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TCW SENIOR PROGRAM

Student’s Role with a Real Industrial Customer

e Prepare: ENGR 30903
e ENGR 40903 / ENGR 40913:

FALL SPRING

— Research — Finalize Design

— Preliminary Testing — Fabricate

— Design — Test, Test, Test
— Design Review — Final Presentation
— Order Materials — Document

Experience the human dynamics of working within a team environment




TCU MOTIVATION

e Armored vehicles In combat
need to:

— Survive shock from
projectile impacts

— Retain combat
capabilities

e How can we improve the survivability testing
of armored vehicles?

— Create a way to simulate ballistic impacts.
— Gather information from large scale shock tests.



TCU CHALLENGE

e Large scale shock testing:

— Expensive
— Dangerous

— Time consuming

— Not repeatable




TCU DESIGN |

e Laboratory Shock Machine
— Inexpensive
— Safe
— Reliable

— Repeatable




TCU CHALLENGE

e Current data acquisition methods:
— Cumbersome
— Expensive
— Risk of data loss
— EMI

—
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TCU DESIGN 11

e Miniature Electronic Data Recorder

— Small
— Inexpensive
— Reliable

— User Friendly
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TCU CHALLENGE

e Ballistic shock contains high frequencies at high
accelerations, g’s

e Damages electromechanical devices
e Reduces combat capabilities

e Examples: Switches, Solid State Relays, Rate Gyros,
Directional Gyros
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TOU DESIGN REQUIREMENTS @

e Design and fabricate: A laboratory shock machine
that produces realistic ballistic shock levels for
evaluating performance of transducers and small test
items during ballistic shock events

e Specifications: For test objects up to 1 Ib, produce
a shock level with a shock response spectrum that
fits within the envelope specified in Table 522-1I from
Method 522 of MIL STD 810F

*Testing of objects up to 40 Ib. is desired, but not required
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TCU

MIL STD 810F
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Figure 522-1 Shock Response Spectrum limits (Tables 522-1 & 1)

12



TCU DESIGN USE

e The Shock Response Spectrum (SRS) is used
to evaluate ballistic shock environments

e SRS characterizes the damage potential of a
ballistic shock event

e Gain an understanding of equipment
response in a Ballistic Shock Environment
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TG BALLISTIC SHOCK MACHINE €

Test object placed here
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TCU

GAS GUN
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TCU SAFETY

'a
e Human Safety Equipment: f‘im

e Design
— Maximum designed operating pressure: 800 psi
— Pressure vessel safety factor of 8
— Relief valve
— Bleed-off valve
— Proximity Sensor Switch
— Inline switch

e Operation
— Safety Operating Procedure
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http://www.approvedgasmasks.com/earmuffs-leightning.htm

TOUPROXIMITY SENSOR SWITCHES €¥i8

e Attached to the gun barrel and the bottom side of the
beam.

e This ensures a distance between the barrel and beam of
less than 1/3".

e Assist in centering the beam and assure projectile will
not escape barrel.
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TCU

TEST SETUP
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TCU STRUCTURE RESPONSE (U

Structure Response
(1 Ib Test Object)




TCU FINAL RESULTS

Met Specifications:

v Shock response spectrum that fits within the envelope specified
in Table 522-I1

v' Capable of testing objects up to 1 |Ib
v' Easy handling and assembly
v Safe operation

Exceeded Specifications:

v Test objects up to 4 Ib may be accommodated

v" Tunable design to meet future high frequency requirements
v' System design may be expanded for larger test objects
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TCU

OUTLINE
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TCYW DESIGN CHALLENGE

e Large scale shock testing still necessary
e Record ballistic shock response
e Must protect delicate equipment

e Cost less than cables it replaces
— $500 to $1,000
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TFCWsPECIFICATION REQUIREMENT €¥4Y

e Size — 6" by 5" by 3" or smaller
e 12 hours unattended operation

e Programmable control and downloading using
computer interface

e Provide signal conditioning, filtering, gain,
and digitization of 3 channels

e Record 2.5 seconds of data at 12 bit, 400,000
[samples/sec]

e Practical connectors with rugged case
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SOLUTION
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TCU POWER

Challenges:

e 12 hours operation

e High powered batteries are generally large

e The ability to be recharged was a very important factor.

Solution:

o Batteries
— Electrifly Lithium-Polymer
(Identical to Kokam/FMA Direct)

e Charger
— Electrifly Polycharger for multiple batteries
— Connects directly to box for battery charging within the case
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TCU CONNECTORS

Challenges:
e Durability
e Size

Solution:

(3) Single Channel Transducer Connectors

(1) Switching and Charging Connector

(2) Amphenol Coaxial Connectors for Networking and Setup
(2) Light Emitting Diodes
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G SIGNAL CONDITIONING

Digital
Processing

Signal Conversion

Conditioning
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TCUW DESIGN PROBLEMS

MINIMUM THRESHOLD DETECTION SPEED:
80 kHz

SOFTWARE THRESHOLD DETECTION:
— Microprocessor
— Could not keep up with the speed
— Issues with missing samples

HARDWARE THRESHOLD DETECTION:

— Latches, Multiplexers, Counters
— Achieved the detection speed
— Hardware size exceeded size specification (6” x 5 x 3”)
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TCU SOLUTION

COMPLEX PROGRAMMABLE LOGIC DEVICE
e Conserves board space
e Reduces digital noise
e Primary responsibilities:
— Controlling internal clock
— Threshold breach detection at 400 kHz

— Facilitates data transfer
— Data multiplexing (ensuring no bus conflict)
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MASTER/SLAVE TRI: e

THRESHOLD BEGIN
BREACH RECORDING 3 )

ALL-FOR-ONE TRIGGERING: g | —
WIRED NETWORK
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TCU

INTERFACE

P

o5 ABERDEEN PROVING GROUNDS - DATA RECORDER

CHANGE RECORDER CONFIGURATION

GENERAL
DEVICE PRIORITY THIGGEH.ING PRE-TRIGGER DATA
% |ndividual
* Master ~
Master/Slave ann =< ms
" Slave
SENSOR 1 SENSOR 2 SENSOR 3
V¥ ON WV ON v ON
MAME: | NAME: | NAME: |
Trigger [mV] Peak Signal Level [mV] Trnigger [mY]  Peak Signal Level [mV] Trnigger [mV]  Peak Signal Level [mY]
|35L‘ 3: |35E' 3: |35L‘ 3: 350 3: 350 3: |35L‘ 3:
SENSITIVITY: | [raig] SENSITIVITY: | [raig] SENSITIVITY: [reig]
ENGINEERING UNITS: ENGINEERING UNITS: ENGINEERING UNITS:
¥ |sec x- |sec - [sec
Y: 19 Y: 19 Y: 19
PRE-EVENT CONFIG RECORDED DATA MGMT
SET DEFAULTS DOWNLOAD ‘ ERASE ‘
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TCU ASSEMBLY




TG PROJECTED MANUFACTURING COSTS

e Unit Target Cost: $500 to $1,000

e Estimated Fabrication Costs Include:
— Integrated Circuits
— Connections
— Misc. Components
— PCB Manufacturing Costs
— PCB Assembly Costs

e Projected Manufacturing Costs: $600
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TCU SUCCESS

Met Spec:
v’ Size — 6" by 5" by 3" or smaller
v 12 hours unattended operation

v" Programmable control and downloading using computer
interface

v" Provide signal conditioning, filtering, gain, and digitization of 3
channels

v" Practical connectors with rugged case

Exceeded Spec:
v Resolution

— Spec: 12 bit: 4,096

— Design: 16 bit: 65,536
v" Networking

— External Triggering

— All-For-One
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TCU

OUTLINE
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TCU CONCLUSION

Two Challenges with One Goal

e Goal:

— To improve survivability testing of
armored vehicles.

e Challenges:

— Create a way to simulate ballistic impacts.
— Gather information from large scale tests.
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Questions
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