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Background

e Stationary Infantry Targets (SITs) are used to train
military in combat situations

g ———— 3

e e B

* Include many features that help provide a more

realistic experience
* Muzzle Flash
* Hit Detection

e Flips targets up and down

e Avariety of targets can be used with the SIT
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A = ; RN,

“E” Style “Figure 12” “Figure 11” “Ilvan”
(Waffle Board) Style Style Style
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Ta rget Friend & Foe

Bracket

Concealed

Arm

Firing Direction
Firing Direction

Hostile

Simple Hostile Restricted Hostila Laft Restricted Hostile Right

e
-

Firing Direcfion
Firing Direction
Firing Direction

Lifter

Simple Meuwtral Restricted Neutral Left Restricted Meutral Right
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* Needs Statement:

“Lockheed-Martin’s current Stationary Infantry Target
does not allow for horizontal rotation”

* Goal Statement:

“To create a target system that can deploy a variety of
targets from a resting position, and rotate to a desired A o
angular position.” | N e e

- Soldierpracticing.
onasIT = s
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Design Progress

* The Bracket has been selected and is currently being 3D printed by Lockheed

* Final Arm design has been selected

4”

\

8.5”

Bracket Arm
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Selected Turning Bracket Design

Front

Use of two toggle lever
clamps to brace the various Example of clamp utilized
targets against front plate
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Selected Arm Design

i 5/16” 6061
8.5 Aluminum
\ %" 6061

Aluminum
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Jordan Lominac
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Motor Output Design

|

Bevel Option Motor with Gearbox
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Motor Output Design

Motor with stock Gearbox
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Design Analysis
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* Structural Analysis has been
completed for both the arm
and bracket

* Worst case scenario

* 35 mph wind blowing on

the back of the Ivan

A= wbindft = 4TRRS O *

p = 1223 k density of air
3

m

v = 33mph wvelocity

B ra1hgn of target

Cq=2 This is drag coff for half sphere

Fq= D-ﬁp-ﬂ.’l-ﬁ-ﬂd = 131.291N Fesultant force

131.291N = 20.515-1bf

Fernando Rodriguez
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Design Analysis

* Max torque generated from the distributed wind force =50 ft*lb (67.79N*m)

* Our bracket currently secures each of these targets with clamps rated for 100 |bf

all other targets can be assessed from largest target (fig 11)
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Frame 5 aof 8

Stressvon Mises WWCE)
{lhrriin sec™&)

Deformed

Scale 6.3467E+03
Loadset:MyLoadSet : ARMZ

Load application
—

~

Max Stress = 38,600 psi

Yield Strength = 40,000 psi

-

“Windowt” - StaticAnalysis - StaticAnaky sis

Fernando Rodriguez

38641.5
34773
309170
27548
231926
193304
154652
11605.9
43
3881.49
15.2683

Arm Analysis

Displacerment Mag OYCS) 276404

(i 2.487e-04
Mz Disp 2.7636E-04 2211e04

Loadset:MyLoadSet . ARMZ 1 935604

1.658e-04
1.382e-04
1.105e-04
8.291e-05
5.528e-05
2.764e-05
4.501e-09

’%BA

Max Displacement = 2.7%107-4 in

~(0.0003 in)
£ ~(0.007 mm)

“Window? - StaticAnalysis - Staticinaly sis
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Stress Max Prin 0WCS)
b dn sect 2
LoadsetMyLoadSet . ARMZ

325121
28647.0
247319
209649
17051.9
13186.7
9321.69
54456.62
1591.55
-237351
-6138.58

Max stress locations

Max Principal Stress
Locations on “Dog leg”

v

“Window?' - StaticAnalysis - Staticinaly sis
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Bracket Analysis

Frame & of 8 12500.7 Displacement Mag AWCS) 1.090e-04 Stress Max Prin QMWCS) 16126.1
Stressvon Mises WWCE) 113507 {ir 0 814e-05 (lhri(n =™ ) 14717.9
gEfTrrqugggE o 575053 LoadsetMylLoadSet : BRACKET_SOUD 7 E33e-05 10401 6
cale 1. +
T500.45 6 54205 8493 35
LoadsetMyLoadSet: BRACKET_SOoUD
Pt S - £250.73 5 452605 B585.17
A000.3 4 362205 4676, 98
aren.d 327 e05 276378
250016 2181e05 B60.538
1250.049 1.090e-05 -1047 &1

0.01963 4. 716e-10 -2955.80

Max Stress = 12,500 psi

Max Displacement = 0.0001 in.

Yield Strength = 40,000 psi (0.0025 mm) Max !>rmC|paI Stress
locations
Cyclic Loading = 14,000 psi »
"Windowl" - StaticAnalysis - StaticAnaly sis "Mindow' - StaticAnalysis - StaticAnahsis "Window3' - StaticAnalysis - Statichnak sis
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Summary

* Final Bracket and Arm Design Selected

* Full-scale Bracket currently being 3D printed by sponsor

* Motor to be selected based on torque due to wind force

* Motor output will be connected to a gearbox or series of
gears

Ryan D’Ambrosia Team 16 17
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Future Work

n3, 16 Jan17, ‘16 Jan31,'16 Feb 14, 16 Feb 28, '16 Mar 13, ‘16 Mar 27, '16 Apri0, 16 Apr24, 16
Task Mame T 5 wW, 5 T M F T 5 W|5 T M F T 5 W/ 5 T M F T 5§ W|5 T M F T 5§
I
i I— —
4 Prototype Generation
Budgeting I | Fernando
Parts Selection and Bill of Materials | 1 Ryan
Parts Ordering | | Fernando
[
« Software Development

Create Mock-up of operating program

Test Operational Robustness

+ Prototype Fabrication

4 Machine Time
Constructing Arm
Constructing Bracket
Constructing Drive Shaft

4 Mounting Components
Clamps, Motor, Controller to Bracket
Bracket to Arm

4 Testing
Standard FASIT Commands Testing

Environment Testing (Wind)

Ryan D’Ambrosia

P Ashar
el Ryan

(———|

I | Jordan,Fernande
I | Andrew Jordan
I | Andrew
1
|1 Fernando
|1 Jordan
—1

p Ashar,Ryan
1 Andrew,Fernande, Jordan
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Future Work

* Ordering Components:

* Motor and Encoder * 6061 Aluminum (Arm, Bracket, Drive Shaft)
* Gearing (Based on selection) * Motor Controller
* Bearings

* Software Development

* Machining raw material

Ryan D’Ambrosia Team 16
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Questions / Comments

Team 16 20




A

Appeﬂdlx LOCKHEED MART'N%

all other targets can be assessed from largest target (fig 11)

Shape Drag
Coefficient
Sphere ——> O 047 Ay = 1725in-45-in = 0.501m"
NATO Etyle Figurs 11 Targel
Half-sphere — 0.42 Cqyp =082
Cone —» 4 0.50 2
Fgp = 05pv-AqyCyqy = 13.843-Ibf
Cube — 1.05
Aagled <> . F0 = Fqp-22.3in = 23,956 1bf ft
Long
Cylinder 0.82
Short —___ 1.15
Cvlinder It can be assumbed the largest force felt is 50Ibfft
StreBa:;;:ned c::. 0.04 S0lbf-ft = 67.791-IN-m
Streamlined 0.09 _ . _ o o
Half-body ~— s Since the student edition cant do moments | am substuting it as a force by dewiding by the
parameter
Measured Drag Coefficients SObE £t
Drag coefficients in fluids with = g = 331.972-Ibf
w-0.5m

Reynolds number approximately 10*
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Appendix

Down Position Up Position

Team 16
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Appendix

Proposed Design:

=Freng
g -

o --_i .:
Angular
Rofaltion

Down Position Up Position
with Rotation
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*Adding to Lockheed-Martin’s current SIT
to allowing for rotation of the of the
target

*Create a universal bracket for variety of
targets

I Produce a functional prototype of our
selected design

Team 16
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Design Specifications

*Time to install new target shall be less than 10 seconds
* Motor housing shall be rated to at least IP67

*Motor shall rotate target 90° in either direction within 1 second of
receiving command

*Distance from bottom of lifter to top of the bracket shall be no more than

1 - 114

* Weight of lifter arm with turner motor shall be no more than 10 Ibs. A

* Arm shall not impede other integrated SIT functionalities
* Firmware shall be compatible with all FASIT 2.0 commands
* Bracket and arm must be able to hold the target in 35 mph winds

* Combined operational and storage temperature: -20°C to 60°C
Team 16
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Previous Target Brackets

Swivel Connection

Hinge /\
Example of Example of
Previous Bracket 1 Previous Bracket 2

Team 16 26
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Target Bracket Progress

New Developments:

°From sponsor feedback, many of the team’s previous designs were
inadequate due to various uses of a hinge or other similar moving parts

°Hinges inadequate due to operational conditions, specifically the SIT’s
environment

*Previous designs were amended to incorporate an alternate form of
latching/locking mechanism

Team 16 27
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Amended Turning Bracket Designs

New Bracket Design 1:

“Ivan” Target “Figure 11” and “Figure 12” “Waffle Board” Target
Fit Target Fit Fit

Team 16 28
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Amended Turning Bracket Designs

New Bracket Design 2:

Use of readily
available bicycle seat
clamps to secure
targets

“Ivan” Target fits
into slots in brace

late
P Front

. 20.5”

2.5”

D Side Profile of Bracket
Design 2

Team 16 ple)
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Amended Turning Bracket Designs

New Bracket Design 2:

¥

“lvan” Target “Figure 11” and “Figure 12” “Waffle Boz_ard” Target
Fit Target Fit Fit

Team 16 30
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Lifting and Turning Arm Designs

Arm Design 1:

Motor attached to
gear box

Arm Design Attached
to Provided Lifter

Team 16 31




A

LOCKHEED MART'N%
Lifting and Turning Arm Designs

Arm Design 2:

Cu rved/

Arm

6.5”
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Lifting and Turning Arm Designs

Arm Design 3:

Components

/ Enclosure \

‘17\’

5.5”
Angled lifting arm to avoid pinch point
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Target Turning Motor Selection

*Stepper Motor
> Provides a Full Range of Motion

° Precision Control
o Open-Loop Feedback
> High Holding Torque

Ildeal for quick and accurate positioning
over short distances

*Team has experience working with
stepper motors

Team 16
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Target Turning Motor Selection

* Bracket needs to be able to turn 180 degrees in 1 second

* Required Operating Speed is 40 RPM

*To Find Required Torque from Motor

180 Degrees
o Assumed a very bulky bracket

° The biggest target is attached
° Frictionless

* Required Motor Torque: 620 ozf*in @ 40 RPM
o Safety Factor: 1.5 180 Degrees

I Bracket: 180 Degree Positioning

Team 16 35




A

LOCKHEED MART'N%

ST T o

f ~
-" 5

>

l-.‘n’! \ :':

{ !
\ 3
A SE

5t
N[

=)
o
o

Gantt Chart

t4,15  Octll, 15 Oct 15,15 0 Ot 25,15 Mowl, 15 Mowd, 15 | Movl5, 15 Mov 22, '15 Mov 29,15 Deca, '15

Task Mame v | Duration | T F I T 5 W 5 T F I T 5 W 5 T F I T 5 W 5 T F
4 Design Ideation 30 days H —I

Bracket Brainstorming 2 days | | Group

Bracket Functional Analysis 2 days : I 1 Group

Mentor Review 1day 11

Bracket Concept Selection 18 days I 1 Ryan

Turning and Lifting Arm Brainstorming 3 days | | Group

Turning and Lifting Arm Functional Analysis 1day I'l Jordan

4 Design Synthesis 9 days I 1
Combining Lifting Arm and Bracket Designs 7 days | | Jordan
Motor Analysis {Torque Required, Enclosure Type) 3 days I 1 Andrew, Fernando
Controller Analysis (Requirements Based on Motor) 3 days I 1 Ashar
Motor and Controller Selection 2 days I"1 Ryan

Final Design Selected 1day Il Ryan :
< Prototype Generation 13 days ———

4 Prototype Engineering Analysis 9 days I 1 :
Structural Analysis b days | | Jordan,Ferm;:ndo
Thermal Analysis b days | | Ashar,Andre@w
Safety Analysis 3 days I 1 Ryan

Economic Analysis 4 days I | Jordﬁan

Budgeting 4 days | | Fernando

Final Parts Selection and Bill of Materials o days | R]fﬂl‘ﬁl

Parts Ordering 13 days I |j Fernando
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Future Challenges

* Mating of the Bracket and the Arm assemblies

* Developing a suitable enclosure for the motor and control board

* Synthesis of all design components

* Engineering analysis of all design components

Team 16 37
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References
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References

*Bracket needs to be able to turn 180 degrees in 1

second
* Acceleration/Deceleration time t; is 0.125 seconds Motor Speed vs Time
*To Find Required Torque from Motor Operating Speed

Nae [r/min] p------mmmmmmee-

o Assumed a very bulky bracket
° The biggest target is attached
° Frictionless

*Required Motor Torque: 620 ozf*in (32 Ibf*in) @ 40
RPM

o Safety Factor: 1.5 3! 4!
1 Second

Team 16 39
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References

=
& = o = s
&5 E o= E s
o = e G
=
[

Concaaled

Meutral I
(]
| Hastile |

Firing Direction

Firing Diraction

Simple Hostile Restricteed Hostile Left

Simple Meautral Restricted Neutral Left Restricted Neutral Right
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References

FASIT 2.0 PD IDC Command Target Action

0 Concealed

1 Simple Hostile

2 Restricted Hostile Left

3 Restricted Hostile Right
4 Simple Neutral

5 Restricted Neutral Left
6 Restricted Neutral Right

Team 16 41
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References
Arm Design 3:

Ventilation of
Components
Enclosure -
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Forces generated with tailwind

Drag Force:
k
po=1225-2
3
m
v = 33mph
A =w-6in3ft = 1].438::12
Cq=2 this is the drag coefficent for a half sphere Direction of target

Fy = 05pv-CqA = 131291N

131N = 2045 1bf

Mote this is the force required to lower the target when a 30 mph tailwind is blowing
on the back hollowed out portion.

Team 16 44
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