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INTRODUCTION

Increasingly, we can see the unique properties of mechanical vibration and ultrasonic waves put to use in many ways. And the
single most important key to the effective monitoring or use of vibration is the transducer. Today's transducers are called on for
standards of performance that are higher than
ever before.

For best results in any application, the piezoelectric materials in the transducer should be selected with the specific use in
mind. This catalog contains a wealth
of information to help you evaluate transducer characteristics.

And when it comes to the materials themselves, look to NEC TOKIN's NEPEC® NPM piezoelectric ceramics. Using zicron
and lead titanate as the main components, NEPEC materials have a wealth of features:
1) A wide selection range, especially for mechanical

characteristics and degree of electromechanical coupling.
2) High stability against temperature and humidity variations

and aging.
3) Remarkably fine ceramics that can be machined into a

variety of sizes and shapes.
4) Excellent resistance to voltage, permitting transducers

with polarization in any direction.
5) A wide range of potential uses.

This catalog describes NEC TOKIN's standard piezoelectric ceramics, and it also describes NEC TOKIN's line of transducers.
If you cannot find the desired material characteristics or transducer for your application in these pages, please contact us
directly; our engineering staff can work with you to develop materials for your purpose.

References

Please refer to the following bibliography if you want more details of basic theory and applications of transducers:
1) Ultrasonic technology handbook (J. Tomoyoshi et al, Nikkan Kogyo Shinbun)
2) Ceramic dielectrics (K. Okazaki, Gakkensha)
3) Physical Acaustic Vol | Part A (Mason, Academic Bress)
4) Piezoelectric ceramic materials (T.Tanaka, Denpa Shinbun)
5) Piezoelectric ceramics and their applications (Electronic materials Association, Denpa Shinbun)
6) New ultrasonic wave technologies (E. Mori, Nikkan Kogyo Shinbun)
7) Ultrasonic engineering (H. Wada, Nikkan Kogyo Shinbun)
8) Ultrasonic circuit (S. Ishiwata, Nikkan Kogyo)
9) Ultrasonics in medicine (compiled by The Japan Society of Ultrasonics in Medicine, Igaku Shoin)
10) Simple applications of ultrasonics (S. Fujimori, Sanpo)
11) Electromechanical functional parts (compiled by Specialized Committee of The Institute of Electrical Engineers of Japan)
12) Test methods for piezoelectric ceramic transducers (EMAS-6001 to EMAS-6004)
(Piezoelectric Ceramic Engineering Committee, Electronic Materials Association)
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Evaluation of Transducer Characteristics

NEC TOKIN evaluates the characteristics of Practically, frequencies minimizing and maximizing
transducer materials based on a number of parameters. the impedance shown in Fig. 2 are generally treated as
fr and fa, respectively.
1) Resonant Frequency

When an AC voltage is applied to the transducer and
frequency f is varied to be in agreement with the
natural frequency of the transducer, it vibrates very VA
violently. This frequency is called resonance
frequency fr.

A constant voltage circuit or a low voltage circuit
was used for measurement of the resonance and anti-
resonance frequencies. Recently. these frequencies \
can be measured easily with an impedance analyzer
such as the HP4194A of Hewlett-Packard.

Resonance frequency fr obtained from the

Impedance (Q)

equivalent circuit near the resonance frequency and fr fa
anti-resonance frequency fa can be expressed by the Frequency (Hz)
following equations: Fig. 1-2 Impedance characteristic of piezoelectric transducer

L4 Cq R4
Resonant frequency fr can be defined in a number
of different ways, depending on the mechanical
I structure and oscillation of the transducer.
I

c a) Radial vibration
0

Fig. 1-1 Equivalent circuit of transducer N
—1[HZ] .......... 1)
D

fr =

fr=1/{2mL,C,}

fa=1/{27,]L,C,C,/(C, +C, )} K
.

Fig. 1-3

D>3t

Radial vibration is in the direction of the arrows. The
coefficient of electromechanical coupling for this type
of vibration us called Kr.
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b) Lengthwise vibration

[

K
I .
a>t
Fig. 1-4

The direction of vibration is perpendicular to the
polarization direction; it is a simple vibration in one
plane only. The coefficient of electromechanical
coupling is known as Kai.

c) Longitudinal vibration

¢ >3(a,b,D)
Fig. 1-5

The directions of polarization and vibration are the
same, vibration is simple vibration. The electro-
mechanical coupling coefficient is known as Kasa.

d) Thickness vibration
N
t

fr = [H Z] .......... 4

N
Y it
o

Do —»
t<3(a,b,D)
Fig. 1-6

e) Shear vibration

fr = % [HZ] .......... 5)
NN
t
- f
Fig. 1-7

The direction of vibration is the same as the
polarization direction. Orientation of the drive field
direction is perpendicular to it. A drive electrode is
located perpendicular to the direction of polarization.
The electromechanical coupling coefficient is
expressed by Kis.
Where
N:: Frequency constant of radial vibration (Hz-m)
N2: Frequency constant of lengthwise vibration

(Hz-m)
Ns : Frequency constant of longitudinal vibration
(Hz-m)
N« : Frequency constant of thickness vibration
(Hz-m)

Ns : Frequency constant shear vibration (Hz-m)

D : Diameter of disc or column (m)

¢ : Length of plate, column, or cylinder (m)

a,b: Width of square plate or column (Hz-m)

t : Thickness of disc, square plate, or cylinder (m)

2) Coefficient of electromechanical coupling

The coefficient of electromechanical coupling repre-
sents the mechanical energy accumulated in a ceramic
or crystal; it is related to the total electrical input. This
coefficient k can be calculated for each individual
vibration mode by using the resonant (fr or fm) and
antiresonant frequencies (fa or fn) and the applicable
formula shown here:

Kr= f2.51(fa fr) --------------------- ®)
\
b
T )
Ko \r—tanr
_rfa
2 fr

Here, thickness is small compared with the area of the
radiation plane; the effect of vibration is the same as
that of longitudinal vibration. Generally, vibration is in
two directions, and discrimination can be made
between the two. The electromechanical coupling
coefficient for this type of vibration is called Kt.

6 Piezoelectric Ceramics Vol.04
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n fr n fr

Kas= || = —|COt|—-— | e 8

* J(Z fa) (2 faj ®

Kt= E(E f—rj ot (“— E) ---------------- ©
\\2 f 2 fa

Kis= ‘(EEJCO'[ (TLE) ------------ (10)
V2 fa 2 fa

Where

Kr : Electromechanical coupling coefficient for radial

vibration

Ka: Electromechanical coupling coefficient for
lengthwise vibration

Kss: Electromechanical coupling coefficient for
longitudinal vibration

Kt : Electromechanical coupling coefficient for thick-
ness vibration

Kis: Electromechanical coupling coefficient for shear
vibration

fr : Resonant frequency [Hz]

fa : Antiresonant frequency [Hz]

3) Relative dielectric constant

When the electric flux density caused by applying an
electric field E between electrodes of a transducer
under a constant stress is regarded as D, the relative
dielectric constant is obtained by dividing the constant,
defined by D/E=¢T, by the vacuum dielectric constant
€0. This relative dielectric constant is expressed by
€7x/c0When the direction of polarization and applied
electric field are the same; it is expressed by

€mu/e0 when these directions are perpendicular.
Calculation of relative dielectric constant is shown in
Eqg. 11. Static capacitance is usually measured at 1kHz
using an all-purpose bridge or a C meter.

el /e0= L 1)

(emw/e0 is also calculated using the same equation.)
Where
€0 : Relative dielectric constant in vacuum
(8.854x10™ F/m)
t : Distance between electrodes (m)
S : Electrode area (m?
C : Static capacitance (F)

6 ex;l€0

(Fe ——
6 e,/e0

Fig.1-8

4) Young's modulus

For different modes of vibration, Young's modulus is
calculated by Eq. 12, based on the sonic velocity and
density of the material.

YE = pVZ[N/mZ] ---------------------- (12)

Where p: Density (kg/m3)
v(=2fr¢): Sonic velocity (m/sec.)
N: Newton

5) Mechanical Q

The mechanical Q is the "sharpness' of mechanical
vibration at resonant frequency, and is calculated with
Eq 13.

Qm

fa?

" 2nfr zr C(faZ - fr?)

Where fr : Resonant frequency (Hz)
fa : Antiresonant frequency (Hz)
Zr : Resonant resistance (Q)
C : Static capacitance (F)
Where a simpler method is called for, mechanical Q
may be calculated with Eq. 14, using frequencies f1
and f2 which are each 3 dB from the resonant frequency.

_ fr
fi—f2

The values shown for material characteristics in this
catalog are calculated using Eq. 13.

Qm

6) Piezoelectric constant

There are two types of piezoelectric constants, the
piezoelectric strain constant and the coefficient of
voltage output.

a) Piezoelectric strain constant

This is a measure of the strain that occurs when a
specified electric field is applied to a material that is in
the condition of zero stress. This constant is calculated

with Eq. 15.
et
d—k\“sﬁ(m/v) ....................... (15)

Where k : Coefficient of electromechanical coupling
€7 : Dielectric constant
YE: Young's modulus (Newton/m?)
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b) Voltage output constant

This is the intensity of the electric field caused when
a specified amount of stress is applied to a material
that is in the condition of zero displacement. Voltage
output constant is calculated with Eq. 16.

Constants d and constants g can be ds1,dss, or dis,
and gs1, gs3, or gis, depending on the type of vibration.

7) Curie temperature

This is the temperature at which polarization
disappears and the piezoelectric qualities are lost. It is
also the temperature at which the value of the
dielectric constant becomes maximum.

8) Temperature coefficient

The temperature coefficient is a measure of the
variation of the resonant frequency and static
capacitance with change in temperature. Temperature
coefficient is calculated with Egs. 17 and 18.

1 f(t) —f(t2)

TK(f) = x10°(PPm/°C) --..(17)
At f20
TK(C) = . EO=C®) 1 55ppm/oc) .. ag)
At C20
Where TK(f) : Temperature coefficient of resonant
frequency (PPm/°C)
f (t1) : Resonant frequency at temperature
t1°’C(Hz)
f (t2) : Resonant frequency at temperature
t2°C(Hz)
fo : Resonant frequency at temperature
20°C(Hz)

TK(C): Temperature coefficient of static
capacitance (PPm/°C)
C (t1): Static capacitance (F) at temperature
u’c
C (t2): Static capacitance (F) at temperature
t2°C
C20 : Static capacitance at 20°C(F)
At : Temperature difference (t2-t1) (°C)

9) Aging rate

The aging rate is an index of the change in resonant
frequency and static capacitance with age. To
calculate this rate, after polarization the electrodes of a
transducer are shorted together, and are heated for a
specified period of time. Measurements are taken of
the resonant frequency and static capacity every 2"
days. (Thatis, at1, 2, 4, and 8 days.) The aging rate
is calculated with Eq. 19.

1 Xtz — Xt1

(AR) = .
logt2 —logt1 Xt

Where (AR): Aging rate for resonant frequency or
static capacitance
t1,t2: Number of days aged after polarization
Xu,Xt2: Resonant frequency or static
capacitance at t1 and t2 days after
polarization

10) Density

The density is calculated with Eq. 20, after
determining the volume and weight of the specified
ceramic material.

D= %(kg/ma) ------------------------- (20)

Where W : Weight (kg) of ceramic material
V : Volume (m3) of material

8 Piezoelectric Ceramics Vol.04
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NEPEC® NPM Ceramics

Characteristics of Standard Materials

Table 1-1 shows the material characteristics of NEC
TOKIN's standard NEPEC® NPM ceramic materials.
Notes

1. Frequency constants;

N1 : Radial frequency constant (frxD)

N2 : Lengthwise frequency constant (frxy)
N3 : Longitudial frequency constant (fax/)
N4 : Thickness frequency constant (fax/)
N5 : Shear frequency constant (fax/)

2. The temperature and aging characteristics shown are
values of radial vibration for a sample of 17.7¢x1.0t
(mm) in size.

3. The values of Kr (electromechanical coupling
coefficient) shown in parentheses are approximate
values. All others are exact.

Piezoelectric Ceramics Vol.04 9
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Table 1-1. Characteristics of Standard NEPEC® NPM Materials

Characteristics Unit Material
N-6 N-61 N-8 N-10 N-21
Relative £5/e, 1400 1400 1100 5440 1800
dielectric
constant el/e, 1350 1300 1400 5000 2000
Loss factor tand (%) 0.3 0.3 0.4 2.0 2.0
N1 [Radial] (Hz-m) 2160 2160 2240 2040 1960
N2 [Lengthwise] (Hz-m) 1600 1570 1670 1410 1410
Frequency T
constant N3 [Longitudinal] (Hz-m) 1510 1490 1520 1370 1310
N4 [Thickness]  (Hz-m) 1960 2010 2000 1800 1940
Ns [Shear] (Hz-m) 970 1170 920 1110 860
) 0.65) (0.67) (0.67) (0.57) (0.78)
Kr [Radial (
r [Radial 055 0.56 0.56 0.50 0.62
Ks1[Transverse] 0.34 0.33 0.34 0.34 0.38
Electro-
mechanical T
coupling Kaz [Logitudinal] 0.68 0.67 0.67 0.68 0.73
constant ]
Kt [Thickness] 0.55 0.52 0.52 0.62 0.52
Kis [Shear] 0.71 0.66 0.78 0.66 0.77
Sh (x 102m?/N) 12.7 131 11.2 148 16.5
Elastic S% (x 10™m?N) 15.4 15.6 15.2 18.1 19.9
constant
Y& (x 10°N/m?) 79 76 8.9 6.8 6.1
Y5s (x 10"°N/m?) 6.5 6.4 6.6 55 5.0
dar (x 102miV) -133 132 -99 -287 -198
das (x 102m/V) 302 296 226 635 417
Piezo- dis (x 10m/V) 419 464 652 930 711
electric
constant ga1 (x 10°Vm/N) -104 -10.7 131 -6.0 121
gss (x 10°Vm/N) 235 238 30.0 13.2 25.4
gss (x 10°Vm/N) 45.1 39.4 444 21.0 41.0
Poisson's ratio 5 0.32 0.31 0.24 0.34 0.34
TK (1) - 20~20°C 300 600 -250 200 -300
(PPmM/"C)
Temperature 20~60°C 300 400 -550 900 -150
coefficient
TK (C) - 20~20°C 1800 700 3700 3800 3500
(PPM/°C)
20~60°C 2300 3000 3600 3500 3000
fr (%/10 Years) 0.4 0.4 0.5 0.5 0.1
Aging rate
C (%/10 Years) -2 -2 -5 -5 -5
Mechanical
quality factor Qm 1500 1800 1600 70 75
Curie Te(C 325 315 320 145 330
temperature c(C)
Density D (x 10%kg/m?) 777 7.79 7.72 8.00 7.82
Thermal (x 107/°C)
expansion (Room Temperature 30 12 11 14 29
coefficient

~200°C)
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A

@AIl specifications in this catalog and production status of products are subject to change without notice. Prior to the purchase, please contact NEC TOKIN for updated product data.

@Please request for a specification sheet for detailed product data prior to the purchase.
@Before using the product in this catalog, please read "Precautions" and other safety precautions listed in the printed version catalog.

2010.03.19 9307PIEVOLO4E



NEC/TOKIN

Characteristics and Main Applications by Material
Table 1-2 shows characteristics and main applications by material. Use materials that match your use.

Table 1-2. General Characteristics and Main Applications

ltem Material N-6 N-61 N-8 N-10 N-21
Dielectric Constant @] O A [ ] O
Electromechanical Coupling Coefficient O O O O [ )
Piezoelectric Modules O O
Piezoelectric Output Constant O O O O
Mechanical Quality Coefficient O O A A

Resonant Frequency Temperature Coefficient

Dielectric Constant Temperature Coefficient [ ]

Aging Characteristics O

Pickups, microphones, speakers,
underwater receiving transducers,
and other acoustic equipment.

Transducers to generate ultrasonic signals, pressure

Main Application . " H
PP ons generating elements and medical equipment transducers.

@ = Particularly good value O=Good value A = Lower value

Materials for actuators High-power piezoelectric Materials

Actuator materials not listed in the catalog exemplified The vibration energy of the piezoelectric transducer is
here. Please contact us for further details. in proportion to the square of the transducer tip end
vibration speed.

There are high-power materials not listed in the catalog

30 that do not generate heat at high vibration velocities.
] °. New series Please contact us for details.
£ " 1
S 250 Vibration energy  p = = Mv?
] 2
200 M : Equivalent mass
v : Transducer tip end vibration speed
15?.00 150 200 250 300 350

Tcl'C

@ > e 7 >

w
o

N-8
/ New material
2

N
3]
T

N
o

i
o

o

o

. .
0.2 0.4 0.6 0.8 1.0
Transducer tip-end vibration speed (m/s)

Transducer heat generation AT("C)
=
(53]

0
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Terminal Layout

The three types of terminal layout are shown in Table 1-3 for the disc and cylindrical shapes.
Layout of terminals for the column, square plate, and square column shapes are the same as right. For inquiries
about special terminal configurations,

Table 1-3
Terminals P-terminal S-terminal O-terminal
Disc
| ¢ > 4
Cylinder
q
i Terminals (solder dots) provided on Negative electrode terminal is available | Negative electrode terminal is available
Description

positive and negative electrode surfaces.

on positive electrode surface.

on side face.

External Surface

Table 1-4. Types of External Coating

NEC TOKIN transducers are coated for protection, for Coati Standard
H H H H Coatin Features oating andar
uniformity of the electromechanical interface, and to 9 Surfaces | Color
ensure an attractive external view. Table 1-4 shows Svnthetic reci »
- . . nthetic resin; resists
the different types of surface coatings available. Select  Coati oterand o All surfaces |
: : - oatin :
the coating that is best for your requirements. "9 | Suitable for fish-finding | are coated | >!Veraray
sonars and air excitation.
Bakelite resin; resists All surfaces Dark brown
B Coating | solvents. Suitable for are coated (Bakelite
ultrasonic cleaning. color)
Specification Example
Shape(mm) Material fr(kHz) K C(pF)
Cylinder NR 38x34x30 N-21 24 0.25 26500
36x31x30 N-21 25.8 0.25 19600
Disc ND 10x0.3 N-21 6400 0.57 3000
20%0.5 N-21 4000 0.6 7000
20x1.0 N-8 2100 0.55 2700
40x2.5 N-6 54 0.6 5600
40x3.0 N-6 54 0.6 4600
50x2.5 N-6 43 0.6 8900
50x3.0 N-6 43 0.6 7400
60x5.0 N-6 36 0.6 6500
Column ND 7x13.5 N-21 100 0.65 48
7x16.5 N-21 80 0.65 40
10%13.5 N-21 100 0.65 28
10%16.5 N-21 80 0.65 90
Square Plate NS 20x20x0.3 N-21 6500 0.3 13500
20%20%0.4 N-21 5000 0.3 10500
25x25%0.5 N-21 4000 0.3 14000
80x15%0.3 N-21 6500 0.3 42000
80x15x0.4 N-21 5000 0.3 32500
100x15%0.5 N-21 4000 0.3 33000
100x15%0.6 N-21 3000 0.3 28500

12 Piezoelectric Ceramics Vol.04
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Selected Material Characteristics

a) Temperature characteristics

Sample: Disc (17.7mm¢ x 1mm t)

b) Aging characteristics

Sample: Disc (17.7mm ¢ x 1mm t)

150 150
140 140
N N
T T
4 4
=3 =3
£ 130 s £ 130 NE
NI61
? nle ? N-61
N-6
120 Ni10 120
—
110 N;21 110 N2
-20 0 20 40 60 468 2 4 68100 2 4 68
—» Temp (°C) 10 —» Days 1000

Fig.1-9. Variation in Resonant Frequency
with Temperature

Sample: Disc (17.7mm ¢ x 1mm t)

Fig.1-12. Variation in Resonant Frequency
with Aging

Sample: Disc (17.7mm ¢ x Imm t)

0.80 0.80
— Nr21 N-21
1 Ni10
0.70 0.70 N6
Ni6 N-61
N6l
0.60 0.60 N8
. .
¥ I~
ﬁo.so ? 0.50
0.40 0.40
0300 0 20 40 60 030,68 2 4 68100 2 4 68
—» Temp (°C) 10 —» Days 1000

Fig.1-10. Variation in Electromechanical Coupling
Coefficient with Temperature

Sample: Disc (17.7mm ¢ x 1mm t)

Fig.1-13. Variation in Electromechanical Coupling
Coefficient with Aging

Sample: Disc (17.7mm ¢ x 1mm t)

13000 3600
|_— o N-21
11000 // 3200
— 9000 —~ 2800 N-6
[ [
L L N-61
e e
O 7000 O 2400
? 5000 Nio1 f 2000
— Nig1
3000 -
1600 NE
1000 N8 1200
-20 0 20 40 60 468 2 4 68100 2 4 68
—» Temp (°C) 10 —» Days 1000

Fig.1-11. Variation in Static Capacitance
with Temperature

Fig.1-14. Variation in Static Capacitance with Aging
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c) Thermal aging characteristics d) Characteristics of high-voltage aging

Test Conditions
Sample: Ring (60mm ¢ x 45mm ¢ x 16mm t)
Sample: Disc (17.7mm ¢ x 1mm t) Material: N-6 Applied Voltage: 2,000V (in air)

Conditions of Burn-in 200°C x 1h ~N Frequency: 5.5kHz Duration: 10 min.
150 T 21
=
140 s 20
§‘130 ? 19
x 5 037
.. N-6 4
= 120 0.36
f 0.35
T 110 034
% 1100
100+ N-21 ~Z 1000
o 900l
%0 1 2 468 2 468 fsoo 1 2 468 2 468
(Before Test) Dar ;g 100 10 100
> (Before Test) » Hours

Fig.1-15. Variation in Resonant Frequency

Fig.1-18. Variation in Dielectric Strength (Test 1
with Thermal Aging 9 gth ( )

Test Conditions
Sample: Ring (40mm ¢ x 3mm t)

. Material: N-6
Sample: Disc (17.7mm¢ x 1mm t) Applied Voltage: 2,800V (rms)

Conditions of Burn-in 200°C x 1h Pluse Width: 100m sec.

0.80 Pluse Interval: 1sec. Duration: 10min.
g 58
070 N-21 :
& S
" N-6
0.60 f 56
-
Y >~ 058
X a
? 0.50 0.57—==+
f 0.56
_ 055
0.40 & 5000
~Z 4900
3] o~
030 4800+
1 2 4 68190 2 4 68100 4700
(Before Test) Days 1 2 468, 2 4 68
(Before Test) » Hours
Fig.1-16. Variation in Electromechanical Coupling . . i
Coefficient with Thermal Aging Fig.1-19. Variation in Dielectric Strength (Test 2)
Sample: Disc (17.7mm ¢ x 1mm t) Test Conditions
Conditions of Burn-in 200°C x 1h Sample: Ring (51.4mm ¢ x 44.8mm ¢ x 3.67mm t)
4000 R Material: N-6 Applied Voltage: 1,000V(50Hz AC)
N-21 T
B T 20 Duration: 1min.
N
3500 X
=
o 3000 N-6 & 20
£ ) f 200
2500
o = 033
4
? 2000 0.32
? 0.31wmes
0.31
1500 —
L 20300
~ 20200
1000 1 2 468 2 468 © 20100t
10 100 —
(Before Test) Days ? 20000
> 1 2 468, 2 4 68
(Before Test) = Hours

Fig.1-17. Variation in Static Capacitance

with Thermal Aging Fig.1-20. Variation in Dielectric Strength (Test 3)
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Applications

The job of a transducer is to convert electrical energy
into mechanical energy, and vice versa. And
transducers using NEC TOKIN piezoelectric ceramics
are uniquely suited to performing this job in a wide
variety of applications. To help classify transducers,
we divide their applications into two general areas:

1) conversion of electrical energy into mechanical
energy for hydraulic or motive power, and 2)
converting mechanical into electrical energy for
communications and electronics.

Mechanical Langevin Bolt-On Transducers ‘ ------------------- 16
power
applications Transducers for Cleaning Equipment ‘ -------------- 19
H Piezoelectric Ceramics Molded Waterproof Transducers ‘ ------------------ 20
<NPM> .
Electrical and High-Frequency Transducers ‘ -------------------- 26
communications

Aerial Microphone Transducers ‘ ------------------ 27

Sonar Transducers
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Langevin Bolt-on Transducers

Outline

NEC TOKIN's Langevin-type transducers are used where
powerful ultrasonic waves must be generated, such as
in cleaning equipment, ultrasonic treatment machines,
and welders for plastic. For application flexibility and
ease of installation, these transducers are mounted in
a structure that can be bolted almost anywhere.

NEC TOKIN's high-performance NEPEC® N-61 is
excellent for use in these Langevin transducers. NEC
TOKIN produces a number of this type of transducer,
all featuring high quality and excellent output levels,
and all based on a unique NEC TOKIN design.

Features Markings
« High mechanical Q and excellent electro-acoustic Erodluct models are classified as shown in the example
conversion efficiency, providing a high output ere:
amplitude. NBL 45 28 2 H
o Piezoelectric element offers a high speed of T
vibration H = Horn construction; output
o N-61 ceramics have extended temperature range, surface has step or horn
ensuring good amplitude linearity. shape. .
¢ Bolt-on mounting gives fast, easy installation and S = Straight construction
. o 99 ! Yy 2 = Number of piezoelectric
high reliability. elements (2 elements)
28 = Resonant frequency (28kHz)
L———————— 45 = Diameter of acoustic wave
radiation ( ¢ 45mm)
<For Cleaning Equipment>
Specifications of Standard Models
Table 2-1
Type
Item
45282H-A 45402H-A
Resonant frequency fo (kHz) 28.0 40.2
Dynamic admittance Yo (mS) 40 15
Mechanical Q Qm 500 500
Static capacitance C (pF) 4000 4000
Maximum allowable velocity V(cm/S) 40 50
Maximum allowable power P (W) 50 50
Applications Cleaning Equipment

Note: Maximum allowable power is based on the data where one unit is measured with a water load on one side.
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Shape and Dimensions

NBL-45282H-A NBL-45402H-A

- i e% a

M e
g/ //wililE o
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= ‘ b 27 ‘11 5 L
M10.P1 39 h1s 19 |10 11 M10.P1 ) 4
535
795 >
Fig. 2-1
Temperature Characteristics
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Fig. 2-2. Temperature Characteristics of NBL-45282H-A
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<For Treatment Machines>

Specifications of Standard Models Table 2-2
Type
Item
NBL15602S NBL20602S
Resonant frequency fo (kHz) 60 60
Dynamic admittance Ymo (mS) 25 20
Mechanical Q Qm 500 400
Static capacitance C (pF) 850 1250
Maximum allowable velocity Vor (cm/S) 50 40
Maximum Allowable power P (W) 25 3.7
Applications Treatment Machines

Note) Maximum allowable input in no-load state

Shape and Dimensions

NBL15602S NBL20602S

(40.8) (40.4)

{F I <o o{ BT
Fig. 2-3
Horn Installation Reference Example
(89.1) (89.9)
\ \
|
Fig. 2-4
Vibration
No-load state No-load state
10 7
s Horn installation example 6 Horn
byl g
§ NBL15602S S 3
T 4 ®
£ £ NBL15602S
g 5 2
2
/ 1
0 | | | 0 | | Il Il
0 1 2 3 4 0 1 2 3 4 5
Input Power P(W) Input Power P(W)
Fig. 2-5
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Transducers for Cleaning Equipment

Outline

In the past, transducers for cleaning equipment have
been found almost exclusively in ultrasonic cleaners
for industrial and business use. Today, however, small
cleaning equipment for glasses, false teeth, gemstones,
etc. is increasingly found in individual households as
well. NEC TOKIN's transducers for cleaning
equipment utilize our N-6 material, providing
ultrasonic generators that are compact and
extraordinarily temperature-resistant.

Specifications Specification Example

Cleaning vessel Table 2-3
/ . D (mm) t (mm) fr (kHz) Kr C (PF)
40 2.5 54 0.60 5600
40 3.0 54 0.60 4600
\\/ 50 2.5 43 0.60 8900
50 3.0 43 0.60 7400
D 60 5.0 36 0.60 6500
-
Piezoelectric transducer
fabricated from N-6
Fig. 2-6. Product Diagram
Temperature Characteristics
(fr) (kr) (Insulation Resistance)
g
=
58— 0.80— ;’ 10°—
(2]
— c
N £
T ]
X 56 L 0.70— » 10°—
= X &
c
)
541 0.60 - = 10°-
]
(7}
£
52— 0.50 10°—
TJ | | | oTJ | | | TJ | | |
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
—— Temperature (°C) —— Temperature (°C) — Temperature (°C)

Fig. 2-7. Variation in N-6 Characteristics with Temperature
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Molded Waterproof Transducers

Features

« High reliability, thanks to NEC TOKIN’s own molding
technology, including solid urethane rubber molding
and baked neoprene rubber.

 Excellent noise characteristics.

* Wide range of frequencies and molding materials
available.

Markings

Product models are classified as shown in the
following example:

T GM 60-50 A-10 LA

Resonant frequency (kHz)

Outline

Transducers that can withstand salt water and under-
water pressures are used to generate ultrasonic signals
for fish finders, sonar equipment, depth gauges, and
Doppler-effect velocity and current meters.

NEC TOKIN’s molded transducers are highly reliable,
even in the face of severe underwater conditions.
Completely waterproof, they offer excellent
mechanical strength and temperature characteristics,
thanks in part to their unique NEC TOKIN design and
technology. By using a variety of different materials
for our molded transducers, we can offer a large
variety of frequency, input, and directivity
characteristics.

\— Cable type L: Chloroprene, LA: Vinyl
Cable length (m)
No. of transducers included A: 3, B: 2

Transducer outside diameter (mm)
Molding material GM: Rubber molding, MM: Metal molding, BM: Plastic molding

Transducer material T: VPT, N: NPM
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Specifications of Standard Models

Table 2-6
Resonant Frequenc! Impedance (Q { i i i . -

Model (kHz)q Y at';iesonan(c e) Static ((:;;::)cnance InsulatuznlvI l:;)slstance Directivity Shape
TGM60-40-10L 40 150 ~ 400 7500 500 and over 50° A
TGM60-45-10L 45 150 ~ 400 7500 500 and over 45° A
TGM60-50-10L 50 150 ~ 350 8000 500 and over 44° A
TGM42-75-10L 75 200 ~ 600 3400 500 and over 36° A
TGM80-75-12L 75 300 ~ 800 2500 500 and over 20° A
TGM100-100-15L 100 200 ~ 400 4500 500 and over 12° A
TGM50-200-10L 200 100 ~ 400 2400 500 and over 11° A
TGM80-200-20L 200 50 ~ 200 5500 500 and over 7° A
TGM100-200-20L 200 30 ~ 100 7500 500 and over 6° A
TMM60-50-10LA 50 100 ~ 300 8000 500 and over 44° B
TMM50-200-10LA 200 200 ~ 400 2500 500 and over 11° B
TGM60-50A-15L 50 50 ~ 150 23000 500 and over 12°x44° E
TGM50-200A-15L 200 70 ~ 150 5500 500 and over 5°%x11° E
TGM60-50B-12L 50 100 ~ 300 15000 500 and over 13°%x44° D
TGM46-68B-12L 68 50 ~ 200 12700 500 and over 11°x38° D
TGM42-75B-12L 75 50 ~ 200 9000 500 and over 11°x36° D
TGM50-200B-12L 200 150 ~ 400 4300 500 and over 11° D
NBM40-50-8LA 50 150 ~ 350 2800 500 and over 60° C
TBM50-200-8LA 200 200 ~ 450 2800 500 and over 11° C

Physical Characteristics
Type A Type B Type C
= f f
I s T M T
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f i ( 1ﬁ i
U j |
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| o i i ¥
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[«———— db——>| b «——— gb——»
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> f
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Two + +

o E] ] ]
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Fig. 2-10. Shape and Construction
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Table 2-7
Model Dimensions f (cable) sh
cable ape

ode a b c d e P
TGM60-40-10L 69.5 89.5 5.0 78.0 60.0
TGM60-45-10L 69.5 89.5 5.0 78.0 60.0
TGM60-50-10L 69.5 89.5 5.0 60.0 60.0
TGM42-75-10L 47.8 61.0 4.0 43.0 27.0
TGM80-75-12L 1040 1200 50 €50 30.0 ¢ 11, two-core shield captire cable (chloroprene) A
TGM100-100-15L 120.0 130.0 4.0 55.0 40.0
TGM50-200-10L 69.5 89.0 5.0 60.0 60.0
TGM80-200-20L 100.0 120.0 7.0 45.0 30.0
TGM100-200-20L 124.0 140.0 7.0 45.0 30.0
TMME0-50-10LA 80.0 100.0 56 120 w ) 1.11d/ ¢ 7, two-core shield captire cable (vinyl) B
TMM50-200-10LA inch
TGME0-50A-15L 206.0 226.0 7.0 160.0 60.0 ¢ 11, two-core shield captire cable (chloroprene) E
TGM50-200A-15L
TGM60-50B-12L
TGM46-68B-12L 140.0 160.0 5.0 60.0 50.0 ¢ 11, 