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What We Did?

A Standardized Gym Arm Wrestling Training Machine




Why We Chose To Do It?

The sport of arm wrestling is growing, more people are participating in this
activity and need to be trained accordingly.




Why We Chose To Do It?

However, there is currently no standardized product on the market for the arm
wrestling training.




Why We Chose To Do It?

Therefore, some people build their own training machines, with different
straps, variations, loading methods, etc.




Project Objective

To design a product resembling a gym machine that would be compatible to
arm-wrestling training, the sport of arm-wrestling itself, and exist in the commercial
gym industry. And in doing so, justification of its concept would be upheld by the
engineering concepts taught throughout the course.

e Standardizing parts and equipment for assembly

e Minimized number of parts
e Training system for supination, pronation, radial and ulnar deviation, flexion,

and extension
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BLACK BOX DIAGRAM
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GLASS BOX DIAGRAM
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Fishbone Diagram

Cable system

Table Assembly

Carabiner Connector

Table Support Structures
Handles

Peg Hold

Tension Stopper
PR Elbow Pad

Wirerope ———» Preacher CurlPad ——»

Pulley Arm ——» StationaryRod ———»
Pulley Housing ———» SlidingRod ——»
Pulleys ———» Horizontal Loading Rod

Pulley arm Angle adjuster ———», Weights system

Pulley and Lever

system

Arm Wrestling

Training
Machine
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Design Idea: Hemispherical Table + Rotating Pulley Arm
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Design ldea: Table with Cupping Rod Rack
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Initial Design

_ _ — Sk I ULLEY N ES
3 main sub-assemblies | TEP » .

e Main Body

o Table Sub-assembly =i | SRR
e Smith Machine - ‘ 

e \Weight System

o Pulley Arm Sub-assembly ; | ,
o Cable Sub-assembly i7/z=mmi\\{ 1 SEL




Initial Design: Functions Highlight
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Initial Design

Secondary Operations
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1ed wnuwiul [ea13deld

(y31H/winipaN/mo1) 350D

(psepueis Apeauje jou i)
pazipiepuels ag ue) ued

Med Wnwiul [e3138409Y |

77

&Theor. Effy. Pract. Eﬁ:y.9| 35.8%

51

Comp.

('N) seaeyia1u] jJo saquiny

(“N) s1aed yo sequnN

Part

Totals|215 747
DFA Metrics| 400.756 (23.7%




Initial Design: DFA Analysis

e DFA Complexity: 24
e Theoretical efficiency: 50%

e Practical efficiency: 62.5%




Initial Design: DFA Analysis

The position rods are hard to
locate.

The slider may be assembled
wrong way around.

May use less parts.



Initial Design: DFA Analysis

¥

e DFA Complexity: 42

e Theoretical efficiency: 34.8%

g3 e Practical efficiency: 39.1%




Initial Design: DFA Analysis

o » it {i {1 e Everything are welding together.
(%y :[::3: L4k, U, i ""‘;_ =3 e Sharp edges on the diagonal bars.
‘“Z@ — ﬂ\ow\‘?s NS e e The frame bars are hard to
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distinguish and locate.

e Not enough functions.




Initial Design: DFA Analysis

DFA Complexity: 334

Theoretical efficiency: 19.9%

Practical efficiency: 33%




Most of parts are not standardized.
Too many similar parts, too easy to

get wrong during assembly.
We should redesign the whole thing.

Too many parts (~180)
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Initial Design: DFA Analysis
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Conclusions drawn from the DFA Analysis

e Smith Machine
o Reduce the number of parts
o Add location features
e Main Body
o Redesign the frame bars
o Redesign the tabletop
e \Weight System

o Redesign the entire sub-assembly to reduce the complexity



Design Changes: Main Body

Before After
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Design Changes: Main Body

Change the shape and size of the table,
use the standard size tabletop

Simpler frame, reduced the number of
parts




Design Changes: Elbow Pad

e Separated the elbow pads from the
main body sub-assembly

e Using standardized Elbow Pad
dimensions




Design Changes: Smith Machine

Before After




Design Changes: Smith Machine

e Reduce the length of the slider and
/ reduce the number of bearings

e Welding markers added to help locate
the position rods




Design Changes: Weight System

Before After
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Design Changes: Weight System

e Simplified the adjustment method of the
weight system

e Simplify the way of weight change,
directly use standard size rod to match
standard weight plates.




Final Design: DFA Analysis

e DFA Complexity: 194
e Theoretical efficiency: 45.6%

e Practical efficiency: 58.3%




Final Design: DFA Analysis

Functional Analysis / Error
Part Complexity Redesign Opportunity Proofing Handling Insertion Secondary Operations

€Theor. Effy.

Design for Assembly Metrics| 194.4247927 Pract. Effy.—> 58.3% 0.11 0.02 0.45 0.91
<Theor. Effy.

DFA Metrics for the Initial Design | 400.7555365 Pract. Effy.> 35.8% 1.51 0.18 1.00 2.53
<Theor. Effy.

206.3307438 Pract. Effy.-> 22.5% 1.40 0.15 0.55 1.62
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Final Design: DFA Analysis

e DFA Complexity: 78
e Theoretical efficiency: 30.8%

e Practical efficiency: 41%




Final Design: DFA Analysis

The adjuster may be assembled
wrong way around, but it won't

influence using.

Will add stickers to help distinguish
between different bars; Will add
welding markers for the middle

frame.



Final Design: DFA Analysis

DFA Functional Analysis / Error
Part Complexity Redesign Opportunity Proofing Handling Insertion Secondary Operations
<Theor. Effy.
Design for Assembly Metrics| 78.49840763 30.8%)| Pract. Effy.-> 41.0% 0.33 0.08 0.33 1.33
<Theor. Effy.
DFA Metrics for the Initial Design 41.80908992 34.8%| Pract. Effy.> 39.1% 0.50 0.13 0.75 2.00
<Theor. Effy.
Delta| 36.68931771 4.0%| Pract. Effy.> 1.9% 0.17 0.04 0.42 0.67
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Final Design: DFA Analysis

e DFA Complexity: 12
e Theoretical efficiency: 37.5%

e Practical efficiency: 37.5%




Final Design: DFA Analysis

e DFA Complexity: 18
e Theoretical efficiency: 58.3%

e Practical efficiency: 75%




Final Design: DFA Analysis

— o [he position hook might be

assembled wrong way around, will

add a sticker to mark the direction.




Final Design: DFA Analysis

DFA Functional Analysis / Error
Part Complexity Redesign Opportunity Proofing Handling Insertion Secondary Operations
<Theor. Effy.
Design for Assembly Metrics 18 58.3%| Pract. Effy.> 75.0% 0.14 0.00 0.57 0.86
<Theor. Effy.
DFA Metrics for the Initial Design 24 50.0%| Pract. Effy.> 62.5% 0.38 0.00 1.00 3.00
<Theor. Effy.
Delta 6 8.3%| Pract. Effy.-> 12.5% 0.23 0.00 0.43 2.14
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Final Design: DFA Analysis

e DFA Complexity: 84

e Theoretical efficiency: 56.8%

e Practical efficiency: 72.7%




Final Design: DFA Analysis

e \We could use a standardized pulley

arm and adjuster.

— o Reduce the use of frame bars by

directly connecting to the Main

Body frame.




Final Design: DFA Analysis

DFA Functional Analysis / Error
Part Complexity Redesign Opportunity Proofing Handling Insertion Secondary Operations
<Theor. Effy.
Design for Assembly Metrics| 84.94704233 56.8%| Pract. Effy.-> 72.7% 0.00 0.00 0.44 0.72
<Theor. Effy.
DFA Metrics for the Initial Design | 334.3052497 19.9%| Pract. Effy.-> 33.0% 2.00 0.23 1.00 2.54
<Theor. Effy.
Delta| 249.3582074 36.9%| Pract. Effy.> 39.7% 2.00 0.23 0.56 1.82
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Final Design

Four sub-assemblies

Main Body (table)
Elbow Pads
Smith Machine
Weight System




Final Design: Functions Highlight




Final Design: Functions Highlight



Final Design: Functions Highlight




Final Design: Functions Highlight




Final Design: Functions Highlight




Final Design: Functions Highlight




Final Design




Material Analysis

[ All materials ]

Translate design requirements
oxpress as function, constrants,

Screen using constraints:
eliminate matenals that

Rank using objective:
find the screened matenials
that do the job best

Seek supporting information:

resoarch the farmly history of
top-ranked candidates

[ Final material choice ]




Material Analysis

Table Top

Support

Load

Support

Constraints

Must have high stiffness
Must be light-weight
Low cost

High machinability



Material Analysis

Screen Using constraints

Material performance index

Materials shortlisted

Steel

Aluminium

e  High Density Polyethylene
(HDPE)

e  Ultra-High Molecular Weight
Polyethylene (UHMW)

[ ) Wood
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1000+ ceramics
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Material Analysis

Rank using objectives

1.

2.

Wood
HDPE
UHMW
Aluminium

Steel
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Material Analysis

Material Selected : Wood



Material Analysis

e Pulleys: Cast Iron
e Table support structures: Stainless Steel
e Pulley Arm: Low carbon Steel



Process Selection

Table Support Structures




Process Selection

Increasing spatial complexity —»

0 1 2 3 4 5 6
Uniform  |Change at|Change at | Spatial | Closed Closed [Transverse| Irregular
Abbreviation | cross section end center curve one end |both ends| element | (complex)
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Process Selection

Ability of Manufacturing Processes to Produce Shapes

Process Capability for Producing Shapes

Casting processes

Sand casting

Sand casting Can make all shapes

Plaster casting Can make all shapes

Investment casting Can make all shapes Plaster‘ Casti ng
Permanent mold Can make all shapes except T3, T5; F5; U2, U4, U7

Die casting Same as permanent mold casting

Investment casting

Deformation processes

[ ]
[ ]
([ ]
Open-die forging Best for RO te R3: all B shapes; T1: F0: Sp6 . .
Hot impression die forging Best forall R. B, and S shapes: T1. T2: Sp [ ] D I e Castl n g
Hot extrusion All 0 shapes
Cold forging/cold extrusion Same as hot cie forging or extrusion H t t H
Shape crawing All 0 shapes ® O eX rUSIOn
Shape rolling All 0 shapes . .
Shecmetat working processes e Cold forging/Cold extrusion
Blankirg FOto F2: T7
Bending R3; B3; SO, S3, S7: T3 F3, F6, S h d 1
Stretching F4: 87 . a pe raWI ng
Deep drawing T4; F4, F7
Spinning TILT2, T4, T6: B4, ES ° Permanent mold
Palymer processes
Extrusion All 0 shapes S h I I H
Injection molding Can make all shapes with proper coring L a p e ro I n g
Compression molding All shapes except T3, T5, T6. F5, U4 .
Sheet thermoforming T4, F4, F7, 55 [ ] Lathe turnin g
Powder metallurgy processes
Cold press and sinter All shapes except S3, T2, T3, T5. T6, F3, F5, all U shapes ® H 1 g I p p 1 g
Hot isostatic pressing All shapes except T5 and F5 0 n I n I a I n
Powder injection molding All shapes except T5, F5, U1, U4
PM forging Same shape restrictions as cold press and sinter

Machining processes

Lathe turning RO, R1, R2, R7: TO, T1, T2: Spl, Spé6: Ul, U2
Drilling TO. T6

Milling All B, S, SS shapes: FO to F4: F6, F7, U7
Grinding Same as turning and milling

Honing, lapping RO to R2: BOto B2; B7; TO to T2, T4 10 T7: FO to F2; Sp




Process ection

@D

(Carbon steel

Alloy steel

[Stainless steel
|Aluminum and alloys
|Copper and alloys
Zinc and alloys
Maguesium and alloys
| Titanium and alloys
Nickel and alloys
Refractory metals
[Thermo plastics

I Thermosets

Cast iron

Sand casting

Investment casting

[ Die casting
Injection molding Solidification
Structural foam molding processes
Blow molding (ext.)

Blow molding (inj.)
[Rotational molding

Impact extrusion | |
Cold heading
Closed die forging

Bulk

defe

Powder metal processing} processes

Hot extrusion

Rotary swaging

Machining (from stock) Material
ECM removal
— processes

EEEEEENEEEE BT

Sheet metal (stamp/bend)

Sheet forming

Thermoforming processes

Metal spinning

D Normal practice . Not applicable

‘:l Less common



Process Selection

Ceramic

Composite

Polymer

shaping

Sand casting

Die casting
Investment casting
Low-pressure casting
Forging

Extrusion

Sheet forming
Powder methods
Electro-machining

| Conventional machining

Injection molding
Blow molding
Compression molding
Rotational molding
Thermalforming
Polymer casting
Resin-transfer molding
Filament winding
Layup methods
Vacuum bag

N

10

107

107 104 10°
Economic batch size (units)

10%

107



Process Selection

Section thickness of component: 3 mm

T+ Sand casting
Die casting

Investment casting

Low pressure casting
Forging

Extrusion

Sheet forming

Powder methods ——
Electro-machining
Conventional machining
Injection molding

Metal shaping

Ceramic
shaping
]

= Blow molding

g = Compression molding B e e

= E Rotational molding —

0w Thermal forming ——
Polymer casting

Resin-transfer molding
Filament winding
Layup methods
Vacuum bag

Composite
shaping

0.1 1 10 100 1000
Section thickness (mm)



Process Selection

Initial Screening

Process Carbon Steel Reject? Reason for Elimination
Yes or No
: Section thickness of 3mm cannot be
Sand casting Y :
obtained
Plaster casting Y R Not economical for higher batch sizes
Investment casting Y R Not economical for higher batch sizes
Permanent mold Y
Die casting N
Hot extrusion Y
Cold forging/Cold extrusion ¥
Shape drawing iV
Shape rolling b
Lathe turning Y R Not suitable for square hollow bars
Honing, lapping Y R Not suitable for square hollow bars




Process Selection

Rating of Characteristics of Common Manufacturing Processes

Equipment
Cycle Materlal Tooling  Handbook Equipment
Process Shape Time Flexibility Utilization Quality Costs Refercnce Cycle Material Tooling Handbook
Casting Process Shape Time Flexibility Utilization Quality Costs Reference
fmfesem, 3D 2 2 3 % b AR Pressing and 3Dsolid 2 2 5 2 2 AHB.vol7,
. o sintering p- 326
Evaporative foam  3-D 1 5 2 2 4 AHB, vol. 15, 3
p. 637 Isostatic 3D 1 3 5 2 1 AHB, vol. 7,
Investment 3-D 2 4 4 4 3 AHB, vol. 15, pressing p. 605
casting R646 Slip casting 3-D 1 5 5 2 4 EMH, vol. 14,
Permanentmold ~ 3-D 4 2 2 3 2 AHB, vol. 15, p. 153
casting p. 687
Pressure die 3Dsolid 5 | 4 2 1 AHB, vol. 15, Machining
casting p713 Single-point 3-D 2 5 1 5 5 AHB. vol. 16
Squeeze casting  3-D 3 1 5 El 1 AHB. vol. 15, culting
ER2E Multiple-point 3-D 3 5 1 5 4 AHB, vol. 16
Centrifugal 3Dhollow 2 3 3 3 3 AHB. vol. 15, cutting
casting p. 663 G 5 &
Injection molding  3-D n | 4 3 I EMH.vol2. Grinding 3D 2 5 1 4 AHB, vol. 16,
p. 308 p.421
Reaction injection 3-D 3 2 4 2 2 EMH, vol. 2, Electrical 3D 1 4 1 5 1 AHB, vol. 16,
molding (RIM) P 344 discharge p- 557
Compression 3D 3 4 4 2 3 EMH, vol. 2, machining
molding p. 324 Joini
Rotational Dhollow 2 + 5 2 4 EMH, vol. 2, s A
molding p. 360 Fusion welding All 2 5 5 2 + AHB, vol. 6,
Monomer casting  3-D 1 4 4 2 4 EMH, wol. 2, p- 175
contact molding e Brazing/ All 2 5 5 3 4 AHB, vol. 6,
Forming soldering p.-328,349
Forging, o 3- 2 2 i 2 3
Forging, open die  3-D solid 2 4 3 2 2 All;uégwl. 14A. Adbesie All 2 5 5 3 5 EMH. vol. 3
. bonding
Forging, hot 3-Dsolid 4 1 3 3 ) AHB, vol. 14A.
closed die p. 111,193 Fasteners 3-D 4 5 - 4 5
Sheet metal 3D 3 1 3 4 AHB, vol. 148, Surface
forming p. 293 treatment
Rolli 2-D 5 3 4 > ) 2 AHB, vol. 14A, .
e 485 Shot peening All 2 5 5 4 5 AHB,vol. 5,
"
Extrusion 2D 5 3 4 3 2 AHB, vol. 144, p. 126
p.421 Surface All 2 4 ] 4 4 AHB, vol. 5,
Superplastic 3D 1 1 5 4 1 AHB, vol. 14B, hardening p. 257
furming B0 CVD/PVD All 1 5 5 4 3 AHB, vol 5,
Thermoforming  3-D 3 2 3 2 3 EMH. vol. 2, 510
p. 399 P- 5
Blow molding 3-Dhollow 4 2 4 4 2 EMH. vol. 2. Rating scheme: 1, poorest: 5. best. From ASM Handbook, Vol. 20, p. 299, ASM International. Used with permission.

p 352



Process Selection

Process Cycle Process Material  Quality Equipment Total
Time Flexibility Utilisation Tooling

Permanent mold 4 2 2 3 2 13

Hot extrusion 5 3 4 3 2 17

Cold forging 3 4 3 2 2 14

Shape drawing 3 3 4 3 3 16

Shape rolling 5 3 4 3 2 17




Process selected: Shape Rolling & ERW



Process Selection

=

Electric resistance welding

Machining

Final Ultrasonic
S, _— Inspection

I ﬁ Ultrasonic Inspection

Rec

otling

Roll and shape forming




Process Selection

Part Description Process Part Description Process

6677 MAIN BODY Cutting and Finishing |6366 WEIGHT GROUND ERW
TABLETOP BAR

6661 MAIN BODY ERW 6466 WEIGHT Cutting
HORIZONTAL BAR ADJUSTMENT ROD
WIDTH

6662 MAIN BODY ERW 6566 WEIGHT ADJUSTER Waterjet cutting
HORIZONTAL BAR PLATE
LENGTH

6662 MAIN BODY ERW 6766 WEIGHT ADJUSTER Casting & Machining
VERTICAL BAR
HEIGHT

6664 MAIN BODY Cutting & Machining |1166 WEIGHT LOWER Casting & Machining
GRIPPING PEG PULLEY

6665 MAIN BODY ERW 1466 WEIGHT UPPER Casting & Machining
DIAGONAL BAR PULLEY

6667 MAIN BODY Cutting and Finishing |6866 WEIGHT VERTICAL Cutting
PREACHER CURL PAD STATIONARY ROD
(PCP)

6668 MAIN BODY UPPER  ERW 6966 WEIGHT VERTICAL Hot extrusion &
HORIZONTAL BAR SLIDING ROD Machining
WIDTH

6669 MAIN BODY UPPER ERW 7066 WEIGHT Machining
HORIZONTAL BAR HORIZONTAL

LOADING ROD

6670 MAIN BODY PCP Cutting & Bending 7166 WEIGHT PULLEY Cutting & Machining
ADJUSTER ARM
CONNECTOR

6671 MAIN BODY PCP Cutting & Bending 7266 WEIGHT PULLEY Waterjet cutting &
ADJUSTER HOUSING Bending

6616 SMITH MACHINE ERW 7366 WEIGHT GAS SPRING Casting & Machining
VERITAL BAR CONNECTOR

6626 SMITH MACHINE Cutting 7466 WEIGHT UPPER BAR ERW
POSITION ROD

6636 SMITH MACHINE Cutting 7566 WEIGHT PIN Casting & Machining
ROD CONNECTOR

6656 SMITH MACHINE Hot extrusion & 7666 WEIGHT ROPE Injection Molding
SLIDER Machining STOPPER

6676 SMITH MACHINE Woaterjet cutting 7766 WEIGHT VERTICAL Hot extrusion &
SLIDER BLOCK STATIONARY ROD Machining

TUBE

6686 SMITH MACHINE Cutting 6001 ELBOW PADBOARD Waterjet Cutting
HANDLE

6696 SMITH MACHINE Woaterjet cutting 6002 ELBOW PADPIN Cutting
POSITION HOOK

6166 WEIGHT VERTICAL ERW 6003 ELBOW PAD FOAM Foam Casting
BAR

6266 WEIGHT ERW

HORIZONTAL BAR




FEA Analysis

Pulley Arm

e 300 Ibf




FEA Analysis




FEA Analysis

e Maximum von mises stress acting on the member = 31210 psi
e Yield stress of Low carbon steel = 53700 psi

58% of yield stress



Cost Analysis

OME
Custom Partnet
Cost to Manufacture

Breakeven Analysis



Part

Mass

Materi

Material

Mfz

O M E No. Part Description ~ Material Qty (Ib) a](Sll l:a)te Cost(§)  Cost Price
6686 HANDLE 304 Steel 1 295 107 31565 94690 2841
6696 POSITIONHOOK LCS 1093 024 02232 0669 201
6166 VEIGHT Sheet Metal 1 953 032 30496 9148 2745
VERTICAL BAR ~ °0€€t3 =2 B2 : - it
WEIGHT
6266 HORIZONTAL  SheetMetal 5103 032 3296 0888 2066
Part s : Mass Material Material )fg . BAR
No. [FartDescription Material QY 1y Rate($/b) Cost(S) Cost Price 6366 GROUNDBAR LCS 1 464 024 11136 3340 1002
WEIGHT.
6677 TABLETOP Teak 1 152 0.53 8.056 24168 7250 6466 ADIUSTMENT LCS 1 092 024 0.2208 0662 199
HORIZONTAL BAR Sheet ROD
6661 \roTH i 2 134 032 4288 12.864 3859 - WEIGHT - R - .
HORIZONTAL BAR Sheet 25228 ANAUER “ : : : : >
6662 £ 3 2628 032 8.4096 75.69 PLATE
LENGTH Metal 8 WEIGHT.
VERTICAL BAR Sheat 27,446 6766 ApmicTER LCS 1 1757 03 5271 15813 4744
6663 HEIGHT Metal 3002839 032 91488 8234 1166 LOWERPULLEY LCS 2 1014 03 03042 0912 274
6664 GRIPPING PEG 304Steel 2 238  1.07 25466 76398 2292 1466 UPPERPULLEY LCS 2 108 03 0324 0972 292
Sheet 18.547 VERTICAL
6665 DIAGONAL BAR Metal 2 1932 032 6.1824 5 55.64 6866 STATIONARY 304 Steel 1 1226 107 131182 39354 11806
ROD
PREACHER CURL
6667 pAD (PCP) Teak 1145 053 0.7685 23055 6.92 6966 SiRLCAL o 304Steel 1 392 107 4194 12583 3175
UPPER HORIZONTAL  Sheet 10.598 o HORIZONTAL ., s e 5
6668 LR WIDTH i 2 1104 032 35328, 31.80 7066 TosDNGROp 304 Steel 2 2184 107 207888 89366 268.10
‘ 7166 PULLEY ARM 304 Steel 1 1236 107 132252 39675 119.03
6669 ;TZ%ERHORIZONTAL if{‘e;tl 1 1316 032 42112 22‘633 37.90 RN e = =
e 7266 = Sheet Metal 1 451 032 14432 4329 1299
g670 - AWUBTER LCS 1 021 024 00504 01512 045 gg;zgqx(;\’c
CONNECTOR - - - : - B conmoror 165 2002 024 00048 0014 004
6671 PCP ADJUSTER 304 Steel 1 092 1.07 0.9844 29532 886 7466 UPPER BAR LCS 1 373 04 0.8952 2685 806
SMITH MACHINE Sheet
6616 armarnon ot 1 953 032 30496 91488 2745 16 Tongeion 68 1 013 024 00312 0093 028
Low 7666 ROPESTOPPER  ABS 1 013 15 0.195 03585 176
6626 SMITHMACHINE Carbon 4 268 024 06432 19296 5.79 VERTICAL
POSITION ROD Steel 7766 STATIONARY 304 Steel 1 1149 107 122043 36882 110.65
ROD TUBE
SMITH MACHINE 57.394 :
6636 LoD 304Steel 1 17.88 1.07 191316 ¢ 172.18 — 5163&% PAD - e gew am ae P
6656 -MITHMACHINE 304Steel 1 392 107 41044 12583 ..o 6002 ELBOWPADPIN LCS 209 024 0216 0648 194
AL 4 6003 ELBOWPAD  Polyuwrethane o5 158 ggpag 2654 796
6676 zgtgé{Rl\g?glcng = LCS 1 062 024 0.1488  0.4464 134 foa Foam Rigid
Total 16937 50811 15243




Cost Analysis

Price of OTS components

Part No. Part Description Specs Qty  Price
1060 SCREW FOR HANDLE SS Socket head 2 0.06
1061 SCREW FOR TABLETOP Black Oxide Alloy Steel 4 0.08
1062 HINGE FOR PCP Mortise MNT 2 1.05
1063 SCREW FOR PCP Alloy Steel Flat Head 8 0.22
1064 SCREW FOR PCP ADJUSTER Flat Head Phillips Screw 4 0.1
1006 LINEAR BEARING Thomson AB1420 1 2.1
1016 BALL BEARING 6048 1 2.08
1066 SLEEVE BEARING High Load Dry Running 1 10
1266 SCREW FOR ADJUSTER Zinc Pated Steel Ribbed 1 0.277
1366 SPRING PIN SS Dowell Pin 1 0.14
1566 HITCH PIN FOR PULLEY ARM Zinc Plated Steel Ribbed 1 0.277
1766 BOLT FOR PULLEY ON ADJUSTER SS Button Head 1 0.2
1866 LOCKNUT High Strength Steel 2 0.04
1966 GAS SPRING Various 2 2.77
2066 PIN FOR GAS SPRING SS Dowell Pin 1 0.14
2166 LINEAR BEARING Thomson A81421 1 2.1
2266 RING FOR ROPE SS 1 1
2366 PIN FOR UPPER PULLEY SS Dowell Pin 2 0.28
2466 SCREW FOR LOWER PULLEY Zinc Plated Steel Ribbed 1 0.277
2566 PIN FOR GAS SPRING SS Dowell Pin 1 0.14
2666 WIRE ROPE Nylon Core SS wire rope 1 1.8
Total 24.231




OME

Manufacturing cost = $508.11
Selling price = $1548.5



Cost Analysis

Cost to manufacture method

Assumptions

5000 number of products to be manufactured

50 weeks per year operation

18 hours of machine operation per day in 3 shifts

In case of components which are same in design but appears multiple times in a
unit of the product, parts to be manufactured will be multiplied to the number of
repeats it has in the design



Cost to manufacture method

T
Material cost Labor cost Toolng cost Equipmaent cost Overhead cost '::' Material cost Labor cost Tooling cost Equipmaent cost Overhead cost ::
M o ak 1) (con, =G ¢ 1 L
Equation Cu=3s Q= Gy m e G :( ')(L! ) Con =7 sl G=—% ak Cs = ( )("' "') Con = 37
1-f n " n wo Equation Cy= i=f L Cy= s § Lty q OR = 7
Number Total unit
Cost e A o of Con cont= N Total unit
Cu ! mb) Cu (/) (wmits/h) < (§/set) n (units) & Cr | . 19) o tyrs) L q € m Cow o<y . u:l’bel . gkt
tused, 0 *CcoCon Cont Cui m ¢ o c U puits) Kk Cr  cef$) A ¢ A -
element fom® e Lmy woah S| srsen ) B quipmen (yrs) Csm M cweod
t M, ne W
“%77 053 01 152 8951 80 “0 2000 7000 5000 5 7 70000 1 s 1 05 002778 400 10000 27979
6661 032 005 134 4514 160 700 0.229 100000 10000 1 10 | 500000 1 s 1 0091 000206 1200 1714 16459 6566 0.3 0.05 1.18 0373 20 60 0.333 20000 10000 05 1 100000 1 s 1 0.2 0.01058 9% 1.500 3217
6662 0.32 005 2628 8852 160 700 0.229 100000 15000 15 10  S00000 1 ] 1 0091 000206 1200 1714 20797
6766 03 005 1757 5548 | 60 10 6000 | 7500 5000 1 1S 300000 1 6 1 02 01873 20 2000 15.207
6663 032 005 2859 963 160 200 0.229 100000 15000 15 10 | 500000 1 5 1 0091 000206 1200 1714 21575
1166 03 005 1014 0320 | 60 20 3000 | 7500 10000 2 1S 300000 1 6 1 02 007957 20 1000 5900
6664 1.07 01 238 28% 160 3000 0053 S0000 10000 OS5 2.5  S00000 1 s 1 0143 000076 1200 0400 5784
6665 032 005 1932 6308 160 700 0.229 100000 10000 1 10 | 500000 1 s 1 0091 000206 1200 1714 18.453 1466 0.3 0.05 1.08 0341 60 20 3.000 7500 10000 2 15 300000 1 6 1 0.2 0.07937 0 1.000
Lo d ORN oY A SWN 1 0 Gew 0 30000 9 I AL N B L 183 esaaiat; | e 6366 107 01 1226 14576 20 10000 0002 10000 5000 025 05 & 4000 1 8 1 0167 000000 50 0005 15.083
6668 032 005 1104 3719 160 7200 0.229 100000 10000 1 10 | 500000 1 5 1 0091 000206 1200 1714 15.664
6966 1.07 01 392 4660 180 80 2250 55000 5000 01 11 | 55000 1 S 1 033 000720 700 8750 16.768
6669 032 005 1316 4433 160 700 0.229 100000 5000 05 10 | S00000 1 ] 1 0091 000206 1200 1714 16378
o ox oo oz ooss |20 100 o000 B000: Kozsieslios) g3 ) 3¢ sen 0 oo | o0 7066 1.07 01 27.84 33009 | 20 5 4000 700 10000 100 7 180000 1 S 1 02 022857 200 40.000 84.327
7 107 01 092 1084 160 3000 0053 50000 5000 025 25 (000 1 5 1 0143 00007 1200 0400 | 4048 7166 107 01 1236 14695 180 30 6000 55000 5000 01 11 55000 1 S 1 1 005820 700 23.333 45.186
16 032 005 953 3210 160 700 0229 10000 5000 05 10 (50000 1 5 1 0091 000206 1200 1714 | 1555 7266 032 005 451 1519 [ 40 100 0400 | 25000 5000 025 125 150000 1 S 1 02 000952 180 1800 4979
626 024 005 268 0677 20 10000 0002 10000 20000 1 05 4000 1 L] 1 0167 000000 S0 0005 1184
7366 024 005 002 0005 60 20 3000 7500 10000 2 15 300000 1 6 1 02 007937 20 1000 5584
6636 1.07 01 1788 21257 20 10000 0.002 10000 5000 025 05 4000 1 L] 1 0167 000000 S0 0005 21764
7466 024 005 373 0942 160 700 0229 100000 5000 05 10 500000 1 S 1 0091 000206 1200 1714 12887
6656 107 01 39 4660 180 80 22%0 55000 5000 01 L1 55000 1 s 1 033 000720 700 8750 16768
7566 024 005 013 0083 60 20 3000 7500 5000 1 1S 300000 1 6 1 02 007957 20 1000
6576 024 005 062 0.157 20 @ 0.333 | 20000 5000 02 1 100000 1 s 1 02 001058 S0 1.500 3.001
6686 107 01 295 3507 20 10000 0002 10000 5000 025 0.5 | 4000 1 & 1 0167 000000 50 0005 4014 7666 15 005 013 0208 20 3000 0,007 7000 5000 05 07 150000 1 s 1 1 0.00159 800 0267 1180
-~ o Bl E R i e e R R e R 766 107 005 1149 12941 | 180 80 2280 | SS000 5000 01 11 55000 1 S 1 033 000720 700 875 25.049
6166 on 005 953 3210 160 700 0229 100000 5000 05 10 | 500000 1 5 1 0091 000206 1200 1714 15158
6001 024 005 175 0442 |20 60 0333 | 20000 5000 025 1 100000 1 S 1 02 001058 1500 3.286
. QAR 08 S0 BA0N| 200 S0: 6291200000 (Z5000; 28 FI|S00000: TAF 5 L: [ONNLLSONRNE1II00 LIMC)IRAW 6002 0.24 005 09 0227 20 10000 0002 10000 10000 05 05 4000 1 8 1 0167 000000 50 0005 0734
6366 0.24 005 464 172 160 700 0.229 100000 5000 0s 10 | S00000 1 5 1 0091 000206 1200 1714 13117 6003 158 0.1 0.56 0.983 20 100 0.200 800 1 016 1 1 10 1 1 0.00159 100 1.000 2,985
6466 0.24 005 092 0232 20 10000 0,002 10000 5000 025 08 4000 1 L] 1 0167 000000 S0 0.005 0.7%9 528426




Cost Analysis

Cost to manufacture method

Manufacturing cost = 528.426



Cost Analysis

Break even analysis

Break even point - 650

Total

Variable cost
GeA Factory Total AxedCost Maw sl perunit,v Break-even Selling price
Pat  Bpemses  Expenses  Solesl OH Depreciation  permonth, f {$) Laborcost cost  (Sfunig taget fUnits)  ($unit)
6677 10000 800 1200 4666.67 16666.67 160 895 1055 €50 36.192
6661 10000 4800 1200 33333.33 49333.33 320 451 7711 1300 45662
6662 10000 7200 1200 3333333 5173.33 320 885 1205 1950 38582
6663 10000 7200 1200 3313333 51733.33 320 963 12383 1950 39360
6664 10000 2400 1200 3313323 46933.33 120 283 603 1300 42132
6665 10000 4800 1200 3313323 493133 120 651 971 1300 47657
6667 10000 800 1200 4666.67 16666.67 160 085 245 650 28,095
6668 10000 4800 1200 33333.13 493313.33 320 372 692 1300 44867
6668 10000 2400 1200 33133.33 46933.33 320 443 763 650 79838
6670 10000 100 1200 266.67 11566.67 Q40 005 045 650 18248
6671 10000 100 1200 331333 44633.33 320 109 429 650 72960
6616 10000 2400 1200 3313333 46933.33 3120 321 641 650 78615
6626 10000 200 1200 266.67  11666.67 Q40 068 108 2600 5564
6636 10000 50 1200 266.67  11516.67 Q40 21.26 2166 650 39375
6656 10000 2400 1200 3666.67 17266.67 360 466 826 650 34825
6676 10000 S0 1200 6666.67 17956.67 Q40 016 056 650 28182
6686 10000 50 1200 266.67 11516.67 Q40 351 391 650 21625
669 10000 %0 1200 6666.67 17956.67 Q40 023 063 650 28261
6166 10000 2400 1200 33333.33 46933.33 320 321 641 650 78615
6266 10000 12000 1200 33133.33  56533.33 320 347 667 250 24.064
6366 10000 2400 1200 3313333 46933.33 3120 117 437 650 76577
6466 10000 50 1200 266.67  11516.67 Q40 023 063 650 18350
6566 10000 180 1200 G666.67  18046.67 Q40 037 077 1300 14,655
6766 10000 2500 1200 20000.00 33700.00 120 555 675 650 58595
1166 10000 5000 1200 20000.00 36200.00 120 032 152 1300 29366
1466 10000 5000 1200 20000.00 36200.00 120 034 154 1300 29387
6866 10000 50 1200 266.67 11516.67 040 1458 1498 650 32694
6966 10000 2400 1200 3666.67  17266.67 160 466 826 650 34825
7066 10000 2000 1200 12000.00  25200.00 Q40 33.10 1350 1300 52.883
7166 10000 700 1200 I666.67  15566.67 160 1469 1829 650 42243
7266 10000 180 1200 10000.00  21380.00 aso 152 232 650 35211
7366 10000 5000 1200 20000.00 36200.00 120 001 121 1300 29051
7466 10000 2400 1200 33:33.13 46933.33 320 0 414 650 76347
7566 10000 2500 1200 20000.00 33700.00 120 0.0 123 650 53079
7666 10000 200 1200 10000.00 22100.00 a40 0.2 061 650 34605
7766 10000 2400 1200 3666.67  17266.67 160 12.% 1654 650 43105
6001 10000 S0 1200 6666.67  17956.67 Q40 0.4 084 650 28468
6002 10000 100 1200 266.67  11566.67 Q40 0.2 063 9525
6003 10000 300 1200 666.67 12166.67 160 058 258 650 21301

1552.990




Cost Analysis

Break even analysis

Selling price including OTS parts = $1577.221



Cost Analysis

Cost comparison

Estimation Technique

Estimated value

Manufacturing cost

Selling price

OME
Cost to Manufacture

OME

Break Even Analysis

508.11
528.426
1548.561

1577.221



Conclusion

Project objective met

Appropriate justification product’s
manufacturability

DFA metrics improved significantly
Marketability

Future work







