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OBJECTIVE OF PROJECT

Need for a device to measure 3-axis Center of Gravity (CG).
CG location is an important point for failure analysis.
Current methods of determining CG are inadequate.

Simplifies workflow for SEL employees.
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PRODUCT REQUIREMENTS

Create a device which:

Calculates the 3-axis CG for complex objects.
Measure objects of length 5”<L.<20”
Automated operation.

Axis coordinates within 3 seconds

Accuracy of 1% or 0.1 inches.

Hold a static load of 50 pounds.

Operate 1 year without maintenance.

Uses standard 120VAC.

$5000



MULTIPLE POINT WEIGHING
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Figure: Richard Boynton, A High Accuracy Machine for Measuring Moment of Inertia and Center of Gravity, SAWE, Los
Angeles, CA, 1511A, May 1983. pp. 2-16.



DATA ACQUISITION

Three kitchen Scales.
Cardboard tabletop surface.

Nails.
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STATICS METHOD
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X AND Y PLOTS
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STATICS METHOD: ERROR

Why it doesn’t work Difference Between Calculated and Known
Certain FBD assumptions can't be made.
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VECTOR LINE METHOD: ERROR

Difference Between Calculated and Known
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KUMAR, ET AL. METHOD

Difference Between Calculated and Known
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Kumar Pandit, J., Kumbar, B., Kumar, S. S., Thyagaraj, M. R., & Govinda, K. V. (2015). Accurate Estimation of Center of Gravity of Spacecraft Electronic
Packages-Enhancing their Durability. In Journal of Materials Science & Surface Engineering (Vol. 3). Retrieved from http;//www.jmsse.org/



TABLE TILTING MECHANISM
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RECOMMENDATIONS

Table Tilt Mechanism: Single Push Rod design to be carried out

Multlpller Double pushrod DlrectTorque Pulley [Drawbridge [Rachet Headrest

Efficiency/5 2 3 4 5 2 2 3
Cost/5 20 5 3 3 4 3 3 5
Size/5 20 2 2 5 4 3 4 5
Complexity/5 25 4 2 2 3 3 2 3
Reliability/5 25 5 4 3 3 5 4 2

Totals 100 77 56 65 72 68 62 71



TABLE-TOP DESIGN

Pegboard design which can hold multiple shape objects
Lines engraved on surface to locate the test object

Possibility to 3D print different peg shapes
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SOLIDWORKS MOCK-UP

Combine various aspects of our design

€S

Test different geometr
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BUDGET

Going Forward

Spent so far

Kitchen Scales $32.97
Spring Scales $17.82
Total $50.79

Remaining Balance: $2449.21

Force sensors $1500
Aluminum $300
Fasteners $75
Electronics $100
Prototyping $100
Finishing $250
Total $2325



SCHEDULE
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QUESTIONS
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| 05/Dec/20| 05/Feb/21| 63 |

Phase 1 Planning 08/sep/20 13/0ct/20] 36 | | Phase 3 System Level Design
1 Team Contract TEAM - 08/Sep/20 10fSep/20 3 09/Sep/20 - Design Expo Registration 27/lanf21 28{lanf21 2
2 Past Project Review TEAM - 09/Sep/20 15/Sep/20 7 15/Sep/20 - Uncertainty analysis load cells 13/lanf/21 19/Jan/21 7
3 Budget Draft KS M) 11/Sep/20 17/Sep/20 7 16/Sep/20 16/Sep/20 Final sensor selection 19/1anf21 20/Jan/21 2
4 Client Visit & Interview Ic - 11/Sep/20 22/Sep/20 12 16/Sep/20 = Order load cells (8 wk lead) 21{)anf21 21f)anf21 1
5 Praduct Requirements e CE  16/Sep/20 24/Sep/20 9 16/Sep/20 16/Sep/20 Uncertainty analysis angle sensor 19/Janf21 05/Feb/21 18
6 Pro]ectSchedule Ic M 22}'5&;}!20 Dﬁ,fOCt,JrZD 15 Dﬁ,fOct,J'zo DE}'OC‘[}’ZD Automate code 13]“3”]{21 DS,fFeb,fEI 24
7  Logbook IND - 07/0ct/20 08/0ct/20 2 08/Oct/20 - i
S - - 06/0ct/20 08/Oct/20 3 08/Oct/20 - Phase 4 Detail Design [ 16/1an/21 | 06/Mar/21] s0
9 Measurement Device options KS CE 17/5epf20 22f/Sep/f20 6 22/Sep/20 22/Sep/20 - - -
10 CG measurement Research IND - 17/5ep/20 22/Sep/20 6 22/Sep/20 - Elpliesiigfelamarialen 19/Feb/21 21/Feb/21 3
11  Design Suite table PB CE  22/Sep/20 24/Sep/20 3  22/Sep/20 22/Sep/20 Logbook bl 20/Feb/21 21/Feb/21 2
12 Getold team prototype CE JC 24/Sep/20 29/Sepf20 6 28/Sep/20 29/Sep/20 Team Member Citizenship IND 25/Febf21 26/Febf21 2
13 Measurement of CG (Tension) Ks CEJC  23/Sep/20 05/Oct/20 13 10/Sepf20 11/Sep/20 Load cell connection design 16/1an/21 05/Febf21 21
14 Measurement of CG (Compression) M) PEIC  23/Sep/20 05/Oct/20 13 07/0ct/20 07/Oct/20 Material Selection (1) 16/Jan/21 25/Jan/21 10
15 Recalculate Z cg equation M ic 06/0ct/20 08/Oct/20 3  08/Oct/20 09/0ct/20 Material Selection (2) 16/Janf21 25/lanf21 10
16 Matlab code plotting error Ic - 06/0ct/20 08/Octf20 3  07/0ct/20 - Material Selection (3) 25/lanf21 05/Febf21 12
17 Small cube measurements PB 1] 06/Cctf20 08/Octf20 3  08/0ct/20 08/0ct/20 Bearing selection (1) 16/lanf21 21f)anf21 6
18 Prototype brainstorm/review TEAM - 06/0Octf20 13/Oct/20 8 20/0ct/20 - Fasterner Selection {1} 1?,“8!’1,"'-21 23_,“3!’1,"'-21 7
19  Prototype Selection TEAM - 08/0ct/20 13/0ct/20 &  20/Oct/20 - Motor/Actuator selection 13/1an/21 20fJan/21 8
20 Snapshot Presentation CE KS  07/0ct/20 09/0ct/20 3  12/0ct/20 12/0ct/20 Order Materials (~2 week lead) 25/1an/21 25/Janf21 1
21  Presentation Practice CE KS  09/0ct/20 12/0ct/20 4  12/0ct/20 12/0ct/20 Assemble Prototype e
22 Snapshotl TEAM ; 13/0ct/20 13/0ct/20 1  13/Oct/20 ; .

Machine Part (1) 08/Feb/21 15/Febf21 B8

Phase 2 Concept Development |14_!0Ct]20|11_!Decf20| 59 I I )
23 Design Validation Plan TEAM ] 14/0ct/20 22/0ct/20 9  22/0ctf02 ] Machine Part (2) 08/Feb/21 15/Feb/21 8
24 Uncertainty analysis M) JIC 14/0ct/20 21/Oct/20 &  20/Oct/20 20/Oct/20 Machine Part (3) 15/Feb/21 22/Feb/21 8
25  Method of holding parts to table KS CE  20/Octf20 27/Oct/20 & 27/Oct/20 27/Oct/20 Install sensors 15/Feb/21 20/Febf21 6
26  Lifting Mechanism Concept PB MJ  20/Oct/20 27/0ct/20 8 27/0ctf20 27/Oct/20 Snapshot Presentation 01/Mar/21 05/Marf21 5
27  Finalize math model Ic CE 14/0ct/20 29/0ct/20 16 29/0ct/20 29/0ct/20 Snapshot 3 06/Mar/21 06/Mar/21 1
28 value Proposition KS CE  22/0ct/20 05/Nov/20 15 05/Nov/20 08/Nov/20 Phase 5 Testing/Refinement [ 07/Mar/21 ] 08/Mmay/21] 63
29 Lifting Mechanism Desision matrix Lyl PB 27/0ct/20 29/Octf20 3  29/Oct/20 29/Oct/20 Portfolio & Wikipage 08/Mar/21 10/Mar/21 3
30  Pegboard CAD model CE KS  27/0ct/20 29/0ct/20 3  29/0ct/20 29/O0ct/20 e s 16/Apr/21 17/Apr/21 2
31 Wikipage Draf‘t_ PB KS 27/0ct/20 05/Nov/20 10 02/Nov/20 03/Mov/20 e e 07/Mar/21 14/Mar/21 8
32 Assemble previous prototype CE Ic 03/Nov/20 10/Now/20 8 10/Nov/20 10/Nov/20 — :
33 Verify Math model ic CE  05/Nov/20 12/Nov/20 8 11/Nov/20 11/Nov/20 Reliability Testing 07/Mar/21 12/Mar/21 &
34 Lifting Mechanism Design M PBKS 03/Nov/20 12/Nov/20 10 09/Nov/20 09/Nov/20 dMFEA analysis 07/Mar/21 14/Mar/21 8
35  Design Review Presentation TEAM - 09/Nov/20 11/Nov/20 3 Implement dMFEA 14/Mar/21 05/Apr/21 23
36 Loghook IND i, 11/Nov/20 12/Nov/20 2 Nice Finish (SEL shop ~2 wk lead) 05/Aprf21 15/Aprf21 11
a7 Portfolio TEAM = 10/Nov/20 12/Nov/20 3 Reassamble 16/Aprf21 23/Aprf21 8

Design solidworks 20/0ct/20 03/Nov/20 15 Expo scramble 23/Apr/21 01/May/21 9

Build new design 27/0ct/20 20/Nov/20 25 Technical Presentation 15/Apr/21 01/May/21 17

Update control code 18/0ct/20 03/Now/20 17 Display Poster 15/Apr/21 01/May/21 17

Arduino and sensors circuit 25/0ct/20 10/Now/20 17 Design Expo 01/May/21 01/May/21

Snapshot Presentation 30/Now/20 03/Dec/20 4 i i

Snapshot 2 04/Dec/20 04/Dec/20 1 Final Course Deliverables 01/May/21 08/May/21

Logbook & Portfolio/Wiki 09/Dec/20 11/Dec/20 3
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STATICS DERIVATIONS
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VECTOR LINE DERIVATION
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PROTOTYPE SOURCES OF ERROR

Limited accuracy with the kitchen scales

Deflection in cardboard surface

Nails not perfectly perpendicular to the scales

Measurements not consistently taken from one location on the scales (i.e., not always in the center)

Testing table not perfectly level



X AND Y UNCERTAINTIES

L [Fl@ [F2@ [F3@

Variable mean value 14 300 300 300
Variable uncertainty 0.1 1 1 1 w=F1+F2+F3
Uncertainty propagated to Xcg 0.0333333| -0.00518519| -0.005185| 0.01037 L+Fy
Total uncertainty in Xcg 0.0356711 Xeg =

D@n) [Fl@ [F2@ [F3@
Variable mean value 14 300 300 300
Variable uncertainty 0.1 1 1 1 w=F1+F2+F3
Uncertainty propagated to Yeg 0.1| -0.01556| 0.015556 0
Total uncertainty in Ycg 0.102391 D(F; + 2F;)

Yo = 2w

L(n) |F 1'(g) |F 2'(g) |F 3'(g) |0 (deg) [Xcg(in) |t(in)
Variable mean value 14 300 300 300 15 6 0375
Variable uncertainty 0.1 1 1 1 51 0.013 0.03
Uncertainty propagated to Zcg | -0.1244| 0.019351| 0.019351| -0.0387| -9.95214| 0.048517 0.05
Total uncertainty in Zcg 0.65327




