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INTRODUCTION: NATIONAL PARK SERVICES

Midden Ring
= Create a device that can identify midden
and differentiate soil types

= Penetrometers originally measured
compaction

= Current technique vs. improved
penetrometer

= Portable and user-friendly
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PROJECT OVERVIEW

= Objectives = Constraints
= Ability to identify midden = Ease of use
= Weight not to exceed 50 Ibs = Strong under compressive loads
= Be portable = Transmit reliable data

= Display results on a handheld device

= Low maintenance

Group Number 18
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FORCE DIAGRAM

Drop Weight /:I‘ .
Applied Force

P |‘/ Load Cell Housing

Friction forcel [Force felt by cone
from soil 1 impact to ground
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PROCUREMENT

$199.99

$700.00 4%
48% 0 0/$3.85
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® Voltage
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Battery
Load Cell
38% Amplifiers

$542.36

Electrical Components

Group Number 18
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$340.21

27% 39%

34%
$425.00

Mechanical Components

$500.00

m Button Load
Cell

®m Donut Load
Cell

Steel
Material for
Design
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LOAD CELLS

Group Number 18
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Load Cell Configuration
= 2 mv/V Rated Output
= 18 Volt max input

= 250 Ib Capacity

150% safety overload

Py r

Voltage Output
= 15V Excitation input

= Rated Output: (15 V) * (2 ’"7") — 30 mV

11lb
2501b

*x30mV = 0.12mV

Speaker: Peter Hettmann
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MECHANICAL DESIGN

|_I\§/Iechanical
haft

|_Drop Weight

Design
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MECHANICAL SHAFT DESIGN

Total Force = F,

; i = Cone Tip Force = F,
T LT o = Soil Friction Force =
—~ 25
2.50 / ) FU

. L. -0
Friction Sleeve
Group Number 18 ﬁ Speaker: Peter Hettmann
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HOUSING DESIGN

Donut Load Cell

Group Number 18 Speaker: Peter Hettmann
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DROP WEIGHT DESIGN

= 15 Ib. or 25 Ib. drop impact weight

= Constant force vs varying load impact

Group Number 18 Speaker: Peter Hettmann
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MANUFACTURING: MECHANICAL SHAFT

= Cone tip attached to center rod
= Friction Sleeve
= Securing disc screwed on to top for

calibration

Group Number 18 Speaker: Peter Hettmann
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MANUFACTURING: HOUSING
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MANUFACTURING: DROP WEIGHT

R R

Group Number 18 Speaker: Peter Hettmann
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ELECTRICAL DESIGN

Electrical Housing

i

—
R hEE.I'I." b 15V Voltags
battery
Wireless DAQ, [—— Op-Amps -4
Module o
7
I
Ab battery I Legend
operated
‘__F'______I___ L Bluetooth
* Signal
— " |nput Voltage
Leica Disto Android Tablet —» Qutput Voltage
D330i Laser |- — —» with Developed
Range Finder App
Group Number 18 AA battery
operated
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22.2\N RECHARGEABLE LI-ION BATTERY PACK

Group Number 18
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Composed of 18 2.6Ah cylindrical 18650 Li-
lon cells with PCB and poly switch for full
protection

Capacity: 7.8 Ah

Voltage: 22.2 V (Peak at 23.4 V)
Weight: 1.9 pounds

Over current detection: 7~10 A
Cut-off Voltage: 18 V

Built-in IC chip to prevent battery pack from
over charge and discharge

Speaker: Sean Kane

Penetrometer



T1780-15 VOLTAGE REGULATOR

Group Number 18
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Minimum Input Voltage: 17.5V
Maximum Input Voltage: 30 V
Fixed Output Voltage: 15V

= 4% accuracy
Max Output Current: 1.5 A

Over current and reverse voltage protection

Speaker: Sean Kane
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CSG110 LOAD CELL AMPLIFIER

G _ e
o[ = Designed for any full-bridge strain gauged
e sensor with a mV/V output
= 10 kHz bandwidth
el = Output: +5V or +10V
N T

= DIP switches to vary the gain

= Excel spreadsheet provided by Futek
= Power supply: 14V — 26V
= Typical Current draw: 30mA

Group Number 18 Speaker: Sean Kane
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BTH-1208 WIRELESS DAQ

Analog Input
Sample Rate: 47 kSiz
Mumber of Channels: g SEf4 Dl

20to 20%, -10ta 10, -5t0 5, -4 to 4%, -2 510

FEIEE, [EI0Er 25 2tn2 -1 25ta1.25 1101

Fesolution: 12 hit
Fesolution: 12 hit
Mumber of Channels: 2
Rande, Unipalar: Oto 2.5%
Mumber of Channels: a
Counter Inputs: 1
Counter Resolution: 32 hit

Measurement Type
Yoltage Output | Counter | Digital 0O

Measurement Type:

hultifunction
Interface List
Interface: Wireless
Group Number 18 Speaker: Sean Kane
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PROGRAMMING AND SIMULATION

k-]

File Editor

| Time: 13042015114947

Channel 0: -2.56145722232759E-4

Channel 1:-0.0013650940381921828

Time: 13042015114947 Time: 13042015114947 : :

Channel 0: 2.4321675300598145F-4 u S| m ple g raph|C user
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Ao 450, T Toveo151 14047 logging of both load . .
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vannel 1:-3.664784017018974E-4 > -
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Channel 1: -8.657862199470401E-4

Time: 13042015114947 Time: 13042015114947
Channel 0:-0.0017542331479489803
Channel 1:-3.664784017018974E-4

Time: 13042015114947 Time: 13042015114947
Channel 0:-0.0012548706727102399

Channal 1- -2 ARA724ANT7NT1RA7AF-A

Detect DAQ devices P
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[ S roaram ] Program Flow Diagram
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TESTING

= Perform multiple bucket soil tests
= Clay
= Sand
= Top Soil
= Wet Sand
= Midden
= Use results to calibrate the system

= Test for accuracy and measurability

Group Number 18 Speaker: Carren Brown
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TEST RESULTS

= Friction Coef ficient =
Top Load Cell—Bottom Load Cell

Bottom Load Cell

= Friction coefficient for midden
= Test1l: 0.3966
= Test 2: 0.39906

Group Number 18
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Thru-hole Load Cell Force
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Cone Tip Impact Force Through Increasing Depth
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Friction Sleeve Force Through Increasing Depth
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TEST RESULTS

Group Number 18
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Table of ultimate friction factors for dissimilar materials

Values of the angle & for different interfaces (according to the MAVEAC standards)

Interface material

Mass concrete on the following foundation materials:

Friction factor iz(d)

Clean sound rock Q70
Clean gravel, gravel-sand mixtures, coarse sand 0,35-06
Clean fine to medium sand, silty medium to coarse sand, silty or clayey gravel 0.45-055
Clean fine sand, silty or clayey fine to medium sand 035-045 I
Fine sandy silt, nonplastic silt 030-030
Wery stiff and hard residual or preconsaolidated clay 0.40- 050
Medium stiff and stiff clay and silty clay 030-035
Steel sheet piles against the following soils:

Clean gravel, gravel-sand mixtures, well-graded rock fill with spalls 040
Clean sand, silty sand-gravel mixture, single size hard rock fill 020

Silty sand, gravel or sand mixed with silt or clay 0,25

Fine sandy silt, nonplastic silt 020

Friction angle &°

29-31

19-24
i7-19
22-26
17-19

22
17
14

11

Speaker: Carren Brown
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PROJECT FUTURE RECOMMENDATIONS

, = Electrical
= Mechanical

= Signal processing to filter out noise
= Plan ahead and start early

= [ntegrate laser range finder into the same

app

= Smaller shaft diameter

= Rod extensions
= Continued app development

Group Number 18 Speaker: Carren B., Sean
K.
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SUMMARY

= Create a user-friendly penetrometer for
NPS

= Top heavy load cell design

= Easily accessible housing

= Portable and light design

= Gathers reliable, accurate data

= Efficient data manipulation displayed on a
tablet

Group Number 18 Speaker: Carren Brown
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REFERENCES

s 1http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-
materials-01/
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Slide 26 of 27 Penetrometer


http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/
http://www.finesoftware.eu/help/geo5/en/table-of-ultimate-friction-factors-for-dissimilar-materials-01/

ANY QUESTIONS?

Visit Our Website
http://eng.fsu.edu/me/senior_design/2015/team18/

Group Number 18 Carren Brown, Deneuve Brutus, Peter Hettmann, Sean Kane, Natalie Marini, Mitchell Robinson, Maritza Whittaker
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