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Overview

* Background

* NewArm Analysis
* System Mock-up

* Budget & Purchase

* Future Work

Fig. 1
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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

Fig. 2
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Background

R e A MR 0 | : :
“E” Style “Figure 12” “Figure 11” “Ivan”
(Waffle Board) Style Style Style
Fig. 3 Fig. 4 Fig. 5 Fig. 6
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Friend & Foe

Target
Bracket

Concealed

Arm [
[ osie

Hostile

Firing Direction
Firing Direction

Simple Hostile Restricted Hostila Laft Restricted Hostile Right

e
-

Firing Direcfion
Firing Direction
Firing Direction

Lifter

Simple Meuwtral Restricted Neutral Left Restricted Meutral Right

Fig. 8
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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
angular position.”

©“Soldierpracticing
onaslt o
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N&

* The 3D printed bracket has been received from Lockheed

* Arm and Bracket Design changed based on our 3D printed prototyp

N K[
“E” Style (Waffle Board) “Ilvan” Fit “Figure 12” Fit
Fig. 11 Fig. 12 Fig. 13
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—

3.1”

Use of two toggle lever
clamps to brace the various _ _
targets against front plate ridges to fit

Hooks to allow the target

Fig. 14 Fig. 15
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Previous Arm Design

1.75”

* Welded to top of the 17.5” A

arm to allow space for
bearings

5/16” Plate
* All Material Aluminum
6061 A

Newly added

*%” plate
I

I 1.25" Fig. 16

9.0”

—— 7’ Plate
3.5”
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Current Arm Design

Bolt Holes 0.25"

* Welded to top of the i 175" 1.75

arm to allow space for

bearings

: T 5/16” Plate

* All Material Aluminum
6061

Newly added
* 1" plate

| 1.257 Fig. 17

glﬂ.ﬂ

—— W’ Plate

Team 16
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“Window 1" - StaticAnalysis - StaticAnalysis
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Max Stress = 18,300 psi
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Cyclic Loading = 14,000 psi

Fig. 18

Bracket Analysis

22 | |"Window2" - StaticAnalysis - StaticAnalysis

Displacement = Magnitude |~ QMCS)
tir

Max Digp 5.6298E-05
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Max Displacement = 0.0001 in.

Fig. 19
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"“Window 3" - StaticAnalysis - StaticAnalysis

Stress | Max Principa = QACE)
{lbrndfin s2c2))
LoadsstMyload=et . JUSTERACKET

Max Principal Stress

locations (26,880 psi)

Fig. 20
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Arm Analysis

=

s

o
%
)
Q%
o

Worst case scenario
causing torsional

effects on arm lvan Target

Fig. 21
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Max Stress = 21,566 psi
Yield Strength = 40,000 psi

Fig. 22

Max Displacement = 1.8%10”-4 in
<(0.0001in)

Fig. 23

Max Principal Stress Locations
on “Dog leg”

Jordan Lominac

Team 16




@@ Arm Analysis

o 8
£ oF gt
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[T

Arm Leg Stress Point
21,566 psi

Fig. 25
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“Window 17 - StaticAnalysis - StaticAnalysis

stress | von Mises
Frame S of8
(lhmiin sec™2)
D& form ed
Soale 1.5768E+04
LoadsstMyloadSet . ARMM

Bolt Hole Stress Point
Max Stress: 4,300 psi

Fig. 26
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Turning Mechanism Specs

* Main values of interest to find Torque is
inertia of the bracket and attached
target as well as any forces generated
by gust winds

* With a safety factor of 1.25 we found
that we needed 3000 ozf-in @ 40 rpm

Fig. 27
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Turning Mechanism Selection

Right angle * Total Weight: 2.6 pounds

output gear box Planetary Gear Box with

\ two additional gear stages

* Output of the right angle gear

3.2” box:

* Torque: 3000 oz-in

“~— Encoder Motor

* 80 RPM

8”
Fig.28
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Motor Enclosure

Bolt Hole 0.25"
(2) places

High Temperature Silicone

Lip to allow Gasket to _
Adhesive Gasket Seal

seal motor housing

Fig. 29 Fig. 30

LOCKHEED MART'N%
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Side View
Fig. 31a

Top View
Fig. 31b

Parametric View
Fig. 31c

Fernando Rodriguez Team 16
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Finalized Design

17.5”

Bracket

-

Turning

Bracket to Output shaft ]
Mechanism

coupling

Motor Driver

17.6”

Arm

Fig. 31d Fig. 31e

Team 16
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Aluminum Die Casting

Key Design Elements
‘ | - | ‘ \ e Draft: Anytime one have two
o o halves of a die cast mold

s closing.For die casting a draft of at
= 1 least 1 degree on any vertical wall.

e Radii/Fillets: Sharp edges on the
Fw\ /(ﬂ die casting are generally not
o o preferred. Typically a 0.030"
° . ° minimum radius or fillet is
I ol preferred

Fernando Rodriguez Team 16 20
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Turning Control

* Team 11 has lent us an Arduino Mega
2650

* Arduino PID library and open source
code to be implemented

* Mock up currently being developed

Fig. 33
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Turning Control

* Require a high amperage
motor driver (>32A
continuous)

* Roboclaw 2x45A Motor
Controller compatible with
Arduino

Fig. 34
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Purchases

Old Orders
11/1/2015n/a Team travel to Lockheed Martin n/a 167.81
12/2/20150nlineMetals Aluminum plates and sheet Delivered 164.99
2/9/2016McMaster Clamp with holder and bearing Delivered 75.36
2/10/2016AndyMark, Inc Gearbox, motor and others Delivered 439.22
New Orders
2/24/2016AndyMark, Inc Screws and hex hub Delivered 38.22
2/24/20160nlineMetals Aluminum plates Delivered 53.31
Upcoming Orders
Driver with controller Not placed
Plexiglass and enclosure gasket Not placed
Microcontroller Not placed

Budget: $2000 Total exps: $938.91 Remaining: $1061.09

Fernando Rodriguez Team 16 23
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Summary

* Analysis performed on new arm

* Created Motor Enclosure with high temperature silicone gasket

 Structural and target turning components selected and ordered

Fernando Rodriguez Team 16 24
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Future Work

* Ordering Components:

* Motor Driver
* Motor Controller

* System Mock-up

* Machining raw material

Fernando Rodriguez Team 16 25
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Questions / Comments
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Appendix to Follow

Team 16 27




5 psiin the "Y" direction (weight of bracket)

A

LOCKHEED MARTIN%

N TR

B - Tis el B ko

Team 16

Foroaborment Lol o
Hissn
L] =
et o e
o 1 N
Aetrririden
Guriaces -
Surisces - ) individisd | ) Boundery [ nbenk
Eurtase
Suise Sedn.
P it 1%,
Cordingte Syafam (@ Weorld [ | Selscied
r.--l i AEranl el
Fasen e
Compoananty - Cempcnenty
N i X ]
L = W 1
Z £ .4 a
B ) el - »*2 b T s -

28




LOCKHEED MARTIN%

30 psi in the X and Y direction (wind force)
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AM-0912 Motor
INTERP RET GEOMETRIC QA
PROPRIETARY AND CONFIDENTIAL TOLERANCING PER: pypy—
THE INFORMATION CONTAINED IN THIS TAATERIAL ) SIZE IDWG. NO
DRAWING 5 THESOLE PROPERTY OF : : REV
<INSERT COMP ANY NAME HERE>. ANY A AM_OQ] 2
REPRODUCTION IN PART OR A3 A WHOLE FINISH
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;%ﬁgr&gwwwwmmbﬁ APPLCATION DO NOT SCALE DRAVING SCALE: 111 ‘WEIGHT: ‘ SHEET 1 OF 1
5 f 4 3 2 ‘ 1
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t‘ Chiaphua Components
Group of Companies

http.//www.cclmotors.com
Project No : DB-30F-2005 Performance { In an ambient temperature of 25 -30 C)
Froposal No: Motor tested rapidly to prevent significant
Winding : 000 - 0 Operator :  JACKY lemperalure nse.
Motor test referencemo:  (CCW) Date : 2011/11/10 Al a constant voltage of 12,00 Volls
With a circuil resi 0,000 Ohms
18000 - 100700+ yg0p 4 AT No Load
Speed : 16000 Epm
Current: 1.200° Amp
16000 4 1600 + At stall (Extrapolated)
Torque : 428.073 m-Nm
Current: 63745 Amp
14000 4 w00t At maximum efficiency
- Efficiency : T2.50 %
Torque : 51.647 m-Nm
Speed : 14070 Rpm
12000 4 1200 + Current : 8.746 Amp
Cutpat T6.095 Watts
Al mEpdTm power
£ 10000 4 g 100.0 + g Torque : 214.036 m-Nm
g ! z Speed : 8000 Rpm
=] = - Current : 32473 Amp
o x=
@ = g Crtput 179311 Walts
¢y 8000 4 T B0+ =
Charactenistics
Torque Constant 6.844 m-Nm/Amp
6000 4 60.0 4+ EM.F Constant : 6,844 mV/rad/sec
Dry. Resistance 0.188 Ohms
Motor Regulation: 37.377 Rpm/m-Nm
Calculation
4000 1 400 At Torque Level: Al Fan:
Torque:  58.860 m-Nm Torque: m-Mm
Speed: 13800 Rpm Speed: Epm
2000 4 200+ Curent:  9.800 Amp Current: Amp
Efficiency: T233 % Efficiency: o
Output: _ 85.061 Walts Output: Walls
0 oo+ COMPUTER PRINT-QUT
y NORMINAL MOTOR CURVE
00 200. 2500 3000 3500 400.0 450.0 A and ch teristics ane
measured based on limited motor
Torgue(m-MNm) sample only
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REVISION HISTORY
REV DESCRIFTION [ATE APPRIVED
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f i :
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r
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DO HOT SCALE DRAWING SCALE: 1:2 WEIGHT: SHEET 1 OF 1
5 4 3 2 1

Fernando Rodriguez Team 16




Online Metals Purchase Order Form

Vender Information

Name: Online Metals
Item Description Item Number Qty* Price Total
Cost

Aluminum 6061T651 Plate

0.3125" Cutto: 1.75" x 18"] 1 12-92 12'92

Aluminum 6061T651 Plate

0.375" Cut to: 7.25" x 3.25" 1 8.01 8.01

Aluminum 6061T651Plate

0.25"Cut to: 4" x 15" 3 13.20 41.1

Alumimum 6061T651Plate

05"Cutto: 1" x 1" 6 0'45 8?

Aluminum 6061 T6Sheet

PWVC 1 side 0.125"Cut to: 16.25" x 5.25" 4 13-65 576

Aluminum 6061 T6Sheet

PVC 1 side0.125"Cut to: 5" x 3" 3 2.4 8.7

Aluminum 6061T651BarePlate

0.25"Cut to: 9" x 8" 1 15.84 15.84
SUB TOTAL: 152.87




McMaster-Carr Purchase Order Form

Vender Information

Name: McMaster
Item Description Item Number Qty* Price Total Cost
Push/Pull Action Toggle Clamp, Hole 5093A56 2 16.51 33.02

Mounted, 200 Ib Maximum Holding
Capacity, 3-1/8" Height
Replacement Holding Screw for Toggle | 5147A63 2 3.34 6.68
Clamp, Nonmarring Flat-Tipped, 1/4"-
20x 1-5/8" Screw Size, Steel
Permanently Lubricated Ball Bearing 2342K187 1 20.66 20.66

SUB TOTAL: 60.36




AndyMark Purchase Order Form

Vender Information

Name: AndyMark, Inc

Item Description Item Number Qty* Price Total Cost
| AM Planetary Single Stage =~ | Am-2491 [ 1 |  4500|  45.00|

AM Planetary Gearbox, 3 Stage, am-2547 1 180.00 180.00

49 4:1 Ratio

Sun Gear, 15 Tooth, 32 dp am-0040 1 9.00 9.00

LJ Bevel Box with 3/8 Hex Output am-2622 1 129.00 129.00

Shaftt

Encoder Mount Pad am-0208 1 4.00 4.00

E4T OEM Mimature Optical Encoder | am-3132 1 A42.00 42 .00

Kit

FR6Z71 .-hex Bearing am-0692 1 5.00 5.00

1/4-20 x 5/8" SHCS [Qty-10] am-1203 1 2.00 2.00

AndyMark 9015 Motor am-0912 1 14.00 14.00

SUB TOTAL: 430.00




Appendix

Shape Drag
Coefficient

Sphere —= O 0.47

Half-sphere —= G 0.42

Cong —a 4 0.50

Cube —» 1.05
e — O om
C;r_l?:t?er - 0.82
C:I?nut;:r 1.15

Streamlined 0.04
Bud}r @ B

Streamlined

Half-body " e

Measured Drag Coefficients

Drag coefficients in fluids with o
Reynolds number approximately 104

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

An = 172545 = 0.501 rl:L1

NATO Gtyle Flgurs 11 Targst
Cqp =082

F gy = 05-pv--AyCyy = 13.843Ibf

Fop = Fqp-22.5m = 25.956-1bf -t

It can be assumbed the largest force felt is 501bfft
50Ibf-ft = 67.791-N-m

Since the student edition cant do moments | am substuting it as a force by dewiding by the
parameter

(501bf -ft)

w-0.51n

= 381.972-1bf
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Appendix

Frame 5 of & 154254 | Displacement Mag (WCS) 0 694805 Stress Max Prin (WCS) 179990
Stressvon Mises WWCS) 138836 {ir}) g 00005 {Iberiin s2e2) 15965.2
dberin sect ) 122417 Max Disp 9 6944E-05 8.000e-05 LosdsetMyLoadSet; ARMM 130313
[S):f;aTTdBﬂBBE y 107998 LoadzatMyloadSet. ARMM 7.000e05 11897 5
LoadsetMyLoadSet | ARMM ﬁﬁ'g :gzg xi';f
B174.35 4000205 579610
4532 51 3000205 3762.29
309067 2.000e-05 1722.49
1548.83 1000205 _ -305.323
699101 2644811 ;;;E_‘-?.j‘.}_‘._‘ PR A S -2379.13
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e Applied force only in the “x” Direction (not designed for)
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p o= 1223 kg Density of Air
mE
v = 35mph Velocity of Wind
A= w-bin-3ft = 4-]’12&1 Area of lvan
Cq =143 Drag coefficent of lvan

Fq= ﬂ.ﬁp-vl-ﬁ-ﬂd = 21.3991bf Resultant Force

* Worst case scenario: 35 mph wind blowing on the back of the Ivan

Andrew Bellstrom Team 16
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Design Analysis

* Max torque generated from the distributed wind force =11.5 ft*Ibf (15.592N*m)

* QOur bracket currently secures each of these targets with two clamps each rated for

100 Ibf

111111

all other targets can be assessed from largest target (fig 1‘1._}‘

Fig. 18
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CFD Simulation for Wind

* Solidworks was used to provide a basic simulation of gust winds on target

* This was done to achieve reliable numbers to base motor specs and structural
analyses on

* The simulation was done for both the Ivan target and the biggest flat type
target

* Simulation was run multiple times for the multiple angles the wind could be
blowing on the target

Ashar Abdullah Team 16 47
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CFD Simulation for Wind

* The maximum torque on the motor due to wind was 11.5 ft*|bfs
* Generated on Ivan with wind attacking at 135 degrees (Fig. 26)

* The maximum forces seen on any target was 21.3 Ibfs
* Generated on flat target with angle of wind straight on (Fig. 27)
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Fig. 26 Fig. 27
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Motor Selection

* Length: 3.19 inches
* Weight: 0.5 pounds

* At max power of 179.3W:
* 32.5amps

* Torque: 30.32 0z-in

* 8000 RPM
CCL-9015 12VDC Brushed Motor

Fig. 28
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Gearing Selection

* Length: 2.5 inches
* Weight: 0.63 pounds

* Reduction: 3.67:1

* 2 additional gear stages will be

added to help meet the

required torque
AM-0002 Planetary Gearbox

Fig. 29

Ryan D’Ambrosia Team 16
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Gearing Selection

* Dimensions:
3x2.5x2.251n

* Weight: 0.95 pounds

L) Bevel Right Angle ° Reduction: 2:1

Gearbox

Fig. 30

Ryan D’Ambrosia Team 16
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3/8” Hex Inner

13/8” OD Dimension

Double Sealed and Permanently
Lubricated ball bearing

Fig. 32 Turner Arm

Hex Ball
Bearing

Fig. 33

11/8” OD

Fig. 34

Ryan D’Ambrosia Team 16
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Turning Mechanism to Bracket Coupling

) 5/8” OD to
3/8” Inner fit bearing in

Dimension Hex = r _ Arm
Motor Hub

Hex Shaft is
threaded for

3/8” Hex Shaft / Y - 20 Screw

from Right
Angle Gear Box

Ryan D’Ambrosia Team 16
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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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Future Work

Schedule:
in3,'16 Jan 17, '16 Jan 31, '16 Feb 14, '16 Feb 28, '16 Mar 13, '15 Mar 27, '16 Aprio, ‘16 Apr24, 16
Task Mame T 5 w 5 T i F T 5 w 5 T i F T 5 w 5 T M F T 5 w 5 T | F T 5

< Prototype Generation e ——

Budgeting I | Fernando
Parts Selection and Bill of Materials | 1 Ryan
Parts Ordering I | Fernando

« Software Development e ——

Create Mock-up of operating program I | Ashar
Test Operational Robustness I I Rf(an

4 Prﬂtﬂwpe Fﬂhriﬂﬂtiﬂ'" |

4 Machine Time I |
Constructing Arm | | Jordan,Fernando

Constructing Bracket | | Andrew Jordan
Constructing Drive Shaft | I Andrew

4 Mounting Components —1
Clamps, Motor, Controller to Bracket I 1 Fernando
Bracket to Arm I | Jordan :
« Testing —
Standard FASIT Commands Testing I |§Ashar,Ryan
Environment Testing (Wind) I1 And lz"ew,Fernando,Jordan

Andrew Bellstrom Team 16




A

LOCKHEED MART'N%

Previous Target Brackets

Swivel Connection

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

Team 16 59
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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 60
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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 61
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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 62
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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 63
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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 64
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Lifting and Turning Arm Designs

Arm Design 2:

Cu rved/

Arm

6.5”

Team 16 65
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Lifting and Turning Arm Designs

Arm Design 3:

Components

/ Enclosure \

‘17\’

5.5”
Angled lifting arm to avoid pinch point

Team 16 5



A

LOCKHEED MART'N%
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 68
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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
Team 16 e
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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 70
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References

Infantry Squad Battle Course, Army Engineers
. MS Instruments Stationary Infantry Target Specifications

1

2

3. Theissen GSA Federal Supply Schedule Price List

4. Future Army System of Integrated Targets: Presentation Devices Interface Control Doc. 2.0
5

http://www.orientalmotorcom/products/pdfs/
2015
2016/H/Technical_Reference_Overview.pdf

6. McMaster Carr
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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 72
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References
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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 74
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References
Arm Design 3:

Ventilation of
Components
Enclosure -

Team 16 30
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Forces generated with tailwind

DRAG COEFF SHOULD BE 1.5

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 77




A

LOCKHEED Mnnruvﬁ/

References

Team 16



A

LOCKHEED MART'N%

References

Team 16



A

LOCKHEED MART'N%

Team 16



A

LOCKHEED MARTIN

8 7 6 5 , 4 3 2 1
T
f
N
WL *T® —
D g °
L | HR-
| ==
! L | &
&1/ |
~ 1 [ ]
| @ Nol No |
NS Bwuo
L | >— R 5=
& =
| |
N |
C : C
— N
Ii; NI
N
T ——1
[66.68 ]
N
2.625 r
[73.61]
2.898
B B
0o
<o
o ®
o
- — L
I
u I —— N CHESEHEY FE| [
UNIT: INCHIMM] MATERIAL:
MOTION
TOLERANCES
A UNLESS OTHERWISE SPECIFIED | FINISH: m CONTROL N
ANGULAR: £ 10
SCALE: SHEET NO: THIS PRINT AND THE INFORMATION CONTAINED THERIN ARE PROPERTY OF DALE KUBIN,
DECIMAL .X +0.1 2:1 10F3 ARE FURNISHED TO THE HOLDER IN CONFIDENCE AND ARE NOT TO BE REPRODUCED, USED
e : R DISCLODED 10 THERS WATHOUT THE EXPRESE WRATEN PERMISSION OF DALF RO
DECIMAL XX 0.
DRAWN BY: DATE: | PART NAME
DECIMAL XXX +0.005 Vinh 2712014 MC30A-DIMENSIONS-V4
SO ALY O BARROL | APPROVED BY: DATE: | PART NO. MC30A REV
WIRE, SHEET, ETC. 1
8 7 6 5 f 4 ‘ 3 2 ‘ 1

Team 16




	Slide Number 1
	Overview
	Background
	Background
	Terminology 	
	Needs and Goal Statement 	
	Design Progress
	Bracket Design 	
	Previous Arm  Design	
	Current Arm  Design 	
	Bracket Analysis 
	Arm Analysis 
	Arm Analysis 
	Arm Analysis 
	Turning Mechanism Specs	
	Turning Mechanism Selection	
	Motor Enclosure	
	Finalized Design	
	Finalized Design	
	Aluminum Die Casting                                   .
	Turning Control
	Turning Control 
	Purchases
	Summary 
	Future Work
	 	Questions / Comments 	
	 	Appendix to Follow	
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Online Metals Purchase Order Form
	McMaster-Carr Purchase Order Form
	AndyMark Purchase Order Form
	Appendix
	Appendix
	Appendix
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Design Analysis 
	Design Analysis 
	CFD Simulation for Wind
	CFD Simulation for Wind
	Motor Selection	
	Gearing Selection	
	Gearing Selection	
	Bearing Selection	
	Turning Mechanism to Bracket Coupling	
	Appendix 	
	Appendix 	
	Appendix 	
	Design Specifications 	
	Future Work
	Previous Target Brackets 	
	Target Bracket Progress 	
	Amended Turning Bracket Designs 	
	Amended Turning Bracket Designs 	
	Amended Turning Bracket Designs 	
	Lifting and Turning Arm Designs 	
	Lifting and Turning Arm Designs 	
	Lifting and Turning Arm Designs 	
	Target Turning Motor Selection 	
	Target Turning Motor Selection 	
	Slide Number 69
	Future Challenges 	
	References 	
	References 	
	References 	
	References 	
	References 	
	References 	
	Forces generated with tailwind 	
	References 	
	References 	
	References 	
	Slide Number 81

