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Project Description

Project Description

* Goal: develop a waist-mounted robotic arm that
« Offers active gravity compensation
 Remains lightweight, low-profile, and energy efficient
 Enables the arm to rest naturally by the user’s side.

 Client: Dr. Zach Lerner, Associate Professor of Mechanical Engineering,
NAU.

« Sponsorship: W.L Gore
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New model VS old model

T PARTNUMBER | DESCRIPTION Q.
1 [R3-DETO01-V1 (Link 2 t t -
2 |R3-DET002 (Mount 1) | l | 2
3 [R3-DETO03 (Mount 1-2) ]
4 R3-DETO04 (Mount 2) 1 Wois! Bt |
»' {REDETO0S (fron) 2 Button Head Hex Dive Screw n
B 6 |R3-5UB01-DETO0! {HingeBracket) |
| ! | for Arm fo User
7 R3-UB01-DET002 [HingeBlock) | : }
8 IR3-5UB01-DET003 {HingeCam)| 1 Button Head Hex Dive Screw | 4
[ Jozv81A103 |7 Alloy Steel Shouider Screws 2 3)
~ Righ-Strength Steel Nylon-insert i
10 946454102 Sk e 2
11 |57155K588 Honged Ball Bearing 4
12 [R3-SUB02-DET001 {Extemnal) CubeMars AK45-3 2 U
13 |R3-5UB02-DET002 {Internal) 2
14 R3-5UB03-DET001 [CuffAticch) | N
15 R3-SUB03-DET002 {LinkAttach) 1
16 R3-5UB03-DET003 (Cuff) |
17 94500A275_316 Stainless Steel 4
Button Head Hex Drive Screws
[18 1912394113 | Button Head Hex Drive Screw 40
A 19 94777A102 316 Stainless Steel Flange Nut 2
20 {R3-DETO06-V (REEIL, i s o T 2
T R Top Level Design
S TOP LEVEL ASSEM.
] - SEE |OWG. N RV e .-«-‘. " WE DG, Nt v
.. B R3 o B RADGASSEMAR
AACAN O SO, SCALE 18 WBGH! SHEET 1 OF 15 .
WCALE 14 ‘Wi rE
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Purchase Plan

Type Percentage bought | Percentage on
Hand

Fasteners Screws, bolts,
washers, heat set
inserts, etc.
Printing Material PLA, Onyx, and 100 100
Carbon
Electronic Batteries, Motor, 80 80
Components control boards, etc.
Machined Parts Commissioned 0 0
Aluminum or other
material
Overall 70 68
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Manufacturing plan

Manufacturing Plan
Completion Part Mo. Material Manufacturing Quantity Total Time Quantity Completed] Completed Time
Hours / Part
DETOD1-V1 Carbon Fiber 2 2 4 1 2
DET002 ONYX 11 1 11 0 0
DETOO03 ONYX 9 1 9 0 0
DETO04 ONYX 6 1 6 0 0
DETO0S Carbon Fiber 2 2 4 0 0
DETO0GB-V1 ONYX F) i 14 0 0
SUB03-DETO01 | ONYX /6061-Ta 2 1 2 0 0
SUB03-DET002 | ONYX /6061-TG 3 1 2 0 0
sUB03-DETO03 ONYX 4 1 4 0 ]
Totals: 12 b2 1 2
Completed Manufacturing (%) 8.33%
Manufacturing Time (%) 2.23%
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esign Efforts (Spring Semester

2 ]

TEM PART NUMBER DESCRIPTION aQr.
1 |R3-DETO01-V1 (Link) 2
2 |R3-DETO0Z (Mount 1) 1
3 |R3-DET003 (Mount 1-2) 1
4 |R3-DETO04 (Mount 2) 1
5 |R3-DETO05 (Front) 2

B 6 |R3-SUB01-DETO01 (HingeBracket) 1 B
7 |R3-SUBO1-DET002 (HingeBlock) 1
8 |R3-SUBO1-DET003 (HingeCam) 1
9 [92981A103 Alloy Steel Shoulder Screws 2
10 |94645A102 HTgh—Sfrengng(S:LiiliNy\on—\nsen‘ 2
11 |57155K588 Flanged Ball Bearing 4
12 |R3-5UB02-DETO001 (External) CubeMars AK45-36 2
13 |R3-5UB02-DET002 (Internal 2
14 |R3-SUBO3-DETOO1 (CuffAttach) 1
15 |R3-SUB03-DET002 (LinkAttach) 1
16 |R3-5UB03-DET003 (Cuff) 1
17 BSiton Hodd Hex Diive Screws 4
18 |91239A113 Bution Head Hex Drive Screw 40
A 19 |94777A102 316 Stainless Steel Flange Nut 2 A
20 |R3-DET006-V1 (Fremteswse secreo: e | pwie 2

HIERPRET GECMETRIC
TCLERANCING FER:

2
COMMENTS:

[ SEE DWG. NO REV
APPUEATON D3 NOTSCALE CRAWING SCALE: 138 WEIGHT: SHEET 1 OF 1
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Design Efforts - Continued

4 3 2 1

ITEM NO. PART NUMBER DESCRIPTION QTY.

1 R3-SUBO1-DETO01 1
(HingeBracket)

5 R3-SUBO1-DET003 1
(HingeCam)

3 R3-SUBO1-DET002 1
(HingeBlock)

4 92981A103 Alloy Steel Shoulder Screws 1

High-Strength Steel Nylon-Insert
B 5 94645A102 Locknut 1 B
6 57155K588 Flanged Ball Bearing 2

w

o
o/

(:
(0)——
-

N

(=

S

ISOMETRIC VIEW
SCALE: 4:3

UNLESS OTHERWISE SPECIFIED: MAME | DATE
DIMENSIONS ARE I INCHES DRAWN C.LAMCA
TOLERANCES: - .
FRACTIONALE CHECKED TITLE:
ANGULAR: MACH:  BEND ¢ -
THREE PLACE DECIMAL = MFG APPR.
N HINGE ASSEM
FROPRIETARY AND CONFIDENTIAL TEAERANCING PER .
. COMMENTS:
HATERAL SIZE DWG. NO. REV
B R3
NEXT ASSY USED ON
APPLEATION DO HOT SCALE CRAWNG SCALE: 1:8 WEIGHT: SHEET 2 OF 15

4 3 2 1
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Design Efforts - Continued

4 3 2 1

ITEM NO. PART NUMBER DESCRIPTION QTY.
1 R3-SUBO3-DETOO01 1
(CuffAttach)
2 R3-SUB03-DET002 1
(LinkAttach)
3 R3-SUB03-DET003 1
|Cuff)

24500A295 316

4 Stainless Steel 4
Button Head Hex

Drive Screws

B 5 57155K588 Flanged Ball Bearing 2 B
6 92981A103 Alloy Steel Shoulder Screws 1
High-Strength Steel Nylon-Insert
7 24645A102 Locknut 1

UNLESS OTHERWISE SPECIFIED: NAME DATE
AMENSIONS ARE B INCHES DRAWN C.Lamca
TOLERANCES: .
FRACTIONAL & CHECKED TITLE:
ANGULAR: MACH®  BEND + )
THREE PLACE DECIMAL £ MEG APPR.
END EFFECTOR
m"‘fpc-ﬂmm.:'::i _ o COMMENTS,
wrss aTERaL SIZE DWG. NO. REV
B R3
HEXT ASSY UsED O
FROHBITED, APPLICATION DO MOT SCALE CRAWING SCALE: 1:8 WEIGHT: SHEET 12 OF 15
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Design Efforts - Continued

4 3 2

UNITS IN mm UNLESS OTHERWISE SPECIFIED
DRAWN IN ACCORADNCE TO ASME Y14.5 DRAFTING STANDARDS

@, i
@
B
Bl—x
4X .
o
C
o ] |

UNLESS OTHERWISE SPECIFIED:

PR DENSIONS ARE N INCHES
8X R3.00 TOLERANCES
FRACTONALE
ANGULAR: MACH  BEND ¢
TWO PLACE DECIMAL =
THREE PLACE DECIMAL =

PROPRIETARY AND CONFIDENTIAL

HEXT ASSY USED O

HFPLICATION DO MOT SCALE CRAWING

NAME
DRAWN C.LAMCA
CHECKED

ENG: APPR.

MG APPR.

[

COMMENTS:

ISOMETRIC VIEW
SCALE: 1:3

DATE

TITLE:

DETO01-V1

LINK

SIZE DWG. NO.

R3

SCALE: 1:8 WEIGHT:

1

SHEET 6 OF 15
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Design Efforts - Continued

UNITS IN -mm UNLESS OTHERWISE SPECIFIED

DRAWN IN ACCORADNCE TO ASME Y14.5 DRAFTING STANDARDS
UNSPECIFIED RADII 0.5 mm

4.00 THRU
R Y
2X 0 6.78 THRU A

2X @ 6.00 4.00

o = S o B ISOMETRIC VIEW
) 9? % SCALE: 1:1
5X (93.00 THRU
.,
o
0 e
) o
42.25 I
e e e —
31751 M
18.50 I A
[

18.50

= INE o™
A < o ~N o [}
0 o — |0 I~
~o — o™ ~t . A
UNLESS OTHERWISE SPECIFED: NAME | DAIE
DAMENSIONS ARE N INCHES DRAWH C.LAMCA
TOLERANCES:

FRACTIONAL & CHECKED TITLE:
ANGULAR: MACH:  BEND +

NN, MO ncam DET002
THREE PLACE DECIMAL £ MFG APPR.
MOUNT 1
ﬂnru:lnc_ﬂnrlnzmmi OUERANCING PEE COMMENTS,
e MATERSA| SIZE DWG. NO. REV

B R3

AFPLICATION CO HOT SCALE CRAWING SCALE: 1:8 WEIGHT: SHEET 7 OF 15

1 Lamca 10

FRGHBITED.



esign Efforts - Continued

4 3

UNITS IN mm UNLESS OTHERWISE SPECIFIED
DRAWN IN ACCORADNCE TO ASME Y14.5 DRAFTING STANDARDS
UNSPECIFIED RADII 0.5 mm

1850
! \ '
= ‘ =}
o r
o ‘| 0
& ‘ —
| ‘ 1
38.50
(AR
fo.
O
0
]
2X $3.0017.50 3

PROPRIETARY AND CONFIDENTIAL

HEXT ASSY

HFPLICATION

&)

PP ISOMETRIC VIEW
6.67 THRL SCALE: 1:1

UNLESS OTHERWISE SPECIFED NAME | DATE
DRAWN €. LAMCA
SR CHECKED TLE:
ANGUIAR:MACHE BIND &
RSIERDL, WO+ | ocme DETO04
THREE PLACE DECIMAL = WG APPR.
e o MOUNT 2
©

COMMENTS:
SIZE DWG. NO. REV

= B R3

2

CO HOT SCALE CRAWING SCALE: 1:8 WEIGHT: SHEET 9 OF 15

1
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Design Efforts - Continued

4 3 2 1

UNITS IN mm UNLESS OTHERWISE SPECIFIED
DRAWN IN ACCORADNCE TO ASME Y14.5 DRAFTING STANDARDS
UNSPECIFIED RADII 0.5 mm

.00 min.

)
2

ISOMETRIC VIEW

SCALE: 11
I
]
w3
37.00 ! !

UNLESS OTHERWISE SPECIFED NAME | DATE
DAMENSINS ARE N INCHES DRAWH C.LAMCA

FoaChoninLe crecken TILE:

MG IBCL W01 s DET005
THREE PLACE DECIMAL £ MEG APPR.

o FRONT MOTOR PLATE

SIZE DWG. NO. REV

B R3

AFPLICATION CO HOT SCALE CRAWING SCALE: 1:8 WEIGHT: SHEET 10 OF 15
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Design Efforts - Continued

4 3 2 1

UNITS IN mm UNLESS OTHERWISE SPECIFIED
DRAWN IN ACCORADMNCE TO ASME Y14.5 DRAFTING STANDARDS

UNSPECIFIED RADII 0.5 mm
1
o
I

ISOMETRIC VIEW
SCALE: 111

.
sy
&
ar | 20.00
I M. 3.00
% —
=
o
1 i
1. 3.00
5% ¢ 3.00 THRU
. |
So
[%0)
SECTION cc
A SCALE 1:1 A
UNLESS OTHERWISE SPECIFIED: NAME DATE
CAMERSIONS ARE I INCHES DRAWN C.LAMCA
FACHONAL crecke TE:
DET006-V1
THREE PLACE DECIMAL £ e a
e o REAR MOTOR PLATE
TS o
aERal SIZE | DWG. NO. REV
B R3
SCALE: 1:8 WEIGHT: SHEET 11 OF 15

<INSERT COMPANY NAME HERE> 15
FROHEITED. APPLCATION DO HOT SCALE DRAWING



Demonstration




Gantt Chart

Semester 2

7 o P
Period Highlight: 1 ﬁ Plan Duration f////’ Actual Start . % Complete % Actual (beyond plan) % Complete (beyond plan)
ACTIVITY PLAN START PLAN | acruaLstart| ACTUAL PERCENT
DURATION DURATION COMPLETE PERIODS (weeks)

1|2 3 4 5 6 7 B 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 3¢

Review Prototype 1 1 1 1 100%
Engineering
Calculations 1 2 1 2 1 100%
F’Lfn:hase ltems 100%
(Filament, etc.) 2 2 2 2
Begin Construction 0%
2 |of New Prototype 3 2 3 0 i
Hardware 5tatus b
s 7
1 3 2 0 0 i

Purchase ltems 4 2 0 0 o% %

:ardwa re Status i . , . 0% %///

%

Purchase 0% //
Remaining ltems 7 2 0 0 %
Hardware Status Z

3 8 3 0 0 o% // 7

7

Draft Poster g 2 0 0 0% /ﬂ//j
Final Prototype 0 0 0 0 0%

Final Poster 0 0 0 0 0%

Final Test Plan 0 0 0 0 U%

0% Davis 15

Final Poster 0 0 0 0




Thank you
And
Any Questions?
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