desk use). Published by Standardization Division, Federal Supply Service, General Services
Administration, Washington, DC 20406.

P See Pantone Color Specifle—Designers Edition of the Pantone Matching System. Published by Pantone Inc., 55 Knickerbocker Road, Moonachie, NJ 07074. Color
numbers are listed for reference only. The hue and intensity of each color shall be adjusted for maximum background contrast to meet the int 06h e
Clause 4.6. D éﬁ/ﬁ'l e]ﬁis
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/—— Basic steps

1620005 |

1620005 || 1,33 20,003
min. ||| max.
o 1,33+0,003 0,720,003

mm.l max.

0,729,003

T m

§_

"TROS5 ROS 2
R035 RQ3 N

s

Face B ::/
. Face A
Step 10 checx mating gauges ///
ground flusn to face B Z

Stap 0 check maung gauges
ground flusn to face A

I

[\__92,195: 0,003

i

¢ l l &
4=

Notes:
(1) Basic and mating gauge steps are optional.
(2) Taper per unit of length on diameter: 0,0278 = 0,0002 units.
(3) Dimensions in millimetres; surface roughness values in micrometres.

FIG. 1 23-mm Plug and Ring Gages

3.1.3 enabling conditior—denotes a necessary, but not nec-kPa (760 mm Hg) using dry gas.

essarily sufficient, condition to cause an action. 3.2.7 shall—denotes a mandatory feature.

3.1.4 flow-control system—a device or assembly that con- 3.2.8 should—denotes a desirable but not mandatory fea-
trols and indicates the flow of gas. ture.

3.1.5 flowmeter—a device that indicates the volume of gas
passing through it in a unit of time. 4. General

3.1.6 mixer (blender—a device for the precise mixing of 4.1 Requirements:
O, and other gases, so tha Concentration may be regulated 4.1.1 The anesthesia machine shall comply with relevant
by the user. standards or regulations for safety, explosion and fire hazards,
3.1.7 MTTF—Mean Time to Failure is the mean, or aver- electrical hazards, and with relevant standards for cylinders
age, length of time a component or system will operate beforand pipeline fittings.
it experiences its first failure. 4.1.2 The design of casters and the weight distribution of
3.2 Definitions of Terms Specific to This Standard: components shall be such that the anesthesia machine con-
3.2.1 kPa—kilopascals (S unit of pressure); 1 Ibf 6.9  forms to the requirements for stability in Section Four IEC
kPa. All pressure values are gauge values unless otherwi€®1-1 (1977).
stipulated. 4.1.3 The faces of all scales and gauges shall be legible and
3.2.2 labeling—denotes a requirement to furnish the speciall controls and indicators shall be visible at a distance of 1
fied information in the literature accompanying the device. meter (3.3 feet) and at a light level of 215 lux (20 footcandles)

3.2.3 Ibf/in>—pound-force per square inch (psi). to an operator with 6-6 (20-20) vision (corrected), seated or

3.2.4 marking—denotes a requirement to furnish the specistanding in front of the anesthesia machine. The markings and
fied information directly on a device. calibrations should be readily identified with the controls,

3.2.5 may—denotes an optional feature. gauges, meters, or indicators with which they are associated.

3.2.6 rtpd—room temperature and pressure, dry gas; indiFlowmeters, gauges, controls, and othgr displays that need to
cates measurements performed at 20°C (293.15°K) and 101t read most frequently should be groubd@€ctiieiatSuld
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0.35 required when performing the tests described in this specifica-
DIA tion:
4.2.1.1 Filled cylinders of appropriate sizes, for yoke tests
P 4\ and circuit continuity tests.
/7 \\ 4.2.1.2 Sources of gases supplied by standard hospital

[ + pipeline systems. These gases should be supplied through
K \/‘\ hoses recommended by the manufacturer of the anesthesia
machine.
45° 4.2.1.3 Appropriate anesthetic agents for testing vaporizers.
4.2.2 Equipment Required—The following equipment will
be required when performing the tests described in this
J standard:
|

-+ 4.2.2.1 Flowmeters—(a) Non-pressure-compensated flow-
meter with inlet tubing to fit yoke nipple. The range of
sensitivity should be suitable for measuring gas flowrate up to
200 mL/min rtpd; and (b) Non-pressure compensated flowme-
ter for attachment to the common gas outlet of the anesthesia
machine. Calibration and sensitivity should cover a nominal
flowrate from 0 to 100 L/min of oxygen. It is to be used to
N measure oxygen-flush flowrate.

4.2.2.2 Flowmeter Test Kit—A precision flowmeter, non-
pressure-compensated, calibrated for specific gas services to
the accuracy stated by the manufacturer, to verify the perfor-
mance of anesthesia machine flowmeters. Range and condi-
e .20 DIA —————] tions of calibration are to be as stated by the manufacturer.
FIG. 2 Profile of Oxygen Flow-Control Knob 4.2.2.3 Pressure Gauges:

(A) Gau%e calibrated over a range of 0 to 27 600 kPa (0 to

be placed as close as possible [0 he operator's fied of visifi )0 i) of edulvaent unis, with appropriate connections
when in the normal position for operating the anesthesi accuracy shall be as specified in ANSI/ASME B40.1-1985.

machine and observing the patient (see Appendix X2). .
4.1.4 If components require periodic servicing, cleaning, (B) Gauge calibrated over a range of 0 to 1035 kPa (0 to 150

sterilization or calibration by the users, the design shouldbf/i_n'z) or equivalent units, With appropriate connection 1o
facilitate these operations, and the manufacturer shall reconY€"!fy the performance of_t_he plpellne pressure gauges. The
mend the intervals at which these services shall be performedccuracy shall be as specified in ANSI B40.1.

4.1.5 Fragile components of the anesthesia machine, such as(C) Gauge to monitor pressures at a nominal value of 100 cm

flowmeters, should be protected and secured to minimiz&20_above ambient pressure. The gauge inlet should be
accidental damage during normal use. provided with appropriate connections to fit the filler inlet of

4.1.6 The anesthesia machine should be designed to facifi® vaporizer to be tested. This pressure gauge shall be used to
tate cleaning. All exposed surfaces shall be able to withstangionitor the internal pressure of the vaporizer.
commonly used cleaning and disinfecting agents. The manu- (D) Gauge to monitor pressure at a nominal value of 30 cm
facturer shall recommend common methods for cleaning anfl20 above ambient. Gauge inlet to be equipped with appro-
disinfection. priate connection to fit the common gas outlet.

4.1.7 The anesthesia machine should be free from sharp 4.2.2.4 Stop Watch or Electric TimerCapable of establish-
edges, and all accessible corners should be well-rounded ##9 time periods in minutes to an accuracynf0.5 s.
blunted. 4.2.2.5 Refractometer, Gas Chromatograph, Mass Spec-

4.1.8 An outline of operational checks to be carried out priotrometer, Interferometer, and the LikeThese are examples of
to use of the anesthesia machine shall be provided by thi&e type of instruments necessary to verify the performance of
manufacturer and shall be located on the machine. See Fighesthetic vaporizers. It is intended that they comply with the
X1.1 and Fig. X1.2 for two general examples. accuracy provisions of 4.2.4 with respect to both calibration

4.1.9 Anesthesia machines shall comply with applicableand operation. The actual test set-up shall be in accordance
portions of IEC 601-1 and 62 D—Central Office N37 (Particu- With the manufacturer’'s recommendations.
lar Requirements for the Safety of Anesthesia Machines). 4.2.2.6 Gages:

4.1.10 All components of the anesthesia machine shall be (A) Twenty-three mm Plug and Ring Gage$Shese gages,
made of materials that are compatible with the gases and agemhich are used to verify the inlet and outlet fittings utilized on
with which those components are designed to come intovaporizers (see 12.1.5) that are not intended for use in the
contact (see Appendix X3). breathing circuit shall conform to Fig. 1.

4.2 Test Materials and Equipment (B) Fifteen-mm and twenty-two-mm Plug and Ring Gages

4.2.1 Materials Required—The following materials will be These gages shall conform to.Specifichd@GUINRENTS
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Notes:
(1) Maximum radius on the entrance to the female connector and on the leading edge of the male cone should not exceed 0.5 mm.
(2) Dimensions in millimetres.

FIG. 3 Rigid Conical Fittings of 23-mm Size

4.2.2.7 Sound Level Indicate+This indicator shall be in shall be measured and reported.
accordance with ANSI S1.4-1983. 4.2.4 Accuracy of Test Apparatus—All instruments and test
4.2.2.8 Precision Flow-Control Valve—This valve shall be equipment used in conducting the tests specified in this
suitable for setting a 10 mL/min flowrate and furnished with astandard shall be such that the limits of error of the test
male oxygen DISS inlet connection and standard 15-mm malequipment shall not exceed one-third the limits of tolerance of
and female outlet connections. the variable to be measured, except where the tolerances for the
4.2.3 Test Conditions—Unless otherwise specified in thistest apparatus are specified in this standard.
standard, all measurements shall be corrected to standard
operating conditions, which are:1) temperature, 20°C 5. Hanger Yokes
(293.15°K), @) pressure, 101.3 kPa (760 mm Hg), ar®) ( 5.1 Requirements:
humidity, 0 % absolute. Actual conditions at the time of the test 5.1.1 Each anesthesia machine sE2OGUHMA@KLSith
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0
S ALTERNATE mﬁ 7_0'R'NG :\ e1 M
6.5 k GROOVE _
8~ h (SEE NOTE 3) (SEE NOTE 4) 65 k
H [ i \ [ —
0 I +0.5
25 DIA 228 °° 18 DIA 29 0 18 DIA
| DIA DIA 2
= R 0.4 ¥ S Y . A
— L MAX A 0
20 DIA - 19.5 MIN —>{ 2 0% 060
(SEE ASTM 08 %?A DIA—
0o e 1054-87) L %?A
Female Component Female Component
Male Component Cylindrical Socket Conical Socket

(a) (b) (c)

<23 2 MAX
12 MIN I~ (SEE NOTE 5)

POSITION OF

Y Z= RETAINING RING
I, (SEE NOTE 6)
38 DIA 57702
MIN DIA
’-—.l.
22— A =z

> 26

Typical Female
Union Nut Component Assembly

(d) (e)

Notes:

(1) All dimensions are shown in millimetres.

(2) All screw threads are M33 X2 (as given in ISO 262-1973, General Purpose Metric Screw Threads—Selected Sizes for Screws, Bolts, and Nuts). Conical fit-
tings shown are 22-mm. See Specification F 1054-87.

(3) At the common gas outlet this may be a coaxial 22-mm male/15-mm female conical fitting.

(4) Recommended size for O-ring groove is 25 mm, + 2.0 mm, — 0.0 mm diameter by 2.0 mm wide to suit O-ring of recommended size 22.1 mm inner diameter
by 1.6-mm section.

(5) Free axial movement of the union nut is 2.0 mm, maximum.

(6) The union nut may be retained by a retaining ring.

(7)  All corner radii should not exceed 0.5 mm unless otherwise specified.

FIG. 4 Components for Screw-Threaded Weight-Bearing Fittings

hanger yokes accommodating medical gas cylinders havingafety system in order to prevent the connection of a cylinder
post-type valves. All anesthesia machines shall be providedf one gas to a hanger yoke intended for another. The pin index

with at least one hanger yoke for oxygen. system and all other yoke details shall conform to ANSI/CGA
5.1.2 Each hanger yoke or group of interconnected yokey-1-1977.

shall be provided with a suitable cylinder pressure gauge or 5 1 4 Each hanger yoke should be fitted with a mechanism
other quantitative contents indicator. Each hanger yoke of nrevent tightening of the clamping device until pins of the

group of interconnected yokes shall also be provided with &y jnqex safety system and the nipple are correctly engaged
filter (100 pum maximum) for the entrapment of partlculateWith appropriate recesses on the cylinder valve.

matter prior to delivery of the gas to a pressure regulator or a ¢ . dh K
flow-control valve. 5.1.5 If two or more interconnecte anger yokes are

5.1.3 Each hanger yoke shall incorporate a clamping devicRrovided for the accommodation of cylinders of the same gas
with a 100° to 120° conical point of at least 7-mm (0.28-in.) on the anesthesia machine, a means shall be provided to limit

diameter, by means of which the valve of a cylinder can pdo a rate of 200 mL/min the leakage from an open cylinder in
forced against the seal of the yoke, and a nipple of 6.35-mrPn€ Yoke at a pressure up to 15 180 kPa (2200 Mftirough
(0.25-in.) nominal external diameter, which provides a gagnother yoke to an empty open cylinder or to atmosphere.
conduit. The point and the nipple shall engage appropriate 5.1.6 Each hanger yoke assembly shall be permanently
details on the cylinder valve, and a gasket shall be centered bgentified with the name or chemical symbol of the gas it
the nipple. Each hanger yoke shall be provided with a pin indexaccommodates and should be.identifiet)i Gl R ESned
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to the gas in the applicable color identification standard (sepascals (according to ANSI B40.1), and shall be marked

Table 1). unambiguously on the dial. The dials also may be calibrated in
5.2 Test Procedures: pound-force per square inch (psi).
5.2.1 Verify by visual inspection, compliance with 5.1.1 and  6.1.9 The gauge shall be designed and constructed in such a
5.1.2, and 5.1.6. manner that in the event of pressure-sensing-element failure,

5.2.2 (5.1.3) With appropriate measuring instruments, conno parts shall be expelled free of the gauge enclosure when a
firm the configuration and size of the clamping device and thgyas pressure equal to the maximum pressure indicated on the
nipple described in 5.1.3. Then using a cylinder seal gaskadial is applied.
install a cylinder of the appropriate gas (with a post-type valve 61,10 The gauge may be furnished with restrictors in the
installed in the cylinder) in each yoke to confirm the properiniet pressure connection, and the gauge case may have a
location of the index pins and the center conduit nipple of theventing means to prevent internal pressure buildup, in accor-
yoke and to confirm noninterference between the cylinder agance with ANSI B40.1. If employed, vent covers not secured
inst'alled and any part of the anesthesia machine or its accegy the gauge case shall be designed to open at a suitable low
sories. _ _ pressure and shall be of a resilient material that will not cause

5.2.3 (5.1.4) No test is required for 5.1.4. bodily injury.

5.2.4 (5.1.5) Verify that anesthesia machines with intercon- g 1 11" Al gauges used on anesthesia machine shall comply

nected yokes comply with 5.1.5 by pressurizing each circuityiy, the cCleanliness Level IV or higher, as outlined for oxygen
from a yoke inlet with the appropriate gas at varying pressureaauges in ANSI B40.1.

from 1380 kPa (200 Ibf/if) to the maximum available for that
gas and measuring the leak from the other yoke(s) with the
flowmeter described in 4.2.24)

5.2.5 For the test procedure for 5.1.6, see 5.2.1.

6.2 Test Procedures:

6.2.1 Verify by visual inspection that the full-scale markings
on the dials equal or exceed the minimum full-scale gauge
pressures given in Table 1 and that operating pressure is also

6. Pressure Gauges (Pressure Indicators) marked.

6.1 Requirements—These requirements pertain to analo 6.2.2 Verify compliance with 6.1.2 by visual inspection and

. : A manipulation of the valves.
pressure gauges having a maximum pressure indication of 3

to 27 600 kPa (50 to 4000 Ibffp Analog pressure gauges, .6.2_.3 Pressurize a yoke of each system haying a'hospital
definitions, and performance shall comply with ANSI B40.1. pipeline pressure gauge and note the pressure indication on its
cylinder pressure gauge. Verify that the hospital pipeline

Note 2—Pressure gauges cannot accurately indicate the quantitatiigressure gauge shows zero pressure. Now pressurize the

contents of cylinders containing liquefied gas. hospital pipeline inlet connections and verify that hospital
6.1.1 Each gas supplied from a cylinder shall be monitoregbipeline pressure gauges indicate the pressure in the hose.
by a cylinder pressure gauge or pressure indicator. Verify by visual inspection that the full-scale marking on the

6.1.2 If more than one cylinder hanger yoke is supplied forpipeline supply gauges equals or exceeds 520 kPa (75 psi).
a gas, one gauge may be provided for each yoke, or one gauges.2.4 Verify that the accuracy of the gauges complies with
may be provided for the group of yokes. In the latter case, iIANSI B40.1 using equivalent production gauges. When a
shall be possible to determine the pressures in the separagglinder of known charge is installed and cylinder pressure is
cylinders. applied to the gauge, the gauge shall indicate the charge

6.1.3 Anesthesia machines shall be provided with gauges teressure within the stated tolerance. With zero pressure ap-

indicate pressures of each gas supplied by a pipeline. plied, the gauge pointer shall return to the lowest indicated
6.1.4 Analog gauges shall comply with Accuracy Grade Bpressure or below.

as specified in ANSI B40.1. . 6.2.5 Verify by visual inspection the position of the lowest
6.1.5 All cylinder and pipeline pressure gauges of a circularpressure indication of all gauges to confirm compliance with
analog type shall be mounted so that the lowest pressuigq 5.
indication is at the same position, between 6 and 9 on the 6.2.6 Verify by visual inspection that the pointers comply
clock-face, of the gauges. with 6.1.6
6.1.6 The indicating end of the pointer shall be immediately N

. . 6.2.7 Using a ruler, check that the gauge scale lengths or
apparent and shall contrast with the background. The tail end of: . : )
the pointer shall be shorter than the indicating end, and shoul jameters comply with 6.1.7. Verify that the markings and

: : colors, if used, comply with Table 1.
either blend with the background or be masked from the user’s ' ’
! W grou ) 6.2.8 Verify by visual inspection that the units of calibration

view. .

6.1.7 Analog gauges shall have a scale length of not les€omPly with 6.1.8. _ _ _
than 50 mm (2 in.) and, if circular, shall be at least 38 mm (1.5 6.2.9 Evidence of compliance W|th 6.1.9 s.hall be provided
in.) in diameter. The gauge or its surroundings shall be clearlpy the manufacturer of the anesthesia machine upon request.
and permanently marked with the name or chemical symbol of 6.2.10 Verify by visual inspection that the gauge case
the gas it monitors and should be identified by the coloventing described in 6.1.10, if employed is in accordance with
assigned to that gas in the applicable color identificatiorANSI B40.1.
standard (see Table 1). 6.2.11 Verify by visual inspection that the gauges on the

6.1.8 Units of calibration (units of measure) shall be kilo- anesthesia machine comply with 5.1.1D0cuUments
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7. Pressure Regulators 7.2.2.5 Close the cylinder valve and measure the titie
7.1 Requirements: seconds) required for the cylinder pressure to fall to a vBlie

7.1.1 The anesthesia machine shall be equipped with affhich is between 10 and 20 % & _ _
automatic pressure-reducing regulator system for each gas7.2.2.6 Connect the pipeline inlet of the anesthetic machine
supplied to the machine at a pressure in excess of 690 kPa (169 Supply of gas at 345 10 kPa and reset the flowrate to 1
Ibf/in?) from a source at 25°C (77°F). Each system may consist 0-05 L/min. . .
of one automatic pressure-reducing regulator or of two or more /-2-2:7_Open the cylinder valve and record the cylinder
automatic pressure-reducing regulators in series. pressureps.

7.1.2 The regulators shall be so adjusted that the anesthesia’-2-2-8 Close the cylinder valve and record the tigien

machine uses only the gas supply from the pipeline when thlg:,econds) re_quir_ed for the cylinder pressure to decrease to a
machine pipeline inlet pressure gauge reads 345 kPa (50 psi) YU P4 which is 75 t0 84 % oP;. . .
greater. An acceptable forward flow through the regulator shall 7.2.2.9 Cc_)mpute the forward flow, in mL/min according

be 10 mL/min or less when the outlet pressure at the regulatdf the following:

is 345 kPa (50 |bf/iﬁ). Q =16.67X [(P3— PI(Py = Pl X (ty/ty) 1)

7.1.3 An G flow of 2 L/min shall be restored to 2 0.1 This shall not exceed 10 mL/min.

L/min within a period of 2 s after each operation of the oxygen
flush valve.

7.1.4 To ensure the safety of the anesthesia machine and?-2.3 Using an indicated oxygen flow of 2 L/min, operate
adjacent structures and personnel, the single regulator of e flush valve for ten cycles of 10-s duration, with a pause of
system, or the first of a series of regulators in the system, shal S between flushes. Check that the flow is restoredto®1
meet either of the following requirements: L/min within 2 s after each flush. o

7.1.4.1 The regulator shall be equipped with a relief valve 7-2.4 The regulator shall meet the tests specified in
that opens at not more than four times the normal deliver)ANSVU'- 252-1984.
pressure of that regulator and at not more than two-thirds of thg. Gas Machine Piping
minimum burst pressure of the diaphragm. The relief valve g4 Requirements:

shgll also be capable of vgnting the. rggulator ata maximum g q 1 The gas machine piping comprises the piping connect-
rellef_pressure not exceeding the minimum burst pressure %g the high-pressure gas supply to the pressure regulators and
the diaphragm when a pressure 50 % greater than the normgle fiow control valves (or gas-mixing device), as well as the
supply pressure of the corresponding gas is applied. piping connecting the flowmeters and vaporizers (if fitted) to

_ 7.1.4.2 The regulator shall be designed to ensure rupture 9fe common gas outlet. This gas piping system shall withstand
its diaphragm, without hazard to its environment due to flyings,r times the intended service pressure without rupture.
fragments, at a pressure not greater than 2760 kPa (400)bf/in 8.1.2 Joints and unions in the system shall not loosen in
The diaphragm shall not rupture at pressures less than 138Q)mal use. The maximum permissible leakage on each gas
kPa (200 Ibffirf). service, between the cylinders or the pipeline inlet and the
7.2 Test Procedures: _ flow-control valves, shall be 10 mL/min at normal operating
7.2.1 Visually inspect the circuitry of the anesthesia mapressure. (Venting of air or oxygen from fluidic or pneumatic
chine to confirm that each gas circuit, where the inlet pressur@omponents shall not be covered by this requirement.) The
may normally exceed 690 kPa (100 Ibfjncontains one or  maximum permissible leakage rate on all gas services between
more pressure regulators. the flow-control valves and the common gas outlet shall be 30
7.2.2 Perform the following test to confirm that the pressurem|/min at a pressure of 30 cm J, with the vaporizers (fitted
regulator complies with 7.1.2 (These tests must be performegh the machine by the manufacturer) in both the ON and OFF
first with oxygen. After completing the test with oxygen, the position.
oxygen supply must be left connected angli@es pressurized ~ 8.1.3 The manufacturer shall include in the maintenance
to 345+ 10 kPa (50+ Ibf/in?) before proceeding with the tests manual instructions for testing for correct assembly of each gas

Note 3—A derivation of this formula is given in Appendix X4.

for other gases): supply system, including any vaporizers fitted to the machine.
7.2.2.1 Close all flow control valves and flush valves and 8.1.4 Except where the connectors of gas piping are nonin-
shut off all other gas-consuming devices; terchangeable, the gas content of the anesthesia machine piping

7.2.2.2 Connect a compressed gas supply at a pressure ofgiall be readily identifiable by appropriate marking at each
least 90 % of the cylinder filling pressure (see Table 1) to ongunction or where the piping joins a component, for example,
cylinder inlet connection; seal all other cylinder and pipelinea valve. The name, chemical symbol, or appropriate color code
inlet connectors for the gas. shall be used at each junction.
7.2.2.3 Verify that there is no leakage by opening the 8.2 Test Procedures:
cylinder valve for a few seconds and then reclosing; adjust 8.2.1 Perform the following test to ensure that the gas piping
connections until the cylinder pressure gauge reading does ngystem complies with 8.1.1:
fall discernibly within 1 min after valve closing. 8.2.1.1 Pressurize an equivalent production piping system
7.2.2.4 Open the cylinder valve and open the flow controlwith four times the intended service pressure from the hanger
valve to obtain a flowrate of = 0.05 L/min; record the yoke(s).
cylinder pressurep;. 8.2.1.2 Pressurize the low pressure &Gﬁuﬂl&lﬂmine
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inlet to four times the intended service pressure. before a leakage through the device exceeds 5 mL/min at 345
8.2.1.3 Pressurize between the flow-control valves and thkePa (50 Ibf/irf) supply pressure.

common gas outlet to 35 kPa (5 Ibf)n including all acces- 9.1.3 For a rotary style flow adjustment control, a counter-

sories commonly installed on the machine. clockwise rotation shall cause an increase in flow and con-
8.2.1.4 No rupture of the piping shall occur under theseversely, a clockwise rotation shall cause a decrease in flow. The

conditions. rotation required for adjustment through the upper 90 % of

8.2.2 Circuit leak tests shall be performed to ensure that thtowrate values shall be at least 90°.
anesthesia machine piping complies with 8.1.2. First inspect 9.1.4 Each flow adjustment control shall be adjacent to or
the circuitry to confirm that joints and unions are tightenedidentifiable with its associated flowmeter or indicator. The flow
sufficiently to prevent in-service loosening. Turn off all vapor- adjustment control or its surroundings shall be marked with the
izers fitted to the machine by the manufacturer and test thaame or chemical formula of the gas or gases it controls, and
assembly for leaks according to the procedures described imay be identified by the color assigned to that gas in the
8.2.2.1 through 8.2.2.3. These tests shall be repeated with eagpplicable color identification standard (see Table 1).

vaporizer turned on, one at a time. 9.1.5 For rotary style flow adjustment controls, the oxygen
8.2.2.1 High Pressure Leak Test: knob shall have the physically distinguishable profile in
(1) Install cylinders in all yokes. accordance with Fig. 2. All other flow adjustment control

(2) Shut off gas outflow from the anesthesia machine.  knobs shall be round. The oxygen knob may project beyond the
(3) Open all cylinder post-type valves and record theknobs controlling other gases when grouped. Its diameter shall

readings of the cylinder pressure gauges. _ not be less than the diameter of the knobs controlling other
(4) Close cylinder post-type valves, remove the cylindersgases. The surface finish serrations for these other knobs shall
and quickly insert yoke plugs. have a depth not exceeding 0.5 mm (0.02 in.). Spacing between

(5) Monitor the pressure gauges for 5 min, record thethe knobs should not be less than 25 mm (1 in.) to ensure
change in pressure, and apply Boyle’s law to the pressure dropdequate finger space.

The leakage rate shall not exceed 10 mL/min. 9.1.6 Flow adjustment controls should be so designed as to
8.2.2.2Low Pressure Leak Test: minimize their unintentional change from a preset position.
(1) Connect a 0 to 30 miflowmeter to the common gas g 1.7 Flow adjustment controls shall be visible at a light

outlet and set the flow of the anesthesia machine to 30 mL/mingye| of 215 lux (20 footcandles) to an operator with 6-6
(2) Disconnect the flowmeter and replace it with a manom 20-20) vision (corrected) seated or standing 1 m (3.3 ft) in

eter that is calibrated for monitoring pressure at a nominagont of the anesthesia machine.

value of 30 cm HO.

2 9.1.8 Where a device of the flow control system requires a
(3) If the reading on the manometer reaches or exceeds

: Hrect rotational motion by the operator for flowrate adjust-
cm H,0, the leakage rate is acceptable. _ , ment, then the device shall be so designed that either continu-
8.2.2.3 If due to the design of the anesthesia machine thg,, of rotation will not cause “disassembly” of the device, or
manufacturer cannot perfo_rm the test Qescrlbed in 8.2:2.2, thetation is prevented prior to the point where “disassembly”
manufacturer shall state in the labeling how to verify they,q 14 occur, or that the rotation required to reach the point of

requirements of 8.1.2. “disassembly” is at least five full turns or double the number

8.2.3 Verify thg correct assembly of the gas supply Sy.Stem_Fequired to effect adjustment over the upper 90 % of the flow
and of any vaporizers by means of the procedures provided 'Qpan whichever is greater.

the maintenance manual.
8.2.4 Verify by visual inspection that the gas content of the
piping is identifiable, in compliance with 8.1.4.

9.2 Test Procedure:

9.2.1 Attach a flowmeter test kit to the common gas outlet of
the anesthesia machine or follow the manufacturer’s instruc-
9. Flow-Control Systems tion for flowrate verification. Select any flowrate of the

9.1 Requirements—A flow-control system for each gas shalfvailable flowrates for a specific gas. Vary the supply pressures
be provided. Where a mixing device is used in addition to, odnd the optlet pressures to_the extremes of their normal limits
instead of, independent control of flow of different gases, therd? determine compliance with 9.1.1. _
shall be an indication of the gases controlled, the concentration 9-2.2 Cycle a statistically significant sample of devices to
of oxygen in the mixture, and the total flow (or delivered achl_eve the desired MTTF (Mean Time To Failure) goaI_W|th a
minute volume). Only one flow adjustment control for each gaonfidence of 90 %. Measure the leakage by volume displace-
delivered to the common gas outlet shall be provided. ment to determine compliance with 9.1.2.

9.1.1 Each flow-control system shall maintain any set rate 9-2.3 Operate the rotary flow adjustment control and ob-
of the allowable rates of flow withirt 10 % of the setting or Serve the flowmeter readings to determine compliance with
+10 mL/min, whichever is greater, whenever the supply9-1.3.
pressures (pipeline or cylinder) and pressures at the common9.2.4 Verify by visual inspection that the location, marking,
gas outlet vary within the normal limits specified by the and color identification (if used) of the flow adjustment
manufacturer. controls complies with 9.1.4.

9.1.2 Any device of a flow-control system which is intended 9.2.5 Verify by visual inspection and measurement that
to shut-off the flow of a gas shall permit the appropriaterotary flow adjustment controls comply with 9.1.5 and Fig. 2.
number of operational cycles as stated by the manufacturer 9.2.6 Adjust lighting to a level of 21 CLisNiaes.
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