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Overview

• Background

• NewArm Analysis

• System Mock-up

• Budget & Purchase

• Future Work
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Background
• Stationary Infantry Targets (SITs) are used to train 

military in combat situations

• Include many features that help provide a more 
realistic experience

• Muzzle Flash
• Hit Detection

• Flips targets up and down

• A variety of targets can be used with the SIT
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SIT 
Lifter
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Background
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“E” Style 
(Waffle Board)

“Figure 12” 
Style

“Figure 11” 
Style

“Ivan”
Style

Fig. 3 Fig. 4 Fig. 5 Fig. 6
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Terminology

Lifter

Target 
Bracket

Arm

Friend & Foe
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Fig. 7 Fig. 8
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Needs and Goal Statement 
• 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.”

Soldier practicing
on a SIT
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Fig. 9
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Design Progress
• The 3D printed bracket has been received from Lockheed

• Arm and Bracket Design changed based on our 3D printed prototype 
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“E” Style (Waffle Board) “Figure 12” Fit“Ivan” Fit

Fig. 11 Fig. 12 Fig. 13
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Bracket Design

3.1”

4”

Team 16 8

14”

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

Fig. 14
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Hooks to allow the target  
ridges to fit

Fig. 15



Previous Arm  Design
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1.25”

5/16” Plate

17.5”

3.5”
¼” Plate

9.0”

1.25”

* Welded to top of the 
arm to allow space for 
bearings 

Newly added 
* ½” plate

* All Material Aluminum 
6061

1.75”

Fig. 16
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Current Arm  Design
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Bolt Holes 0.25"

Fig. 17
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Bracket Analysis 
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Max Stress = 18,300 psi

Yield Strength = 40,000 psi

Cyclic Loading = 14,000 psi

Max Displacement = 0.0001 in.
Max Principal Stress 
locations (26,880 psi)

Fig. 18 Fig. 19 Fig. 20
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Arm Analysis 
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45°
Worst case scenario 
causing torsional 
effects on arm

Fig. 21

Ivan Target
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Arm Analysis 
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Fig. 22 Fig. 23 Fig. 24

Load application
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Max Stress = 21,566 psi
Yield Strength = 40,000 psi

Max Displacement = 1.8*10^-4 in ​
<(0.0001in) ​

Max Principal Stress Locations 
on “Dog leg”​
​



Arm Analysis 
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Fig. 25 Fig. 26

Arm Leg Stress Point
21,566 psi

Bolt Hole Stress Point
Max Stress: 4,300 psi
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Turning Mechanism Specs
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• 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 

Jordan Lominac

Fig. 27



Turning Mechanism Selection
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• Total Weight: 2.6 pounds

• Output of the right angle gear 

box: 

• Torque: 3000 oz-in

• 80 RPM 
8”

3.2”

Planetary Gear Box with 
two additional gear stages

Encoder Motor

Right angle 
output gear box

Fig.28
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Fig. 29 Fig. 30

High Temperature Silicone 
Adhesive Gasket Seal

Bolt Hole 0.25"
(2) places

16.25"

3.385"

3.125"

0.5"

Lip to allow Gasket to 
seal motor housing

Motor Enclosure

Jordan Lominac



Finalized Design
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17”Side View

Top View

Parametric View

Fernando Rodriguez

Fig. 31a

Fig. 31b

Fig. 31c



Finalized Design

Team 16 19

17”

17.5”

17.6”

Motor Driver

Turning 
Mechanism

Bracket to Output shaft 
coupling

Bracket

Arm

Fig. 31eFig. 31d
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Aluminum Die Casting                                   .
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Key Design Elements
• Draft: Anytime one have two 

halves of a die cast mold 
closing.For die casting a draft of at 
least 1 degree on any vertical wall.

• Radii/Fillets: Sharp edges on the 
die casting are generally not 
preferred. Typically a 0.030" 
minimum radius or fillet is 
preferred 

Fig. 32​



Turning Control
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• Team 11 has lent us an Arduino Mega 
2650

• Arduino PID library and open source 
code to be implemented 

• Mock up currently being developed

2.0”

4.0”

Fernando Rodriguez

Fig. 33



Turning Control 
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• Require a high amperage 
motor driver (>32A 
continuous)

• Roboclaw 2x45A Motor 
Controller compatible with 
Arduino 2.0”

3.0”

Fernando Rodriguez

Fig. 34



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

Fernando Rodriguez

Date Vendor Info Item Description Status Total

Old Orders
11/1/2015n/a Team travel to Lockheed Martin n/a 167.81
12/2/2015OnlineMetals 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
2/24/2016OnlineMetals Aluminum plates Delivered 53.31

Upcoming Orders
Driver with controller Not placed
Plexiglass and enclosure gasket Not placed
Microcontroller Not placed



Summary 
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• Analysis performed on new arm

• Created Motor Enclosure with high temperature silicone gasket

• Structural and target turning components selected and ordered

Fernando Rodriguez



Future Work
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• Ordering Components:
• Motor Driver
• Motor Controller

• System Mock-up

• Machining raw material

Fig. 35
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Questions / Comments 
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Fig. 36



Appendix to Follow
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5 psi in the "Y" direction (weight of bracket)
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30 psi in the X and Y direction (wind force)
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Online Metals Purchase Order Form



McMaster-Carr Purchase Order Form



AndyMark Purchase Order Form



Appendix
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Appendix

• Applied force only in the “Z” Direction 



Appendix

• Applied force only in the “x” Direction (not designed for)
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Design Analysis 

• Worst case scenario: 35 mph wind blowing on the back of the Ivan
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Fig. 17



Design Analysis 
• Max torque generated from the distributed wind force  = 11.5 ft*lbf (15.592N*m)

• Our bracket currently secures each of these targets with two clamps each rated for 

100 lbf

Team 16 46Andrew Bellstrom

Fig. 18



CFD Simulation for Wind
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• 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



CFD Simulation for Wind
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• The maximum torque on the motor due to wind was 11.5 ft*lbfs
• Generated on Ivan with wind attacking at 135 degrees (Fig. 26) 

• The maximum forces seen on any target was 21.3 lbfs
• Generated on flat target with angle of wind straight on (Fig. 27)

Fig. 27Fig. 26
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Motor Selection
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• Length: 3.19 inches
• Weight: 0.5 pounds

• At max power of 179.3W:
• 32.5 amps

• Torque: 30.32 oz-in

• 8000 RPM
CCL-9015 12VDC Brushed Motor

Ryan D’Ambrosia

Fig. 28



Gearing Selection
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AM-0002 Planetary Gearbox

• 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

Ryan D’Ambrosia

Fig. 29



Gearing Selection
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• Dimensions:                   
3 x 2.5 x 2.25 in

• Weight: 0.95 pounds

• Reduction: 2:1LJ Bevel Right Angle 
Gearbox

Ryan D’Ambrosia

Fig. 30



Bearing Selection
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5/8” ID

1 3/8” OD

Double Sealed and Permanently 
Lubricated ball bearing 

3/8” Hex Inner 
Dimension

1 1/8” OD
Hex Ball 
Bearing

Ryan D’Ambrosia

Fig. 33
Fig. 34

Fig. 32 Turner Arm



Turning Mechanism to Bracket Coupling
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3/8” Inner 
Dimension Hex 
Motor Hub

3/8” Hex Shaft 
from Right 
Angle Gear Box 

5/8” OD to 
fit bearing in 
Arm

Hex Shaft is 
threaded for 
¼ - 20 Screw

Ryan D’Ambrosia

Fig. 31

Fig. 35



Appendix
Current Design:

Down Position
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Up Position



Appendix
Proposed Design:

Down Position Up Position 
with Rotation

Angular
Rotation
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Appendix

•Adding to Lockheed-Martin’s current SIT 
to allowing for rotation of the of the 
target

•Create a universal bracket for variety of 
targets

• Produce a functional prototype of our
selected design

SIT on traveling

Team 16 56

rail system

Concealed SIT array



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 90o in either direction within 1 second of 
receiving command

•Distance from bottom of lifter to top of the bracket shall be no more than 
18”

• Weight of lifter arm with turner motor shall be no more than 10 lbs.

• 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: -20oC to 60oC
Team 16 25



Future Work
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Schedule:

Andrew Bellstrom



Previous Target Brackets

Example of
Previous Bracket 2

Example of
Previous Bracket 1

Swivel Connection

Hinge
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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
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Amended Turning Bracket Designs 
New Bracket Design 1:

“Ivan” Target
Fit

“Figure 11” and “Figure 12”
Target Fit

“Waffle Board” Target
Fit
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Amended Turning Bracket Designs 
New Bracket Design 2:

“Ivan” Target fits
into slots in brace 
plate

3”

Use of readily
available bicycle seat

clamps to secure
targets

20.5”

2.5”

Front

Side Profile of Bracket 
Design 2

Team 16 62



Amended Turning Bracket Designs 
New Bracket Design 2:

“Ivan” Target
Fit

“Figure 11” and “Figure 12”
Target Fit

“Waffle Board” Target
Fit

Team 16 63



Lifting and Turning Arm Designs 
Arm Design 1:

17”

9”

3.5”

Motor attached to
gear box

Arm Design Attached 
to Provided Lifter
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Lifting and Turning Arm Designs 
Arm Design 2:

Curved 
Arm

6.5”
17”
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Lifting and Turning Arm Designs 
Arm Design 3: Components 

Enclosure

Angled lifting arm to avoid pinch point

8”

5.5”
17”

Team 16 66



Target Turning Motor Selection
•Stepper Motor

◦ Provides a Full Range of Motion
◦ Precision Control
◦ Open-Loop Feedback
◦ High Holding Torque

•Ideal for quick and accurate positioning 
over short distances

•Team has experience working with 
stepper motors
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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
◦ Assumed a very bulky bracket
◦ The biggest target is attached
◦ Frictionless

• Required Motor Torque: 620 ozf*in @ 40 RPM
◦ Safety Factor: 1.5

180 Degrees

180 Degrees

Team 16 68

Bracket: 180 Degree Positioning



Gantt Chart
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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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Motor Speed vs Time

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

• Acceleration/Deceleration time t1 is 0.125 seconds

•To Find Required Torque from Motor
◦ Assumed a very bulky bracket
◦ The biggest target is attached
◦ Frictionless

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

◦ Safety Factor: 1.5
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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
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Arm Design 3:

Ventilation of
Components 

Enclosure
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Forces generated with tailwind 
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DRAG COEFF SHOULD BE 1.5
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