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Page 4. English Version of Page 1.

1. Background

We have been developing school use seismograph system since 20 years ago
(started at Okamoto,1991). With the innovation of the microcontroller Arduino
and super strong Neodymium magnet, our prototypes improved as more
sophisticated and made at low cost(Okamoto,2015,2017). However, this version
needs high metal processing skills. Obtaining material is hard, so we developed a
more simplified version(Okamoto,2015,2016), which we use daily materials and
can be easily made by students.This version is useful for classroom
demonstration; however, it is not suitable for practical observation due to the lack
of pendulum stability. Therefore, we are improving the second version by
replacing the metal pendulum and enclosures with the 3D printed parts, shortening
the development process, and making it possible for anyone to make at a low cost.

2. Outline of the making

The pendulum type of the previous one was based on the Kirnos type for
vertical motion and the Swing Gate (Paschwitz) type for horizontal motion,
both of which are designed for about 5 seconds period(Fig. 3), mimicking the
old IMA Type 59 seismograph. The block diagram and the pendulum structure
are the same as those attached in Reference 1(page 2). The old and new vertical
motion seismographs are side by the side in Fig. 2.
The advantages of using 3D printer parts are as follows.
1) Inexpensive materials.
2) If the STL files are prepared, anyone can easily manufacture parts with the
same functions using these STL files.
3) The intricate shape of a pendulum's leaf spring as a pivot can be assembled
like a “plastic model” using 3D printed parts.
The overall image 1s shown in Fig. 1.

Furthermore, as a production policy, we use items not requiring exceptional
work as much as possible. The base is currently made of inexpensive 1x4 wood.
Their operation is shown below.

Fig.1 Overview of our system
In my living room
Fig.2 Comparison of two
vertical seismo-meters:
total weights are
8.1kg(old one) and
3.7kg(new one)

L in suspension L in initial
Mount Base L[cm] Pendulum L[cm] Mass [kg] Coil 0.25mm [turn] Spring Ln [cm] Spring Ls [cm]  Spring LO [cm] Spring FO [kg]+k[kgw/cm]

i
FO: initial tension
22.512-9.2=3.2 F=2.4+0.26X

31.515-11.8=3.2 F=2.0+0.17x

School Seismographs Made with 3D Printed Parts (ePoster, English version)

o Yoshio OKAMOTO
http://www.yossi-okamoto.net/index_e.html

yossi.okamoto@gmail.com

3. Electromagnetic sensor

1) Coil: A 0.25-mm-diameter urethane wire 1s wound about 3,200 times around a
bobbin printed by our 3D printer. A bench lathe used for winding.

2) Magnets: Inexpensive, super strong neodymium magnets (2 cm in diameter, 2
mm to 5 mm thick) are used as multi-piled. (purchased at online stores).

3) Magnetic circuit: 2x4 fitting iron is used. The induced current from both
magnets 1s doubled. The gap between the coil bobbin and the magnets is critical,
so the magnet holder is designed to adjust this gap. Wrap the coil bobbin with a
copper plate (0.5 mm thick) for the necessary damping.

\—-—"‘-’-“J\-—_J

Fig.3 Bobbin, coil, copper damper and magnetic circuit
4. Pendulum and spring
1) Pendulum's mass: Brass cylindrical bar, machined on a table-top lathe.
2) Pendulum and pillar: Printed by a 3D printer and glued. PLA and PLA+
filaments for general purpose were used. While PETG, having tight hardness, 1s
hard to use because of warping after printing.
3) Leaf spring as pivots: 0.Imm-thick phosphor bronze plates were purchased
from a net shop. Cut with scissors. Two leaves are assembled as a cross spring for
the vertical pendulum (Fig. 4). Note that both springs are used under tensile stress.
See Fig. 6 on the page 2 for details.
4) Main-spring for the vertical component: 1.8-mm-diameter piano wire wound
to 20 mm in diameter and cut to about 15 cm in length using a wire cutter.
The suspension structure and spring characteristics are essential for making a long-
period pendulum. Specialist’s tool uses a spring with characteristics similar to so-
called "zero-length" springs, which have a short initial length made from invar
alloys with thermostatic properties. In our case, we used ordinary piano wire and
asked the factory described below to fabricate the special arranging springs.
The spring and pendulum structure is the most challenging part of designing a
long-period seismograph (especially for the vertical pendulum). Please refer to
the references and related articles on the author's website (uploading after the
conference). Cross-spring ~

Fig.4 Pendulum structures and assembling cross-spring

S. Enclosure

1) A 3D printer printed the pendulum pillar and the magnetic circuit support. The
base for the pendulum is tentatively made of a 1x4 wood (18mm thick, 9cm wide),
but in the future, we will replace it with a thick acrylic plate or an aluminum cast.
2) The cover is currently not used. However, we will make the cover when air
conditioners are regularly used in the summer.

6. The electronic circuit (see Fig. 8 on page 2)

1) Amplifier with integrator

The signal from the sensor is integrally amplified, and the signal proportional to
the velocity 1s converted into displacement at an oscillation frequency greater than
the time constant. A time constant of 6[sec] was set for regular office use and
60[sec] for low-noise sites. The latter is suitable for foreign earthquake detecting.
However, long-period signals longer than the natural period of the pendulum
(about 5 sec) cannot be transformed correctly to real displacement due to the
response characteristics of the pendulum.

2) Arduino Uno: Responsible for A/D conversion of signals and USB connection

to PC. (see Fig. 8 on page 2)
Integrating Head Amp. Swi 2nd. Amp + Level Shift

. C2 ABuERP uFBP DIPSW=+
Integrating N RO 5K
_ o R10 20k
Tc=60[sec] A, g R11 S0k
~R6 M= R12 150k
- 2

Low Pass + Limitter(+5V)

R17 10k

R1 3k Low Pass fc=830Hz

5V Limitter

R13 10k

GND GND

Integrated circuit: time constant Yoshio Okamoto 21th October 2015

is changed 5th Mar.2022

Fig.5 Integrating amplifier circuit (Slightly modified from Okamoto,2018)

7. Signal display and logging program

The program is a slightly modified the previous version written in the Processing
language used in the previous model shown on the next page 2. This software has
been used stably for more than ten years with our electro-circuits.

8. 3D printer and CAD software
Creality Ender3 Pro, which is inexpensive and has a good reputation, is
used.Fusion360 (AUTODESK), a global standard, creates a STL file of a 3D
model. Although registration is required, Fusion360 is useful within the free-range.
The Slicer 1s Cura, a free-ware, converting STL files to gcode for an input data of
the printer. (These details are omitted.)
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10. Quantitative measurements

The following quantities were measured for quantitative discussion.

1) Spring constant: /'=2.4 + 0.26 x [kgw/cm]: Initial length: 8.8 cm

(A "digital force gauge" was used for measurement.)

2) Magnetic flux density of magnetic circuit Measured value:

Approx. 200-270[mT] (A "tesla meter" was used for the measurement.

3) Magnetic flux calculations were performed using FEMM (magnetic field
calculator with boundary element method) to compare with the above measured
values (Fig. 7).

4) Damping constants / of the pendulums are estimated from the signal decay; to b
about 4~0.3 to 0.5 due to the eddy currents caused by the copper plate and the self-
induced EMF of the first register of the amplifier.
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Fig.7 Sprin Iibration and a magnetic field by FEMM

11. Discussion

Compared with our previous version, the following problems can be identified.

1) The use of plastic(PLA) instead of metals for the enclosure and the pendulum
causes mechanical strength problems and changes over time.

2) 3D printers have problems during the printing process, warping after
completion, and crushed screw holes, depending on the conditions.

3) For screws, the CAD software "Fusion360" has a function for designing screw
holes, but for PLA in use, the screw holes less than 6 mm will not be by printing
but have to be cut using iron taps.

4) In the operation of the Processing software, it was found that due to an
unknown problem sometimes causes the channel order changes.

5) For various reasons, quantitative measurement of the damping constant (h) has
not yet been achieved.

6) The PCB fabrication process is a tough job (we are currently trying to outsource
the work).

These are the problems to be monitored and improved in the future.
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