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NATIONAL FOREWORD 
 
 
The adoption of the IEC Standard as a Malaysian Standard was recommended by the 
Technical Committee on Anaesthetic/Respiratory and Electromechanical Devices under the 
authority of the Industry Standards Committee on Medical Devices. 
 
This Malaysian Standard is identical with IEC 60601-2-20:1990, Medical electrical equipment 
- Part 2-20: Particular requirements for safety of transport incubators, published by the 
International Electrotechnical Commission (IEC). However, for the purposes of this Malaysian 
Standard, the following apply: 
 
a) in the source text, “this International Standard” should read “this Malaysian Standard”; 
 
b) the comma which is used as a decimal sign (if any), to read as a point; and 
 
c) the basis IEC 60601-2-20 is printed in English and French languages. However, only the 

English version is retained for this Malaysian Standard. 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
 
NOTE.  IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure, 
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International 
Standard or is identical in technical content and structure although it may contain the minimal editorial changes 
specified in clause 4.2 of ISO/IEC Guide 21-1. 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
 
 

MEDICAL ELECTRICAL EQUIPMENT 
 

Part 2: Particular requirements for safety of transport incubators 
 
 

FOREWORD 
 
1) The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on which all the 

National Committees having a special interest therein are represented, express, as nearly as possible, an international 
consensus of opinion on the subjects dealt with. 

 
2) They have the form of recommendations for international use and they are accepted by the National Committees in that sense. 

 
3) In order to promote international unification, the IEC expresses the wish that all National Committees should adopt the text of 

the IEC recommendation for their national rules in so far as national conditions will permit. Any divergence between the IEC 
recommendation and the corresponding national rules should, as far as possible, be clearly indicated in the latter. 

 
 

PREFACE 
 
This Particular Standard has been prepared by Sub-Committee 62D: E1ectromedical equipment, of IE C 
Technical Committee No. 62: Electrical equipment in medical practice. 
 
The text of this Standard is based upon the following documents: 
 

Six Months' Rule Report on Voting Two Months' Procedure Report on Voting 

62D(CO)44 62D(CO)53 62D(CO)55 62D(CO)62 

 
Full information on the voting for the approval of this Standard can be found in the Voting Reports 
indicated in the above table. 
 
The following lEC publications are quoted in this Standard: 

 
Publications Nos. 601-1 (1977): Safety of medical electrical equipment. Part 1: General requirements. 
601-1 (1988) :  Medical electrical equipment. Part 1: General requirements for safety. 
601-2-19 (1990) :  Medical electrical equipment. Part 2: Particular requirements for safety of baby incubators. 
 
651 (1979) :  Sound level meters. 

 
Other publications: 

 
ISO 32 (1977) :  Gas cylinders for medical use - Marking for identification of content. 
ISO 407 (1983) :  Small medical gas cylinders - Yoke-type valve connections - Amendment 1986. 

 
ISO 3743 (1988) :  Acoustics - Determination of sound power levels of noise sources - Engineering methods 
  for special reverberation test rooms. 
ISO 7767 (1988) :  Oxygen analyzers for monitoring patient breathing mixtures - Safety requirements. 

 
 

v
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MEDICAL ELECTRICAL EQUIPMENT 
 

Part 2: Particular requirements for safety of transport incubators 
 
 

INTRODUCTION 
 
This Particular Standard concerns the safety of transport incubators. It amends and supplements IEC 
Publication 601-1 (first edition 1977): Safety of medical electrical equipment, Part 1: General 
requirements, hereinafter referred to as the General Standard. The requirements of this Particular 
Standard take priority over those of the General Standard. The title of the General Standard has been 
changed in the second edition (1988) to read: "Medical electrical equipment, Part 1: General 
requirements for safety". This change is anticipated in the title of this Particular Standard. 
 
Where it is intended that any part of the General Standard, although possibly relevant, is not to be 
applied, a statement to that effect is given in this Particular Standard. 
 
The numbering of sections, clauses and sub-clauses of this Particular Standard corresponds with that of 
the General Standard. 
 
Sub-clauses or figures which are additional to those of the General Standard are numbered starting from 
101; additional appendices are lettered AA, BB, etc., and additional items aa), bb), etc. 
 
In this standard, the following print types are used: 
 

- requirements, compliance with which can be tested, and definitions: in roman type; 
 
- explanations, advice, introductions, general statements, exceptions and references: in smaller type; 

 
- test specifications: in italic type; 
 
- TERMS DEFINED IN CLAUSE 2 OF THE GENERAL STANDARD OR THIS PARTICULAR STANDARD: SMALL CAPITALS. 

 
The requirements are followed by specifications for the relevant tests. 
 
A rationale for the more important requirements, where appropriate, is given in Appendix AA. It is 
considered that a knowledge of the reasons for these requirements will not only facilitate the proper 
application of the standard but will, in due course, expedite any revision necessitated by changes in 
clinical practice or as a result of developments in technology. However this appendix does not form part 
of the requirements of this standard. The sub-clauses which have corresponding rationale statements are 
marked with an * after their number. 
 
 

SECTION ONE - GENERAL 
 
1. Scope and object 
  

This clause of the General Standard applies except as follows: 
 
1.1 Scope 
 
 Addition: 
 
 This Particular Standard specifies safety requirements for TRANSPORT INCUBATORS, as defined in 
Sub-clauses 2.1.101, 2.1.103 and 2.1.104 of this standard. 
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This standard does not apply to EQUIPMENT which uses radiant heaters.* 
 

See also requirements concerning BABY INCUBATORS.** 
 
1.2 Object 
 

Addition: 
 

The object of this Particular Standard is to establish requirements for TRANSPORT INCUBATORS, which 
minimize hazards to PATIENT and USER, and to specify tests by which compliance with the 
requirements can be verified. 
 
2. Terminology and definitions 
 

This clause of the General Standard applies except as follows: 
 
2.1.5 APPLIED PART 
 

Replacement: 
 

All parts within the BABY COMPARTMENT, which can intentionally or uninteptionally come into contact 
with the baby shall be considered as APPLIED PARTS. 
 

Additional definitions: 
 

2.1.101 TRANSPORT INCUBATOR 
 

An enclosure intended to contain a baby and having transparent section(s) which allow(s) for viewing of 
the baby, provided with means to control the environment of the baby primarily by heated air within the 
enclosure, and suitable for the safe conveyance of a baby. 
 
2.1.102 BABY COMPARTMENT 
 

The portion of a TRANSPORT INCUBATOR intended to contain a baby. 
 
2.1.103 AIR CONTROLLED TRANSPORT INCUBATOR 
 

TRANSPORT INCUBATOR in which the air temperature is automatically controlled by an air temperature 
sensor close to a value set by the USER. 
 
2.1.104 BABY CONTROLLED TRANSPORT INCUBATOR 
 

An air controlled TRANSPORT INCUBATOR which has the additional capability of automatically 
controlling the INCUBATOR air temperature in order to maintain the temperature as measured by a SKIN 
TEMPERATURE SENSOR close to a value set by the USER. 
 
2.9.101 SKIN TEMPERATURE SENSOR 
 

A sensing device intended to measure the baby's skin temperature. 
 
2.9.102 SKIN TEMPERATURE 
 

The temperature of the skin of the baby at a point on which the SKIN TEMPERATURE SENSOR is 
placed. 
 
*  IEC 601-2-21. 
**  lEC 601-2-19. 
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2.9.103 A VERAGE TEMPERATURE 
 

The average of the maximum and minimum temperatures at any specified point in the BABY 
COMPARTMENT achieved during STEADY TEMPERATURE CONDITION. 
 

2.9.104 CONTROL TEMPERATURE 
 

Temperature selected at the temperature control. 
 

2.9.105 TRANSPORT INCUBATOR TEMPERATURE 
 

Temperature of the air at a point 10 cm above the centre of the mattress surface in the BABY 
COMPARTMENT (see figure 102, point A). 
 

2.9.106 A VERAGE TRANSPORT INCUBATOR TEMPERATURE 
 

The average of the maximum and minimum TRANSPORT INCUBATOR TEMPERATURES achieved 
during STEADY TEMPERATURE CONDITION (see figure 101). 
 

2.10.101 STEADY TEMPERATURE CONDITION 
 

The condition reached when the TRANSPORT INCUBATOR TEMPERATURE does not vary by more 
than 2 °C over a period of one hour (see figure 101). 
 

3. General requirements 
 

This clause of the General Standard applies except as follows: 
 

3.6* Addition: 
 

Applicable SINGLE FAULT CONDITIONS are short and open circuiting of components or wiring, 
which 
 

- cause sparks to occur, or 
- increase the energy of sparks, or 
- increase temperatures. 
 
4. General requirements for tests 
 
This clause of the General Standard applies except as follows: 
 
4.5 Ambient temperature, humidity and atmospheric pressure 
 
Replacement: 
 
a) * If not otherwise specified in this Particular Standard, all tests shall be carried out at an ambient 

temperature within the range of 21°C to 25 °C. 
 
4.6 Other conditions 
 
Additional item: 
aa) If not otherwise specified, the CONTROL TEMPERATURE shall be 36 °C and shall always exceed 
the ambient temperature by at least 3 °C. 
 
5. Classification 
 
This clause of the General Standard applies. 
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6. Identification, marking and documents 
 
This clause of the General Standard applies except as follows:  
 
6.1 Addition: 
 
6.1.101 * A TRANSPORT INCUBATOR not equipped with an integral oxygen analyser and which 

provides means for oxygen administration shall be marked in a prominent position with a text 
which states: "An oxygen analyser should be used when oxygen is administered". 

 
6.1.102 If a heater is accessible without the use of a TOOL a notice or marking shall be displayed 

adjacent to the heater giving warning of high surface temperature. 
 
6.3 Addition: 
 
 b * Temperature controls shall be clearly marked with temperature settings on or adjacent to the 

control. The markings shall be provided at intervals of not greater than 1.0 °C for AIR CONTROLLED 
TRANSPORT INCUBATORS and 0.5 °C for BABY CONTROLLED INCUBATORS. 

 
Marking of the maximum and minimum values of controls and indicators shall be such that no confusion 
can arise with regard to the position of the control and/or the indicated values. 
 
6.8 ACCOMPANYING DOCUMENTS 
 
6.8.2 Instructions for use 
 
Addition: 
 
aa) The instructions for use shall additionally contain: 
 
1. a recommended preventive maintenance procedure and frequency for verifying conformity with 

product specifications; 
 
*2. a statement that a TRANSPORT INCUBATOR should be used only by appropriately trained 

personnel and under the direction of qualified medical personnel familiar with currently known risks 
and benefits of TRANSPORT INCUBATOR use; 

 
*3. a warning that direct sunlight or other radiant heat sources can cause an increase in TRANSPORT 

INCUBATOR temperature to dangerous levels; 
 
*4. a statement that the use of oxygen increases the danger of fire and that auxiliary equipment 

producing sparks shall not be placed in the TRANSPORT INCUBATOR; 
 
*5. a warning that even small quantities of flammable agents such as ether and alcohol left in the 

TRANSPORT INCUBATOR can cause fire in connection with oxygen; 
 
*6. a specification of the warm-up time of the TRANSPORT INCUBATOR measured as specified in Sub-

clause 50.108;  
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*7. a recommendation of the position and method of use of the SKIN TEMPERATURE SENSOR 

including a warning against possible use as a rectal temperature sensor if such a warning is 
applicable; 

 
*8. information about the range of control temperature and relative humidity of the TRANSPORT 

INCUBATOR. If the TRANSPORT INCUBATOR is not supplied with means for control of the degree 
of humidity this shall be stated in the instructions for use; 

 
*9. recommended methods of establishing acceptable conditions according to Sub-clause 44.7; 
 
*10. when applicable a statement of the maximum allowed weight of additional equipment which might be 

placed on shelves connected to the TRANSPORT INCUBATOR; 
 
11. for TYPE B EQUIPMENT where the baby may not be isolated from earth, a warning that particular 

care must be taken to ensure that additional EQUIPMENT connected to the baby is electrically safe; 
 
12. when applicable, information about how the audible and visual alarms can be checked; 
 
13. a warning stating that administration of oxygen may increase the noise level for the baby within the 

TRANSPORT INCUBATOR; 
 
14. an explanation of the operation of supplementary oxygen equipment supplied for use with the 

TRANSPORT INCUBATOR or as specified in the ACCOMPANYING DOCUMENTS ; 
 
15. details of how the baby's movements can be limited within the TRANSPORT INCUBATOR during 

transport; 
 
 
16. information on the external SUPPLY CIRCUITS with which the TRANSPORT INCUBATOR can be 

operated according to Sub-clause 107. Additionally the manufacturer shall specify in the 
ACCOMPANYING DOCUMENTS the polarity of the electrical connections as necessary; 

 
17. a statement that an oxygen analyser shall be used when oxygen is delivered to the baby; 
 
18. a statement of the mass and external dimensions of the TRANSPORT INCUBATOR including that of 

the specified TRANSPORTABLE EXTERNAL POWER SOURCE and with oxygen delivery system 
arid trolley, if provided; 

 
19. a statement with which means and in what way a fixation of the TRANSPORT INCUBATOR within an 

emergency vehicle is achieved; 
 
20. a statement of the minimum ambient temperature, humidity and atmospheric pressure to which the 

TRANSPORT INCUBATOR can be exposed and still meet with the requirements of the General 
Standard 

 
7. Power input 
 
This clause of the General Standard applies. 
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SECTION TWO - SAFETY REQUIREMENTS 
 
Clauses 8 and 9 of the General Standard apply. 
 
10. Special environmental conditions 
 
10.2.1 Environment 
 
Replacement 
 
a) An ambient temperature between +10 °C and +30 °C. 
 
Clauses 11 and 12 of the General Standard apply. 
 
 

SECTION THREE - PROTECTION AGAINST ELECTRIC SHOCK HAZARDS 
 
Clauses 13 to 19 of the General Standard apply. 
 
20. Dielectric strength 
 
This clause of the General Standard applies except as follows: 
 
20.2 Requirements for EQUIPMENT with an APPLIED PART 
 
Item B-b 
 
Amendment: 
 
This is not applicable to TRANSPORT INCUBATORS. 
 
Item B-d 
 
Addition: 
 
The reference voltage shall be a minimum of 250 V. 
 

Item B-e 
 
Addition: 
 

The test voltage shall be a minimum of 1500 V. 
 
 

SECTION FOUR - PROTECTION AGAINST MECHANICAL HAZARDS 
 
21. Mechanical strength 
 
This clause of the General Standard applies except as follows: 
 
Additional sub-clauses: 
 
21.101 * The baby shall be safely retained within the BABY COMPARTMENT by barriers such as walls 

or side panels. Barriers intended to be opened or removed to allow access to the baby, such as 
doors, ports etc., shall close so as not to open under the test conditions specified below. 
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It shall not be possible for barriers to be insecurely closed or latched whilst appearing to be engaged. The 
mechanical integrity of the TRANSPORT INCUBATOR shall be maintained under the following test 
conditions. 
 
Compliance is checked by inspection and by the following tests: 
 
Test 1: 
 
With all access port doors deliberately made as insecure as possible, without the use of a TOOL, whilst 
still appearing to be engaged, a horizontal force shall be applied to the centre of the access port door. 
The force shall be increased gradually from zero to 20 N in an interval of 5 s - 10 s and shall be held at 
maximum for 5 s. 
 
Test 2: 
 
With all doors and ports in their normally closed position, the TRANSPORT INCUBATOR mounted on a 
trolley as specified in the ACCOMPANYING DOCUMENTS is propelled along its longitudinal axis at a 
constant velocity of 0.5 m/s ± 0.1 m/s until its leading wheel meets a 20 mm thick plate, which is rigidly 
attached to an otherwise flat floor. 
 
The test shall be carried out: 
 

- with the TRANSPORT INCUBATOR'S long axis at right angle to the edge of the plate, and 
 

- as shown in figure 103, with the TRANSPORT INCUBATOR pulled along the direction of its long axis 
but with the axis at an angle to the plate such that a test rod, placed in contact with the leading edge of 
one front wheel and the trailing edge of the other, is parallel to the edge of the plate. 
 
The two types of movement are repeated twice with each pair of wheels first. 
 
The mechanical integrity of the EQUIPMENT shall be maintained during the test and all doors shall 
remain closed 
 
21.102 Supports and mounting brackets for ACCESSORIES shall be suitable and of adequate strength 

for their purpose. 
 
Compliance is checked by inspection and by the following test: 
 
A gradually increasing force is applied so as to act vertically through the centre of the supports and 
mounting brackets, e.g. an accessory shelf in the extended position with a manufacturer's recommended 
load The force is increased from zero in a 5 s to 10 s interval until it equals three times the recommended 
load and is sustained for a period of 1 min. There shall be no evidence of damage to the items under test. 
 
22. Moving parts 
 
This clause of the General Standard applies except as follows: 
 

22.2 Amendment: 
 

b) this requirement is not applicable to an air circulating fan if it is accessible only when no baby is 
present in the INCUBATOR and appropriate EQUIPMENT parts are removed for cleaning. 

 
23. Surfaces, corners and edges 
 
This clause of the General Standard applies. 
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24. Stability and transportability 
 
This clause of the General Standard applies except as follows: 
 
24.1 Replacement: 
 
TRANSPORT INCUBATORS shall remain stable when tilted 10° in NORMAL USE and when tilted 20° 
during transportation. 
 
24.3 Replacement: 
 
b) The EQUIPMENT is placed in any possible position of NORMAL USE on a plane inclined at an angle 

of 0.18 rad (10°) to the horizontal plane. If wheels are present, they shall be temporarily fixed in their 
most disadvantageous position. Doors and drawers and the like shall be placed in the most 
disadvantageous position during NORMAL USE. The mattress tray shall be extended outside the 
enclosure. 

 
The test shall be repeated at an angle of 0.36 rad (20°), in which case the mattress tray shall not be 
extended outside the enclosure. Doors and drawers and the like shall be placed in their most 
disadvantageous position during transportation. 
 
24.101 TRANSPORT INCUBATORS shall withstand the stresses caused during transport over 

thresholds and to or from elevators. 
 
Compliance is checked by the following test: 
 
The TRANSPORT INCUBATOR is pulled at a constant velocity of 0.5 m/s ± 0.1 m/s until its leading 
wheels meet a 20 mm thick plate. The test shall be carried out: 
 
- with the TRANSPORT INCUBATOR'S long axis at right angle to the edge of the plate and 
 
- as shown in figure 103, with the TRANSPORT INCUBATOR pulled along the direction of its long axis 
but with the axis at an angle to the plate such that a test rod, placed in contact with the leading edge of 
one front wheel and the trailing edge of the other, is parallel to the edge of the plate. 
 
The above tests are repeated twice with each pair of wheels. 
 
Following the above tests, the TRANSPORT INCUBATOR shall be suitable for further NORMAL USE. 
The TRANSPORT INCUBATOR'S mechanical and structural integrity shall be verified, e.g. latches and 
doors shall remain closed and ancillary equipment supplied by or available from the manufacturer shall 
remain secure. 
 
24.102 The lateral force to cause the TRANSPORT INCUBATOR to tip over shall be greater than 100 
N. 
 
Compliance is checked by the following test: 
 
With the TRANSPORT INCUBATOR wheels locked and with the EQUIPMENT in the worst-case con 
figuration of parts and accessories, a lateral force shall be applied and measured using a force gauge. 
The point of application shall be at the highest point of the body of the EQUIPMENT. The TRANSPORT 
INCUBATOR shall not tip over when the force is 100 N or less. 
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24.103 If the mattress tray can be extended outside the enclosure it shall be restrained to ensure that 
the tray remains attached to the TRANSPORT INCUBATOR, is supported and does not tip under the 
weight of the baby. 
 
Compliance is checked by the following test: 
 
A gradually increasing downward force is to be applied to the middle of the outside edge of the mattress 
tray whilst in the fully extended position. The force is to be increased over a 5 s - 10 s interval until it 
equals 100 N and is to be sustained for a period of 1 min. The tray shall not incline by more than 5 ° to 
the horizontal axis of the TRANSPORT INCUBATOR and there shall be no visible evidence of damage to 
the supporting structures. 
 
24.104 * If the EQUIPMENT is mounted on wheels, the manufacturer shall provide a means to prevent 

movement of the EQUIPMENT on a slope of at least 10° to the horizontal. 
 
Compliance is checked by inspection and by the following test: 
 
Place the EQUIPMENT with its wheels in a locked position and with all accessories fitted, on a plane 
inclined at an angle of 10° to the horizontal. Report whether the EQUIPMENT is in a maintain position. 
 
24.105 A means shall be provided to limit the baby's movement to a defined area within the BABY 

COMPARTMENT during NORMAL USE. 
 
Compliance is checked by inspection. 
 
24.106 * A means should be provided to limit the baby's vibration within the BABY COMPARTMENT 

during transportation. 
 
Clauses 25, 27 and 28 of the General Standard apply. 
 
 
 

SECTION FIVE - PROTECTION AGAINST HAZARDS FROM UNWANTED OR EXCESSIVE 
RADIATION 

 
Clauses 29 to 36 of the General Standard apply. 
 
SECTION SIX - PROTECTION AGAINST HAZARDS OF EXPWSIONS IN MEDICALLY USED ROOMS 

 
Clauses 37 to 41 of the General Standard apply. 
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SECTION SEVEN - PROTECTION AGAINST EXCESSIVE TEMPERATURES, FIRE AND of HER 

HAZARDS, SUCH AS HUMAN ERRORS 
 
42. Excessive temperatures 
 

This clause of the General Standard applies except as follow: 
 
42.1 Amendment: 
 

Delete from column 1 in Table Xa: "EQUIPMENT parts which may in NORMAL USE have a brief contact 
with a PATIENT". 
 
Delete from column 2: "50 °C". 
 
42.3 Item 1), replacement: 
 
1) The temperature of the surfaces intended to be in contact with the baby shall not exceed 40 °C. The 
temperature of other surfaces accessible to the baby shall not exceed 40 °C for metal surfaces and 43 °C 
for other materials. These requirements apply in NORMAL CONDITIONS and SINGLE FAULT 
CONDITIONS including: 
 
 - failure of the air circulation 
 
 - failure of a THERMOSTAT, 
 
 -disconnection of the SKIN TEMPERATURE SENSOR. 
 

Compliance is checked by the following test: 
 

The maximum temperature of surfaces intended to be in contact with and surfaces accessible to the baby 
shall be measured according to Sub-clause 423, item 2) of the General Standard and include test 
conditions as described in the compliance test of Sub-clauses 101.1 and 56.6 aa) of this Particular 
Standard 
 
43. * Fire prevention 
 
This clause of the General Standard applies except as follows: 
 
Additional sub-clauses: 
 
43.101 * In order to eliminate the risk of oxygen fires caused by electrical components which can be a 
source of ignition in enclosed compartments of EQUIPMENT containing an oxygen system, at least one 
of the following requirements shall apply: 
 
- Electrical components shall be separated from compartments in which accumulations of oxygen can 
occur by a barrier complying with the requirements of Sub-clause 43.102. 
 
- Compartments containing electrical components shall be ventilated according to the requirements of 
Sub-clause 43.103. 
 
- Electrical components which, in NORMAL USE or SINGLE FAULT CONDITION, can be a source of 
ignition shall comply with the requirements of Sub-clause 43.104. 
 
43.102 Any barrier required under the provision of Sub-clause 43.101 shall be sealed at all joints and 
at any holes for cables or for other purposes. 
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Compliance is checked by inspection and if applicable by the compliance test described in the General 
Standard, Sub-clause 40.5 e) for enclosures with restricted breathing. 
 
The internal overpressure of 4 mbar specified in Sub-cIause 40.5 e) of the General Standard is not 
applicable when, in NORMAL CONDITION, a pressure difference exists between the spaces separated 
by the barrier. In such cases the compliance test of Sub-clause 43.103 of this Particular Standard applies. 
 
43.103 * The ventilation required under the provisions of Sub-clause 43.101 shall be such that the 
oxygen concentration in the compartment containing electrical components shall not exceed 4 vol % 
above the ambient level. If this requirement is met by forced ventilation, means for an alarm in the event 
of malfunction shall be provided. 
 
Compliance is checked by the following test: 
 
The oxygen concentration shall be measured under the following conditions and for such a period that the 
highest possible concentration of oxygen occurs: 
 
- SINGLE FAULT CONDITION including possible leakage of oxygen. 
 
- selection of the most unfavourable control settings 
 
- mains supply voltage deviations of ± 10 %. 
 
The measurements shall be repeated after 18 h during which time the supply voltage shall have been 
switched off and the gas supply shall have remained on. 
 
The rate of air exchange {n the test room shall be between 3 and 10 volumes per hour. 
 
43.104 * Electrical circuits which can produce sparks or generate increased surface temperatures and 
which might otherwise be a source of ignition shall be so designed that no ignition occurs. At least both of 
the following requirements shall be satisfied in NORMAL CONDITION and SINGLE FAULT CONDITION: 
 
- The product of the r.m.s. value of the no load voltage and the r.m.s. value of the short circuit current 
shall not exceed 10 VA. 
 
- The surface temperature of components shall not exceed 300 °C. 
 
Compliance is checked by the following test: 
 
Voltages and currents shall be measured or calculated and surface temperatures shall be measured in 
NORMAL CONDITIONS and SINGLE FAULT CONDITIONS. 
 
44. Overflow, spillage, leakage, humidity, ingress of liquids, cleaning, sterilization and 

disinfection 
 
This clause of the General Standard applies except as follows:  
 
44.2 Overflow 
 
Amendment: 
 
In line 2, after requirements: “15°” and from the test: “15°”, and substitute both by: “45°”. 
 
 
 



MS IEC 60601-2-20:2007 

© STANDARDS MALAYSIA 2007 - All rights reserved 

31

 
44.3 * Spillage 
 

Replacement: 
 

TRANSPORT INCUBATORS shall be so constructed that spillage does not wet parts which if wetted 
might cause a SAFETY HAZARD. 
 

Such spillage is considered as a SINGLE FAULT CONDITION. 
 

Compliance is checked by the following test: 
 

The EQUIPMENT shall be positioned as for NORMAL USE with the canopy in the normal position;  
200 ml of water is poured steadily on an arbitrary point of the top surface of the EQUIPMENT. After this 
test the EQUIPMENT shall comply with the requirements of this standard 
 

44.4 * Leakage 
 

Addition: 
 

A TRANSPORT INCUBATOR shall be so constructed that liquids deposited on the inside surface of the 
BABY COMPARTMENT, including the baby tray, cannot reduce the safety of the TRANSPORT 
INCUBATOR. 
 

Leakage of 200 ml is considered as NORMAL CONDITION.  
 

Compliance is checked by the following tests: 
 

Such an amount of water shall be sprayed on all inner surfaces of the BABY COMPARTMENT that drops 
coalesce and flow down the walls. In addition, 200 ml of water shall be poured steadily on the baby tray. 
After this test the EQUIPMENT shall satisfy all the requirements of this standard 
 

44.7 * Cleaning, sterilization and disinfection  
 

Addition: 
 

A humidifier, if provided, shall be designed to permit the application of procedures that effect 
microbiological decontamination between use. 
 
45. Pressure vessels and parts subject to pressure 
 

This clause of the General Standard applies. 
 
46. Human errors 
 

This clause of the General Standard applies except as follows: 
 

Additional sub-clauses: 
 

46.101 * All temperature sensors (including SKIN TEMPERATURE SENSORS) shall be clearly marked 
with their intended function. It shall not be possible to connect a sensor to an inappropriate socket on the 
EQUIPMENT. 
 

Compliance is checked by inspection. 
 

46.102 * When a BABY CONTROLLED TRANSPORT INCUBATOR operates as an AIR 
CONTROLLED TRANSPORT INCUBATOR there shall be a clear indication of the mode of operation in 
use. 
 

Compliance is checked by inspection. 
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46.103  Each temperature control, if it has a rotary action, shall be so arranged that a clockwise rotation 

produces an increase in temperature. 
 
Compliance is checked by inspection. 
 
Clauses 47 and 48 of the General Standard apply. 
 
49. Interruption of the power supply 
 
This clause of the General Standard applies except as follows: 
 
49.2 Replacement: 
 
The EQUIPMENT shall be so designed that an interruption and a restoration of the power supply do not 
change the CONTROL TEMPERATURE or other preset values. 
 
Compliance is checked by switching off and on the SUPPLY MAINS, and inspecting the EQUIPMENT. 
 
 

SECTION EIGHT - ACCURACY OF OPERATING DATA AND PROTECTION AGAINST INCORRECT 
OUTPUT 

 
50. Accuracy of operating data 
 
This clause of the General Standard applies except as follows: 
 
Additional sub-clauses: 
 
50.101 * During STEADY TEMPERATURE CONDITION the TRANSPORT INCUBATOR 

TEMPERATURE shall not differ from the AVERAGE INCUBATOR TEMPERATURE by more than 1 
°C. 

 
Compliance is checked by measurement at CONTROL TEMPERATURES of 32 °C and 36 °C over a 
period of at least 1 h 
 
50.102 * With a TRANSPORT INCUBATOR working as an AIR CONTROLLED TRANSPORT 
INCUBATOR and the CONTROL TEMPERATURE set at any temperature within its range, the AVERAGE 
TEMPERATURE in each of the points A, B, C, D and E as specified in the test instruction shall not differ 
from the AVERAGE TRANSPORT INCUBATOR TEMPERATURE by more than 1.5 °C in NORMAL USE. 
In any position of the tilted mattress it shall not differ by more than 2.0 °C. 
 
Compliance is checked by the following test: 
 
Calibrated temperature sensors shall be placed at five points in a plane parallel to and 10 cm above the 
mattress surface. Point A shall be a point 10 cm above the centre of the mattress (see figure 102, point 
A). The other points shall be the centres of the four areas formed by lines which divide both the width and 
the length in two parts (see figure 102, points B to E). The AVERAGE TEMPERATURE at each of these 
five points shall be measured at CONTROL TEMPERATURES of 32 °C and 36 °C 
 
The differences between the five measured values and the measured AVERAGE TRANSPORT 
INCUBATOR TEMPERATURE shall be compared as specified. The test shall be undertaken with the 
INCUBATOR mattress tray horizontal and at the two extremes of its tilt angles. 
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50.103 * BABY CONTROLLED TRANSPORT INCUBATORS shall be equipped with a SKIN 
TEMPERATURE SENSOR and the temperature measured by the sensor shall be continuously displayed 
and clearly visible. If, in addition, the display is used to present any other parameter, this shall be 
obtained only on demand using a momentary action switch. The displayed temperature range shall 
minimally be 33 °C to 38 °C. 
 
Compliance is checked by inspection. 
 
50.104 * The accuracy of the SKIN TEMPERATURE SENSOR for measuring skin temperature shall be 
within ± 0.3 °C. 
 
Compliance is checked by the following test: 
 
The SKIN TEMPERATURE SENSOR shall be immersed in a water bath which has the capability of 
controlling the temperature of the water such that it fluctuates by less than ± 0.1 °C around its controlled 
value. The water bath temperature shall be at a nominal 36 °C A standard thermometer accurate to within 
± 0.05 °C of its reading shall be positioned with its bulb adjacent to the SKIN TEMPERATURE SENSOR. 
The reading of the standard thermometer shall be compared with the displayed temperature and their 
difference shall not exceed 0.3 °C less the standard thermometer error. 
 
50.105 * With a TRANSPORT INCUBATOR working in the BABY CONTROLLED TRANSPORT 
INCUBATOR mode with horizontal mattress orientation, the temperature, as measured by the SKIN 
TEMPERATURE SENSOR, shall not differ from the CONTROL TEMPERATURE by more than 0.7 °C in 
STEADY TEMPERATURE CONDITION. 
 
Compliance is checked by the following test: 
 
The SKIN TEMPERATURE SENSOR shall be freely suspended 10 cm above the centre of the mattress 
surface. The A VERAGE TRANSPORT INCUBATOR TEMPERATURE shall be measured at CONTROL 
TEMPERATURE of 36 °C 
 
If it can be demonstrated that an alternative test method is more relevant for this test the manufacturer 
may propose this method to verify the performance requirement. 
 
50.106 * An indication of TRANSPORT INCUBATOR TEMPERATURE shall be provided by a means 
which is independent of any device used for control of the TRANSPORT INCUBATOR TEMPERATURE. 
It shall be exclusively used for indication of TRANSPORT INCUBATOR TEMPERATURE and it shall be 
so located as to be easily read without opening the TRANSPORT INCUBATOR even when working at a 
maximum humidity setting. 
 
A mercury-in-glass thermometer shall not be used. 
 
The temperature measuring device reading shall not differ from the AVERAGE TRANSPORT 
INCUBATOR TEMPERATURE measured by a standard thermometer by more than 1 °C, less the 
standard thermometer error. The standard thermometer shall be accurate within ± 0.05 °C. It shall have a 
measuring range of at least 20 °C to 40 °C. If the temperature sensitive component of any device is 
located at a point where the air temperature consistently differs from the TRANSPORT INCUBATOR 
TEMPERATURE, the device may be specially calibrated with an offset in order to meet the above 
requirements. However, in this case, full details of special calibration shall be specified in the 
ACCOMPANYING DOCUMENTS. 
 
Compliance is checked by inspection and measurement at CONTROL TEMPERATURES of 32 °C and 36 
°C. 
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50.107 * Working as an AIR CONTROLLED TRANSPORT INCUBATOR the AVERAGE TRANSPORT 
INCUBATOR TEMPERATURE shall not differ from the CONTROL TEMPERATURE by more than ± 2 °C 
at an ambiant temperature of between 10 °C and 20 °C and by not more than ± 1.5 °C at an ambient 
temperature of between 20 °C and 30 °C. 
 
Compliance is checked by the following test: 
 
The AVERAGE TRANSPORT INCUBATOR TEMPERATURE shall be measured in the STEADY 
TEMPERATURE CONDITION at an ambient temperature of 15 °C ± 1 °C and 25 °C ± 1 °C and at a 
CONTROL TEMPERATURE of 36 °C 
 
50.108 * The warm-up time of the EQUIPMENT shall not differ by more than 20 per cent from the 
warm-up time specified in the instructions for use (see item aa) of Sub-clause 6.8.2). 
 
Compliance is checked by the following test: 
 
With the CONTROL TEMPERATURE set to 12 °C above ambient temperature the supply voltage being 
equal to the rated voltage, the EQUIPMENT operating as an AIR CONTROLLED TRANSPORT 
INCUBATOR, the TRANSPORT INCUBATOR is switched on, starting from COLD CONDITION. The time 
for the TRANSPORT INCUBATOR TEMPERATURE to rise by 11 °C is measured (see figure 101). The 
humidity control if fitted, shall be set to its maximum value. The water level of a humidifier water container 
shall be normal. The water in such a container shall be at ambient temperature. 
 
50.109 * After adjustment of the CONTROL TEMPERATURE in the manner described in the following 
test, the overshoot in TRANSPORT INCUBATOR TEMPERATURE shall not exceed 2 °C. 
 
Compliance is checked by the following test: 
 
The TRANSPOKT INCUBATOR is operated as an AIR CONTROLLED INCUBATOR at a CONTROL 
TEMPERATURE of 30 °C until STEADY TEMPERATURE CONDITION is reached The temperature 
control is then adjusted to a CONTROL TEMPERATURE of 34 °C The overshoot of TRANSPORT 
INCUBATOR TEMPERATURE. 
 
50.110 * Any indicated value of relative humidity shall have an accuracy of ± 15 % of actual measured 
value. 
 
Compliance is checked by the measurement of the relative humidity with a humidity measuring device at 
the centre of the enclosure. The CONTROL TEMPERATURE shall be set at a value between 32 °C and 
36 °C 
 
50.111 * An oxygen analyser shall be provided for monitoring the oxygen delivered to the baby with the 
TRANSPORT INCUBATOR. This shall conform with the relevant ISO Standards. 
 
Compliance is checked by inspection. 
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50.112 * Following the changes in ambient temperature described in the following test, the 
TRANSPORT INCUBATOR TEMPERATURE shall not differ from the CONTROL TEMPERATURE by 
more than 3 °C. 
 
Compliance is checked by the following test: 
 
The TRANSPORT INCUBATOR is operated as an AIR CONTROLLED TRANSPORT INCUBATOR 
connected to an external power source. When the STEADY TEMPERATURE CONDITION is established 
at an ambient temperature within the range of 21°C to 25 °C and at a CONTROL TEMPERATURE of 36 
°4 it shall be set to operate in accordance with the ACCOMPANYING DOCUMENTS without a SUPPLY 
MAINS and transferred into an environment where the ambient temperature is being kept between -5 (-1 
± 2) °C and the wind velocity is not more than 1 mls. After 15 min it shall be returned into an environment 
where the ambient temperature lies within the range of 20 °C to 25 °C and reconnected to an external 
supply and. operated for a further 30 min. The TRANSPORT INCUBATOR TEMPERATURE shall be 
monitored throughout the whole test and at no time shall it go outside the specific limits. 
 
If the ACCOMPANYING DOCUMENTS specify to meet this requirement at a lower ambient temperature 
than -5 (-1 ± 2) °C or for a longer period than 15 min the TRANSPORT INCUBATOR shall be additionally 
tested for compliance with those claims as indicated. 
 
51. Protection against incorrect output 
 
This clause of the General Standard applies. 
 
 
 
SECTION NINE - FAULT CONDITIONS CAUSING OVERHEATING AND/OR MECHANICAL DAMAGE; 

ENVIRONMENTAL TESTS 
 
Clauses 52 and 53 of the General Standard apply. 
 
 
 

SECTION TEN - CONSTRUCTIONAL REQUIREMENTS 
 
54. General 
 
This clause of the General Standard applies except as follows: 
 
Addition: 
 
54.101 * CONTROL TEMPERATURE ranges 
 
For an AIR CONTROLLED TRANSPORT INCUBATOR the range of CONTROL TEMPERATURES shall 
be from 30 °C or less to not more than 39 °C. The maximum setting of the CONTROL TEMPERATURE 
shall not be less than 36 °C. 
 
Compliance is checked by inspection. 
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54.102 * For a BABY CONTROLLED TRANSPORT INCUBATOR the range of CONTROL 
TEMPERATURES shall be from 35 °C or less to not more than 37 °C. The CONTROL .TEMPERATURE 
range may be overridden by a special action of the OPERATOR up to 38 °C. 
 
Compliance is checked by inspection. 
 
55. ENCLOSURES and covers 
 
This clause of the General Standard applies except as follows: 
 
Addition: 
 
55.3 The TRANSPORT INCUBATOR shall have means by which the baby can be taken in and out 

without the need to remove the canopy completely or to disconnect tubes, cords, leads and the like 
from the baby. 

 
56. Components and general assembly 
 
This clause of the General Standard applies except as follows: 
 
56.6 Temperature control devices 
 
Additional items: 
 
aa) * A TRANSPORT INCUBATOR shall be equipped with a THERMAL CUT-OUT which operates 

independently of any THERMOSTAT. It shall be so arranged that the heater is disconnected and an 
audible and visual warning is given at a TRANSPORT INCUBATOR TEMPERATURE which does 
not exceed 40 °C. 

 
- The THERMAL CUT-OUT(S) shall be non self-resetting but capable of being manually reset,  
 
or 
 
- shall be self-resetting at a TRANSPORT INCUBATOR TEMPERATURE between 39 °C and 34 °C and 
the alarm shall operate continuously until manually reset. 

 
Compliance is checked by inspection and the following tests: 
 
Test 1 
 
With the TRANSPORT INCUBATOR set to operate as an AIR CONTROLLED TRANSPORT 
INCUBATOR the THERMOSTAT is disabled and the TRANSPORT INCUBATOR switched on At the time 
the alarm operates the TRANSPORT INCUBATOR TEMPERATURE shall not exceed the temperature 
specified above and the supply to the heater shall be disconnected The heater supply shall not be 
restored until either: 
 
- the THERMAL CUT-OUT(S) is (are) manually reset, or 
 
- the TRANSPORT INCUBATOR TEMPERATURE falls below 39 °C. 
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Test 2 
 
With the TRANSPORT INCUBATOR set to operate as a BABY CONTROLLED TRANSPORT 
INCUBATOR the THERMOSTAT is disabled and the SKIN TEMPERATURE SENSOR is separately 
maintained at a temperature below the CONTROL TEMPERATURE. At the time the alarm operates the 
TRANSPORT INCUBATOR TEMPERATURE shall not exceed the temperature specified above and the 
supply to the heater shall be disconnected The heater supply shall not be restored until either: 
 
- the THERMAL CUT-OUT is manually reset, or 
 
- the TRANSPORT INCUBATOR TEMPERATURE falls below 39 °C. 
 
bb) In the normal operation of a BABY CONTROLLED TRANSPORT INCUBATOR where the baby's 

temperature as measured by the SKIN TEMPERATURE SENSOR is below the CONTROL 
TEMPERATURE, STEADY TEMPERATURE CONDITION shall be achieved without the operation 
of the THERMAL CUT-OUT. 

 
Compliance is checked by temperature measurement and functional check with the TRANSPORT 
INCUBATOR set to operate as a BABY CONTROLLED TRANSPORT INCUBATOR at maximum 
CONTROL TEMPERATURE and the SKIN TEMPERATURE SENSOR separately maintained at least 2 
°C below the CONTROL TEMPERATURE. 
 
56.10 Actuating parts of controls 
 
Addition: 
 
b) Where the relative movement of any control knob and its actuating mechanism can affect the setting 

of the TRANSPORT INCUBATOR air temperature they shall be positively secured together at the 
correct position. 

 
Clauses 57 to 59 of the General Standard apply. 
 
 
 
Additional section: 
 

SECTION ELEVEN - ADDITIONAL REQUIREMENTS 
 
101. Alarms 
 
101.1 * If the TRANSPORT INCUBATOR is provided with an air circulation fan, an audible alarm, visually 

identifiable, shall be given and the supply to the heater shall be disconnected before a hazard is 
created in the event of: 

 
 - failure of the fan to rotate, or 
 
 - blocking of the air outlets from the BABY COMPARTMENT, and 
 
 - when possible blocking of the air inlet. 
 
In the event of a failure of the fan the EQUIPMENT shall not emit flames, molten metal, poisonous or 
ignitable gas and the parts accessible to the baby shall not exceed the temperatures specified in Sub-
clause 42.3 of this Particular Standard. 
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Compliance is checked by running the INCUBATOR as an AIR CONTROLLED TRANSPORT 
INCUBATOR until STEADY TEMPERATURE CONDITION is achieved at a CONTROL TEMPERATURE 
of 34 °C It shall then be checked that the requirement is met when in turn: 
 

- the fan is disabled; 
 

- the air circulation outlet to the BABY COMPARTMENT enclosure is blocked by a piece of closely woven 
cloth 

 

Where a number of separated air inputs are provided or if protected from inadvertent blockage, the 
second part of the test is not required; 
 

- blocking of the air inlet when applicable. 
 

101.2 * A BABY CONTROLLED TRANSPORT INCUBATOR shall be provided with an audible alarm, 
visually identifiable, which sounds in the event of the connector to the SKIN TEMPERATURE 
SENSOR 

 

- becoming electrically disconnected; 
 

 - having open-circuited leads, or 
 

- short-circuited leads. 
 

The supply to the heater shall be automatically disconnected or the TRANSPORT INCUBATOR shall be 
automatically switched over to the air control mode with a CONTROL TEMPERATURE of 36 °C ± 0.5 °C 
or a CONTROL TEMPERATURE set by the USER. 
 

Compliance is checked by simulating the specified fault conditions and observing the effects. 
 

The manufacturer's recommended sensor shall be connected to the control unit by slowly inserting its 
plug into the corresponding socket in order to determine if there are any intermediate positions that inhibit 
an alarm activation. 
 

101.3 Audible alarm and visible indication shall be provided to give warning in the event of an 
interruption of the power supply to the TRANSPORT INCUBATOR. 

 

Compliance is checked by: 
 

a) operating the TRANSPORT INCUBATOR from the SUPPLY MAINS which is then disconnected; 
 

b) operating the TRANSPORT INCUBATOR from its TRANSPORTABLE ELECTRICAL POWER 
SOURCE, which is then disconnected 

 

In both cases an audible and visual indication of the failure of power supply shall be provided for a 
minimum time of 10 min. 
 

101.4 Deliberately silenced audible alarms shall have a maintained visual indication. 
 

Such alarms shall automatically resume their normal function within a time specified by the manufacturer. 
 

For warming up the TRANSPORT INCUBATOR from COLD CONDITION this time may be 30 min. 
 

Compliance is verified by functional check and time measurement. 
 

101.5 Means shall be provided for the USER to check the operation of audible and visual alarms. 
Such means may consist of information contained in the instructions for use. 
 

Compliance is checked by inspection. 
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102. Sound pressure level 
 
102.1 * In NORMAL USE the sound level within the BABY COMPARTMENT shall not exceed an A 

weighting of 60 dB except as specified in Sub-clause 102.2. 
 
Compliance is checked by the following test: 
 
With the microphone of a sound level meter complying with Type III requirements of IEC 651 positioned 
100 mm to 150 mm above the centre of the baby tray, the measured sound level shall not exceed the 
specified value. For this test the TRANSPORT INCUBATOR shall be operated at a CONTROL 
TEMPERATURE of 36 °C at maximum humidity. The background sound level measured inside the BABY 
COMPARTMENT shall be at least 10 dBA below that which is measured during the test. 
 
102.2 When any TRANSPORT INCUBATOR alarm is sounding the sound level in the BABY 

COMPARTMENT shall not exceed an A weighted of 80 dB. 
 
Compliance is checked by the following test: 
 
The alarm shall be actuated and the measurement shall be carried out as described in Sub-clause 102.1. 
 
102.3 Audible alarms shall have a sound level of at least an A weighted 65 dB at a distance of 3 m 

perpendicular to the front of the control unit in a reflecting room (e.g. ISO 3743). The audible alarm 
level shall not be adjustable without the use of a TOOL. 

 
Compliance is checked by inspection and measurement of the audible alarm level using a sound level 
meter, as required in Sub-clause 102.1 of this Particular Standard, placed 1.5 m above the floor and 3 m 
from the control unit. 
 
103 * Humidifying unit 
 
If a water reservoir is provided as an integral part of the TRANSPORT INCUBATOR, it shall have a water 
level indicator with "max" and "min" markings if the level of the water in the tank cannot be seen. The tank 
shall be so designed that it may be drained without tilting the TRANSPORT INCUBATOR. 
 
Compliance is checked by inspection. 
 
104. * Maximum air velocity in the enclosure 
 
In NORMAL USE the air velocity over the mattress shall not exceed 0.35 m/s. 
 
Compliance is checked by measurement in the four points specified in the test specification of Sub-clause 
50.102. 
 
105. * Concentration of carbon dioxide (CO2) 
 
The manufacturer shall specify in the ACCOMPANYING DOCUMENTS the maximum CO2 concentration 
which will occur in the BABY COMPARTMENT during the following test under NORMAL CONDITIONS. 
 
Compliance is checked by the following test: 
 
A 4% mixture of CO2 in air shall be administered at a rate of 750 ml/min at a point 10 cm above the centre 
of the mattress (see fig. 102, point A) through an 8 mm diameter tube in vertical direction from the 
mattress to the top. CO2 concentration at a point 15 cm from point A shall be measured when stability is 
being achieved. 
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106. Provision of oxygen 
 
106.1 There shall be means for the provision of oxygen. The flow rate of oxygen shall be indicated. 
Where oxygen is supplied from a reservoir there shall be an indication of the remaining content. This 
indication shall be on a position which can be easily read. Gas connections to high pressure cylinders 
shall comply with ISO 32 and ISO 407. 
 
Compliance is checked by inspection. 
 
106.2 If means for the supply of oxygen are incorporated into the TRANSPORT INCUBATOR, they 

shall be capable of delivering oxygen of such an amount that a concentration of up to 60 vol % can be 
given to the baby during at least 1 h. 

 
Compliance is checked by inspection and measurement. 
 
107. Electrical power supply 
 
107.1 * The TRANSPORT INCUBATOR shall have a TRANSPORTABLE ELECTRICAL POWER 
SOURCE consisting of a rechargeable battery and battery charger designed to operate from an 
alternating current supply voltage. It shall also be designed to operate from at least one external direct 
and one external alternating current SUPPLY MAINS as specified in the instructions for use. All 
requirements of the General Standard and this Particular Standard shall continue to be met. 
 
Compliance is checked by the following test: 
 
The TRANSPORT INCUBATOR shall be connected in turn to all specified external SUPPLY MAINS set 
to their RATED VALUES at an ambient temperature of 15 °C ± 1 °C. CONTROL TEMPERATURE is set 
to its maximum value. 
 
107.2 The capacity of any TRANSPORTABLE ELECTRICAL POWER SOURCE shall be sufficient to 

maintain the TRANSPORT INCUBATOR at a temperature in accordance with the following test 
during at least 90 min. 

 
Compliance is checked by inspection and the following test: 
 
The TRANSPORT INCUBATOR with a fully charged battery shall be placed in an environment with an 
ambient temperature of 15 °C ± 1 °C. It shall be operated from the supply mains until a STEADY 
TEMPERATURE CONDITION has been established at a CONTROL TEMPERATURE of 36 °C and then 
set to operate from any TRANSPORTABLE EXTERNAL ELECTRICAL POWER SOURCE. The 
TRANSPORT INCUBATOR TEMPERATURE shall be maintained within 2 °C of the CONTROL 
TEMPERATURE. 
 
This test shall be conducted while all the electrical powered ACCESSORIES, as specified, are in 
operation and making their maximum demand upon the TRANSPORTABLE EXTERNAL ELECTRICAL 
POWER SOURCE. 
 
107.3 It shall not be possible to overcharge and damage the TRANSPORTABLE ELECTRICAL 
POWER SOURCE even if the EQUIPMENT is left connected to the a.c. electrical power source for an 
indefinite period. Controls which affect the rate of recharge or the final battery voltage level shall not be 
accessible to the user without the aid of a TOOL. 
 
Compliance is checked by inspection. 
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APPENDIX AA 
 

RATIONALE 
 
The numbering of the following rationales corresponds to the numbering of the present Standard. 
 
3.6. The additional specified SINGLE FAULT CONDITIONS apply specially to Sub-clause 43.104 of this 

Particular Standard. 
 
4.5 a) Relatively precise requirements on temperature accuracy and constancy of baby TRANSPORT 

INCUBATORS are of great importance for satisfactory treatment of the PATIENT. It is considered 
that these requirements should be as restrictive as generally technically possible within the 
ambient temperature range, which is normal for baby TRANSPORT INCUBATORS within the 
scope of this Standard. The test ambient temperature range has therefore been limited from 21°C 
to 25 °C. 

 
 
 
6.1.101 Infants requiring supplemental oxygen are at added risk since their arterial oxygenation is not 
considered adequate while breathing ambient air. Inadequate amounts of supplemental oxygen may 
result in brain damage or death, and excessive amounts of supplemental oxygen have been associated 
with an increased risk of retrolental fibroplasia (RLF). While known concentrations of oxygen cannot be 
directly related to the adequacy of arterial blood gas values, it is important that attending personnel be 
aware of inspired concentrations (as well as other factors influencing arterial oxygenation) in order to be 
able to determine the reason for observed changes in the physiologic state of the infant. 
 
6.3 b) In the clinical situation the range of temperatures used for BABY CONTROLLED TRANSPORT 

INCUBATORS is usually between 35 °C and 37 °C. Therefore narrower intervals are required for 
BABY CONTROLLED TRANSPORT INCUBATORS. 

 
Situations have been reported whereby incorrect settings of the oxygen control have been made 
due to close proximity of the "max" and "min" markings on the control knob scale. 1000/0 oxygen 
has been administered instead of the intended 21%. 

 
6.8.2 aa) *2. It is inherent in TRANSPORT INCUBATOR design and function that in order for it to be 

effective for one patient, it may be potentially harmful to another. It is therefore necessary that 
qualified personnel having the necessary individual PATIENT information and medical 
knowledge be responsible for ordering all aspects of TRANSPORT INCUBATOR use. 

 
 *3. The air temperature control system of a TRANSPORT INCUBATOR cannot be expected to 

provide protection against overheating of the infant due to direct radiation from sunlight or other 
radiant sources. The infant being essentially a black body would be heated more rapidly than 
the air, resulting in infant overheating. Protection against this hazard can only be achieved by 
preventing its occurrence. 

 
*4./*5. Severe oxygen fire accidents in BABY TRANSPORT INCUBATORS have been reported (M. 

Cara, La Nouvelle Presse Medicale, 22 avril 1978, 7, No. 16). Alcohol left in the enclosure after 
a cleaning procedure is suspected to be the primary ignited material. Arcs from contacts in the 
thermostat are thought to be the source of ignition. 
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*6. His necessary to know the warm-up time in order to prepare the TRANSPORT INCUBATOR for its 

function. 
 
*7. Improper location or means of attachment of the SKIN TEMPERATURE SENSOR could cause an 

incorrect temperature reading or inadequate control of skin temperature which would result in 
possible hypothermia or hyperthermia. 

 
*8. See rationale to Sub-clause 50.110. 
 
*9. As methods for cleaning, sterilization and disinfection depend on the design of the EQUIPMENT, it 

is necessary to require specifications of these methods in the instructions for use. 
 
*10. The overloading of shelves could result in the INCUBATOR tipping over or mechanical damage 

which could result in a hazard. 
 
10.2.1 a) The temperature range of between + 10 °C and + 30 °C has been considered as a standard 

range within an emergency vehicle and hospital. Ambient temperatures up to 40 °C would 
inhibit the required performance and safety characteristics concerning exact temperature 
control. 

 
21.101 A baby can crawl out of an open TRANSPORT INCUBATOR port and fall to the floor. Side 

panels can collapse allowing a baby to roll out of a bassinet. Poorly designed barriers may fail 
to retain the baby. 

 
24.104 The ability to lock wheels eliminates unintentional movement of the EQUIPMENT, which could 

constitute a hazard for the PATIENT. 
 
 
24.106 During transportation, e.g. in an ambulance, there can be a high level of vibration. To reduce a 

possible risk to the baby, there should be means to lower this vibration, e.g. shock absorbers or 
spring/damping elements. As long as there is no test requirement created for this purpose, this is 
an information for manufacturers of TRANSPORT INCUBATORS and ambulances. 

 
43. Reports of fires in oxygen-enriched atmosphere in medical EQUIPMENT are relatively unusual. 

However, when such fires do occur they can be severe and very dangerous. See also Sub-clause 
6.8.2 aa) *4./*5. of this rationale. 

 
43.101 A component may be a source of ignition only if materials which may ignite are present. 

However, materials which do not ignite in air may ignite and burn violently in oxygen. 
 
43.103 When the concentration of oxygen in nitrogen exceeds 26 % - 28%, the speed of combustion of 

flammable materials increases significantly above that in air. Allowing for experimental errors, it 
seems advisable that concentrations of 4 vol. percentage above that of ambient air should not 
cause a hazardous increase in the speed of combustion. 

 
43.104 The hazards of ignition caused by electrical sparks increase 
 
- in purely resistive circuits by electrical power of the spark, 
 
- in inductive and capacitive circuits with the stored energy which is transferred to the spark. 
 
Because of the great variety of ignitable materials and designs of EQUIPMENT it is not possible to 
specify uniquely the maximum power and/or energy of electrical circuits which will not cause fires in 
oxygen. 
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For guidance see literature: National Fire Protection Association (NFPA), USA, Publication 53M, "Fire 
hazards in oxygen enriched atmospheres". 
 
The requirement that the product of open-circuit voltage and short-circuit current should not exceed the 
value 10 VA does not have complete experimental basis, but is specified in German standard VDE 0750, 
'Teil 1, 1977 (see item 34 of this standard). In EQUIPMENT made to this German standard, this 
requirement has proved to minimize the risk of oxygen fires without being too onerous for manufacturers. 
 
The maximum surface temperature of 300 °C corresponds to the maximum surface temperatures 
specified in NFPA Publication 53M, Table 5-2. 
 
44.3 TRANSPORT INCUBATORS are considered to be liable to accidental spillage due to fluid filled 

vessels being placed on the canopy. 
 
The test is designed to simulate typical spillage. 
 
44.4 During NORMAL USE quantities of liquid are likely to be deposited inside the BABY 

COMPARTMENT, particularly on the baby tray. 
 
Quantities of up to 200 ml are considered as NORMAL CONDITION and, therefore, all protective 
measures should be unaffected. 
 
44.7 See also Sub-clause 6.8.2 aa), *9. 
 
46.101 The response of the rectal temperature of the -baby to environmental temperature changes is 

slow and is not suitable for controlling the TRANSPORT INCUBATOR TEMPERATURE. The 
requirement of this sub-clause is intended to eliminate wrong application of the SKIN 
TEMPERATURE SENSOR. 

 
46.102 Lack of information about the control mode may result in a hazard for: the PATIENT. 
 
50.101 It is recognized that apnoea can result from variations in TRANSPORT INCUBATOR 

TEMPERATURE. While there is no scientific evidence to show that temperature variations normally 
encountered in TRANSPORT INCUBATORS result in apnoea, a conservative value has been 
selected. 

 
50.102 Long experience of both the medical and technical requirements has shown that this level of 

performance (2 °C) is satisfactory in maintaining the temperature of the baby and readily achievable 
technically. 

 
50.103 Even if it cannot be assumed that in all situations the SKIN TEMPERATURE SENSOR is 

measuring the true skin temperature, clear visibility of this parameter is required to enable the 
operator to supervise the function of the control system. 

 
50.104 The SKIN TEMPERATURE SENSOR'S temperature indication error is only a part of the total 

error associated with skin surface temperature measurement. Other errors can be introduced by 
variation of the area of sensor contact, contact pressure and heat exchange between the sensor 
and its environment. 
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50.105 Accuracy to this degree is required to establish the best possible function of the SKIN 

TEMPERATURE SENSOR control system. 
 
It is recognized that the recommended compliance check method does not simulate the situation of 
NORMAL USE of EQUIPMENT. The uncertainties mentioned in Sub-clause 50.104 of this rationale, 
specially the different heat exchanges between the SKIN TEMPERATURE SENSOR and its environment, 
make it difficult to specify such a check method. However, the specified check method is considered to be 
gradually more representative for measurement of the true skin surface temperature the further the skin 
surface temperature converges towards the temperature of the ambient air. 
 
50.106 For the safe use of a TRANSPORT INCUBATOR it is necessary to be able to check the 

TRANSPORT INCUBATOR TEMPERATURE independently of the CONTROL TEMPERATURE, 
particularly when it is working as a BABY CONTROLLED TRANSPORT INCUBATOR or if the 
THERMOSTAT has failed. See also the rationale to Sub-clause 50.103. 

 
50.107 See figure 101. This requirement ensures that the TRANSPORT INCUBATOR runs at a 

temperature as close as possible to that set by the USER and that simultaneously the environment 
temperature for different parts of the INCUBATOR is as consistent as possible. 

 
50.108 It is necessary to know the warm-up time in order to prepare the TRANSPORT INCUBATOR 

for its function. 
 
50.109 See rationale to Sub-clause 50.101. 
 
50.110 Knowledge of the level of relative humidity is important for respiratory care of the infant and for 

assessing air temperature requirements. Infant heat loss is reduced as the relative humidity is 
increased while maintaining the air temperature constant. 

 
50.111 The standard ISO 7767 "Oxygen analysers for medical use" was published in 1988. This deals 

with minimum performance and safety of oxygen analysers or monitors intended for monitoring 
oxygen levels in a PATIENT breathing-mixture. This also includes applications in anaesthesia 
machines, lung ventilators and paediatric incubators. 

 
50.112 Following the changes in ambient temperature described in the following test, the TRANSPORT 

INCUBATOR TEMPERATURE shall not differ from the CONTROL TEMPERATURE by more than 
3 °C. 

 
54.101 The specific requirements are considered to meet with current medical needs whilst limiting 

hazards resulting from wrong temperature settings. 
 
54.102 See rationale to Sub-clause 54.101. 
 
56.6 aa) The air an infant breathes shall not exceed 40 °C at any time. Tracheal inspired air 

temperatures above 40 °C appear to increase the work of breathing and the incidence of 
laryngeal spasm. 

 
In the event of failure of the primary thermostat and subsequent rise of TRANSPORT INCUBATOR 
TEMPERATURE, an alarm must sound to alert personnel to the danger of over-heating the infant. 
 
101.1 Air circulation patterns, altered when fans have failed or when air vents have been blocked by 
blankets, have, in reported cases, caused the baby's environment temperature to exceed safe levels 
without alarm activation or heater safety cut-off. 
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101.2 SKIN TEMPERATURE SENSORS are fragile, and the wires which connect the sensors to the 

control unit may break after a period of use, causing an open circuit. Alternatively, the insulation 
separating the two wires may deteriorate or moisture could short-circuit the sensor. The use of 
openor short-circuited or defective sensors or the incorrect connection of a sensor to the control unit 
can cause errors in the operation of the control system. 

 
102.1 It is recognized that hearing loss can result from continuous exposure to high sound levels. While 

there is no scientific evidence or specific incident to show that exposure to noise levels normally 
encountered in TRANSPORT INCUBATORS currently used results in hearing impairment, a 
conservative value based on current expert opinion on human tolerance to high sound levels was 
selected. 

 
103. "Min" indication is required because lack of humidity may be hazardous for the PATIENT. "Max" 

indication is needed to prevent overfilling and spillage. 
 
104. The temperature distribution requirements should not be met at the expense of high air velocities 

which will increase evaporative water loss of the PATIENT. The limit 0.35 m/s is derived from 
measurements on units considered as acceptable in this respect. 

 
105. It is considered that a general test, applicable to all TRANSPORT INCUBATORS, should be 

prescribed, giving definite performance features. It was recognized that mixing of CO2 within the air of 
the BABY COMPARTMENT is not so easy to realize and therefore a mixture of CO2/air should be 
administered, instead. 

 
107.1 It is the basic object of this sub-clause that a TRANSPORT INCUBATOR which is fitted with a 

transportable external electrical power source shall meet with all requirements of the General 
Standard and of this Particular Standard. In this Particular Standard special requirements are given 
concerning the use of the TRANSPORT INCUBATOR in conjunction with a transportable external 
electrical power source or with any other rated supply-mains. These are for instance: Sub-clauses 
107.2, 107.3, but also Sub-clause 50.112. 

 
It is considered that these sub-clauses are sufficient to test the safe design of a TRANSPORT 
INCUBATOR together with a transportable external electrical power source. Yet the requirement of Sub-
clause 107.1 ensures that the manufacturer has to realize that any requirement of both the General 
Standard and the Particular Standard shall be met. Therefore, the test house may choose any other 
requirement, especially one of those under Clause 50, in order to check whether the TRANSPORT 
INCUBATOR meets this requirement when operated with a transportable external electrical power 
source. 
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