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DIAGRAMS PARTICULARS

AN INTRODUCTION TO CERTIFICATION AND REGULATORY
REQUIREMENTS

Thefollowing information is provided to help you with your design and safety evaluation decisons

Linkswithin page:

Intro

US & Canada Reguirements

European Requirements

Medical Electrical Safety Standards

Basic Requirements of UL 2601-1 /1 EC 60601-1
Evaluation of M edical Equipment

The Documentation Process

Common Noncompliances

Download the Original Articlein PDF Format

Designing Medical Electrical Equipment to Meet Safety
Certification and Regulatory Requirements

Note - On April 25, 2003, UL issued "UL 60601-1" to replace "UL 2601-1". Thereare no
requirement differences between UL 60601-1 and UL 2601-1 (format changes only).

Medicd equipment is highly regulated and held to a higher level of safety than nearly al other types of
equipment on the market. The main reasons for this are that medica equipment may be used on patients
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who are not able to respond to hazardous conditions or pain, an actua eectrical connection between the
equipment and patient may exist, and certain types of medical equipment function as life support, the failure
of which could result in the death of the patient.

While Engineers spend years in school and the workplace learning about how to design equipment, they
usualy do not learn about the certification and regulatory requirements that the equipment must meet to
comply with the US and internationa codes and laws. Understanding these requirements before the design
phase of the equipment will result in areduction of product development cogt, faster certification turnaround,
and increased product safety.

Thisinformation isintended to increase awareness of product safety certification requirements by
exploring the requirements for medica equipment both in the US and internationaly. We will look at the
applicable safety standards and review their philosophy of safety, then show the process of evauation and
documentation. We will then discuss the most common noncompliances seen when evauaing medica
equipment to safety standards.

MEDICAL EQUIPMENT FOR THE USAND CANADA (FDA, UL)

In the United States, the Food and Drug Administration (FDA) sorts devices into three categories (Class
[, 11, or I11), depending upon the degree of regulation necessary to provide areasonable assurance of their
safety and effectiveness. Class | devices are subject to premarket notification, registration and listing,
prohibitions againgt adulteration and misbranding, and rules for good manufacturing practices. Classl|
devices aso need performance standards, and Class 111 devices need premarket approva from the FDA.
A 510(k) isacollection of documents and forms used to show substantia equivaence to a device that was
either in commercia distribution before May 28, 1976 or has been reclassified into Class | or 1.1 The
FDA or accredited Third Party Reviewer examines the documentation and determines whether the deviceis
substantidly equivaent to the specified predicate device or not.  If the device isfound to be substantialy
equivaent, it can be marketed and sold in the US. If the deviceis not found to be substantialy equivalent
(due to new technology or differences in intended use), then the submitter must present information, such as
clinica trid data, Satistica data, and safety testing results to the FDA to show that the device is safe and
effective. If the FDA finds the information and data adequate, they will grant premarket approval for the
device.

The FDA Federa Food, Drug, and Cosmetic Act requiresthat dl medical devices be "safe and effective,”
and recognizes safety standards as a means to support a declaration of conformity. Many "Authorities
Having Jurisdiction” (AHJ) and purchasers of medica dectrica equipment in the US and Canada require a
safety certification mark on the equipment. Therefore, a product that carries a safety certification mark will
usudly reach itsfull market potentid.

Underwriters Laboratories Inc. (UL) isthe mgor product safety certification organization in North
America. Manufacturers of medica equipment submit product samples and information to UL for
evauation to applicable safety standard(s) and products that meet these requirements are authorized to
apply the appropriate UL Mark for the US and/or Canada.

MEDICAL EQUIPMENT FOR THE EUROPEAN UNION (CE Marking)

All but low-risk, non-measuring, non-sterile medica devices used in Europe must bear the CE mark,
reviewed by aNotified Body (CE mark with the Notified Body'sidentification number). A Notified Body is
athird party designated by European authorities to assess compliance with the Medica Device Directive
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(93/42/EEC). The Medica Device Directive is essentialy the European "law™ for medica devices. This
assessment by a Notified Body evauates compliance with the Medica Device Directive requirements for
safety, performance, suitability for intended use, and risk andysis. Manufacturers can choose from severa
conformity assessment routes, most involving a quaity assurance assessment of the manufacturer's facilities,

MEDICAL ELECTRICAL SAFETY STANDARDS

Product Safety certification agencies use safety standards to evauate many different types of products.
These safety standards are consensus documents, which define the minimum construction and performance
requirements. Table 1 provides an example of UL Standards that cover medical and related product
categories. A completelist of UL standards, covering more than 5,000 product categories, can be found at
http://ul standardsinfonet.ul.com.

UL 187 X-Ray Equipment (withdrawn end of 2010, product
freeze at end of 2004)

UL 198 Fuses

UL 498 Appliance Inlets

UL 544 Medical and Dental Equipment (withdrawn end of

2010, product freeze at end of 2004)

UL 1577 Optical Isolators

UL 60950-1  Information Technology Equipment - Computers,
etc.

UL 2111 Motors

UL 2601-1 (Changed to "UL 60601-1")

UL 60601-1 Medical Electrical Equipment

UL 61010-1  Electrical Equipment for Laboratory Use

Table 1. Example of UL Standards

Since 1972, eectricaly operated medicd equipment used in the US has been evauated to the UL544
Standard for Medicd and Dental Equipment. This standard will be withdrawn &t the end of 2004, requiring
both new and current UL 544 equipment to be eval uated to the UL 2601-1 Standard to continue to apply
the UL Mark. Underwriters Laboratories published UL2601-1 in 1994. UL 2601-1 was written asan
IEC601-1 (renamed IEC60601-1) harmonized standard. Prior to this harmonization initietive,
manufacturers were required to comply with different stlandards for different countries. This often required
that multiple product models had to be designed and manufactured to meet different nationd standards if
they were to be used in more than one country. Using an internationaly harmonized safety standard meant
that a product could be designed and evaluated for compliance with a single standard, such as UL2601-1,
and dso be digible for use in many different countries. Other countries that use an IEC60601-1 harmonized
standard include the European Union, Canada, Brazil, Japan, Korea, and Audtrdia In addition to being the
base of so many harmonized standards, IEC60601-1 is an FDA recognized consensus standard, used to
support a manufacturer's declaration of conformity. Vist the FDA website to see al the FDA-CDRH
recognized standards at http://www.accessdata fda.gov/scripts/cdrhv/cfdocs/cf Standards/search.cfm.

The UL2601-1 safety standard contains the full text of IEC60601-1 and adds US deviations, as shown in
Figure 1. The US deviations contain national requirements, such as those for the mains circuit (Nationa
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Electric Code, UL ), component requirements (ANSI, UL), lower leakage current limits (AAMI, UL),
enclosure flame ratings (UL), and production line testing (OSHA, UL). Since these deviations do not
conflict with the base standard, the equipment is il in compliance with IEC60601-1.

Amendment

Lppendizes

Figures

IEC 60601-1

Clauses

IEC 60601-1

us

Diemations

Figure 1. Structure of UL 2601-1

The second edition of IEC60601-1 currently has two amendments that were published in 1991 and
1995. These amendments are additions and corrections to the base standard. The standard aso has
collateral (horizontal) standards, numbered IEC60601-1-x, and particular (vertica) standards, numbered
IEC60601-2-xx. The collateral standards include requirements for specific technologies and/or hazards and
aoply to al gpplicable equipment, such as medica systems (-1-1), EMC (-1-2), radiation protection in
diagnostic X-ray equipment (-1-3), and software (-1-4). The particular standards apply to specific
equipment types, such as Medica Electron Accderators (-2-1), High Frequency Surgical Equipment
(-2-2), and hospitd beds (-2-38). Figure 2 illusgtrates the organization of the collateral and particular
IEC60601 standards. The US deviations, amendments, collateral, and particular standards are used
together to evauate the medica dectrica equipment. They al use the same clause numbering system, which
alows cross-referencing of the requirements, and each may have amendments.

General Standard Collateral Standards
60601-1 60601-1-1 I 60601-1-2 I 60601-1-3 60601-1-4
Medical EMC Radiation Software
Systems Protection

| 60601-2-1 | Medical Electron Accelerators
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60601-2-2 High Frequency Surgical Equipment

60601-2-38 | Electrically Operated Hospital Beds

60601-2-xx | Many Others

Particular Standards

Figure2. Organization of the |EC60601-1 Standard
|[EC60601-1 REQUIREMENTS
Philosophy

The underlying philosophy of the IEC60601-1 harmonized standards is that equipment must be safe in
norma condition (NC) and single fault condition (SFC). To understand the dectrica safety requirements,
we need to first define afew terms:

- An Applied Part is any pieces of the equipment that can intentionaly or unintentionally be brought in
contact with the patient.

- Creepage is spacing along a surface (as an ant crawls).

- Clearance is gpacing through the air (as abug flies).

- LOPisaleve of protection (2 required by standard).

- Badic Insulation (BI) isaspacing or a physica insulation barrier providing 1 LOP.

- Supplementd Insulation () isaso agpacing or a physicd insulation barrier providing 1 LOP.
- Double Insulation (DI) isBI + Sl and provides 2 LOP.

- Reinforced Insulation (RI) isasingle spacing or physica insulation barrier that provides 2 LOP.
- Protective Impedance is a component (such as aresistor) that provides 1 LOP.

- Protective Earth (PE) is awell-grounded part that provides 1 LOP.

- Class | Equipment is defined as using PE as 1 LOP.

- Class 11 Equipment (also known as Double Insulated) is defined as not using PE as 1 LOP.

For dectrical safety, the standard requires 2 LOP againgt excessive unintentiond current, defined as
leakage current, passing through the patient or operator. Figure 3 graphically depicts the 2 LOP between
the live part (mains) and the patient (1A and 2A), and between the live part and the enclosure (1B and 2B).
Inthe case of 1A and 2A, the levels of protection are Bl and SI. For 1B and 2B, they are Bl and PE.

-

APPLIED /

PR
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Figure 3. Two Levesof Protection (2 LOP)
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Table 2 provides an example of the minimum spacing requirements and dielectric (hipot) requirements for
these barriers. If the insulation does not meet both the dielectric and the spacing requirements, it cannot be
considered asaleve of protection and can be shorted as anormal condition. Note that Bl and SI spacing
requirements are the same, however the Sl dielectric vaues are greater than the Bl values. To be
consdered protectively earthed, the grounding path of the equipment must pass 15 Amps or 1.5* rated
current for 5 seconds from the protectively earthed part to the earth connection, with 0.1 Ohms resistance
for equipment with a detachable power supply cord or 0.2 Ohms for equipment with a non-detachable
power supply cord. The Canadian requirement changes the current to 30 Amps or 2* rated current and
changesthe time to 2 minutes. Since thisisthe only mgjor difference between the US and Canadian
sandards, the test istypically done a 30 A for 2 minutes as the "worst case” for testing protective earthed
parts.

GREEPAGE 2 CLEARANCE REQUIREHMENTS [in millimeters]
YWolage (518 =15 %36 %74 =140 2300
Woltage AT =12 =30 =60 Z124 =240
BOP Creepage s 1.0 1.3 20 3.0

Clearance 04 04 07 1.0 16
Bl /Sl Creepage 1.7 2.0 23 30 4.0

Clearance s 1.0 1.2 16 25
DI/ Rl Creepage 3.4 40 45 G.0 a.0

Clearance 16 20 2.4 3.2 a0

DIELEGTRIG YWITHSTAND TEST VOLTAGES tin vonts)

Feference “aoltage 0=%=<a0 a0 =W <150 150 =W £ 250
Bl A00 1k 1.6k
Sl A00 2K 2.8k
DI/ Rl A00 3k 4l

Table 2. Insulation Spacing and Didlectric Requirements (excer pt from full tables)

To demongtrate that medica equipment is safe in normal and single fault condition, the following conditions
must be addressed when evauating the equipment. These conditions are specified in the Standard and need
to be addressed when designing medical equipment and/or salecting components.

Likey to Occur (Normal Condition)
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- Reverse polarity of supply mains
- Failure of insulation less than basic

Could Occur (Single Fault Condition)

- Interruption of protective earth

- Interruption of one supply conductor

- Mains voltage on floating (F-type) applied part(s)
- Mains voltage on communication ports

- Fallure of dectrica components, one a atime

- Falure of mechanica parts, one a atime

- Fallure of temperature limiting devices, one a atime
- Shorting of basic or supplementa insulation

- Overload of mains supply transformers

- Interruption and short circuit of motor capacitors
- Locking of moving parts

- Impairment of cooling (fans, vents)

Unlikdy to Occur (Not evaluated)

- Total breakdown of double or reinforced insulation

- Loss of protective earth on permanently installed equipment

- More than one Single Fault Condition at atime

- Failure of a UL Recognized optocoupler barrier

- Failure of a UL Recognized Y 1 capacitor, acting as abarrier

EVALUATION OF MEDICAL EQUIPMENT

The process of evaluaing medica equipment for compliance with the requirements in UL2601-1 includes
not only the equipment itsalf, but the user's manud, markings, software (if it mitigates a hazard),
biocompatibility of gpplied parts and dectromagnetic compatibility (EMC). Before submitting equipment for
evauation, the following information should be developed:

- Does equipment fit the scope of UL2601-17?
- Does equipment fit the scope of IEC60601 Collaterd or Particular standards?
- List dl equipment functions and accessories that can be used with the basic product.
- Isthe medica equipment connected to other equipment, such as a computer or printer?
- Any other equipment must have IEC certification (evauated to IEC standard) or be part of the medical
equipment evauaion.
- Does equipment have dectrical Signa Input/Output Parts (SIP/SOPs)?
- What could be connected to the SIP/SOPS?
- Computers and other IT equipment are consdered to have 50 V in Norma Condition, Mainsin Single
Fault Condition on their data ports.
- Create insulation diagram (graphic illugtration of the LOPs)
- Determine classfications from the standard
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- Document components that cross adl barriers per insulation diagram
- Verify cregpage and clearance spacing requirements, per the insulation diagram (printed wiring boards,
transformers, relays, €tc.)
- Examine enclosure openings
- IEC test finger (accessto live parts)
- IEC test pin (top openingsto live parts)
- Need for atool to access any live parts
- Determine potentid mechanica hazards, pinch points, sharp edges
- Determine potentia hazards under abnormal use
- Document components that must meet a nationaly recognized sandard, such as ANS! inthe US;
- Primary circuit components (including wiring), up to mains transformer(s)
- Lithium batteries (also requires reverse charge protection circuitry)
- CRTs>5inches
- Printed wiring boards with > 15 W available
- Wiring/tubing with > 15 W available
- Optical isolators with > 15 W available and/or acting as barrier per insulation diagram
- Conductive coating process
- Verify that component ratings meet the equipment's ratings
- Ligt enclosure materids
- UL 94 flame rating requirements for polymeric enclosuresif thereis> 15 W available power in the
enclosure
- V-2 min. for mobile, portable equipment
- V-0 min. for fixed or stationary equipment
- Verify mains fuse requirements (equipment or wal plug-in power supply):
- Class|: Lineand neutrd
- Class Il with functiona earth: Line and Neutra
- Classll: Lineonly
- Permanently ingtalled equipment: Line only
- Verify protective earth conductors are green with yellow gtripe
- Verify wires secured from hazardous movements
- Verify equipment marking requirements (labels)
- Verify accompanying document reguirements
- Provide illugtrations of equipment, complete with al accessories, showing critica components (digital *
JPG files)

Once this information is devel oped, the safety evauation of the equipment can be initiated. One or more
samples are required, depending on the equipment type and time requirements. Multiple samples of
components may be needed to perform destructive tests (transformers, relays, plastic enclosures, motors
etc.). For medica equipment, it may be advantageous to conduct a preliminary evauation at the
manufacturer's facilities. This alows for more expedient changes to the equipment if there are congtruction or
test-related noncompliances.

Thefollowing are the seps for atypica evauation of medicd dectrica equipment:

- Review the information previoudy identified
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- Evaduate congtruction of equipment
- Perform required testing
- Electrical, Mechanica, Temperature, Abnorma Condition Testing, etc.
- Software evaluation (IEC60601-1-4) + (1SO/IEC12207) + (ANSI/UL 1998, 2nd Edition)
- Required if mitigating fire, shock, mechanica hazards, or requirements of particular sandard(s)
- Electromagnetic Compatibility (EMC) testing (optiond for UL Classfication)
- Per collatera standard (IEC60601-1-2)
- Review of biocompeatibility documentation on patient contact parts (optiona for UL Classfication)
- Per 1SO 10993-1 standard
- Develop critical component list
- If it affects test results or requirementsin the standard, it's a critica component
- May be design specifications (spacings, colors, €tc.)
- Prepare the technicd report and optionaly, the Informative Test Report
- Preferred document for CE Marking technical files

THE PROCESS OF DOCUMENTATION

The documentation developed as a result of a safety evaluation depends on the manufacturer's
requirements. The three common types of documentation are a UL report, an Informative Test Report, and
a Certified Body (CB) report. A UL report (consisting of a product description and test report) authorizes
the manufacturer to apply the UL/C-UL (US/Canada) Mark to products covered in the report. It describes
the equipment evaluated and its critical components. UL conducts quarterly audits using this report to verify
that the equipment bearing the UL/C-UL Mark is the same as the equipment that was tested. An
Informative Test Report is a complete documentation of al the requirementsin a stlandard (N/A, Pass, or
Fall), atest record, insulation diagram, illustrations, equipment markings, and other applicable information. It
isthe preferred document for MDD technicd files (required for CE marking) and required by some
internationa hospitals and clinics for equipment purchases. A CB report, or Nationd Certification Body
report, issmilar to an Informative Test Report, but dso contains a certificate from the issuer, who is
required to be a member of the IECEE CB Scheme. A CB report is used to obtain certification marksin
different countries without repeeting the full evauation of the equipment. The Informétive Test Report or CB
Report are very important to have for the equipment's technical files, and act as an international " passports’
for adevice.

COMMON NONCOMPLIANCES

There are many common noncompliances that could have been easly avoided had the designers been
aware of the safety sandard requirements early in the design phase. The most common noncompliance item
relates to the accompanying documents. All the '601 standards have very specific requirements for
inclusions in the accompanying documents. Since most companies have separate departments that create
these documents, they are often not aware of the requirements. The next most common (and likely the most
costly) noncompliance is the power supply selection. The best advice isto use a UL 2601-1 Recognized
power supply (evaluated to UL2601-1 by UL). By doing this, compliance with spacing, leakage current,
and mains component requirements is assured. Also, the cost to evauate the power supply and the required
UL quarterly inspections at the power supply manufacturer is avoided. Many designers begin with a
non-UL recognized power supply, only to change to a UL recognized one when they discover the
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associated costs of using a non-recognized power supply, or when they redlize that it does not comply with
the requirements. When designing medica equipment, it is aso important to be aware thet there are
minimum spacing requirements for electrical barriers. Inadequate spacings on circuit boards are another
typica mistake. An example of thisis DC-C converters. Nearly dl DC-DC converters, including UL
recognized models, do not provide the spacing or insulation barrier required by these standards. Make sure
you get the specifications on the spacings or barriers from input to output. For equipment with plastic
enclosures, there will dso be flammability requirements for the plastic materid. Make sure the plastic
chosen for the enclosure has at least a UL Recognized V-0 flame rating for fixed equipment, and a UL
Recognized V-2 flame rating for dl other types of equipment. The last typicd mistake relates to indicator
lights. Red indicator lights can only be used for awarning, yellow for caution. Keep thisin mind when
sdecting LEDs for any indicator lights. These common noncompliances can be easily avoided with
knowledge of the gpplicable sandards and they are the mgjor reasons that preliminary investigations of
medica equipment are routinely donein the early design phase.

Back to Top of Page
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THE BASICSOF INSULATION DIAGRAMS

An Insulation Diagram (sometimes called an Isolation Diagram) is agraphic illustration of the insulation barriers required
by UL 2601-1/ UL 60601-1/ IEC 60601-1 for electrical safety. The key to asuccessful Insulation Diagram istokeep it
smple. Itisnot aschematic and should not show greater detail than is required to illustrate the required barriers.

The following are examples of the items that need to be graphically illustrated in the Insulation Diagram: spacings,
components, physical insulation, protectively earthed parts (parts with agood connection to earth ground), and protective
impedances (resistors, etc).

Some of the barriersthat are required include:

- Between mains circuit and accessible parts, secondary circuits, patient circuits, the patient, etc.

- Between secondary circuits and accessible parts, patient circuits, the patient, etc.

- Between data ports (SIP/SOPs) and secondary circuits, accessible parts, patient circuits, the patient, etc.

The underlying philosophy of the IEC60601-1 harmonized standards is that equipment must be safein normal condition
(NC) and single fault condition (SFC). To understand the electrical safety requirementsthat are used to create the
insulation diagram, we need to first define afew terms:

- AnApplied Partis any pieces of the equipment that can intentionally or unintentionally be brought in contact with the
patient.

- Creepageis spacing along a surface (as an ant crawls).

- Clearanceis spacing through the air (as abug flies).

-LOPisalevel of protection (not defined by the standard).

- BasicInsulation (Bl) isaspacing or aphysical insulation barrier providing 1 LOP.

- Supplemental Insulation (S1) isalso aspacing or aphysical insulation barrier providing 1 LOP.
- DoublelInsulation (DI) isBI + Sl and provides 2 LOP. Notethat Bl + Bl does not result in DI

- Reinfor ced Insulation (RI) isasingle spacing or physical insulation barrier that provides 2 LOP.
- Protective Impedanceis a component (such as aresistor) that provides 1 LOP.

- Protective Earth (PE) isawell-grounded part that provides 1 LOP.

- Class| Equipment uses PE as 1 LOP.

- Class|I Equipment (also known as Double Insulated) does not use PE as an LOP.

For electrical safety, the standard requires 2 LOP against excessive unintentional current, defined as |eakage current,
passing through the patient or operator.

Thefollowing illustrate the above ter ms and the requirement for 2 L OP

= Insulation Diagram
Class | Equipment: Bl + PE =2 LOP

lof 7 3/3/2006 2:34 PM



MECA - Information Page - Insulation Diagrams: UL 2601-1, UL 60601... http://www.mecassoci ates.us/isodgms.htm

L .
BI y
BOP 240
240V (240 V) sy
N 3
BI
(240 V)

= Insulation Diagrams (Continued)
Class Il Equipment: Dl or RI=2 LOP

Plastic Enclosure

L
DI/RI .
BOP 240V
240 V (240 V) (200,
N :
DI/RI

(240 V)
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= Insulation Diagrams (Continued)
Class | or Il Equipment: Dlor Rl =2 LOP (Note - Enclosure is Not PE)

240 V|aow

Metal Enclosure

F Y

DIRI
(240 V)
b

DI/RI
(240 V)

Fun ctional
L. Earth
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For thefollowing examples, the specificationsin red on theright arethe optionsfor the equipment
- Each option isavalid I nsulation Diagram

100-240
V

S

O~

2BV, (i) .

® ©

etal
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Insulation Diagrams (Continued)
Class | Equipment, Metal & Plastic Enclosure

Flastic

A =BOP (240 V)
B=BI(240V)

C = DI/RI (240 V)
D=0P

E = DI/RI (25 V)

A =BOP (240 V)
B =Bl (240V)

C = DI/RI (240 V)
D=BI(25V)
E=SI(25V)

A =BOP (240 V)

B = Bl (240 V)

C =Bl (240V)

D=0P

E = S1(240 V), DI/RI (25 V)
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= Insulation Diagrams (Continued)

= Class | Equipment, Metal & Plastic Enclosure, SIP/SOPs
IT Equipment: 50 WV NC, Mains V SFC. SIPISOP accessible by operator only

SIPISOR

100-240
vV @ 28

=

Metal

Flastic

http://www.mecassoci ates.us/isodgms.htm

A =BOP (240 V)
B=BI(240V)

C = DI/RI (240 V)

D=0P

E = DI/RI (50 V), BI (240 V)

A =BOP (240 V)

B = Bl (240 V)

C =Bl (240 V) NOT ALLOWED
D=0OF

E = DI/RI (50 V), Bl (240 V)

Insulation Diagrams (Continued)
= Class | Equipment, Metal Enclosure, SIP/SOPs

SIPISOP
|

100-240
V

d

48 124

W etal

A =BOP (240 V)

B =Bl (240V)

C = DI/RI (288 V)

D = DI/RI (50 V), Bl (240 V)
E =DIRI (12 V)

Insulation Diagrams (Continued)
= Class | Equipment, Metal Enclosure, SIP/SOPs

SIPISOF

A =BOP (240 V)

100-240
v

&

M etal

B =Bl (240 V)

C = DI/RI (288 V)
D =DI/RI (50 V), Bl (240 V)
E=DIRI(12V)
—=
Z = Protective Impedance to
limit auxiliary leakage current in
MNormal & Single Fault Cond.
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Thefollowing are actual Insulation Diagrams created for products
- Asyou can see, they illustratetherequired barriersfor each device, asin the examples

Y ou will also notice that the format, tables, and information provided vary between them. Thisissimply because
thereisno formal format and every engineer has alittle different way that he or she createsthem. It simply needsto

illustrate the required barriers and other electrical protection in the simplest way. Therest depends on the artistic
capability of the engineer and the time they have to createit.

220-240 — >
Volts e

é |

(o

110-120

Volts é >
o

= o a% a% Q
%ﬁ%\ %%%% 2% a%%% a%%n%‘ 3 %5% 36%%5‘:‘ U%*;f%
55N %% \ % \2BEACREAPRBNBRRN 8%
(&) | BoP Af | 240vac | 30mm | 16mm | 35mm | 35mm | A
(B) B Aal | 240%ac | 40mm | 25mm | Smm | 45mm | 15kV
(C) | BoP Aef 120%ac | 20mm | 1.0mm | 35mm | 35 mm M
(D) BI Aal | 120vac | 30mm | 1.6mm | Smm | 45mm | 10kv

50f 7
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Flastic
Enclosure

L1

Digplayicontrols

i Pump Mator
100- 120V,
220- 240 e
2 .
\J\.r%)
1 Battery’ i .
) O
! Y]
% Z Z
A\ 4z BN SR\ 2%\ 2%\ 9%
z % R 5B B 5B 5 B 5 W
%% O\ B® \238\23%\2%%\2%% \ a%
e % @ B B B @ o RS EE
(A) [ Bor 240 30 16 »30 | =18 A
(B) BI 240 40 25 >4.0 225 | 15KV
(©)] o 240 80 50 >80 | »50 | 40kv
O] ol 240 a0 5.0 >8.0 >50 | 40ky
(E)| or 16 A A A
(F) | o/ [ 16/240 | 40 25 >4.0 >25 | 15KV
(G)]| b/ [3a/200 | an 25 40 25 15 kv
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e 1.

Trkge 1 Compuer
| EE T e ELEET 1

3

-

S

— |
100-240 Back it DEpRy
o 18y LI
-— _ﬂu._

B R il
& PR

= af af % oz g
22N g2\ 3B\ %R\ 3%\ U3\ 4%
5% %% 282 028% V29 V35 R
2 0% B8R \TREA\FEB N3\ &%
(&) | Bor [240vac [ 30mm | 16mm | 40mm | 40mm | A
CB} Dl 240%ac | 80mm | 50mm | 80mm | 80mm | 40k
[C) Bl 240vac | 40mm | 25mm | 40mm | 40mm | 15K
(D) Bl 240%ac | 40rmem | 26mm | =40mm | >40mm | 15k
(E)| or N NA A NAA N A
(F) DI/BIFS) | 240240060 | 40w | 25mm | 80mm | 8O0mm | 20k
(G) B 24vde | 20mm | 1.0mm | >10mm | >10mm | ot
(H) | oews | 22400 | 40mm | 25mm | 80mm | 80mm | 20k
(I) DI/E 24240 | 40mm | 25mm | 40mm | 40mm | 15K
(J) DI/Bl 24240 | 40 | 25mm | 90 | 90w | 1.5 K
(K) | ovml 240 | 40mm | Z6mm | >10mm | >10mm | 1.5 kY
(L)y| = 24vde | 20mm | 10mm | ThroughInsulation | 500V
(M) B 24de | 20mm | 1.0mm | NoEkewmiksn patiachny MAA
OIEE 24vdc | 20mm | 1.0mm | Throughlnsulaton | 500V
(O) Bl 24vde | 20mm | 1.0mm | Throughlnsulation | 600%

Back to Top of Page
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TABLE VALUESAND TEST LIMITS FOR |EC 60601-1, UL 2601-1, EN 60601-1, & CSA C22.2 No. 601.1

TAELE IV

All Amendment changes and US Deviations have been integrated in these tables.

[T

B aFE bt BEE & T taEe
CEARTIT - felags | Eainmenl Th, .0 e, i, T (D .0
E&RTH* - Alllikek accassida suraces hon-cwducive 5+ 1.0 5" 1.0 .5 1.0
EFRTHT - Ulass Il Eguipmand (unelional s 015 1.0 0,15 10 A3 1.0
EERTH* - Alllikeh accassiba surdaces non-comducive (¥ [ 025 1.0 [¥13 1.0
EARTH Parranenth Instsies Eqop 50 100 50 100 5.0 100
EARTH [HoPE seceszible, MobilE -1y oouinmer 25 5D x5 ] 2.5 50
[iX] (RN (X} B, 0,0 .1 [N
EATIENT (o0) (K] [ (K] [5] [ [
FETIEMT {oc) [T [ 0.01 [ [Tl 0.05
T ERTIEFT {Wain= on DIEIEGE] ze 0 7 = = 5
PATIEMT {Walns on Applied Pal, SIRSO0PS grnundeu] -— — - 5.0 - 0.05
[ PATIENT AUALIAR T CURRENT (ac) (K] 0.5 (] [ 1 0.5
FATIEMT ALUALIARY CUORREHT (001 (X (X 0.01 w0 G 0.0%

+US Dievialion LS. limits: the highe=t vollage radngs (120 £ 240%) may be u=ed inslead ofthe S0 - 110% ofvaiage rating

W4 2K

2V + 2K V4K

2(V + 25K

I

_nltage A BE 230 ] =155 =3E3 =400 =500 ZEA0 =750 =1000
BOF Creepage 0.8 1.0 1.3 2.0 3.0 4.0 5.5 7.0 2.0 11.0
Cleamnce 0.4 05 0.7 1.0 15 T4 3.0 4.2 4.5 &0
ais sl Creepage 1.7 20 2.3 a0 4.0 B0 EQ 0.5 12,0 18.0
Claamnce 0.8 1.0 1.2 18 25 35 4.5 5.0 5.9 5.0
DRI Crespaga 3.4 4.0 4.5 6.0 8.0 120 16,0 1.0 24.0 2.0
Claaranie 1.6 2.0 24 5.2 5.0 7.0 8.0 120 13.0 18,0

wandings - Llags & [ Uparator aceasshla, cornuousky hald sutaces [mals 4l
WWindings — Class B 130 Uparator accessbla, cominuousty hald sufaces [pocekinkimous] 65
wWiindings — Clegs E 1200 Operakor acoesslile, condnuously Pald sumaces Fubbeioad) 75
wWindings — Clas F 155 Operator acpessiie, Surfaces held Torshot e (metah alk
wWiindings = Clegs H pLily Oparaor acoezs e, umaces held Iorshot ime [orcedanhinenus] [
Adjacent io Ewitches & Thermastats wih T maring T Operator accesshle, =urfaces beld forshort fime [rubbertsood) 25
Rubber Fys irsulation orsiringocrss with T rarking T OtMer op. acce=sinle park CEkcepl lamps, healersiguards, han mes) a5
Motor Saps wilh madirur operaling lempersuns Waked (e Tie- Pars Tral ey hawe Briel coracluin he Patenl in nommal we i
Parts incontact wilh ofl ferdiig Naskepoial 1R Me-25 applied parks nol inferdled 1o suppke heat 1o a Pafent 41

S
TEFrOen SIaciauEe 423
TABLE Xb

i Fars +)
Apphance Inkls (hol conditions) 155 Walding= of uraa- fom aldayda |
Appiance Inkets (obher condiiors) 5 Foby=sker wilh olzss-fiber reinforeement 135
All terinGks far serral Lonoucans B5 | FopilaecEiivens 290
Afjarant o Beiches & Thermnosiats wibwt T rakm 55 Fure riica ard AgnHy sintemed carsmios e 53 Rlor S 425
Flambla conds (Fiang kB ikl o nesur) il Ui s thamnal InsulEnon and b cordact #th hotmatal i
Flexibip corms {H Aairg ks untkaky o occur) i -Lairates Gonsa o vith Melaminaiiantl Srmaainags hasins 2
Habural nabber, LEed Tor safaly fwhien used a3 Bl or 51) 0 - L s i o sl ot el o il sl s 200
Hatural nibber, Leed Tor s (1 0er cases) 75 =L L Fess B of wilBh LB Wi e A 175
Card ghealle ueed a3 Bl 0 -hidakaiaga of plersal Katreslchahye wilh colbifoes ks 200
Impresnstad or warmished fadilelpsperpess board, nowrines L] Adoidings o el iommacalycle it minsed Bl 225
Laminaded bordad wilh melamiredphenol fomadaetmda resies 110 -iings of malamine famsatde s
Laminalad borded with phand furfural resine 14 -lioidings of wes- Dmadade 175
Larrirated borded wilh unsse fommaldglryds resing =0 ‘Wood In genersl pl0
Maldings of phenol fomaldety de with caliilnsa fillers 110 Elgctraltic Capaciors, without 1 frarking L
Muldinggs of phenol fomal ety de wath mirsrsl Alies 125 Other Capacinrs, wWithautip nrarkdng pilud
Maldings of mal@ning fomakdenyde 00 Buppons, ¥alls, Cafitg, Flaorafies] tomar A
THBLE XIX
—r wew =

IEC 12724 24 & Z1 IEC 127 30 mih NEG 241 BOmn.
E 165 IECAZFEE =0 =104 1.9 IEC 137 20 min. JEC 2a1 | BOrmin.
B 75 IECA272 = 10—-25 4 1.75 IEC 127 20 min JIEC 2d1 - GO rnin.
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F 160 IEC 1277241 = 354 14 IEC 127 20 mi. JIEC 241 | BOrnin.
H 210 UL LEbed Fuge 1.35 B0 min.
Al Gthars M from Fuse Cunee =0 min

Ty Elaga Wan, Temye."C
Atterrled, tane, & mi I Inp=dance Profecied Prodschion acts < { hr. Profedion acts = 1 hr, Ave, after 17y
A 2 150 T [ 158
E 215 165 FI 190 1065
B 215 175 225 200 175
F 2 100 24 215 1w
H 26 0 261 235 HI

MINIMUM GAPS TO AVOID CRUSH/PINCH POINTS

Requirements for Medical Electrical Equipment (Covered by |EC 60601-1)
From EN 394: Safety of machinery - Minimum gaps to avoid crushing of parts of the human body (1993)

Crushing Zone

Zone in which the human body or parts of the human body are exposed to a crushing/pinching hazard.
This hazard will be generated if:

- two movable parts are moving towards one ancther;

- one movable part is moving towards a fixed Part

M ethodol ogy

a) ldentify the crushing hazards.

b) Assess the risks from these hazards

¢) From table, select the appropriate minimum gap relating to the body part at risk

d) If adequate safety cannot be achieved by the minimum gaps selected from the table, other or additional measures and/or means shall
be used

Note: A crushing zoneis considered only for powered movements or where weight or momentum may generate sufficient force to
generate a crushing/pinching hazard.

The possibility of accessto a crushing zone for a particular part of the body is dependent on the following:
- The gap between the parts;

- The depth of the crushing zone;

- The dimensions c of the opening in the protective structure and its distance d from the crushing zone.

e o il e

art ol ey
| Bady
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HELPFUL CONVERSIONS

1cm=0.3%in. (1m=394in)
lin.=254cm (1ft.=30.48cm)

10 degreettilt: (Distance One Side Lifted) = (Width of Base)(0.173648)

F=(C x18)+32
C=(F/18)-32

1N = 0.225 Ibf
1kg=221b (1g=0.0022b)

1 m/sec =2.237 mph

1Nm =141.6in.0z = 0.7376 ft.lbs=8.851 in.lbs

11=33.80z (200 ml =6.76 0z)
11=61in2

&

Medical Equipment Compliance Associates, LLC

3/3/2006 2:36 PM



