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ABSTRACT

This thesis is a development and production of a prototype ultrasonic device for physical
therapy. The ultrasonic device which was developed consists of pulse signal generator circuit, |
MHz frequency generator circuit, timer circuit, amplifier circuit, numerical display circuit, and
transducer protection circuit. This ultrasonic device has a maximum output intensity of 3 W/em’
at 1 MHz frequency with transducer size of 5 cm in diameter. It was tested for output intensity
efficiency by utilising the technique of ultrasonic measurement. The ultrasonic device was found

to have an accuracy in term of percent of reading from —11.05 % to 5.10 %.
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T & Ap A1 relative dielectric constant Y99 Ta@ims mdAawes

q

£ 1D A1 permittivity YBIDWNIA(E, = 3:85 x 107 F/m)

m31ad 2.2 nansnmastAvesTaanidimsniadnwefviiane

o9
qmﬂnﬁﬁ Quartz(x-cut) | Barium titanate | Lead zirconium | Poly(vinylidene
titanate fluoride)(PVDF)
Density 2.7x10° 5.7x 107 7.5 %10" 1.8x 10°
po(kg / m3 )
Elastic stiffness 86 x 10” 110 x 10° 83x 10° 3x 107
¢ (N Im’)
Phase velocity 58x 10’ 53x 10’ 4.0x10° 1.4x 10"
e (m/s)
Acoustic impedance 15x 10° 30 x 10° 7 30 x 10° 2.5x%10°
Z‘,(kg / mzs)
Relative dielectric 4.5 1700 1200 12
constant, €,
Piezoelectric stress 0.17 8.6 92 0.069
coeff.
eﬁ(N I Vm)
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impedance) z1Avunlasmilouiuanunuuniu duiuludansanng wiiesdlszneums
P n,: Y w " o ¥ = o o ' 4 =}
apsneRaduasazady Uingegluusedu  Awndoussiu dhnszuaadudeniissond

4 o 1 a0 a o ' =
Audugud uasrinunaous sau Iiihnszuanswesmsunizae fe

p =~ = E (5.17)

P = A SO UNUHNTZY ere/om’



108

¥
AU UINTAUNT ﬁﬂﬂﬁllﬂ’l'i‘ﬁ'l&‘ﬁu mtmﬁun‘mmn‘i:%m%ﬁmmmummwumuu

VDINAINU E
P = E (5.18)

au Tveea s wau I InsznaassveInsupRnIZ 0L IA U NANUDAIND

100,000 [@3a ?f‘uﬂ5tflal‘i’imli’ﬂ{ﬂ‘sI‘V‘I‘1‘1(hydrophome)a}ﬁi"hu].ﬁ?lJ

o o o v a9 & A ' a 4 =2
dwmfuanudngendt Falalunainsunnd fe TEWAIN L ANZIBIAT D1 15 WNng
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WANuNems Az LS IuRAsEe Taodendensianiinisaadu ldedaauysal
mandeualanSinadugdvows anifluidamnsomanuduiuildde. . nniidae)
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dw e
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3z 1amds Aatife
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b
=1

Tﬂfjﬁﬁ’auﬂiﬁi‘m"] Andavluszuy centimeter-gram-second(egs) Aail
A ¥
m = waninla gm
g = ANMTALBIINISI ITINN29, 980.7 dyne/gm
¢ o &
¢ = ANWTIVOINAUDTART BN, 1.494 x 10 em/s 1 25 °C

P = Mad. erg/s

1IN NAeNaeIveITIRY
US(F) = WIA(m) x ANUIIE)
oo A &
HAZU(W) AN ULDI0 NN (F) AD

U = UTHUF) x 52HENTT (S)
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TuszuY cgs NUAMAWNT I TNUIvAe erg 32 1A
I erg = I dyne-cm =] g-cm"/f
ﬁ‘i]’liiu’llﬂ“'lﬁﬂﬁ?ﬂ N ﬁllﬂ'ﬁ'ﬁ (5.19)
WUWVDIMNAY = (gm)-(dvne/ gm) (cm/s)
= (dyne) - (ecm/s)
3 : y
UWNUAT | dyne = 1 g-cm/s @
: ] 2
HUWUBINAY = (g-em/s ) {em/s)
2/ /2
= (g em s )y (1is)
[ 2 2 ¥V
UNUNY ] erg = | dyne-cm =1 g-cm /s 1
HUWADINAY = (ergis)
DINANUFURUFANAIN ANT0MIAT 1184(P) TaumsinuaInain1easluaums

i ¥
 (5.19) 1amdaluniinoues ergis A9t v

P = (980.7X1.494X10 Ym

8 .
P = (1.465X10 )m Wiy erg/s
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' ar

E
(M3 Iad (war) oo 0 1 38 AL 107 erg IR IZRLTUT IS DUOUTUNTUAAINA
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Tuvevesga/ i vie Jan laasi

P = (1:465X10°)- (10~ Ym

P = (14.65)m (5.20)

Tag P = MAIWBIAAUDANI BN T98 (wan)

o 3/ o
m = waniald niu (g
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B 99 Sodmsas ||/ ramiaia Sad Taa/m319
HUN(NIY) UANAT | MENNEY) IFUALIAT
05 0.73 0.14 1.05 15.38 3.03
.10 1.46 0.29 1.10 16.11 3.18
15 2.19 0.43 1.15 16.84 332
20 2.93 0.58 1,20 17.58 ‘ 347
25 3.66 0.72 1.25 18.31 361
30 4.39 0.87 1.30 19.04 3.76
35 5.12 1.01 1.35 1937 3.90
40 5.86 1.16 1.40 20.51 4.05
45 6.59 1.30 TAS S o 2124 4.19
50 7.32 1.44 1.50 21.97 4.33
55 8.05 1.59 1.55 2271 4.48
.60 8.79 1.9 61) & 10 23.44 4.62
65 9.52 1.88 1.65 24.17 4.77
70 10.25 2.02 1.70 24.91 4.91
75 10.99 2.17 1.75 25.64 5.06
.80 11.72 2.31 1.80 26.37 5.20
85 12.45 2.46 1.85 27.10 8,35
90 13.18 2.60 1.90 27.84 5.49
95 13.91 2.74 1.95 28.57 5.64
1.00 14.65 2.89 2.00 29.30 5.78
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HAURAT AT OAAT I IA(sonic sound absorber)
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w A o s =

ithsunaaudanI 19178 (sonic target)

o A a o A o a >
Qﬂﬂiﬂll‘ﬁﬂhi 8ﬂ‘i'1JI.{h‘iUﬂﬁuﬂﬁﬁ‘i‘wnﬂ(couplmg target to scale)
VITUNT W ARNBDS NI W IMAT DU (transducer under test)

Aol o
INFOIFIUIHUN(scale to measure force exerted on target)
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MEDICAL ELECTRICAL EQUIPMENT -

"*Amendment” means that the clause or subclause of the General Standard is amended as
indicated by the lext of this Particular Standard.

Subclauses or figures which are additional to those of the General Standard are numbered
starting from 101, additional annexes are lettered AA, BB, elc.. and additional items aa), bb), elc.

The term “this standard” is used to make reference 10 the General Standard and this Particular
Standard taken together.

Where there is no corresponding section, clause or subclause in this Particular Standard, the
section, clause or subclause of the General Standard, although possibly not relevant, applies
without modification; wheré it is intended thatl any parl of the General Standard, although

possibly relevant, is not 10 be applied, a statement to that effect is given in this Parlicular
Standard.

The requirements of this Particular Standard take priority over those of the General Standard
and Collateral Standards mentioned below.

1.5 Collateral Standards

Addition:

The following Collateral Standards apply:

IEC 60601-1-1:1992, Medical elecirical equipment — Part 1. General réquirements for safety -
Section 1 — Collateral standard: Safety requirements for medical elactrical systems

IEC 60601-1-2:1993, Medical electrical equipment — Part 1. General reguirements for safety -
2. Coliateral Sitandard: Eleciromagnetic compalibility — Requirements and tests

IEC 60601-1-4:1996, Madical electrical equipment — Part 1- General requirements for safety —
4. Collateral Standard: Programmabie alectrical medical systems

2  Terminology and definitions

2.1 EQUIPMENT parts, auxiliaries and ACCESSORIES

Additional definitions:

2.1.101

ULTRASONIC PHYSIOTHERAPY EQUIPMENT (herainafer referred 10 as EQUIPMENT)

EQUIPMENT for the generation and application of ULTRASQUND to @ PATIENT for therapeutic
purposes

NOTE - Essentially the EQUIPMENT comprises a gensrator ol electric high-frequency power and a transducer for
converting this 10 ULTRASOUND.

2.1.102

ULTRASONIC TRANSDUCER

device capable of converting electrical energy lo mechanical energy within the ultrasonic
lrequenqy range

*2.1.103

TREATMENT HEAD

assembly comprising an ULTRASONIC TRANSDUCER and assaciated parts for local application of
ULTRASOUND 10 the PATIENT

NOTE -~ A TREATMENT HEAD is also referrec to as an applicator.
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2.1.104
_ ATTACHMENT HEAD

ACCESSORY intended to be attached to the TREATMENT HEAD for the purpose of modifying the
ultrasonic beam characteristics

2.12 MISCELLANEOUS

2.12.101
RATED OUTPUT POWER

Maximum OUTPUT POWER of the EQUIPMENT at any RATED MAINS VOLTAGE [IEC 61689,
definition 3.32]

2.12.102
ULTRASOUND

acoustic oscillation whose frequency is above the high-frequency limit of audible sound (about
16 kHz) (see 801-21-04 of IEC 60050(801)) [IEC 81689, definition 3.45]

2.12.103 4

- EFFECTIVE RADIATING AREA
beam cross-sectional area extrapolated to the front face of the TREATMENT HEAD and multiplied
by a dimensionless factor according to IEC 61689 [IEC 61689, definition 3.20, modified]

NOTE - This may be thought of as the area of the face of the treatment head which contains 100% of the total
mean square acouslic power.

2.12.104
EFFECTIVE INTENSITY

ratio of the OUTPUT POWER to the EFFECTIVE RADIATING AREA. It is expressed in watts per square
centimetre [IEC 61689, definition 3.18, modified]

2.12.105 |
ACOUSTIC WORKING FREQUENCY

frequency of an acoustic signal based on the observation of the output of a hydrophone placed
in an acoustic field. The signal is analysed using the zero-crossing frequency technique (see
3.4.1 of IEC 61102) [IEC 61689, definition 3.3]

2.12.106
BEAM NON-UNIFORMITY RATIO

ratio of the square of the maximum r.m.s. acoustic pressure to the spatial average of the
square of the r.m.s. acoustic pressure where the spatial average is taken over the EFFECTIVE
RADIATING AREA, determined in accordance with IEC 61689 [IEC 61689, definition 3.9, modified]

2.12.107
BEAM TYPE

descriptive classification for the ultrasonic beam in one of three types: collimated, convergent
or divergent [IEC 61689, definition 3.11]

2.12.108
DUTY FACTOR

ratio of the PULSE DURATION to the PULSE REPETITION PERIOD (see 5.3.2.4 of IEC 60469-1)
[IEC 61689, definition 3.17]

2.12.109
OUTPUT POWER
time-average ultrasonic power radiated by a TREATMENT HEAD of EQUIPMENT into an approxi-

mately free field under specified conditions in a specified medium, preferably in water (see 3.5
of IEC 61161) [IEC 61689, definition 3.31] '
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2.12.110
PULSE DURATION

time interval beginning at the tirst time the pressure amplitude exceeds a reference value and
ending al the last time the pressure amplitude raturns to that value. The reference value is
aqual to the sum ol the minimum pressure amplitude and 10% of the difference between the
‘maximum and minimum pressure amplitude [IEC 61689, definition 3.35]

NOTE ~ The above definition from IEC 61689 dilters from thal ot 3.30 of IEC 81102 to account for incomplete
modulation.

2.12.111
PULSE REPETITION PERIOD

absolute value of the time interval after which the same characteristics of a periodic waveform
recur (see 5.3.2.1 of IEC 60469-1) [IEC 61689, definilion 3.36]

2.12.112
TEMPORAL-MAXIMUM INTENSITY

in the case of an amplitude modulated wave, this is the ratio of the TEMPORAL-MAXIMUM OUTPUT
POWER to the EFFECTIVE RADIATING AREA [IEC 61689. definition 3.41, modified)

2.12.113
TEMPORAL-MAXIMUM OUTPUT POWER

in the case of an amplitude modulaled wave, this is a function of the actual QUTPUT POWER, the
temporal-peak acoustic pressure and the r.m.s. acoustic pressure and is determined as
specified in IEC 61689 [conforms 1o 3.34 o! IEC 61689]

‘4 General requirements for tests

This clause of the General Standard applies, excepl as follows:

“4.1 Tests

Note addition to rationale (see Annex AA).

5 Classification

This clause of the General Standard applies. except as follows:
5.6
Amendment:

Delete all dashed items excepl “— CONTINUQUS OPERATION".

*6 Identification, marking and documents

6.1 Marking on the outside of EQUIPMENT Or EQUIPMENT parts
p) Qutput

Replacement:

1. The generator of an EQUIPMENT shall additionally be provided with the lollowing markings:
= ACOUSTIC WORKING FREQUENCY in MHz (in kHz for frequencies below 1 MHz)



2.

3.

- waveform (continuous, amplitude modulated (or pulsed))
- il amplitude modulated (or pulsed), a description or picture of the oulput wavelorms,

along with values for the PULSE DURATION, PULSE REPETITION PERIOD, and DUTY FACTOR
for each modulation setting.

The generator shall carry a namagplate, permanently attached, on which is given a unique
serial number so that it is individually identified.

The treatment head shall be marked with its rated output power in walls, the eflective
radiating area In square centimeires, the beam non-uniformity ratio, the beam type, a
designation of the specific generator (where applicable, see €.8.2 aa) item 9) of the
aguipment for which the treatment head is intended and a unique serial number.

6.8.2 Instructions for use

*Additional itam.

aa)

1)

2}

3)

4)
5)

6)
7)
8)
9)

7

The instructions for use shall additionally contain the following:

Informalion on ACOUSTIC WORKING FRECUENCY Or FREQUENCIES in kilohertz or megahertz
and EFFECTIVE RADIATING AREA Or AREAS in square centimetres of any TREATMENT HEAD -or
ATTACHMENT HEAD.

A recommendation calling the USER's attention o the need for periodic maintenance,
especially:

- INTERVALS FOR REGULAR PERFORMANCE TESTING AND CALIBRATION BY THE USER|

= INSPECTION OF THE TREATMENT HEAD FOR CRACKS, WHICH MAY ALLOW THE INGRESS OF
CONDUCTIVE FLUID,

— INSPECTION OF THE TREATMENT HEAD CABLES AND ASSOCIATED CONNECTORS.

Advice on the procedures necessary for safe operation. drawing atiention in the case ol
TYPE B APPLIED PARTS 1o the SAFETY HAZARDS which may occur as a result of an inadequate
electrical installation.

Advice on the type of slectrical installation to which the EQUIPMENT may be safely
connected, inciuding the connection of any POTENTIAL EQUALIZATION CONDUCTOR.

Advice drawing the USER's atienlion to the need for care when bandlihg the TREATMENT
HEAD since rough handling may adversely atfect its characteristics.

A list of conditions for which ULTRASOUND treatment is contraindicated.
A statement of intended usa(s).
Information on available TREATMENT HEADS.

Where a TREATMENT HEAD has been designed for interchangeability, such that it is not
possible to specify a particular generator unit, this shall be stated and the method by which
interchangeability is achieved shall be described.

Power input

This ctause of the General Standard applies with EQUIPMENT oparated as specified in Clause 50.

SECTION TWO - ENVIRONMENTAL CONDITIONS

The clauses and subclauses of this section of the General Standard apply.

.
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SECTION THREE — PROTECTION AGAINST ELECTRIC SHOCK HAZARDS
The clauses and subclauses of this section of the General Standard apply, except as fo]lows:
*13 General
Addition:

In the case of combined EQUIPMENT (e.g. EQUIPMENT additionally provided with a function or an
APPLIED PART for electrical stimulation) such EQUIPMENT shall also comply with any Pamcu}ar
Standard specifying safety réquirements for the additional function.

SECTION FOUR - P.HOTECTION AGAINST MECHANICAL HAZARDS
The clauses and subclauses of this section of the General Standard apply, except as follows:
21 Mechanical strength
21.5 Compliance test:
Addifional paragraph:
After the test, the TREATMENT HEAD shall comply with 51.104 of this Particular Standard.

SECTION FIVE — PROTECTION AGAINST HAZARDS FROM UNWANTED OR
EXCESSIVE RADIATION

The clauses and subclauses of this section of the General Standard apply, except as follows:

*35 Acoustical energy (including ultrasonics)

Replacement:

The spatial-peak temporal-average intensity (see IEC 61102) of unwanted ULTRASOUND
radiation from a TREATMENT HEAD intended for hand-held use shall be less than
100 mW/cm® when measured as described below.

Compliance shall be checked by the following test:

The front face of the TREATMENT HEAD is immersed in degassed water the temperature of which
. is 22 °C = 3 °C. The EQUIPMENT is operated at the RATED OUTPUT POWER specified for the
TREATMENT HEAD. The unwanted ULTRASOUND radiation is measured by scanning, by hand, the

side walls of the TREATMENT HEAD by means of a calibrated hydrophone coupled to the side
walls using a coupling gel.

NOTE - For requirements concerning OUTPUT POWER and intensity distribution, see Section Eight.
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*36 Electromagnetic compatibility

Replacement:

-

EQUIPMENT shall comply with the Collateral Slandard 60601-1-2, axcept as foliows:

36.202.2.1 d)

Additional senlence:

The value of 3 V/m is specified for the immunity 16sts.
36.202.2.2 d)

Replacement:
The following operating conditions apply during the test:

- Maximum and halt setting of the OUTPUT POWER, the TREATMENT HEAD being immersed in
waler.

— It the output circuit can ba tuned with an accessible control, the measurement shall be
made at resonance and alse when detuned.

SECTION SIX — PROTECTION AGAINST THE HAZARDS OF IGNITION OF FLAMMABLE
ANAESTHETHIC MIXTURES

The clauses and subclauses of this saction of the General Standard apply.

SECTION SEVEN - PROTECTION AGAINST EXCESSIVE TEMPERATURES AND
OTHER SAFETY HAZARDS

The clauses and subclauses of this section of the General Standard apply, except as follows:
42 Excessive temperatures
42.3

* Compliance test
Additional items:

6) The radiating surface of a normally hand-held TREATMENT HEAD is immersed approximately
1 ¢m below the surface of 2 | of waler having a total depth of not less than 20 cm and an
initial temperature of 25 °C + 1 °C. The EQUIPMENT is operaled for 3 min al the RATED
OUTPUT POWER for thé TREATMENT HEAD concerned. The TREATMENT HEAD Is then removed
from the water for 15 s and then immediately reimmersed in the water and the above cycle
repeated wice more (a tolal les! time of 9 min 45 s). (See figure 101.)

7) A TREATMENT HEAD which is intended only for use under water, and which is not intended to
be used as a hand-held device, shall be tested while completely immersed in not less than
2 | of water with the EQUIPMENT operating for 15 min al the RATED OUTPUT POWER specified
for the TREATMENT HEAD concerned.

NOTE ~ Some form of mechanscal stirrer may be necessary 0 ensure that the lemperature & distribuled evenly.
{See Annex AA clause 42 )
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8) At no lime during tests 101 or 102 above shall the temperalure of the radiating surface
exceed 41 °C.

NOTE 1 - During the measurement ¢l lemperature, il may be necessary 'o de-anergize the TREATMENT HEAD in
order to avoid direct healing of the temparature measuring device

NOTE 2 - To avoed addilional healing caused by ULTRASOUND reflecied Irom the siges or bottom ol the water 1est
tank, the walls and bottom of the tesi tank should be lined with acousiic absorbing material.

9) The temperature-rise test for the generator is performed at RATED OUTPUT POWER with the
TREATMENT HEAD immarsed in_a container filled with water at an initial temperature of
25 °C = 1 °C for a period of time as specified in Item 3} "DuTY CYCLE" of the compliance test
following 42.3 of the General Standard. The lest shall be performed for each TREATMENT
HEAD provided by the manufacturer in turn unless it can be shown thal testing a specific
TREATMENT HEAD will produce worsl case results.

44 Overflow, spillage, leakage, humidity, ingress of liquids, cleaning,
sterilization, disinfection and compatibility

*44.6 Ingress of liquids

Addition:
101) The TREATMENT HEAD of EQUIPMENT shall be rated IPX7 according to IEC 60529.

Compliance shall be checked by testing the TREATMENT HEAD including the inilet of the
connecting cord according to IEC 60528,

102) A TREATMENT HEAD spacitied for ultrasonic tharapy in combination with pressurized water
massage shall withstand the maximum pressure pccurring in this traatment.

Compliance shall be checked by the test mentioned under 44.6.101) above, but at 1,3 times the
maximum pressure occurning in NORMAL USE.

SECTION EIGHT - ACCURACY OF OPERATING DATA AND PROTECTION AGAINST
HAZARDOUS QUTPUT

The clauses and subclauses of this section of the General Standard apply, except as follows:
* 50 Accuracy of operating data

50.1 Marking of controls and instruments

Replacement.

50.1.101 Quantitative indicators shall be provided on the control panel in the form of a meter
or a calibrated outpul control. They shall be directly readable, and show

a) OUTPUT POWER and EFFECTIVE INTENSITY in the case of continuous wave mode of operation,
and

D) TEMPORAL-MAXIMUM INTENSITY and TEMPORAL-MAXIMUM CUTPUT POWER in the amplilude
modulated wave mode of operation

Compliance shall be checked by measurement in accordance with Clause 8 of IEC 61689, The
above measuiemenis shall be made immediately afler any wanm-up penod speciied i (he
ACCOMPANYING DOCUMENTS.
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50.1.102 Where any indicator described in 50.1.101 utilizes two or more different ranges of
measurement, a clear and reliable indication of the range used shall be provided.

Compliance shall be checked by inspection.

50.1.103 Any power indication described in 50.1.101 shall not differ from the actual value by
more than +20 % of the actual value.

Compliance shall be checked by inspection and measurement of the TEMPORAL-MAXIMUM
OUTPUT POWER in amplitude modulated wave mode, and the OUTPUT POWER in continuous wave
mode. The measurements shall be performed with an indicated value which is greater than
' 10% of the maximum indicatable value.

NOTE - As the quotient of OUTPUT POWER to EFFECTIVE INTENSITY is the EFFECTIVE RADIATING AREA, the 20%
limitation specified above automatically applies to both types of indication.

*51 Protection against hazardous output
This clause of the General Standard applies, except as follows:

*51.5 Incorrect output

Replacement:

The maximum EFFECTIVE INTENSITY shall not excead 3 W/em?® with any TREATMENT HEAD or
ATTACHMENT HEAD provided by the manufacturer. This requirement shall apply in NORMAL
CONDITION and in any SINGLE FAULT CONDITION.

Compliance shall be checked by measurement of the EFFECTIVE RADIATING AREA and
measurement of the RATED OUTPUT POWER as in 50.1.

Additions:
* 51.101 Output control

EQUIPMENT shall incorporate a means (an output control) to enable the OUTPUT POWER to be
reduced to not more than 5 % of the RATED OUTPUT POWER.

Compliance shall be checked by measurement of OUTPUT POWER as in 50.1.

* 51.102 Output stability with supply variations

The OUTPUT POWER shall not vary by more than +20 % for variations of the MAINS VOLTAGE of

+10 %. Manual readjustment of the EQUIPMENT for compliance with this requirement is not
permitted.

Corripﬁance shall be checked by measurement of the OUTPUT POWER as in 50.1 at 90 %, 100 %
and 110 % of the RATED value of the MAINS VOLTAGE.

*51.103 Timer

EQUIPMENT shall be provided with an adjustable timer which de-energizes the output aftér a

preselected operating period. The timer shall have a range not exceeding 30 min and the
following accuracy: :

for timer settings of accuracy
less than 5 min +30 s
5 min to 10 min +10 % of setting

more than 10 min +1 min




* 51.104 Homogeneity of the radiation field

Tha BEAM NON-UNIFORMITY RATIO shall nol exceed 8,0 with any TREATMENT HEAD OF ATTACHMENT
HEAD provided by the manufacturer.

Compliance shall be checked by measurement in accordance with Clause 8 of IEC 61689.
51.105 Output stability with time

During one hour of continuous operation al maximum OUTPUT POWER and at RATED MAINS
VOLTAGE, in water at 22 °C + 3 °C, the cuTPuT POWER shall remain constant within +20 % of its
initial value.

*51.106 Acoustic working frequency
The ACOUSTIC WORKING FREQUENCY shall comply with IEC 61689.

SECTION NINE — ABNORMAL OPERATION AND FAULT CONDITIONS;
ENVIRONMENTAL TESTS

The clauses and subclauses of this section ol the General Standard apply.
SECTION TEN - CONSTRUCTIONAL REQUIREMENTS
The clauses and subclauses of this section of the General Standard apply, except as lollows:
56 Components and general assembly
* 56.3 Connections - General

Additional ilem:

aa) The connecting cord of the TREATMENT HEAD shall be protecled against excessive bending
al the eniries inlo the TREATMENT HEAD and into the EQUIPMENT or the pertaining connection
plug, respectively.

Compliance shall be checked by application of the test for mains cords specified in 57.4 b) of
the General Standard to the two ends of this connection cord.
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TREATMENT HEAD Temperature measuring
device (may also be
attached alter removal

2 | of water initially s from waler)
ar25°Ct1°C -
/

L_ Support for

TREATMENT HEAD

220cm .
Radiaung surface

ULTRASOUND absorbing material

IEC SMS°2000

Figure 101 = Arrangement for testing the lemperatura of the radiating surface (see 42.3)
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The Appendices of the General Standard apply, except as follows:

Appendix L

Additional IEC Standards;

IEC 60050(801):1994, International Electrotechnical Vocabulary - Chaptar 801: Acoustics and
electroacoustics

IEC 60469-1:1987, Pulse techniques and apparatus. Part 1: Pulse lerms and definitions

IEC 60601-2-36:1997, Medical electrical equipment — Part 2-36. Particular requirements for the
safely of equipment for extracorpareally induced lithotripsy

IEC 61102:1991. Measurement and charactarisation of Ulirasonic fields using hydrophones in
the frequency range of 0.5 MHz to 15 MHz

IEC 61161:1982, Ultrasonic power measurement in liquids in the trequency range 0.5 MHz to
25 MHz

Amendment 1 (1998)")

IEC 61689:1996, Ultrasonics — Physiotherapy systems - Performance requirements and
methods of measuremsnt in the frequency range 0,5 MHz to 5 MHz



172

MARUIN 3

masgwanuasansmaliih EC 601-1



IEC 601-1 Test Limits for Auto and Step Tests

o e e  LMITING VALUES =

No |  TESTDESCRPTION | TME| Clssi |  Clesu

' : R | R Bl S BF | CF
1 Line Vollage  Volls 220 e
e ?:rtr;cﬂve Earth Conlinuity fhms Nl;:\
s insulation Mains L1-L2-CASE | *Ssec/ |2 2 20 7 7 70
4 Resstance |AP-CASE *Ssec/ |[N/JA |5 50 N/A |§ 50
5 Current Consumption Amps - - - - - -
(-] Earth Norm Pol 2sec. |S00 |500 (500 |[N/A |N/A |NIA
7 Leakoge Nomn Pol, No12 |2sec. | 1000 [1000 |[1000 |N/JA |N/A [N/A
8 Current Rev Pol 2sec. |500 |S00 (S00 [N/A |[N/A |N/A
9 UA Rev Pol, No L2 2sec. |1000 (1000 [1000. |N/A |NIA |NIA
10 Enclosure Norm Pol 2sec. | 100 100 100 100 100 100
11 Leckage Norm Pof, Not2 |2 sec. |500 500 500 500 S00 500
12| Curent o Pol. No ' 12sec. 1500 [500 {500 |n/Aa [NA |Na
13 uA Rev Pol 2sec. {100 [100 |00 |00 [100 |[100
id Rev Pol Nol2  |2sec. |S00 1500 |S00 [SO0 |500 | S00
15 Rov Pol. No Earth |2 sec, |S00 |500  |500 -« [N/A™ {N/A |N/A
16 Patient Notm Pol 2sec. 100 |100 0 100 100 {10
17 Current Noim Pol, No L2 |2 sec, {800 }500 |80 500 (500 |80
1B fua fomm Pol. Mo~ 12sec. fs00 [s00 [so ([NA NA [N/A
19 Rev Pol 2sec. |10 [100 o |0 oo fro
20 Rev Pol. No L2 |2sec. (8600  |S00 |50 500 [S00 |S0
21 A Rev Pol, No Eorth |2 sec. |S00 (SO0  |SO N/A - |N/A  |N/A
2 Monson AR |2see. (WA |saoo-|s0  [wA fsoc0 |so
23 Mains on Ap Rev. [2 sec. [N/A | S000 |50 N/A 5000 |50
24 Poller;l Norm Pol : 2sec. |10 10 10 10 10 10
25 Auxiliary Norm Pol, No L2 |2 sec. |500 |500 . 50 S00 |500 (SO
2 - [Curent R POLNC  lasec s [0 [0 |wA |wA |NA
27 uA Rev. Pol 2sec{10_ 110 |10 |0 jwo |0
28 Rev Pol, No 12 2sec. [S00 (500 SO SO0 [S00 (S0
29 Rev Pol, No Earth [2sec. ({500 (500 {50 N/A  [N/A  IN/A

* 1 minute for step. ** The limit lor Protective Earth Continuity is dependent upon the device
under test: .2 ohms for devices with non-detachable power supply cord; .1 ohms for devices
with on appliance inlet. *** Limils for Insulation Resistance are not specified in IEC 601.1. These
limits are recommended and are bosed on older VDE 751 ond IEC 62. ***" N/A = not a valid
test for selected closs and lype. These lesls are not performed.
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(Automated IEC International Electrical Safety Analyzer)

@Me  : DNINEVADA USA. 34 : medTester 6000

Jer €000
e Oley s

U1 waa mIeanadeuasgIuaNlasaiona I

Features

Full-featured electrical safety analyzer

Manual, automatic, step and remote modes of operation
Electrical safety testing in accordance with IEC 601.1, VDE 701, VDE 751.1, and HEI 95
requirements

25 ampere earth continuity test

ECG/Arrhythmia simulation & performance testing waveforms
Auvailable in different language configurations

Automatic record storage and management

External keyboard options

Barcode reader options

Internal printer option

Interface with peripheral test instruments




176

NMITUIARIBIMATELINATT AN avatun Inih

DNI NEVADA INC.
Certificate of Calibration and Performance

DNI Nevada Inc. certifies that the below listed instrument meets or exceeds

all current manufacturer's specifications. It has been calibrated using standards
with accuracy guidelines traceable to the National Institute of Standards and
Technology (NIST). Devices for which there are no NIST calibration standards are
measurcd against in-house performance standards using accepted test procedures.

Vet ]l “No ., Medtester 6000 e vrall WY XS
Reelat §Jve Humidaty 5 22,0 % Temperaturese = 2.9 D “Deg B B .
TECH .absy % 1963 DA PEOVTASRAR CES T \ s PDecember |y 200

2000 Arrowhead Drive
Carson City, NV

Ev AD A 89706-0403
N| 41Y

Telephone: 775.883.3400
- Fax: 775.883.9541
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-t - -
B ATUANBOSWLAY Uunion SNUG SERIES
™ MU SNUG-150 SNUG-300 SNUG-600 SUNG-1500
. Iy L
) niy  GRAM 150 X 0.005 300 X 0.01 600 X 0.02 1500 X 0.05
e - n=in GARAT 750 X 0.02 1500 X 0.05 3000 X 0.1 7500 X 0.2
MUBBoR e A
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L) (A1BeRInReeIng) = 37.4290018  nin
v
LT (Wdalamdu) = 37.49995 niy
LUH (Midsoan) =137.799315  nfu
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hmi“(pimm‘miﬂnﬂcm

* Avoid exposiey # b0 extrrmely et alures.
-amm-mamnmun-d—w—e.um
to 10 hard knocks — usage or drops omo hard serlaces —.

* Clean the watch with a soft cloth, dry or moistened with mild wap. To svoid sulac
::?.-m_-uhmm.nw-. pray b
. nd exposing the wopw. 10 strong Chemicall such o g , Cleaning

SPECIFICATIONS
Amnm 3t 2 normal temprrature: = 15 seconds per month

-ﬂnm Hour, minule, second, -mn.mlh date and day
e yysheen
*STOPWATCH DISFLAY:
Mea uuiv

.99 seconds

WARRANTY CERTIFICATE
T= § WARRANTY CERTWICATE IS VALID ONLY FOR SERAVICE IN THE COUNTRY OF

16; The name and acoress of Me auihonzed Ginbulor o INe FElanes B8 0L SMped In the
wananty cemilcate

(T} The date of purcrase model Name 3nd ManulRCILNNG NuMber are not antered N Me
wananty cemticate
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