
Stand Alone Accelerometer Sensor Systemlfor
an Egg-Drop Contest

An egg drop contest was recently held at the Univer-
sifl of the Witwatersrand. In this contest, struc-
tures were built to protect a raw chicken egg when
dropped 15 meters onto a hard surface. Ir{o aerody-
namic retarding devices were allowed. Of the thir-
teen entries only two survived the fall. The obvious
question for this deceptively simple problem is

"What kind of accelerations and forces occur during
impact?" To answer these questions this paper de-

scribes the research and development that went into
designing an accelerometer sensor sys tem. The sJS-

tem that was developed used a t70S accelerometer,
capable of data sampling at 1000 points per second

with a lhbit resolution. The scceleration data was

stored to on-board non-volatile memory. Subse-

quently to recording, the data 6ould be downloaded
to a PC via a serial link. In the developed system,

thirty two seconds of data could be recorded. This

allowed for multiple drop tests to be conducted in
one recording period. The developed system archi-
tecture readily supports future expansion to a multi-
ple axis accelerometer, as well as longer recording
periods. The experimental data match the results

from s theoretical model of the egg drop test for
various drop heights.
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NOMENCLATURE
English Nomenclature
A
a

B
C

Integration Constant
acceleration
Integration Constant
Damping constant

EEPROM Electrically Erasable Programmable Read-Only
Memory
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was explicitly prohibited the entrant was not disqualified due to the use
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4Although custom-made batteries to fit any volume can be built, this
was not within the budget of this project.
sSensor amplification was implemented in this paper to make full use
of the entire voltage range of the sensor and data acquisition system.
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FRAM Non-volatile random access memory; Product of
Ramtron Corp.
Natural frequency, in Hertz
Gravitational constant 9.8 1m/s2

Milli-g9.81x10-3 m/s2

Drop height
Spring stiffness
tnASS

Personal Computer
Time
Displacement
Displacement derivative with respect to time,
ie, Velocity
Velocity derivative with respect to time,

v ftff"'1'"J:ff'
V Volts

Greek Nomenclature
( Damping ratio
(t) Natural frequency in radians/second

lntroduction
Recently an egg drop contests was held at the University of the
Witwatersrand. In this contest a structure housing an egg was
dropped fifteen meters onto a hard surface. The aim of the
contest was for the designed structures to protect their egg

payload. The egg drop is a structural engineering problem where
the structure is subject to impact loading. Although deceptively
simple, only two out of thirteen entrants succeeded in protecting
their eggs3. The question became: how difficult is the egg drop
problem? and what are the forces that develop during the egg's
fall?

This paper describes the stand-alone sensor system that was
developed to measure the accelerations that an egg would
experience during impact. The magnitude of the impact accelera-
tion is directly related to the force on the egg and thus determines
whether the egg will survive the drop. The summary of the results
obtained with the developed system is presented in this paper;

a full description of the experiments together with theoretical
modelling is presented in t 11.

Egg drop contests at high school and university levels have
been held all around the world for a long time. (For a few
references see l2l, [3], and t4l). In general most competitions
allow parachutes and other aerodynamic devices that slow the
descent of the egg. One of the rules in the present contest was
that no specific aerodynamic retardation was allowed. This
required the careful consideration of structural and material
concepts, instead of aerodynamic design. With a 15 meter drop,
and no air deceleration allowed, the present egg drop contest is
a deceptively simple engineering problem.

The paper is structured as follows. First the egg drop contest,
its rules and a few of the solutions are presented. Next the

accelerometer sensor system architecture is laid out and the data
management system is discussed. Then the methods of sensor

calibration and the required data acquisition rates are described.
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A few typical results measured by the system afe

presented. Considering the effect of drop height on the

egg's acceleration concludes the paper.

Please note that the engineering details pertaining to

the egg drop structure are specifically omitted, since we

plan to conduct similar contests in the future.

The Gontest
The egg drop contest was a voluntaty project that was

open to anyone who wished to enter. The entrants

could design and build their structures based on analy-

sis, experiments andl or intuition. The problem was

open ended, i.e. no solution concept, material or method

of building was suggested or favoured. The entries had

to conform only to the contest's rules.

Rules
The structure housing the egg was to be dropped 15 meters off
the University of the Witwatersrand Civil and Environmental

Engineering Building and land on the tarmac below.
The main rule was that aerodynamic retardation of the free fall

of the structure was not allowed. Thus parachutes, air brakes,

and gliding/ winged mechanisms and animals were prohibited.

The other rules were:
1. The structure had to be easily deployable. Eggs were

handed to the contestants two hours before they were

to be dropped.
2. After the drop, the eggs had to be easily removable

from the structure.
3. No tampering with the eggs was allowed, eg, hard-boiling,

or chemically altering the eggs etc.

4. The structure had to land within 5xlOmeter areabelow the

drop point.
5. The structures were suspended on a cantilever. A maximum

10cm string could be used as the suspension cord to centre

and level the structure.

Solutions
The contest attracted thirteen entrants. Although all entries

were different, especially in the detailing,in the main only two

structural philosophies were pursued:

1. The egg was sulrounded by a cushioning material. This
material was encased in a container. (See Figure 1a)

2. The egg was suspended within a structure by rubber
elastics. (See Figure 1b).

Figure 2 shows some examples from the two types of struc-

tures.

Figure 1:(a) Egg encased in acushioning material; (b) Egg suspended by rubber
elastics. (After Reference t1l).

Results
Of the thineen eggs that were entered, only two survived the

Figure 2'. Photographs of structures following the: (a) Cushioning material

approach; (b) Suspended egg approach.

l5meter fall with no damage. The question now arises: "How

difficult is the egg drop problem?" To answer this question, it
was decided to measure the accelerations of the egg during

impact. Since the suspended egg approach was by far the most

popular solution, it was used as the platform to answer the above

questron.
The remainder of this paper deals with the research and

development process that went into developing such a sensor

unit. A fuller description of the results of the egg drop contest,

together with the theoretical modelling and experimental mea-

surements is given in reference t 1].

The accelerometer sensor system
lntroduction

To measure the egg accelerations a test structure was

built. A toy eggthat could be opened, and made of thin
plastic, having similar dimensions to a real egg, was

used in the experiments (see Figure 3). The electronic

sensor system was to be housed within this egg. The

toy egg was suspended on rubber bands (as shown in
Figure 4); the supporting structure (not shown) was

much stiffer than the elastic bands ensuring that the

egg underwent dynamic oscillations, and the structure

could be used multiple times. To match the dynamic
accelerations that a real egg would undergo during
impact, the weight of the plastic egg was increased.

Eggs are advertised to weigh no less than 50 grams. The weight
of the toy egg, sensor circuit, housing and elastic bands was

Figure 3: Real egg on left and plastic toy egg on right.

Rubber
Elastics

Containing
Structure

Supporting
Structure
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Rubber Elastics

Toy Egg with
Sensor Systan

Figure 4: Toy egg suspended within the test structure on elastic bands.

increased to 72 grams by taping coins to the bottom of the
housing as shown in Figure 4.

Sensor Requirements
To capture adequately the acceleration data of the suspended
real egg, the requirements from the sensor system are:
(a) The physical dimensions of all electronics and power
source must fit into the plastic egg.

O) The accelerometer range should be greater than the maxi-
mum impact acceleration. This maximum acceleration is not
known a priori.
(c) There must be sufficient resoltfrion (number of bits per
unit of acceleration) of the data acquisition system.
(d) The sampling rate mustbe adequate. This rate depends on
the duration of the impact event.
(e) The method ofrecording the impact event must be reliable.

Preliminary Considerations
Since the sensor system had to fit into the plastic egg, the power
source had to be considered first. Tethered systeffis, where the
power would be supplied via wires, were ruled out immediately
since the tether would be difficult to manage and could alter the
dynamic behaviour of the egg. The power source thus had to be
a battery. There are many cornmercial batteries from which to
choose. The main restrictions are:
(a) the size of the battaty,
(b) the power of the battery, and
(c) thecommercialavailabilitya.

Although high in power compared to other solutions, the size
restriction precludes the use of a standard 9V battery. From asize
and power point of view, a 3V button cell battery is the optimal
solution. Thus it was clear from the start that the button cell
battery (or batteries) needed to be used as the power source.

The second question to be addressed was the method of
recording the data once it was measured. Two options are
possible:
(a) real-time data telemetry via radio, or

O) store the data in memory for later download.
The first method requires no wires, and only a transmitter

circuit on board the sensor system. The second method requires
memory chips to be included on the sensor and a hardware port
to allow for download. This makes the second option somewhat
bigger in real estate size. However, the fidelity of the second
system is much higher, since there is no chance of loosing the
data through comrpt radio communication. Since the impact
event could be of short duration, loosing even a small number
of data points would render the whole drop experiment meaning-

a(t) - e

less. In general, data storedin local memory is morerobustthan
data transmitted via radio communication. For this reason, it
was decided to store all data on board the sensor for later
download.

Sensor and Data Acquisition lssues
The next issue that was considered was dataacquisition. This
includes:
(1) the required speed of analog to digital conversion,
@ the resolution (number of bits) of the acceleration that was

required, and
(3) the magnitude of accelerations that could be expected

during the impact events.

Figure 5: Single degree of freedom model of the suspended egg (after
t1 t).

The answers would allow to layout the architecture of the sensor
system. A mathematical model also presented in more detail in
[1] was used to answer these questions.

The egg was considered as a single degree of freedom system
suspended on springs and dashpots (see Figure 5). Upon impact
the test structure is assumed to remain station ary.

The governing equation of motion, in terms of the displace-
ment u, of the egg is the standard:

mil+cu+lu-O (1)

where the symb ols mis the mass of the egg, c is the damping,
and k is the spring stiffness. (See Figure 5).

Equation (1) is mass nonnalizedto give:

ii +26 ou + co2u - 0 (2)

u
- 9-

where 9
2mctt

natural frequency of the system measured tn radians/second.
Equation (2) is solved using standard techniques (see for

example Reference t5l) and yields a solution forthe displacement
of the egg:

Where o) d - oJl - ( for an under-damped system (ie,

where ( < t). Constants A and B are obtained from the initial
conditions.

The acceleration is given in [] by:
(see equation below) (4)

-rilQqcos@d r+Bsin ao t)+2(arco (lsin ao t-Bcosa4 t1) (4)

tr
is the damping ratio and o - 

l; 
is the

u(t)=s-€a'(,acos 0) dt+Bsin ot ot) (3)

-{ o, 
kf, c0,
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where

B- Jrt's (t - zg') s €

Here , rlrl"height t?r:"lron and I is the gravitational
acceleration. As can be seen from the above equations there are
only two system parameters (related to egg's mass, m, and
material parameters kandc): the damping ratio (andthe natural
frequency rrl.

These parameters were obtained by first clamping the base

of the structure, applying an initial velocity to the egg, and then
measuring the resulting acceleration trace. Equation (2) was then
solved with the initial conditions:

Displacement z(0)=g
Velocity it fo>-v

Figure 6: Curve used to fit the damping ratio ( and the natural frequency
or (after t1l).

These initial conditions yield:

A -O and
V

B_-od

And can be used with Equation (4), the acceleration history,
to determine the system parameters.

The experimental accelerations were fitted using the theoreti-
cal curve given by Equation (4) together with parameters given
by Equation (6) and least squares to obtain the optimum values
for (and aL The measured accelerations (dots) and the theoreti-
cal curve with the best-fit parameters (solid line) are shown in
Figure 6. For the test structure the least squares damping ratio
was calculated as ( = 2.5Vo and the natural frequency as o)d =
90.48 rad/sec (corresponds to a natural frequency of f =
l4.4Hz).

After impact the egg is expected to oscillate freely at 1 4.4H2
or complete one cycle in 69.4 milliseconds. The full cycle is
assumed to be described by 30 points. This gives a minimum data
acquisition speed of 432 samples per seconds. To be conserva-
tive, the data acquisition speed was set to 1000 samples/second
in the sensor system. This gives a resolution of lmillisecond.

To determine the magnitude of accelerations during impact,
the maximum accelerations on impact from Equation (4) and (5)

are plotted against the drop height in Figure 7. As can be seen

from this figure the theoretical accelerations can be as high as

I49g when the drop is 15 meters (the drop height in the contest).
Accelerometers to measure such relatively high acceleration
ranges are available commercially. However, it was decided to
perform the experiments under controlled laboratory conditions.
This would verify and calibrate the theoretical model. In this case

the maximum drop height would be 3 meters (height of the
laboratory ceiling). The corresponding maximum theoretical
acceleration at 3 meters is almo st67 g. The ADXL78 accelerom-
eter (model number AD2228I), from Analog Devices Inc, has a

range of + 705 and thus should be adequate to measure the
accelerations for the laboratory drop tests.

Figure 7: Maximum theoretical accelerations of a 72gram egg versus
drop height.

The specification sheet for the ADXL78, [8], states that this
accelerometer contains internal circuitry that provides a 2-poLe

Bessel filter with a -3dB frequency at 400H2. It is expected that
during the drop, the egg will undergo accelerations that have
frequency components significantly less than the 400 Hzband-

width of the ADXL78. The noise density forthe sensoris quoted
as l.lmg I J Hz tSl. This noise density is insignificant when
compared to the peak accelerations (up to a maximum of + 709)
expected during the egg drop.

The resolution of the data acquisition system can be set by
identifying the required accuracy in the experiments. For a+709
accelerometer, it was decided that a lg acceleration would be

sufficiently accurate. Two analog to digital converters were
considered: an eight bit converter would give 1.8bits per 19 and

a 10 bit converter would produceT .3 bits per 19. Accounting for
one bit noise upon the data conversion, lObit resolution would
be sufticient for the sensor system.

Commercial Accelerometer Systems
Accelerometer sensor systems are available commercially, for
example from CrossBow [6] and MicroStrain [7]. Unfortunately,
no commercial sensor system meets the specifications listed
above. For example, of the CrossBow product range, the HF
system comes closest to meeting the requirements. This system
needs an external power supply of at least 6V (unregulated) while
the acceleration range that can be measured is 1009. The system
housing would have to be removed since it will not fit into the
toy egg. The system would have to be tethered since no
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provision is made for on board data acquisition.
A different modality is to telemeter the acquired data. For

example, the G-Link (MicroStrain Inc [6] ) can log data to on board

memory and telemeter the data. The telemetry link sends data at

736 samples/second that is somewhat slow for the egg drop

application. Also, unfortunately the accelerometer range is only
10S. Furthermore, the 5 8x43x26mm device dimensions without
the antenna will not fit into the plastic egg.

At the heart of these commercial systems is a solid-state

accelerometer chip. It was decided to use this sensor and to build
a custom made accelerometer sensor system tailored to the egg

drop application.

Figure 8: Schematic layout of the
shown; data reading not shown).

Sensor Architecture

sensor system; Version 1. (Data writing

The sensor system was split into four.distinct blocks: (a) power,

(b) sensor; (c) data acquisition; and (d) data storage. The way
these four blocks interacted is shown schematically in Figure 8.

The +l }gAnalog Devices accelerometer, ADXLT S,requires

a supply voltage of 5V. This sets the battery requirement to two
3V lithium cell batteries in series (i.e. the voltage supply

is 6V) together with a 5V regulator. The standard filter-
ing resistors and capacitors recommended by the

ADXL7S specification sheet t8l were used. The
PIC 16LF873 microcontroller from Microchip Inc. per-

forms all the data processing and storage. This
microcontroller has a built-in 10 bit analog to digital
converter, which provides sufficient resolution as

shown above. Thus the sensor system required no extra

chips for the data acquisition; this saves on electronic
real-estate area. Once the analog data is converted to a
10bit number the microcontroller sends it to on board

memory storage. A logical high or low on one of the

input pins of the microcontroller determines if the sys-

tem would go into writing mode-data is written to the on

board databank-or reading mode. In the reading mode,

the microcontroller reads the data off the storage chips and

writes it to a port which connects to the serial port of a PC. It was

envisioned that the first version of the sensor board would
operate as follows: switch on the system; perform the drop test;

acquire the data and write it to the on-board memory bank;

connect the sensor board to the serial port of a PC and download
the data using the RS232 protocol.

Version 1 of the sensor system was never built. Instead a new

version 2, tncoqporating the first version and adding new fea-

tures, was designed and built. In particular, version 2 allowed for
three modes: data writing to the on-board data bank; data

reading from the data bank; and writing the data directly to the

serial port (PC) without data storage (this is referred to as the

tethered mode). This was achieved by using another one of the

input pins of the microcontroller: if the pin is set to logical high,
the system goes into the tethered mode; a low on the pin puts

the sensor system into readl write mode depending on the first
input pin's logic state.

The second major feature in version2 was the addition of a
buffer unit after the sensor system (see Figure 9). This buffer unit
could be used to filter andlor amplify the sensor datat. Version

2 also provided for future expansion of the sensor

system to measure three axis accelerations (or other

sensor data).

The manufactured sensor system is shown in Figure
10. Note that not all the data storage chips were incor-
porated on the electronics board (see the next section

for details). As can be seen from this figure, the board

can be miniatunzed furtherby: (a) using a surface mount
microcontroller (instead of the DIP package), and (b)

populating the board on two sides. The specific shape of the

board chosen was to wedge the sensor system inside the toy egg

and prevent the board from moving relative to the egg (some

cushioning material was also placed inside the egg for a firmer
fit). In general the board can be produced in any shape. Figure
11 shows how the sensor board fits into the plastic toy egg.

Figure 10: The self-contained accelerometer sensor system; the system can
operate in: (1) record mode , (2) read back mode, and in (3) tethered (writing

directly to the PC) mode.

Figure 1 1: Electronic sensor board as fitted
into the plastic toy egg.

Mechanical Engineer

To PC Serial
Port (RS232)

Figure 9: Schematic layout of Version 2 of the sensor system (while more
SenSorS are possible, only two accelerometers are shown).

Port for external powe
and serial
communciation

70g Accelerometer

Buffer
Amplifier

Microcontroller

Data Storage
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Data Logging lssues
Initially the sensor systemwas designed to utilize EEPROM's for
the non-volatile data storage. In particular Microchip Inc.'s
24LC5I2wasto be used. This device is a 5 l2kilobit (64 kilobyte)
serial device that utilises standard two wire I2C communication.
It allows for 8 chips to be connected to a single serial bus, thus
giving 5l2kilobytes of storage space. TheseEEPROM's require
5 milliseconds for any write operation. If data acquisition,
conversion and writing are performed sequentially, the maximum
throughput, ignoring all other times but the EEPROM's write
requirements, will be 200 bytes/second. Since the data has to be

sampled at 1000 samples/ second, EEPROMs could not be used

for this application. (The EEPROM's write speed can be in-
creased by various schemes, e.g. writing to different chips.

However, these increases were not investigated.)
An alternative to the EEPROM is Ramtron Inc.'s FRAM.

These devices utilize the same serial communication protocol,
are pin compatible and thus can be dropped into the positions

of theEEPROMs. FRAM's advantageis thatthere is no latency
period in the write operation. Thus the required 1000 samples/

second can be met with FRAM. The main disadvantage of using
FRAM is the relatively small data storage capacity. The largest

serialFRAMmanufacturedis a256kilobitdevice (theFM24C256).

With a maximum of 8 devices attached to any one bus gives a
storage space of256kilobytes. The measured accelerations are

10bit numbers. These can be written to two bytes (16 bits).
Although simple to implement, 6 bits , or 3 7 .5Vo of the space will
be wasted. An alternative would be to pack the lObit numbers

into memory across bytes utilizing a single bit to flag the start of
a new measured number. The wastage in space would go down
to 6.25Vo. For simplicity, in this version of the sensor board the

former methodology was implemented.
It was estimated that several drop tests in the laboratory

could be conducted within 30 seconds. Calculating the size of
memory storage required for one axis accelerometer running at

1000 samples/second yields 60kilobytes. Two FRAM 256kilobit
chips would give 64kilobytes of space. Thus, although the board
that was manufactured provided space for four FRAM devices,

only two chips were used (see Figure 10).

In summary, the sensor system has a maximum acceleration
range of 7Og, with a 10bit resolution, a speed of 1000samples/

second, and32 seconds of data could be stored to non-volatile
memory. Although not required for the present egg drop appli-
cation, there are several areas where the performance of the

sensor system can be improved.

Sensor Calibration
The accelerometer sensor system was calibrated by using the

earth's gravity field. In general, accelerometers respondnotonly
to accelerations (dynamic component), but also to the earth's
gravitational field (static component). This static component
cannot be separated from the total result unless some form of
filtering is utilized. This filter also would effect low frequency
acceleration components. The earth's gravity causes a 19 offset.
For a 70g accelerometer this constitutes a l.4%o enor. This error
was considered acceptable for the drop test experiments, and the
gravitational field filtering was not implemented.

For calibration, the axis of the sensor board was aligned with
gravity (+lg), ie, the sensor board was placed perpendicular to
the earth, and a reading in bits was taken. The sensor board was

then rotated 180" and another reading was taken (this corre-

sponds to -1S). The one reading was subtracted from the other.

The sensitivity of the sensor system is given by the subtracted

value divided by 2S.To verify the sensitivity, the calibration was

performed at least three times.
The sensor system sensitivity was calculated to be: 6.5

bits/g. This value compares favourably to the theoretical reso-

lution of l.3bits/g (see the subsection entitled "Sensor and Data

Acquisition Issues" above).
The offset of the sensor system (in bits) was calculated by

adding the above two readings and dividing by two. The offset
was then subtracted from all the data readings.

For the sensor system the offset was calculated to be: 5 l4bits.
As expected this is approximately the mid point of the 0 to lObit
range.

To obtain the acceleration readings in terms of the earth's
gravitational acceleration g, the offset was first subtracted from
all gathered data. The results were then divided by the sensitiv-
ity of the sensor system.

Measurements with the developed sensor
system
Description of Experiments
The test structure with the plastic egg containing the accelerom-

eter system was used to simulate the egg drop contest. The aim
was to verify the validity of the mathematical model of impact.
The theory predicted maximum impact accelerations of nearly
1509 when the drop height is l5meters. As explained above, all
experiments were performed in a controlled laboratory environ-
ment. Thus the drop height was limited to the height of the

ceiling, i.e. 3meters, which corresponded to a theoretical maxi-
mum acceleration of 67 g.

Six sets ofdrop tests were conducted from0.5, I .0, 1.5, 2.0,2.5
and 3 meters. In each experiment, the structure was first brought
level with the ground before being dropped. Since the sensor

board utilizes only a one-axis accelerometer, only those drop
tests that produced predominantly vertical oscillations of the

egg were accepted as valid. Non vertical impact was often
caused by the structure starting the fall from a non level position.

Since there rs3}seconds of write time, several drop tests were

performed for each recording period. The exact number of drop

tests in the recording depends on how quickly each drop could
be set up.
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Figure 12: Typical accelerations for four drop tests, single recording.
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Typical results
Typical calibrated acceleration data for one recording are pre-
sented in Figure 12. This figure shows drops from four heights:
0.5, 1, 1.5 and 2 meters.

As expected, the oscillations of the egg resemble classical
damped motion. Note how the maximum (negative) accelerations
increase as the drop height increases. At two meters the maxi-
mum acceleration exceeds -609. The maximum accelerations are
of the same order of magnitude as those predicted by theory.
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l-o
6 -10
(')
o< -20
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-50 r-
2.8 7 .9 B 8.1 A.2 8.3 8.4 8.5

Time (sec)
Figure 13: Unsmoothed accelerations for the 1 meter drop test.

The damped oscillations can be seen in more detail in Figure
13; here an enlarged view of the lmeter drop test is shown. This
figure contains high frequency noise that can be eliminated in
various ways. The approach undertaken here and in reference

[ 1] is to perforrn a moving average of 10 points. This has the effect
of smoothing the data (removing high frequency components)
as shown in Figure 14.

The drop tests from 3 meters revealed that the ADXL78 has
apeak-to-peakrange of approximately 1409. Figure 15 shows the
accelerations recorded from a 3meter drop height. A l0point
moving average is used on the data. The figure on the right,

Figure 14: Smoothed accelerations for the 1 meter drop test; 10 points
movrng average.

which is unaveraged, shows that saturation occurs at approxi-
mately 789. Although accelerations greaterthan the nominalT Og
can be measured, the accelerometer manufacturer does not
guarantee the validity of these readings. Note that saturation
does not cause the accelerometer to lock. This allows the sensor
system to be used in general applications where the acceleration
record is important and the maximum (or minimum) values
beyond the nominal limits are of no interest. Since the maximum
accelerations are of significance in the egg drop experiments, the
sffucture was not dropped from higher than 3 meters.

The question of how well the theory fits the data is answered
by plotting the theoretical curve (solidlines) withthe experimen-
tally measured values (dots) in Figure 16. Drop heights in these
figures are2 and 3 meters.

As can be seen from Figure 16, the experimentally measured
data and the simplified theoretical model are in good agreement.
In particular, the impact events (first peak and oscillation) are
well matched. As the oscillations continue, the match between
theory and experiment worsens. This could be due to: (a) the
theoretical model assuming that after impact the supporting test
structure is fixed to the ground- clearly this is not the case; and
(b) out-of-plane motion can be occurring- the accelerometer
sensor cannot account for this. If motion away from the accel-
erometer axis occurs, the sensor board will record the vertical
component of the acceleration, i.e. an apparent reduction in
acceleration. Comparing the experimentalresults inFigure 16, it
can be seen that the 2meter drop produces oscillations that are
closer to the classical damped motion. The 3meter drop on the
other hand shows non-vertical accelerations (as observed visu-
ally, and as seen in Figure 16). The interested reader is referred
to [1] for more detailed results and discussion.

Drawbacks and Future Work
The main drawback of the developed sensor system is that it
uses only a one axis accelerometer. If the motion is not predomi-
nantly in one direction, the sensor system results will measure
only the component of the acceleration that is in line with the
accelerometer's axis. To solve this problem, athree axis acceler-
ometer can be used. The architecture of the sensor board
supports multiple axis accelerometers (see Figure 9). Three axis
accelerometers in one integrated circuit package are available

commercially, however their range is +69 (see for example ST
Microelectronics Inc LIS3L06 t9l). Clearly these devices can-
not be used for the type of impacts that occur during the egg
drop. Thus, two and one axis accelerometers would have to be
used; the one axis would have to be mounted perpendicular to
the sensor board.

Besides these difficulties, the data logging scheme would
have to be revisited. The current implementation with 37.57o of
the storage space wasted would not be practical. The second
scheme with axis markers, described in the Data Logging Issues
section would have to be implemented. To record 30 seconds
of 10bit data from 3 accelerometers at lOOOsamples/channeU
second, as currently implemented, the amount of storage space
required is 990kilobits. This includes the one bit marker that
would identify the accelerometer. Four 256kilobitFRAM chips
(these chips are used on the present sensor board) would give
lO24kilobits of space. Thus if all four spaces in the developed
sensor board were to be populated with FRAM devices, data
from three accelerometers can be recorded for approximately 3 I
seconds.
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Figure 15: Recorded accelerations f rom a drop height of 3 meter. Note the saturation of the sensor when
the unaveraged data is considered (Right Figure). (Adapted from Reference [1]).

ments, a two and a three axis ac-

celerometer has to be developed.
The cuffent sensor system archi-
tecture has been designed, and

implemented, to support more
than one accelerometer.
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Conclusion
This paper presented the design and research that went into
developing a prototype of a one axis +709 accelerometer. Its
purpose is to measure the accelerations of a suspended egg

during a drop test. The accelerometer sensor board can operate
in one of two modes, depending on the setting of switches
located on the board.

In the first mode, the sensor board measures the acceleration,
converts the reading to a 10bit number, and stores the value to
non-volatile memory. Data is sampled at 1000 readings per
second. Thirty two seconds of recording is available. This time
proved sufficient to carry out several drop tests for any one

recording. The board is then connected to a PC, and using the
serial RS232 protocol, the data is downloaded. The sensor board
shape and size is custom made to fit inside a plastic toy egg to
mimic the real egg drop contest.

In the second mode, the sensor board is tethered to a PC, and

the 10 bit accelerations readings are written directly to the PC

using the serial RS232 protocol. The memory banks are by-
passed altogether.

Comparing experimental results obtained using the sensor

system and theory shows that the accelerometer performs as

expected. Egg drop impacts produce large accelerations. When
the impact is not predominantly vertical out of plane motions of
the egg occur. The sensor system records the vertical compo-
nent of the acceleration only. For greater accuracy in the experi-
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