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Laboratorijske vjezbe iz Biomedicinske instrumentacije

Ime i prezime:

Analizator opc¢e sigurnosti biomedicinskih uredaja

Oprema

U ovoj vjezbi potrebna je sljedec¢a oprema:
¢ analizator opce sigurnosti biomedicinskih uredaja - Biotek 601PRO SeriesXL
e testni medicinski uredaj (DUT-device under test) po izboru, npr. fizioloski monitor

Teorijske napomene

IEC 60601-1-X je medunarodna norma za opc¢u sigurnost elektrickih medicinskih
uredaja (Medical Electrical Equipment — Collateral Standard) (pogledaj Tablica 1), dok IEC
60601-2-X predstavlja specifiéne norme za pojedinacne medicinske uredaje (pogledaj Error!
Reference source not found.).

Tablica 1. Popis IEC60601-1-X op¢ih normi za sigurnost elektrickih medicinskih uredaja.

IEC 60601-1-1 SAFETY REQUIREMENTS FOR MEDICAL ELECTRICAL SYSTEMS

IEC 60601-1-2 ELECTROMAGNETIC COMPATIBILITY - REQUIREMENTS AND TESTS

IEC 60601-1-3 GENERAL REQUIREMENTS FOR RADIATION PROTECTION IN DIAGNOSTIC X-RAY
EQUIPMENT

IEC 60601-1-4 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS

IEC 60601-1-6 USABILITY

IEC 60601-1-8 GENERAL REQUIREMENTS, TESTS AND GUIDANCE FOR ALARM SYSTEMS IN MEDICAL
ELECTRICAL EQUIPMENT AND MEDICAL ELECTRICAL SYSTEMS
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Slika 1. Instrument za testiranje opce sigurnosti elektrickih medicinskih uredaja BioTek 601PRO-XL
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

Uredaj za automatsko testiranje opcée sigurnosti elektrickih medicinskih uredaja po
normi IEC 601-1 prikazan je slikom (Slika 1). Rezultati testiranja mogu se ispisati na papir ili
prenijeti na ra¢unalo putem serijskog RS232 sucelja.

Tablica 2. . Popis IEC60601-2-X specificnih normi za sigurnost pojedina¢nih medicinskih uredaja.

IEC 60601-2-1 ELECTRON ACCELERATORS IN THE RANGE 1 MeV TO 50 MeV

IEC 60601-2-2 HIGH FREQUENCY SURGICAL EQUIPMENT

IEC 60601-2-3 SHORT-WAVE THERAPY EQUIPMENT

IEC 60601-2-4 CARDIAC DEFIBRILLATORS AND CARDIAC DEFIBRILLATORS - MONITORS
IEC 60601-2-5 ULTRASONIC PHYSIOTHERAPY EQUIPMENT

IEC 60601-2-6 MICROWAVE THERAPY EQUIPMENT

IEC 60601-2-7 HIGH-VOLTAGE GENERATORS OF DIAGNOSTIC X-RAY GENERATORS

IEC 60601-2-8 THERAPEUTIC X-RAY EQUIPMENT OPERATING IN THE RANGE 10kV TO 1 MV

IEC 60601-2-9

PATIENT CONTACT DOSEMETERS USED IN RADIOTHERAPY WITHELECTRICALLY
CONNECTED RADIATION DETECTORS

IEC 60601-2-10 NERVE AND MUSCLE STIMULATORS
IEC 60601-2-11 GAMMA BEAM THERAPHY EQUIPMENT
IEC 60601-2-12 LUNG VENTILATORS FOR MEDICAL USE

IEC 60601-2-13

ANAESTHETIC WORKSTATIONS

IEC 60601-2-14

ELECTROCONVULSIVE THERAPY EQUIPMENT

IEC 60601-2-15

CAPACITOR DISCHARGE X-RAY GENERATORS

IEC 60601-2-16

HAEMODIALYSIS EQUIPMENT

IEC 60601-2-17 REMOTE-CONTROLLED AUTOMATICALLY DRIVEN GAMMA-RAY AFTER-LOADING
EQUIPMENT

IEC 60601-2-18 ENDOSCOPIC EQUIPMENT

IEC 60601-2-19 BABY INCUBATORS

IEC 60601-2-20 TRANSPORT INCUBATORS

IEC 60601-2-21 INFANT RADIANT WARMERS

IEC 60601-2-22

DIAGNOSTIC AND THERAPEUTIC LASER EQUIPMENT

IEC 60601-2-23

THE SAFETY, INCLUDING ESSENTIAL PERFORMANCE, OF TRANSCUTANEOUSPARTIAL
PRESSURE MONITORING EQUIPMENT

IEC 60601-2-24

INFUSION PUMPS AND CONTROLLERS

IEC 60601-2-25

ELECTROCARDIOGRAPHS

IEC 60601-2-26

ELECTROENCEPHALOGRAPHS

IEC 60601-2-27

ELECTROCARDIOGRAPHIC MONITORING EQUIPMENT

IEC 60601-2-28

X-RAY SOURCE ASSEMBLIES AND X-RAY TUBE ASSEMBLIES FOR MEDICAL DIAGNOSIS

IEC 60601-2-29

RADIOTHERAPHY SIMULATORS

IEC 60601-2-30

THE SAFETY, INCLUDING ESSENTIAL PERFORMANCE, OF AUTOMATIC CYCLING NON-
INVASIVE BLOOD PRESSURE MONITORING EQUIPMENT

IEC 60601-2-31

EXTERNAL CARDIAC PACEMAKERS WITH INTERNAL POWER SOURCE

IEC 60601-2-32

ASSOCIATED EQUIPMENT OF X-RAY EQUIPMENT

IEC 60601-2-33

MAGNETIC RESONANCE EQUIPMENT FOR MEDICAL DIAGNOSIS

IEC 60601-2-34

THE SAFETY, INCLUDING ESSENTIAL PERFORMANCE, OF INVASIVE BLOOD PRESSURE
MONITORING EQUIPMENT

IEC 60601-2-35

BLANKETS, PADS AND MATTRESSES, INTENDED FOR HEATING IN MEDICAL USE

IEC 60601-2-36

EQUIPMENT FOR EXTRACORPOREALLY INDUCED LITHOTRIPSY

IEC 60601-2-37

ULTRASONIC MEDICAL DIAGNOSIC AND MONITORING EQUIPMENT

IEC 60601-2-38

ELECTRICALLY OPERATED HOSPITAL BEDS

IEC 60601-2-39

PERITONEAL DIALYSIS EQUIPMENT

IEC 60601-2-40

ELETROMYOGRAPHS AND EVOKED RESPONSE EQUIPMENT

IEC 60601-2-41

SURGICAL LUMINAIRES AND LUMINAIRES FOR DIAGNOSIS

IEC 60601-2-43

X-RAY EQUIPMENT FOR INTERVENTIONAL PROCEDURES

IEC 60601-2-44

X-RAY EQUIPMENT FOR COMPUTED TOMOGRAPHY

IEC 60601-2-45

MAMMOGRAPHIC X-RAY EQUIPMENT AND MAMMOGRAPHIC STEREOTACTIC DEVICES

IEC 60601-2-46

OPERATING TABLES

IEC 60601-2-47

THE SAFETY, INCLUDING ESSENTIAL PERFORMANCE, OF AMBULATORY
ELECTROCARDIOGRAPHIC SYSTEMS

IEC 60601-2-49

MULTIFUNCTION PATIENT MONITORING EQUIPMENT

IEC 60601-2-50

INFANT PHOTOTHERAPY EQUIPMENT

IEC 60601-2-51

SAFETY, INCLUDING ESSENTIAL PERFORMANCE, OF RECORDING AND ANALYSING SINGLE
CHANNEL AND MULTICHANNEL ELECTROCARDIOGRAPHS
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

Rad u laboratoriju

1. Upoznavanje sa karakteristikama i mogucnostima analizatora opce sigurnost
elektrickih medicinskih uredaja BioTek 601PRO-XL.
TESTS! SYSTEM
AUTOMODES CLASSITYPE uTILITIES SETUP
j | {CHAPTER 2)
| | SELECT
ALL VALID
AUTO STEP MANUAL eyt
FOR THIS svsTeM | | DEvice TEST EDIT ENABLE
TER 3|
CraoTER 9| |(CHATTER ]  LICHARTER PRESENT TEST | | RECORDS | | RECORDS | | CUSTOM TEST
STANDARD STANDARD | [STANDARDS|
ENTER ENTER SELECT [CHAPTER 3) | | (cHAPTER 81| | (CHAPTER 5] | | (CHAPTER®) | |(CHAPTER 3
CONTROL CONTROL TEST AND (OHAFTER I I
NO.TO NG, TO ADVANCE TO [ I I i I I 1
PERFORM | | STEP SELECTED
cOMPLETE | |THROUGH | | screen [rranssm] | rRecenve | | create | [rrRensmit] [ oELETE | | PRINT | [PRINT sumaary]
TEST EACHTEST ; Y .
cHAPTER4 ——| EDIT | [ DELETE | [DELETEALL |  CHAFTER4
[ | [ I [ |
TEST PRINTER TIME DATE ENCLOSURE
STANDARD OUTFUT R5232 BEEPER FORMAT FORMAT LEAKAGE
| | | | | I
SELECT FROM: |[SELECTAND |[ CONFIGURE ACTWATEOR || SET CLOCK SET DATE CONFIGURE
B e 1 SET UP R5232 SERIAL DEACTIVATE TO EITHER TO EITHER EMCLOSURE
- DE 7011 PRINTER FORT FOR: BEEFER 12HOUROR || MI-CO-YY LEAKAGE FOR
-VDE 7514 INTERFACE || - EXTERNAL RS232 24-HOUR OR USE DURING
- HEI 85 DEVICE FORMAT DO-MMA-YY AUTO MODE
- [EC 1016 FORMAT SEQUENCE TEST
- WM
- ASINZS 3551
- CUSTOM
| I ! [
SELECT sTOP AUTOISTER
LANGUAGE oG AUTOISTEP oni PAUSE
SEQUENCES FAILURE
I | — I
SELECT ENABLEDC | [ SELECT automaTicaLLy || ENaBLES PAusE
KEYBOARD READINGS |[GONTROLLED || STOPSANAUTO || BEFORE FOWER-
OR DISPLAY POWER™ MODE SEQUENCE || OFF DELAY IN
LANGUAGE: SEQUENCE WHEN A TEST AUTO MOCE
QR G6DICE FAILS SEQUENCE
- ENGLISH CONVENTIONAL
- FRENCH TEST
- GERMAN
=T SEQUENCE

2. Iz priruc¢nika uredaja odredite i kontroli s prednje plo¢e uredaja odrediti sve
parametre koje uredaj moZe mjeriti (napon napajanja testnog uredaja, potrosnja
struje testnog uredaja, otpor izolacije, struje curenja itd.)?
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

TO PROTECTIVE
EARTHOR
ENCLOSURE

Slika 2. Ispravan spoj testnog medicinskog uredaja (DUT) s uredajem za analizu op¢€e sigurnosti.

3. Provedite automatizirano testiranje medicinskog uredaja spojenog prema slici (Slika
2) s obzirom na IEC 601-1 normu te ispiSite rezultat testiranja.

4. Odredite klasu / tip testnog uredaja (Class I, Class II, Class IP, Type B, Type BF,
Type CF, Type F, Type T) te taj podatak unesite u uredaj za analizu op¢e sigurnosti
kako bi mogli provesti mjerenja specificna za odabranu klasu/tip. Nadalje, u slu¢aju
testiranja EKG monitora unesite podatak o broju i tipu prikljucenih odvoda (za
unipolarne odvode RA, LA, LL odaberite Type CF, za odvode RL, V odaberite Type
BF).
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

5. Mjerenje otpora zaStitnog uzemljenja. Testni uredaj spojiti prema slici niZe. Na ovaj
nacin moZe se izmjeriti otpor izmedu zastitnog uzemljenja (PE) i vodljivih dijelova
testnog uredaja koji bi trebali biti spojeni na zastitno uzemljenje.

Test Principle: Protective Earth Resistance

L1 DEVICE UNDER TEST

e 1

A} —  p—

P APPLIED |-
- PART T

o

—

.'T‘u

Notes:

S1 = Not applicable
S2 = Not applicable
53 = Open
S5 = Open

.EEDTEREIEI\HL |

rs \_.H!r.' |

=) |

v |

y v " CONDUCIIVE PART
. d | e -]

A 5
! ) vy
CURRENT .. OHM |
SOURCE /rfj 5
14/254 \} é
50/60Hs |

Function:

Applicable to:
IEC 601-1, Class I:
VDE 751-1, Class |:
HEI 95, Class I:
VDE 701, Class I
IEC 1010, Class .
AAMI:
AS/NZS 3551:

Current source =25 A +/- 10%
Current source = 5-25 A
Current source =1 A

Current source =1 A

Current source =1 A

Current source =1 A

Current source = 1 A

Measures the impedance the 601PRO's outlet PE terminal and exposed conductive parts of the DUT
that are connected to the DUT's protective earth. Test current is applied for approximately 5 seconds.
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

6. Mjerenje struje curenja zastitnog uzemljenja. Testni uredaj spojiti prema slici nize.
Na ovaj nain moguce je izmjeriti struju koja teCe u zaStitno uzemljenje testnog

uredaja.

Test Principle: Earth Leakage Current

Applicable to:

— | DEVICE UNDER TEST
" '! e - " APPLIED t .
Li® OO & | | PART I ]
P | —
MAINS | Lo ! 5
s 1 ,;"O M-B_(T} |
Le &0 C—(—10— @ ¢ =
s1 s ! |
; |
!
- TERMINAL i
o IUT PE |
l— o7y |
53 /
—~F VFE " CONDUCTIVE PART \
o
TERMINAL - —
._ __Q/? T EP@P% — & — =
y, T \IP.E S84 :'_
Notes:
51 = Variable
52 = Variable
S3 =Open
S4 = Variable
55 = Closed
Function: Measures the current flowing in the DUT's PE. The test is performed with normal and reverse mains

supply polarity using 52, and single fault condition open L2 using S1. For type BF and type CF
eguipment, measure with applied part tc ground switch S4 open and closed.

IEC 601-1, Class |
HEI 95, Class |

AAMI

AS/NZS 3651, Class |
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

7. Mjerenja struje curenja kudiSta. Testni uredaj spojiti prema slici niZze. Na ovaj nacin
moguce je odredit struju koja teCe sa vodljivih dijelova uredaja prema zaStitnom
uzemljenju.

Test Principle: Enclosure Leakage Current

]
DEVICE UNDER TEST |

PA __,'.IT} —‘
- |
el

GREEN } | i
TERMINAL DUT PE | '
—o—o——@ - ——=—% I
53 i PE ]
Ay e ' I_ :_ .I H
| FE " cospvcroERRT | | |
i E | BT —
I [ i '
e D D TERMINAL | | |
.y
w A I'
TERMINAL - (I
& ry / e— "
' "-. PE : |
Notes:
$1 = Variable
52 = Variable
53 = Variable
S4 = Variable
55 = Closed
Function: Measures the current flowing from the RED TERMINAL to MAINS PE. Test is performed with narmal

and reverse mains supply polarity using 82, single fault condition open L2 using 51, and open sarth
using $S3. For types BF and CF equipment, measure with applied part to ground switch S4 open and
closed.

Applicable to:  IEC 1010 (Accessible Leakage)
IEC 801-1, Class I
HEI 95, Class I*
AAMI

*Enclosure Leakage
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

8. Mjerenje struje curenja pacijenta. Testni uredaj spojiti prema slici nize. Na ovaj
nacin moguce je izmjeriti struju koja teCe izmedu priklju¢nica odvoda i zaStitnog

uzemljenja.
Test Principle: Patient Leakage Current
0 DEVICE UNDER TEST |
85 i ) DUT LT [ —
L0 O—— 4T 1 o | —e——
T m e
s Ly | =
i AP pUTIE | i Ry
51 52 |
TERMINAL
: DUT PE
— o — R — =" &
S5 JA\PE
X0 =)
<0) FE | = CONDDCTIVE PART
] S
REAR T LEAD SELECT | | | |
TERMINAL | MD |- - o
© ~ R
* Y S
ST PE O
' Tj o— ——
=
Notes:
§1 = Variable
52 = Variable
§3 = Variable
S4 = Variable
S5 = Closed
Function: Measures the current flowing between a selected applied part and the mains PE. The test is
performed with normal and reverse mains supply pelarity using S2 and single fault conditions using
83 and S1.
Applicable to:  IEC 601-1
AAMI
HE! 95
AS/NZS 3551
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Laboratorijske vjezbe iz Biomedicinske instrumentacije

9. Provjerite u priruéniku analizatora opc¢e sigurnosti odgovaraju li vrijednosti
dobivene u tockama (10, 9, 8, 7) vrijednostima koje propisuje norma za opéu
sigurnost medicinskih uredaja IEC 601-1?

10. Uredaj opée sigurnosti medicinskih uredaja ima moguénost generiranja EKG
signala razlic¢itih morfologija. U slucaju testiranja EKG monitora testirajte prikaz i
reakciju uredaja na razliite sréane ritmove: normalni sinusni ritam, undulacija
atrija, fibrilacija atrija, ventrikulska tahikardija, ventrikulska fibrilacija.
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