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Overview
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Figure 1: ARROW Orientation
Acronyms
ARROW – Automated and Ranged Relocation of the LSMS for Wider application 
CAD – Computer Aided Design 
CLPS – Commercial Landing Payload Services 
DC – Direct Current
EVA - Extra-Vehicular Activity 
LSMS – Lightweight Surface Manipulation System
LED – Light Emitting Diode
NASA - National Aeronautics and Space Administration
RGB – Red Green Blue
Project Description 
NASA, partnered with CLPS, has developed an autonomous means of payload transportation to operate on the lunar surface, called the LSMS. This project is concerned with offloading the LSMS from the CLPS lander, so that it may be used for a wider range of tasks. This is necessary for establishing a lunar presence and building the foundation for future missions to Mars. NASA wants to create a means of building a base at one of the poles on the Moon and develop a method of rapid assembly of the base. In order to do this, the LSMS must be relocated onto a mobile platform. This will be done with a design called the ARROW.
Project Objective 
The objective of this project is to offload the LSMS from the CLPS lander onto a platform on the lunar surface.  
Key Goals  
A key goal is to design the ARROW to be capable of off-loading the LSMS. Making this a key goal is a direct result of the customer statement regarding the project requirements.  
Another key goal of this project is to design the ARROW to be scalable for any size LSMS. In the virtual simulation there should be a 1:1 lifting capability to weight ratio for the ARROW relative to each LSMS size. There should be the ability to create ARROWs of various sizes so that money can be saved in the creation of smaller models and a prototype can be delivered to the customer that works exactly as the final product would work. This allows for potential issues to be addressed prior to the creation of the final product assembly.  
The final key goal is for the ARROW to be completely autonomous with human control being activated fail-safes. The machine or mechanism would operate without any human intervention needed. Keeping the ARROW completely autonomous also means it must be able to communicate with other devices on the lander if the design is not completely mechanical.  
Assumptions   
Some assumptions were made to narrow the scope of the teams’ efforts. It is assumed that the team is not responsible for transportation of the ARROW to the lunar surface and operation of the ARROW will take place on the moon. It is also assumed that the ARROW will be stationary, with access to power from the CLPS lander. Another assumption is that reusability of the ARROW is not a concern. Additionally, it is assumed that the LSMS will send a ready signal to the ARROW and the duties of the ARROW will occur as part of the automated landing sequence. It is also assumed that an existing end effector will be utilized, to increase time spent on other design aspects. The LSMS and ARROW locations on the lander are at the discretion of the design team and the LSMS can dock to the lunar platform. Environmental factors such as regolith and temperature changes are also assumed to not be a concern for this project design. It was also assumed that in-space and in-space EVA assembly will not be required. For the demonstration it was also assumed that the weight of the miniature LSMS is 25% of its lifting capability at the wrist. 
Component/Module description
Cad Overview
This section includes CAD information of the ARROW and the demonstration components. The following CAD models are of the fully assembled design of the ARROW.
[image: ]
Figure 2: Front View of the ARROW
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Figure 3: Rear View of the ARROW
The model below is the full exploded view of the ARROW.
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Figure 4: Exploded View of the Full Assembly
The following CAD shows the assembled model of the planar rotation system of the offloader. This includes one of the linear actuators, the rack and pinion, the gear, and the thrust bearing.
[image: ]
Figure 5: Lower Module Detail View
The zoomed in top-view of the rack and pinion assembly is shown below.
[image: ]
Figure 6: Top View of the Rack and Pinion Assembly
Drawings of this CAD model are shown in Appendix A. 
Modules
The following modules include parts of the ARROW that are utilized in the demonstration of the offloading system. The electrical module includes the wiring information, electrical components used, and a connection diagram. The vertical rotation module includes the rack and pinion system, gearing, and one of the linear actuators. The horizontal rotation module includes information about the other linear actuator and the connector plate. The demonstration module disseminates information regarding the components that are separate from the ARROW but are necessary to the demonstration of the final product. 
Electrical Module
The electrical module consists of the following parts: two RGB LEDs, one dual H-bridge DC motor driver, one Arduino MEGA 2560 microcontroller, and one 9V DC power supply. A wiring diagram containing these components is shown next. 
[image: ]
Figure 7: Wiring Diagram
This wiring diagram shows how the various component connect. In the diagram V+ is used to represent the 9V DC power supply plugged into an electrical outlet. 
Vertical Rotation Module
This module controls rotation about the vertical axis using a linear actuator in conjunction with a rack and pinion gear system. The rack and pinion system is used to convert the linear motion of the actuator to rotational motion. The gears also allow for the force transmitted by the linear actuator to be increased threefold. The additional gearing is required for the system to output the required torque. This system is used to rotate the turntable mount plate. The motion of this module allows the LSMS to be rotated the required 90 degrees.
Horizontal Rotation module 
This module controls rotation about the horizontal axis using a linear actuator in conjunction with the LSMS connector plate. The horizontal rotation module is mounted on top of the turntable mount plate, tower side plates are used to secure the system to this plate. The linear actuator for this system is at angle to allow the system to rotate down 44 degrees while still minimizing the device height. 
Demonstration Module
This module contains components that are used to demonstrate the ARROWs functionality.  
LSMS model
The LSMS model consists of three sections: the kingpost, shoulder, and forearm. The model simulates the weight distribution of the miniature LSMS on the moon. The next figure depicts the crane model.
[image: ]
Figure 8: LSMS model
Payload Deck model
The payload deck model is used to simulate the height and shape of the payload landing deck on the peregrine lander. The model of the payload deck is shown next. 
[image: ]
Figure 9: Peregrine Payload Deck Model

Cradle
The cradle is a bracket used in the demonstration to mount the ARROW to the payload deck model. It is necessary for simulating a properly mounted ARROW that is ready for use. The cradle is composed of T-slot aluminum profiles. See next figure.
[image: ]
Figure 10: Cradle Design
Automation Code
The following information describes the code that is used to automate the LSMS offloading system. This code can be seen in appendix B.
State Diagram
Shown next is the state diagram of the ARROW automation code, which details each state or stage of the automation process. The ARROW starts in the off and idle state 0. When the LSMS is connected to power via the wrist, this triggers the transition to state 1 where the LSMS is powered and sending the “ready” signal to the ARROW. Once the ARROW receives the ready signal, this triggers the transition to state 2, where the first linear actuator will be activated, and the ARROW will spin the LSMS 90 degrees about the vertical axis. Spinning the LSMS has been defined as Stage 1. Once Stage 1 is complete, this triggers the system to move to state 3, which houses Stage 2: lowering the LSMS. The second linear actuator is activated, pivoting the connector plate 44 degrees towards the ground. Once Stage 2 is complete, the ARROW will revert to the off and idle state 0. At any given point, if the power connection between the LSMS and the ARROW is severed, the ARROW will revert to the off and idle state 0. 
[image: ]
Figure 11: State Diagram
Integration 
Assembly
[image: ]
Figure 12: Lower Module Assembly
For assembling the lower module of the ARROW, 8-32 screws will be used for every bracket. This includes the 16 L-brackets, attaching the lid to the side walls, the bearing brackets to the bottom plate and the lid, and the mounting bracket for the bottom linear actuator.
Affixing the Arduino and motor driver to the front panel will use 8 4-40 screws and 2 more will be used to attach the rack connector plate to the rack itself.
To attach the upper linear actuator mount to the turntable plate as well as the tower to the plate, 8 6-32 screws are utilized.
The 6 screws used to bolt the tower together are size ¼-20.
The torque specs for each screw are in Table 1, shown below. Each screw should have a dab of Loc-Tite applied to in to ensure the screws do not back-out during transport or use.
Table 1: Torque Specs
	Screw
	Max Tightening Torque [ft-lbs]

	4-40
	2.9

	6-32
	5.3

	8-32
	10.8

	¼-20
	45.6



Operation
The cradle will be attached to the corner of the payload deck on the side that is 28 inches or 0.71 meters. It will be at the far edge of it so that the ARROW can be 0.95 meters from the LSMS when the crane is attached. The ARROW will have the front panel with the Arduino away from the payload deck as this allows the proper rotation direction. The port for feeding power from the lander to the ARROW will be free to have a cable run along the cradle into the ARROW. The top of the connection plate, once the ARROW is attached to the cradle, should be near the corner of the deck and they should be level with each other. See Figure 1 for what the final result should look like.
When the lander has touched down on the lunar surface, the LSMS will offload the payloads. Once this process is complete, the LSMS will attach to the connection plate of the ARROW. The dovetail connection will support the crane as it is rotated 90 degrees off the lander and then lowered to the Chariot mobility chassis.

Troubleshooting
If there are issues running the full offloading operation, there are a few aspects to check for that may be causing the problem. First, it would be a good idea to check the wiring connections between the Arduino, the linear actuators, the motor driver, and the power supply. You can double check that the wiring is properly arranged by referring to the wiring diagram shown in the Component/Module section.  Another troubleshooting problem may involve automation errors, which you can check to see by debugging the code or redownloading the code found in the Component/Module section. When using the ARROW for the first time, select “no” when prompted to reset the arrow. This will allow for verification that the ARROW has been set up properly and there are no snags in the wiring, stuck bearings, loose screws, etc. Another possible issue would be any obstructions in the way of the linear actuators being able to rotate and offload the LSMS, in which the surrounding area of the demonstration should be cleared.
























Appendix A-Drawings
The following images are drawing that were taken to the FAMU-FSU COE machine shop.
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Appendix B-Code
In the following pages, ARROW_Automation.ino is a completely automated code for the ARROW, and ARROW_StepThrough.ino is a demonstration code for operating the ARROW that n is paused between every stage and waits for user input to continue, allowing you to step through the offloading process. 
[image: ][image: ][image: ][image: ][image: ]
[image: ][image: ][image: ][image: ][image: ][image: ]
image3.jpg




image4.jpg




image5.jpg




image6.jpg




image7.png




image8.png
. BN 'RLEDl AL 3

N

BN R2

,\KB LED 1 'VV\/\/ PHS B

"\ 4G LED 1 R3
_\K AN PHA ARDUINO
o lR LED2 AnAARE = MEGA 2560

N

BN RS

\KB LED 2 I\/VV\/ PB6

<,

KGLEDZ AMAARE oBe
| {vin } PLA PB1
MOTOR 45 52
DRIVER PB3 PBO

LINEAR + out1 ouT4 + LINEAR 50 53

ACTUATOR1 | - ouT2 out3 - | ACTUATOR 2 PB2 s
51
VCC GND @l ENA IN1 IN2 IN3 IN4 ENBl 46
= L

||—





image9.JPG




image10.jpg




image11.png




image12.png
readySignal =0

State 1:
LSMS Powered

State O:
ARROW Idle

State 2:
Spin the LSMS

State 3:
Lower the LSMS





image13.jpg




image14.png
| | ? | 4 l 9
NOTES - REV DATE APPROVAL
2 | 2021-03-11 | ¢ worRow
| REMOVE ALL BURS AND SHARP EDGES.
L1 @60 ¥ 08
DD 028M | A DIC
L@ 40% .08 (=
@D 02sM ABIC
- 25 REF
5¢OO 3.95
B

DIMENSIONS IN INCHES

CHASSIC, BOTTOM

LUNAR LANDING PAYLOAD CRANE

TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:

X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 | ALUMINUM-606 |

X XXXE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:

ANGLES® 0.5° JAYSON DICKINSON | 1:2 |1 OF 2 ARROW-T517-01
| D | / | 5





image15.png
2 | 3 | 4 | 5
ox [3 43 |ad ? 2021-03-11 C.MORROW
8X UNC 8-32 TAP THRU — X | 2.58
P
'¢' @ 0288 |C oy [ 50
1.
4 4 i
‘l @ b 2x|4.38
%
o o ® T |2x[3.53
o o i
4.47 4’1 —-— E
2X | 2. 44 -—
2X 1299
2N 1356 -
— 2% | 1.8
- 0.0 i 138
- 1213 -—
> C] =2x .50
299 4X QS 70 DRILL THRU UNLESS OTHERWISE SPECITICED | PART NANE PROJECT NAMNE :
¢‘ 312 Y 82° CSK DIMENSIONS 111 INCHES ERHAAWSNS;YC BOTTON _ E:JTNEAR LAND ING PMAAYTES‘AADL:CRANE
(B 028 (B |C S, CHRISTINA HORROW | A 2021-03-11 | ALUMINUN-506
X XXXE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLES® 0.5° JAYSON DICKINSON | 1:2 |2 OF 2 ARROW-T517-0 ]
i I 3 I 4 I 5





image16.png
2 I 3 I 4 I 5
2 | 2021-03-11 | C.MORROW
p-C
I1.75 -
| 50 AAAAl-W ft———
o o @ I
o o
o o ©
X475
o o
©
© © '

2X @170 DRILL THRU
@ 312 X 82° CSK

'$'

@ 028

B

C

UNLESS OTHERWISE SPECIFICED
DIMENSIONS IN INCHES

PART NAME
CHASSIC, BOTTOM

PROJECT NAME:

LUNAR LANDING PAYLOAD CRANE

TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:

X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 | ALUMINUM-606 |

X XXXE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:

ANGLES® 0.5° JAYSON DICKINSON | 1:2 |2 OF 2 ARROW-T517-01
i I 3 I 4 I 5





image17.png
| I 2 I I 4 I !
NOTES : REV DATE APPROVAL
b _29 2 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES LX UNC 8 BL TAP V 50
3
2. ALL INTERNAL CORNERS ARE NOT '$' @.028|BAC
CRITICAL.
i - 50 REF
i — -0
I T 2X .25 — —— 30 L.EO
[ 12.90 —
~— 3 76
feeelt—
A 57 2.726
T ? J l ?
| . 97
2 (o] (o]
30027“'(” | 2.65
° [ | Vl
| 25—
~ 2. 70
~— 3 76
[ 12.63 -
4= 13.25 -
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | CHASSIS, BACK PANEL LUNAR LANDING PAYLOAD CRANE
— TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW CXXXE 0,003 WODELED BY: SCALE: | SHEET WOWBER: | PART WOWBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |1 OF 2 ARROW-T517-02
| I i I 3 I 4 I 5





image18.png
:\)
;
.
;

REV DATE APPROVAL

.20 2 | 2021-03-11 | C.MORROW

I ? SECTION B-B

X INTERNAL RADII
NOT CIRTICAL

A
S I s W IV N R

) — )
‘ O L J [}
A . I ] i
.20 REF

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS IN INCHES | CHASSIS, BACK PANEL LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |2 OF 2 ARROW-T517-02

I ? I 3 I 4 I 5





image19.png
I 2 | 4 I 5
REV DATE APPROVAL
? 2021-03-11 C.MORROW
A
2X UNC &-32 TAP ¥.25
'$' ¢ 028 |4 |C p-C
I 75 -
2X .25
1 50 -
B Y e
A
2% |2.75 i , ©
21118 ‘
C T
? 2K | 45 4’1 -
B
2X 12,80 —
> C
4X ¢ |70 DRILL THRU
¢.3\2 X 82° CSK
'$' ¢ . 028® B C UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | CHASSIS, BACK PANEL LUNAR LANDING PAYLOAD CRANE
D TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
x%ki% :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 111 | OF | ARROW-T517-02
| ? | 4 | 5





image20.png
NOTES: REV DATE APPROVAL

2 2021-03-11 C.MORROW

I. REMOVE ALL BURS AND SHARP EDGES.

I3 REF -

3.00

- 13.13 =

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | CHASSIS, FRONT PANEL LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
a0 CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW XKkt .0.0]
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |1 OF 2 ARROW-T517-03

I ? I 3 I 4 I 5





image21.png
:\)
;
.
;

REV DATE APPROVAL

2 2021-03-11 C.MORROW

8X UNC 4-40 TAP THRU
&g 02s]alBlc

° °+ 4+ °% A
e

25 ¢
o

BE - DY 5.54 2K 60

- 20 6. 63

I~ 9. 17 -
- 9,47 -
- JX 12,043 =

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS IN INCHES | CHASSIS, FRONT PANEL LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |2 OF 2 ARROW-T517-03

I ? I 3 I 4 I 5





image22.png
m™J

REV

DATE

APPROVAL

2021-03-11

C.MORROW

X @.170 DRILL THRU

@ 312 X 82° CSK

-

@ 028 |1

B|C

o
s

R

+

15 .68
L33
2h
- P 45
- X | 438 e
-~ X |8 [
[ |2.80 —
s |
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | CHASSIS, FRONT PANEL LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |2 OF 2 ARROW-T517-03
i 3 I 4 I 5





image23.png
[ I 2 I 3 | 4 I 5
otk ? 2021-03-11 C.MORROW
| . REMOVE ALL BURS AND SHARP EDGES.

|
67—» S E—
2T e e 3
i ]
© ©
3.00 T i
221 |
|72
o2 ]
3 i © © ool |
E ? 8X R.05
62

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | CHASSIS, RIGHT PANEL LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
REFERENCE VIEW ANGLESZ 0.5° JAYSON DICKINSON |3:4 |1 OF 2 ARROW-T517-04
| I i I 3 I 4 I 5





image24.png
I 4 I 3 I 4 I 5
? 2021-03-11 C.MORROW
ax 525.\7 DRILL THRU
3 17 ¢.3\2X82° CSK
: ¢.028@ AlB|C
i © &
@t 71
2K 172.68
¢ | .83
I |
Yv - © 009 '
B .33j L at tzx
2K |25
Cld=—— 20 4 3

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | CHASSIS, RIGHT PANEL LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
REFERENCE VIEW ANGLESZ 0.5° JAYSON DICKINSON |3:4 |2 OF 2 ARROW-T517-04
I i I 3 I 4 I 5





image25.png
\ I 2 I 3 | 4 I 5
NOTES: REV DATE APPROVAL
? 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
8 X ¢ [ 70 DRILL THRU
¢.3\2 X 82°CSK A —d
'$' ¢.028® AlB |C
— o ——— |3 REF
2K 2,08
3.00
2215 4 @
.18
v g e ,)
g 2X .33 - L 2K .38
.- X || 2]
25

- P2X | 313

- 2% | 4 00

e 4. 38 —

C 4
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | CHASSIS, LEFT PANEL LUNAR LANDING PAYLOAD CRANE
\ TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
x%kif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW KOXKKE .0.003 NODELED B1: SCALE: | SHEET NUWBER: | PART NUWBER:
ANGLESZ 0.5° JAYSON DICKINSON |3:4 |1 OF I ARROW-T517-05
| I i I 3 I 4 I 5





image26.png
RS
;
.
;

NOTES - REV DATE APPROVAL
2 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
@ GASKET GROOVE INTENRAL RADIT WILL A
HAVE R.05 MAX ALL THE WAY AROUND. °
(-]
S« SN I
(-]
03 A
@ 05
DETAIL B
@ 02
.03 ;
£ SEE DETAIL D
SEE SHEET 3
ZONE €2 DETAIL C
DETAIL B SCALE 3.000
SCALE 3.000
SECTION A-A SEE DETAIL €
? [ L]
L] o
-] (-]
5.00 (0]
° °
(] -]
= |3 REF
E - [3025 ] C
. C ‘ UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
o ° DIMENSIONS IN INCHES | CHASSIS, LID LUNAR LANDING PAYLOAD CRANE
o o e ° TOLERANCES: DRAWN BY: SIZE DATE MATERTAL:
] (] X%'&f :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-606 1
REFERENCE VIEW XOXXKE 0,003 MODELED BY: SCALE: | SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:4 |1 OF 3 ARROW-T517-06

| I i I 3 I 4 I 5





image27.png
I 2 I 3 I 4 I 5
2| 2021-03-11 | ¢.MORROW
2x 14,75 4% UNC 8-32 TAP THRU
—ov 4 36 -$-¢.028ABC
— 2K | 3.5
SEE DETAIL A
—3.25 oy |3 43 - %(E)EESQEET3
2X 2,58 - 8 @170 DB\LCL THRU
35 | @ 312 ¥ 82° CSK
LE—— | @ 0320 | A B|C
e
R IR
2v [2.43 e \ s
11y * °
T — 2X .50
.38 J
e 3.00
- ] 38 e k§Z§.50 DRILL THRU
8.75 — - & @ 028@|A|BC
-~ | | 75—
-~ Y | |2 15
C * UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES CHASSIS, LID LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
XXXéi 8(‘)\ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLES: 0.5° JAYSON DICKINSON | 1:4 |2 OF 3 ARROW-T517-06
I i I 3 I 4 I 5





image28.png
9
I ‘ I I 4 I 5
REV DATE APPROVAL
? 2021-03-11 C.MORROW
¢. 627 DRILL THRU
B1.69 &g oos@rlpC
¢ .63
¢ | .23
.05
f I ! I
| § L 1 1 L
Y \
A
DETAIL D DETAIL A
SCALE 1.500 SCALE | 000
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | CHASSIS, LID LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
x%kif :8:(‘)‘ CHRISTINA MORROW | A 2020-03-11 | ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:1 |3 OF 3 ARROW-T517-06
| ? I | 4 | 5





image29.png
REV DATE APPROVAL

NOTES:

2 2021-03-11 C.MORROW

I. REMOVE ALL BURS AND SHARP EDGES.

REFERENCE VIEWS

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS N INCHES | TURNTABLE, MOUNT PLATE | LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 || OF 4 ARROW-T517-07

I ? I 3 I 4 I 5





image30.png
| 2 3 I 4 I )
REV DATE APPROVAL
? 2021-03-11 C.MORROW
L 1 ] A 4
2K R.T0
(o o o ] T
! . ?
3.00 O 2.502.80
2. 10
‘ .90 (o o o | Y i
! ! L
2x 70 J —-—
.55
2K 2. 80 mm
I JAEN
— .20
- P 4]y e
- [ 7}
- C
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | TURNTABLE, MOUNT PLATE | LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
x%ké% :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |2 OF 4 ARROW-T517-07
I i 3 I 4 I 5





image31.png
I 2 I I 4 5
2 20201 | woRron
2% UNC 6-32 TAP THRU— | Lol "
&g 028nlnlc - 6.93 =
: Ceso)
‘
2% [2.63 465 To- * Yy
ro ey |y
Y ‘L -l 2y [1.25
- o 3 [1.75
|35 —— 2% | 2.25

UNLESS OTHERWISE SPECIFICED

DIMENSIONS IN INCHES
TOLERANCES:

PART NAME

TURNTABLE, MOUNT PLATE

PROJECT NAME:

LUNAR LANDING PAYLOAD CRANE

DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |3 OF 4 ARROW-T517-07
I ? [ I 4 I 5





image32.png
l 2 l 3 | 4 I 5
? 2021-03-11 C.MORROW
A SEE DETAIL C
SEE SHEET 4
ZONE C2 l
( 1 1 /
) = L.07
SECTION A-A DETAIL C
SCALE 1.000
: 6X @144 DRILL THRU
@ 281 % 82° CSK
& (@ 028@ B C
n s @ .63 DRILL THRU
JONE C4
@63
¢

o? ""'"'"'1

A

Bl 23

DETAIL A
SCALE 1.000
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | TURNTABLE, MOUNT PLATE | LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:1 |4 OF 4 ARROW-T517-07
I i I 3 I 4 I 5





image33.png
RS
;
.
;

NOTES REV DATE APPROVAL
? 2021-03-11 C.MORROW
|. REMOVE ALL BURS AND SHARP EDGES.
2. RADIT ARE NOT CRITICAL.
45 I 2% @144 DRILL THRU
' @281 % 82° CSK
1 « 2% R.25
Ia 4 e
.32 o NOT CRITICAL
T 18 2% R.05
NOT CRITICAL S I
DRILL THRU

I )

—— - /3
- — .50
- 9] —=
- | 20—
UNLESS OTHERWISE SPECIFICED | PART NAME PROJECT NAME:
DIMENSTONS [N INCHES TURNTABLE, BRACKET LUNAR LANDING PAYLOAD CRANE
TOLERANCES : DRAWN BY: SIZE DATE MATERTAL:
XXX% 8(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW XXXXE . 0.003 MODELED BY: SCALE: | SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON |3:2 |1 OF I ARROW-T517-08
| I i I 3 I 4 I 5





image34.png
\ I 2 I I 4 I !
NOTES: REV DATE APPROVAL
: B+—> 2.00 2| 2021-03-11 | C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
[ .50
2. RADII ARE NOT CRITICAL.
.25 |
& 25 REF —m] fa—
50 ——m
o i
2X 45.0°
9.85
2X 9.00
I .
.50
C
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | TOWER, SIDE PLATE LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |1 OF 3 ARROW-T517-09
| I i I I 4 I 5





image35.png
I 2 3 I 4 I 5
? 2021-03-11 C.MORROW
B rd
SEE DETAIL A W
iy 2% [1.00 )
—R.25
L NOT CRITICAL
! |
I ™S—@ 25 DRILL THRU
\/ {E»
60
8.99) oy T8 10

3X ¢.257 DRILL THRU DETAIL A
<
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
| ) DIMENSIONS IN INCHES | TOWER, SIDE PLATE LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:2 |2 OF 3 ARROW-T517-09
| i 3 I 4 I 5





image36.png
I 2 I 3 I 4 I 5
REV DATE APPROVAL
2 | 2021-03-11 | C.MORROW
b«
{} | 00
313 —¢
i i
DETAIL B
SCALE 2.000
3X UNC 6-32 TAP ¥ 1.00
'$' ¢.028 ClA|DB
SEE DETAIL B
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS IN INCHES | TOWER, SIDE PLATE LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
x%’xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 | ALUMINUM-606 |
X )(X)(z 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLES: 0.5° JAYSON DICKINSON | 1:2 |3 0OF 3 ARROW-T517-09

I i I 3 I 4 I 5





image37.png
REV DATE APPROVAL
NOTES:

2 2021-03-11 C.MORROW

|. REMOVE ALL BURS AND SHARP EDGES. Bl | 00

2. CHAMFER ANGLE CRITICAL.

@ 50 DRILL THRU — | .00

ﬁﬁo ,
?25 17/ €} \ +0.5°

- 7 (00—
O o o UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | TOWER, BODY LUNAR LANDING PAYLOAD CRANE
0 TOLERANCES: DRAWN BY: SIZE DATE MATERTAL:
X%'&f :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXX: 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
REFERENCE VIEW Fe B

ANGLES: 0.5 JAYSON DICKINSON | 111 | OF 2 ARROW-T517-10

| I i I 3 I 4 I 5





image38.png
4 I 3 I 4 I 5
? 2021-03-11 C.MORROW
3K UNC 1/4-20 ¥ .60
&g ocsic|aln
3XCUNC 1/4-20 ¥ .60

&

@028

DA B

D <

|eenng——— ———
50 = 20

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS N INCHES | TOWER, BODY LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 1:1 |2 OF 2 ARROW-T517-10

i I 3 I 4 I 5





image39.png
::)
:;
.
:;

REV DATE APPROVAL
NOTES :
? 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
<:> IF 44 8° IS NOT ACHIEVABLE, PLEASE
USE STANDARD DOVE TAIL CUTTER SUCH
THAT ARROW-TS17-11 MATES WITH
ARROW-TS17-19.
[=] [#] o
REFERENCE VEIWS
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | CONNECTOR PALTE LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 AL-606 1
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 3:4 |1 OF 3 ARROW-T517-1 1

I ? I 3 I 4 I 5





image40.png
| ? | 3 I 4 I 5
61‘7400% 2 2021-03-11 | C.MORROW
i
2% 82.9°
3.00
Y Y
B
Crde 307 =
[
|60 —
AR 2X 44 .8°
¢ L A‘M.Eﬁ
2x .70 11 NN\ \

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | CONNECTOR PALTE LUNAR LANDING PAYLOAD CRANE
. 30 1 TSLiEANEE? DRAWN BY: SIZE DATE MATERIAL:
i ool CHRISTINA MORROW | A 2021-03-11 AL-606 1
35 KOXKKE .0.003 NODELED B1: SCALE: | SHEET NUWBER: | PART NUWBER:
ANGLESZ 0.5° JAYSON DICKINSON | 3:4 |2 OF 3 ARROW-T517-1 1
I i I 3 I 4 I 5





image41.png
I 2 I 3 | 4 I 5
? 2021-03-11 C.MORROW
[y 3K UNC &-32 TAP ¥ .50
D~ (&g 028@ |8 |n]c
3N 18 e
i ‘ — i
. S
.50
2.00 L ’\ ] 2.00

| ! Y ! v

i T i

c p— B .50 C
3K UNC &-32 TAP ¥ .50 - | 3 [ 18
'$' ¢ 028D |AIC
DIVENSIONS I INCHES. | CONECTOR PALTE D L G parLon caane
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%Xii :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 AL-606 1
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 3:4 |3 OF 3 ARROW-T517-1 1
I i I 3 I 4 I 5





image42.png
m™J

NOTES:

I. REMOYE ALL BURS AND SHARP EDGES.

2. RADII ARE NOT CRITICAL UNLESS
OTHERWISE SPECIFIED.
24 @ 25 DRILL THRU
=l 1R.05
f NOT CRITICAL
2y .o¢
Y[
T¢ ‘ © © v
B >35j =00 B ||
3y = | 50 A 4
-7 00
- 250 —
50 @ 170 DRILL THRU
I PR —— B 312 1 82° (5K
- 3,50 - &g 028@ 1 n]c
(|~ 4 00—

REV

DATE

APPROVAL

2021-03-11

C.MORROW

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | PLATE BRACKET | LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
REFERENCE VIEW X%Xéi :8:3‘ CHRISTINA MORROW | A 2021-03-11 AL-606
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 111 | OF | ARROW-T517-12
| I i I 3 I 4 I 5





image43.png
\ I 2 I I 4 I !
REV DATE APPROVAL
NOTES :
? 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
2. RADI| ARE NOT CRITICAL UNLESS 2X @.25 DRILL THRU
OTHERWISE SPECIFIED.
2K R.25
3X ¢ 70 DRILL THRU
¢.3\2 X 82° CSK
4% R.05
NOT CRITICAL
15 P .39 |
B .85
3N .18 36 —= - 5
e |
[ 4.00 —
- C
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | PLATE BRACKET 2 LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 | AL-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
REFERENCE VIEW ANGLESZ 0.5° JAYSON DICKINSON | 11 |1 OF | ARRPW-T517-13
| ? I | 4 | 5





image44.png
\ l 4 I I 4 I N

NOTES : REV DATE APPROVAL
) ? 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
2. RADII ARE NOT CRITICAL UNLESS A
OTHERWISE SPECIFIED. »
4% R.05 I_I¢.79T.02
NOT CRITICAL
- 3
A A

A

.90

!

o

A4

|20

2X @ .27 DRILL THRU

- | 75 C
i .20
+ { .23 REF
.50 r
T SECTION A-A ? ?

UNLESS OTHERWISE SPECIFICED
DIMENSIONS IN INCHES

PART NAME

ACTUATOR RACK BRACKET

PROJECT NAME:
LUNAR LANDING PAYLOAD CRANE

TOLERANCES : DRAWN BY: STZE. | DATE WATERTAL:
X%'&f :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 AL-6061
REFERENCE VIEW CXXXE 0,003 WODELED BY: SCALL: | SHEET WUBER: | PART NUNBER:
ANGLES: 0.5° JAYSON DICKINSON | |1 | OF 2 ARROW-TS17-14
\ I ? [ 3 I 4 I 5





image45.png
m™J

2K

60

.35

2X @144 DRILL THRU

REV

DATE

APPROVAL

2021-03-11

C.MORROW

'$' ¢ X 028@ AlB |C

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS N INCHES | ACTUATOR RACK BRACKET | LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 AL-606 1
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON |2:1 |2 OF 2 ARROW-T517-14

I i 3 I 4 I 5





image46.png
m™J

I 5

NOTES: 2 | 2021-03-11 | C.MORROW
A I. REMOVE ALL BURS AND SHARP EDGES. & 25 DRILL THRU
2. INTERNAL RADI| ARE NOT CRITICAL UNLESS
OTHERWISE SPECIFIED. ¢ & @028 DA B
| - 2X R.05
.38 NOT CRITICAL
Y -
B 49
q i 2X UNC 8-32 TAP ¥ .50
? [ & P 082 A BIC
% b S
| 30106 i
¢ | o 4|
C : C
- 3
63
B —-——————  [)
A i >
.38 !
— a T ’\¢.25 DRILL THRU
& @ 028 C|AB
B v . 49 UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
D 3 D\MEN%(\)%E%AP\‘QE%NCHES ACTUATOR WALL BRACKET LUNAR LANDING PAYLOAD CRANE
REFERENCE VIEW A Xxxii 8(‘)‘ DCR:;%TSBTY\.NA MORROW ;‘ZE ;AOTEE\’OS’H ZT’EQE‘)QL\
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLES: 0.5° JAYSON DICKINSON | I:1 | OF | ARROW-T517-15
\ T D | I I 5





image47.png
| I 2 I I 4 I !
REV DATE APPROVAL
NOTES:
2 2021-03-11 C.MORROW
. REMOVE ALL BURS AND SHARP EDGES.
A 2. RADI'T ARE NOT CRITICAL.
, , I .18
2% UNC &-32 TAP THRU
B '
2X R.05
NOT CRITICAL — .13
|
4 !
|
|
? T
.49
C e e
' ‘
- ) T
L3 .
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS IN INCHES | GENERAL BRACKET LUNAR LANDING PAYLOAD CRANE
D TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
REFERENCE VIEW X%'Xié :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-606 |
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 3: 1 | OF | ARROW-T517-16
| ? I | 4 | 5





image48.png
\ I 2 I 4 | )
NOTES - REV DATE APPROVAL
2 | 2021-03-11 | C.MORROW

| REMOVE ALL BURS AND SHARP EDGES.
(2) DIAMETER SHOULD BE SUCH THAT A

0.875 [NCH DIAMETER BALL BEARING

WILL PRESS FIT SECURELY.

—= = 25 REF

[

4 @170 DRILL THRU

@ 312 % 82° CSK

@.8745 DRILL THRU(2)

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | BEARING BRACKET, SMALL | LUNAR LANDING PAYLOAD CRANE
TSLiRANEE? DRAWN BY: SIZE DATE MATERIAL:
;
e CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW KoXe 001
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON |3:2 |1 OF I ARROW-T517-17
| I i I 4 I 5





image49.png
2 3 | 4 | 0
NOTES - REV DATE APPROVAL
2| 2021-03-11 | C.MORROW
| REMOVE ALL BURS AND SHARP EDGES.
(2) DIAMETER SHOULD BE SUCH THAT A
| 125 INCH DIAMETER BALL BEARING
WILL PRESS FIT SECURELY.
| 5 ]
- 2X | 3]
—= = 5 REF

@1 1245 DRILL THRUCZ)

X @.170 DRILL THRU
@312 1 82° Sk

UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
DIMENSIONS N INCHES | BEARING BRACKET, LARGE | LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
REFERENCE VIEW LONKXE L0003 WODELED BT - SCALE: | SHEET NUVBER: | PART NUWBER:
ANGLESZ 0.5° JAYSON DICKINSON |3:2 |1 OF I ARROW-T517-18
i 3 I 4 I 5





image50.png
\ I 4 3 I 4 I N
REV DATE APPROVAL
NOTES: > | 2020-03-11 | ¢.HoRROW
| REMOVE ALL BURS AND SHARP EDGES.
(2) IF 44,8° 1S NOT ACHIEVABLE, PLEASE

USE STANDARD DOVE TAIL CUTTER SUCH

THAT ARROW-T517-19 MATES WITH

ARROW-T517-17.

REFERENCE VEIWS
UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:

DIMENSIONS IN INCHES

LSMS CONNECTOR PLATE

LUNAR LANDING PAYLOAD CRANE

TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:

X%xif :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 | ALUMINUM-606 |

X XXXE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:

ANGLES® 0.5° JAYSON DICKINSON | 3:4 |1 OF 3 ARROW-T517-19
I i 3 I 4 I 5





image51.png
I 2 I 3 | 4 L 5
REV DATE APPROVAL
) 95— 2| 2021-03-11 | C.MORROW
- 7 45—
| 55 e
70 4 ( 59 ¢ i
NN U/ A Y
~~—— 95
—= | .05 ’<7
2X 82.9° REF
2X 97 1°
~ ‘ ' 55 4 UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
- DIMENSIONS IN INCHES | LSS CONNECTOR PLATE LUNAR LANDING PAYLOAD CRANE
. 2. 45 TOLERANCES: DRAWN BY: STZE. | DATE WATERTAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
C ﬁ 400 ——— - CXXXE 0,003 NODELED BY: SCALE: | SHEET NUMBER: PART NUNBER:
ANGLES: 0.5° JAYSON DICKINSON | 3:4 |2 OF 3 ARROW-T517-19
| D | 3 | 4 | 5





image52.png
REV DATE APPROVAL

2 2021-03-11 C.MORROW

NN\ ///4

X 44.8°

2% 44.8° ()

.67
2X 1 3.60
4% ¢.25 DRILL THRU
|_|¢ ST X 2]
t UNLESS OTHERWISE SPECIFICED PART NAME PROJECT NAME:
2x |40 DIMENSIONS IN INCHES | LSMS CONNECTOR PLATE LUNAR LANDING PAYLOAD CRANE
TOLERANCES: DRAWN BY: SIZE DATE MATERIAL:
X%xéf :8:(‘)‘ CHRISTINA MORROW | A 2021-03-11 ALUMINUM-6061
X XXXE 0,003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 3:4 |3 0OF 3 ARROW-T517-19

I ? I 3 I 4 I 5





image53.png
I 4 l 3 I 4 I 5

REV DATE APPROVAL

2 2021-03-11 C.MORROW

26 UNC 6-32 .50
@ 028|C|AB = .00 REF

(LTI

DIMENSIONS N INCHES | RACK LUNAR LANDING PAYLOAD CRANE
TSLiRANEE? DRAWN BY: SIZE DATE MATERIAL:
St 0. 03-
REFERENCE VIEW i 00 CHRISTINA MORROW | A 2021-03-11
XoXKKE .0.003 MODELED BY: SCALE: SHEET NUMBER: PART NUMBER:
ANGLESZ 0.5° JAYSON DICKINSON | 111 | OF | ARROW-T517-20

| I i I 3 I 4 I 5





image54.png
3/18/2021

W~V WN PR

=
(]

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

// Written By: Christina Morrow

// Date: 2/10/2021

// Email: cjm18bn@my.fsu.edu

ARROW_Automation.ino

// FAMU-FSU College of Engineering
// Senior Design Team 517

// This program is the automated demonstration of the ARROW
// (Automated and Ranged Relocation Of the LSMS for Wider application)

LIILITTTTII70T 1000777717 07777777777777177777777777777777777711177771117
[177777777777777777777INITIALZIE VARIABLES/////////171117777111177711117
LIIIITTTTI7070 700077771 7777777777707777177777777777777777777711177711117

//int duty = @; // The duty cycle describes the amount of time the signal
// is in a high (ON) state as a percentage of the total
// time of it takes to complete once cycle.

// initialize RGB LED1

const
const int ledG_LSMS
const int ledB_LSMS
int R_LSMS = 0;
int G_LSMS = 0;
int B_LSMS

n
o
o

int ledR_LSMS =

// initialize RGB LED2

const int ledR_ARROW
const int ledG_ARROW
const int ledB_ARROW
int R_ARROW
int G_ARROW
int B_ARROW

OO @]
e e

93

>

75

13;
12;
11;

//
//
//
//
//
//

//
//
//
//
//
//

assign pin 9 to RED channel

assign pin 8 to GREEN channel

assign pin 7 to BLUE channel
variable that controls RED channel
variable that controls GREEN channel
variable that controls BLUE channel

to RED channel

to GREEN channel

to BLUE channel
controls RED channel
controls GREEN channel
controls BLUE channel

assign pin 13
assign pin 12
assign pin 11
variable that
variable that
variable that

int LSMS; // indicates whether the LSMS is connected to the ARROW power
// @ indicates that the LSMS is connected (grounded)
// 1 indicates that the LSMS is NOT connected (not grounded)

int state = ©;
bool
bool
bool
char
bool

stagel =
stage2
inChar;
reset = false;

false;
false;

void pwm_init(void);

readySignal = false;

void
void
void

my_motor@(int duty);
set_pwme(int duty);
set_pwml(int duty);

// include libraries
#include <stdio.h>
#include <stdlib.h>

//
//
//
//
//
//

variable that controls the switch

ready signal from LSMS sent to the ARROW

stage 1: spin the LSMS

stage 2: lower the LSMS

allows user to hit the space bar to continue
variable used to reset the position of the ARROW

LIILITTTTII700 1100777717 0077771771077771777777777777777777777711777171117
/17717/7717/7//777/7/7//SETUP (RUNS OUNCE)///////////171/17//7/7/7//7/7/7/7//7
LIIIITTTTI7070 700077771 7777777777707777177777777777777777777711177711117

void setup() {

localhost:4649/?mode=clike

1/6
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ARROW_Automation.ino

DDRC = 0x00; // all pins of PORTC are inputs
PORTC = OXFF; // enable pull up resistors
DDRB = ©OxFF; // all pins of PORTC are outputs for motor direction
pwm_init(); // initialize pulse width modulation for DC motor control
pinMode(ledR_LSMS, OUTPUT); // set pin mode to output for RED channel
pinMode(ledG_LSMS, OUTPUT); // set pin mode to output for GREEN channel
pinMode(ledB_LSMS, OUTPUT); // set pin mode to output for BLUE channel
pinMode(ledR_ARROW, OUTPUT); // set pin mode to output for RED channel
pinMode(ledG_ARROW, OUTPUT); // set pin mode to output for GREEN channel
pinMode(ledB_ARROW, OUTPUT); // set pin mode to output for BLUE channel
Serial.begin(9600); // set data rate to 9600 bits per second

}

L1111 00 000077700007 777 0000077707100 777771077177717111777771117777

11071177717717177717///MAIN (RUNS CONTINOUSLY)//////////1/17111111171111]
LIIIITTTTI7070 700077771 7777777777707777177777777777777777777711177711117

void loop() {

LSMS = (PINC & ©B0000000o1); // check if LSMS is connected to the ARROW

switch(state)

{
case 9: // off and idle

Serial.println(" ");

// turn
// turn

Serial.println("STATE @: ARROW is Idle");
// turn off LSMS light

R_LSMS = 0;

G_LSMS = 0;

B_LSMS = 0;

analogWrite(ledR_LSMS,R_LSMS);
analogWrite(ledG_LSMS,G_LSMS);
analogWrite(ledB_LSMS,B_LSMS);

// turn off ARROW light
R_ARROW =
G_ARROW =
B_ARROW
analogWrite(ledR_ARROW,R_ARROW) ;
analogWrite(ledG_ARROW,G_ARROW);
analogWrite(ledB_ARROW,B_ARROW);

oo
[l
e e

// turn
// push
// push
// push

RED channel OFF

GREEN channel OFF

BLUE channel OFF

LED output for RED channel
LED output for GREEN channel
LED output for BLUE channel

// turn RED channel OFF

// turn GREEN channel OFF

// turn BLUE channel OFF

// push LED output for RED channel
// push LED output for GREEN channel
// push LED output for BLUE channel

LSMS = (PINC & ©0B0000000e1); // check if LSMS is connected to the ARROW
if(LSMS == @) // if LSMS is connected to ARROW power

{
if((stage2 == true) && (reset
state = 9;
else
state = 1;

localhost:4649/?mode=clike

== false))

// remain

idle

// send to state 1
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}

else

{
}

break;

state = 9;

ARROW_Automation.ino

// if LSMS is NOT connected to ARROW power

// remain idle

case 1: // LSMS Powered and Connected to ARROW

Serial.println(" ");

Serial.println("STATE 1: LSMS Powered and Connected to ARROW");

LSMS =

B_LSMS = 100;

analogWrite(ledR_LSMS,R_LSMS);
analogWrite(ledG_LSMS,G_LSMS);
analogWrite(ledB_LSMS,B_LSMS);

delay(5000);

readySignal = true;
if((LSMS == @) && (readySignal ==
signal sent
{
for(int i=0;i<10;i++)
ready signal”

{
R_LSMS = 0;
G_LSMS = 0;
B_LSMS = 0;

analogWrite(ledR_LSMS,R_LSMS);
analogWrite(ledG_LSMS,G_LSMS);
analogWrite(ledB_LSMS,B_LSMS);

delay(500);
R_LSMS = 0;
G_LSMS = 0;
B_LSMS = 100;

analogWrite(ledR_LSMS,R_LSMS);
analogWrite(ledG_LSMS,G_LSMS);
analogWrite(ledB_LSMS,B_LSMS);

delay(500);

3

state = 2;
3
else if(readySignal == @)
{

state = 1;
3
else if(LSMS == 1)
{

state = 9;
}
break;

case 2: // SPIN the LSMS

Serial.println(" ");

localhost:4649/?mode=clike

1))

//
//
//
//

//
//
//

//

//
//
//
//
//
//
//

//
//
//
//
//
//
//
//
//
//
//

//

(PINC & ©B@0@0@00o1); // check if LSMS is connected to the ARROW

turn LED to blue

push LED output for
push LED output for
push LED output for

RED channel
GREEN channel
BLUE channel
pause for 5 seconds

ARROW received ready signal

if LSMS is still connected and ready

loop to create blinking LED "sending

turn RED channel OFF

turn GREEN channel OFF

turn BLUE channel ON

push LED output for RED channel
push LED output for GREEN channel
push LED output for BLUE channel
delay for half a second

turn RED channel OFF

turn GREEN channel OFF

turn BLUE channel ON

push LED output for RED channel
push LED output for GREEN channel
push LED output for BLUE channel

delay for half a second

send to case 2

if the ready signal has not been sent
remain in case 1

if LSMS is NOT connected

send to idle state
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G_ARROW

LSMS = (PINC & ©BQ000G0QOL);

R_ARROW = 0;
100;

B_ARROW = 9;

analogWrite(ledR_ARROW,R_ARROW) ;
analogWrite(ledG_ARROW,G_ARROW);
analogWrite(ledB_ARROW,B_ARROW);

delay(5000);

// check

ARROW_Automation.ino
Serial.println("STATE 2: SPIN the LSMS");

// turn
// turn
// turn
// push
// push
// push

if LSMS is connected to the ARROW

RED channel ON

GREEN channel OFF

BLUE channel OFF

LED output for RED channel
LED output for GREEN channel
LED output for BLUE channel

// delay for 5 seconds

if((LSMS == @) && (readySignal == 1)) // if LSMS is still connected and ready
signal sent

{
for(int i=0;i<10;i++){

if (reset == true)

{
my_motor@(-255);
delay(1000);

}

else if (reset == false)

{
my_motor@(255);
delay(1000);

}

}
my_motore(0);

stagel = true;
state = 3;

3
else if(readySignal == @)

{
}

break;

state = 1;

case 3: // LOWER the LSMS

Serial.println(" ");

//

activate the DC motor

// activate the DC motor

// stop the DC motor

// ARROW sends ready signal to LSMS

// if the ready signal has stopped

// return to case 1

Serial.println("STATE 3: LOWER the LSMS");

LSMS = (PINC & ©BQ000G0QOL);

delay(5000);

// check if LSMS is connected to the ARROW

// delay for 5 seconds

if((LSMS == @) && (readySignal == 1)) // if LSMS is still connected and ready
signal sent

{
for(int i=0;i<10;i++){
if (reset == true)
{
my_motor@(255);
delay(1000);
}

else if (reset == false)

{
my_motor@(-255);
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// activate the DC motor

// activate the DC motor
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delay(1000);

}

}
my_motore(0);

stage2 = true;

state = 9;

delay(5000);
3
else if(readySignal == @)
{

}

break;

}

state = 1;

ARROW_Automation.ino

// stop the DC motor
// ARROW sends ready signal to LSMS
// return to idle position
// if the ready signal has stopped

// return to case 1

255 // function to initialize pulse width modulation arduino setup
256 void pwm_init(void){
DDRL = 255; //PWM pins connected to port L

TCCRSA = _BV(COM5A1) | _BV(COM5B1) | _BV(WGMS52) | _BV(WGM5Q);
TCCR5B = _BV(CS51) | _BV(CS5@); //set prescaler to 64

257
258
259
260
261
262 }
263

OCR5A = 0;
OCR5B = 0;

264 //function to control the linear actuators
265 void my_motor@(int duty)

266 {
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284 }
285

if (duty >= @) // if duty is a positive value
{
PORTB = 0b00001001;
if(state == 2)
set_pwm@(duty); // set pulse width moduation
else
set_pwml(duty); // set pulse width moduation
}
if (duty < @) // if duty has a negative value
{
duty = duty * -1; // make value positive
PORTB = 0b00000110; //reverse direction of motors
if(state == 2)
set_pwm@(duty); // set pulse width moduation
else
set_pwml(duty); // set pulse width moduation
}

286 // pin 46 of the Mega Board
287 void set_pwme(int duty)

288 {
289
290 }
291

OCRSA = duty;

292 // pin 45 of the Mega Board
293 void set_pwml(int duty)

294 {
295
296 }

OCRSB = duty;
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// Written By: Christina Morrow

// Date: 2/10/2021

// Email: cjm18bn@my.fsu.edu

ARROW_StepThrough.ino

// FAMU-FSU College of Engineering
// Senior Design Team 517

// This program is the automated demonstration of the ARROW
// (Automated and Ranged Relocation Of the LSMS for Wider application)

LIILITTTTII70T 1000777717 07777777777777177777777777777777777711177771117
[177777777777777777777INITIALZIE VARIABLES/////////171117777111177711117
LIIIITTTTI7070 700077771 7777777777707777177777777777777777777711177711117

//int duty = @; // The duty cycle describes the amount of time the signal
// is in a high (ON) state as a percentage of the total
// time of it takes to complete once cycle.

// initialize RGB LED1

const
const int ledG_LSMS
const int ledB_LSMS
int R_LSMS = 0;
int G_LSMS = 0;
int B_LSMS

n
o
o

int ledR_LSMS =

// initialize RGB LED2

const int ledR_ARROW
const int ledG_ARROW
const int ledB_ARROW
int R_ARROW
int G_ARROW
int B_ARROW

OO @]
e e

93

>

75

13;
12;
11;

//
//
//
//
//
//

//
//
//
//
//
//

assign pin 9 to RED channel

assign pin 8 to GREEN channel

assign pin 7 to BLUE channel
variable that controls RED channel
variable that controls GREEN channel
variable that controls BLUE channel

to RED channel

to GREEN channel

to BLUE channel
controls RED channel
controls GREEN channel
controls BLUE channel

assign pin 13
assign pin 12
assign pin 11
variable that
variable that
variable that

int LSMS; // indicates whether the LSMS is connected to the ARROW power
// @ indicates that the LSMS is connected (grounded)
// 1 indicates that the LSMS is NOT connected (not grounded)

int state = ©;
bool
bool
bool
char
bool

stagel =
stage2
inChar;
reset = false;

false;
false;

void pwm_init(void);

readySignal = false;

void
void
void

my_motor@(int duty);
set_pwme(int duty);
set_pwml(int duty);

// include libraries
#include <stdio.h>
#include <stdlib.h>

//
//
//
//
//
//

variable that controls the switch

ready signal from LSMS sent to the ARROW

stage 1: spin the LSMS

stage 2: lower the LSMS

allows user to hit the space bar to continue
variable used to reset the position of the ARROW

LIILITTTTII700 1100777717 0077771771077771777777777777777777777711777171117
/17717/7717/7//777/7/7//SETUP (RUNS OUNCE)///////////171/17//7/7/7//7/7/7/7//7
LIIIITTTTI7070 700077771 7777777777707777177777777777777777777711177711117

void setup() {

localhost:4649/?mode=clike
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pwm_init();

ARROW_StepThrough.ino

= 0x00; // all pins of PORTC are inputs
PORTC = OXFF; // enable pull up resistors
= OxFF; // all pins of PORTC are outputs for motor direction

pinMode(ledR_LSMS, OUTPUT); // set pin mode to output for RED channel
pinMode(ledG_LSMS, OUTPUT); // set pin mode to output for GREEN channel
pinMode(ledB_LSMS, OUTPUT); // set pin mode to output for BLUE channel

pinMode(ledR_ARROW, OUTPUT); // set pin mode to output for RED channel
pinMode(ledG_ARROW, OUTPUT); // set pin mode to output for GREEN channel
pinMode(ledB_ARROW, OUTPUT); // set pin mode to output for BLUE channel

Serial.begin(9600); // set data rate to 9600 bits per second

LIIIITTTTII70T 000777717 0707777177707777177777777777777777777711177771117

81 /////11117717177/777///MAIN (RUNS CONTINOUSLY)/////////1/1771117111771111]
82 /11 11TTTTTIIITTITII777 11077770 17777777177777777777777777777771177771117

83
8
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
1e4
105
106
107
1e8
109
110
111
112
113
114
115
116
117
118
119

>

void loop() {

= (PINC & ©B00000001); // check if LSMS is connected to the ARROW

switch(state)

case 9: // off and idle

Serial.println(" ");
Serial.println("STATE @: ARROW is Idle");

// turn off LSMS light

R_LSMS = 0; // turn RED channel OFF
G_LSMS = 0; // turn GREEN channel OFF
B_LSMS = 0; // turn BLUE channel OFF

analogWrite(ledR_LSMS,R_LSMS); // push LED output for RED channel
analogWrite(ledG_LSMS,G_LSMS); // push LED output for GREEN channel
analogWrite(ledB_LSMS,B_LSMS); // push LED output for BLUE channel

// turn off ARROW light

R_ARROW = 0; // turn RED channel OFF
G_ARROW = 0; // turn GREEN channel OFF
B_ARROW = 0; // turn BLUE channel OFF

analogWrite(ledR_ARROW,R_ARROW) ; // push LED output for RED channel
analogWrite(ledG_ARROW,G_ARROW); // push LED output for GREEN channel
analogWrite(ledB_ARROW,B_ARROW); // push LED output for BLUE channel

// this loop gives you the option to reset the position of the ARROW
Serial.println{"Would you like to RESET the ARROW? [YES/NO]");

while(true) // remain here until told to break

{
if(Serial.available() > @) // is there user input?
{
if((Serial.readStringUntil('\n') == "YES") | (Serial.readStringUntil('\n')

== "yes"))

localhost:4649/?mode=clike

// initialize pulse width modulation for DC motor control
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120 {

121 reset = true;

122 break;

123 }

124 else if((Serial.readStringUntil('\n') == "NO") |
(Serial.readStringUntil('\n') == "no"))

125 {

126 reset = false;

127 break;

128 }

129 break;

130 }

131 }

132

133 LSMS = (PINC & ©0B0000000e1); // check if LSMS is connected to the ARROW

134 if(LSMS == @) // if LSMS is connected to ARROW power

135 {

136 if((stage2 == true) && (reset == false))

137 state = 9; // remain idle

138 else

139 state = 1; // send to state 1

140 }

141 else // if LSMS is NOT connected to ARROW power

142 {

143 state = 9; // remain idle

144 }

145 break;

146

147 case 1: // LSMS Powered and Connected to ARROW

148

149 Serial.println(" ");

150 Serial.println("STATE 1: LSMS Powered and Connected to ARROW");

151

152 LSMS = (PINC & ©B@00eeeel); // check if LSMS is connected to the ARROW

153

154 B_LSMS = 100; // turn LED to blue

155 analogWrite(ledR_LSMS,R_LSMS); // push LED output for RED channel

156 analogWrite(ledG_LSMS,G_LSMS); // push LED output for GREEN channel

157 analogWrite(ledB_LSMS,B_LSMS); // push LED output for BLUE channel

158

159 // this loop pauses the code until the user is ready to continue

160 Serial.println{"Please Press [SPACE] and then [ENTER] to continue.");

161

162 while(true) // remain here until told to break

163 {

164 if(Serial.available() > @) // is there user input?

165 if(Serial.read() == 32) // did they press the space bar?

166 break;

167 }

168

169 readySignal = true; // ARROW received ready signal

170

171 if((LSMS == @) && (readySignal == 1)) // if LSMS is still connected and ready
signal sent

172 {

173 for(int i=0;i<10;i++) // loop to create blinking LED "sending
ready signal”

174 {

175 R_LSMS = 0; // turn RED channel OFF

176 G_LSMS = 0; // turn GREEN channel OFF
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// turn BLUE channel ON

// push LED output for RED channel
// push LED output for GREEN channel
// push LED output for BLUE channel
// delay for half a second

B_LSMS = 0;
analogWrite(ledR_LSMS,R_LSMS);
analogWrite(ledG_LSMS,G_LSMS);
analogWrite(ledB_LSMS,B_LSMS);

delay(500);
R_LSMS = 0;
G_LSMS = 0;
B_LSMS = 100;

analogWrite(ledR_LSMS,R_LSMS);
analogWrite(ledG_LSMS,G_LSMS);
analogWrite(ledB_LSMS,B_LSMS);

delay(500);

3

state = 2;
3
else if(readySignal == @)
{

state = 1;
3
else if(LSMS == 1)
{

state = 9;
3
break;

case 2: // SPIN the LSMS

Serial.println(" ");

// turn RED channel OFF

// turn GREEN channel OFF

// turn BLUE channel ON

// push LED output for RED channel
// push LED output for GREEN channel
// push LED output for BLUE channel

// delay for half a second

// send to case 2

// if the ready signal has not been sent

// remain in case 1

// if

LSMS is NOT connected

// send to idle state

Serial.println("STATE 2: SPIN the LSMS");

LSMS = (PINC & 0B@@@0ee@l); // check
R_ARROW = 0; //
G_ARROW = 100; //
B_ARROW = 0; //
analogWrite(ledR_ARROW,R_ARROW) ; //
analogWrite(ledG_ARROW,G_ARROW); //
analogWrite(ledB_ARROW,B_ARROW); //

// this loop pauses the code until the
Serial.println{"Please Press [SPACE] and then [ENTER] to continue.");

while(true)
{
if(Serial.available() > 9)
if(Serial.read() == 32)
break;

}

if LSMS is connected to the ARROW

turn
turn
turn
push
push
push

user

RED channel ON

GREEN channel OFF

BLUE channel OFF

LED output for RED channel
LED output for GREEN channel
LED output for BLUE channel

is ready to continue

// remain here until told to break

// is there user input?
// did they press the space bar?

if((LSMS == @) && (readySignal == 1)) // if LSMS is still connected and ready

signal sent

{
for(int i=0;i<10;i++){
if (reset == true)
{

my_motor@(-255);
delay(1000);

}
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//

activate the DC motor
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else if (reset == false)
{
my_motor@(255);
delay(1000);
}

}
my_motore(0);

stagel = true;
state = 3;

3
else if(readySignal == @)

{
}

break;

state = 1;

case 3: // LOWER the LSMS

Serial.println(" ");

ARROW_StepThrough.ino

// ARROW sends ready signal to LSMS

// if the ready signal has stopped

// return to case 1

Serial.println("STATE 3: LOWER the LSMS");

LSMS = (PINC & ©BQ000G0QOL);

// check if LSMS is connected to the ARROW

// this loop pauses the code until the user is ready to continue

Serial.println{"Please Press [SPACE] and then [ENTER] to continue.");

while(true)
{

// remain here until told to break

if(Serial.available() > @) // is there user input?
if(Serial.read() == 32) // did they press the space bar?

break;

}

if((LSMS == @) && (readySignal == 1)) // if LSMS is still connected and ready

signal sent

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294

{
for(int i=0;i<10;i++){

if (reset == true)

{
my_motor@(255);
delay(1000);

}

else if (reset == false)

{
my_motore(-255);
delay(1000);

}

}
my_motore(0);

stage2 = true;

state = 9;

delay(5000);
3
else if(readySignal == @)
{

}

state = 1;
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// activate the DC motor

// ARROW sends ready signal to LSMS
// return to idle position

// if the ready signal has stopped

// return to case 1
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break;

// function to initialize pulse width modulation arduino setup
void pwm_init{void){

DDRL = 255; //PWM pins connected to port L

TCCRSA = _BV(COM5A1) | _BV(COM5B1) | _BV(WGMS52) | _BV(WGM5Q);
TCCR5B = _BV(CS51) | _BV(CS5@); //set prescaler to 64

OCRSA = ©;

OCRSB = ©;

//function to control the linear actuators
void my_motore(int duty)

{

if (duty >= @) // if duty is a positive value
{
PORTB = 0b00001001;
if(state == 2)
set_pwm@(duty); // set pulse width moduation
else
set_pwml(duty); // set pulse width moduation
}
if (duty < @) // if duty has a negative value
{
duty = duty * -1; // make value positive
PORTB = 0b00000110; //reverse direction of motors
if(state == 2)
set_pwm@(duty); // set pulse width moduation
else
set_pwml(duty); // set pulse width moduation
}

// pin 46 of the Mega Board
void set_pwm@(int duty)

{
3

OCRSA = duty;

// pin 45 of the Mega Board
void set_pwml{int duty)

{
3

OCRSB = duty;
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