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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.



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.

Why We Chose To Do It?



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.

● Standardizing parts and equipment for assembly
● Minimized number of parts
● Training system for supination, pronation, radial and ulnar deviation, flexion, 

and extension



Gantt Chart



BLACK BOX DIAGRAM



GLASS BOX DIAGRAM



Fishbone Diagram



Patent Search

US911925, Feb 09, 1909



Patent Search

US 4129297 December 12, 1978



Patent Search

US 9314657 B2 April 19, 2016



Design Idea: Hemispherical Table + Rotating Pulley Arm



Design Idea: Table with Cupping Rod Rack



Initial Design

3 main sub-assemblies

● Main Body
○ Table Sub-assembly 

● Smith Machine
● Weight System

○ Pulley Arm Sub-assembly
○ Cable Sub-assembly



Initial Design: Functions Highlight

●  Adjustable weight system

● Attached Smith Machine



Initial Design: DFA Analysis 

● DFA Complexity: 401

● Theoretical efficiency: 23.7%

● Practical efficiency: 35.8%



Initial Design: DFA Analysis

● DFA Complexity: 24

● Theoretical efficiency: 50%

● 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

● DFA Complexity: 42

● Theoretical efficiency: 34.8%

● Practical efficiency: 39.1%



Initial Design: DFA Analysis

● Everything are welding together.
● Sharp edges on the diagonal bars.
● The frame bars are hard to 

distinguish and locate.

● Not enough functions.



Initial Design: DFA Analysis

● DFA Complexity: 334

● Theoretical efficiency: 19.9%

● Practical efficiency: 33%



Initial Design: DFA Analysis

● Too many parts (~180)
● Most of parts are not standardized.
● Too many similar parts, too easy to 

get wrong during assembly.

● We should redesign the whole thing.



Conclusions drawn from the DFA Analysis 
● Smith Machine

○ Reduce the number of parts

○ Add location features

● Main Body

○ Redesign the frame bars

○ Redesign the tabletop

● Weight System

○ Redesign the entire sub-assembly to reduce the complexity



Design Changes: Main Body
Before After



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

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

● Using standardized Elbow Pad 
dimensions



Design Changes: Smith Machine
Before After



Design Changes: Smith Machine

● Reduce the length of the slider and 
reduce the number of bearings

● Welding markers added to help locate 
the position rods



Design Changes: Weight System
Before After



Design Changes: Weight System

● Simplified the adjustment method of the 
weight system

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



Final Design: DFA Analysis

● DFA Complexity: 194

● Theoretical efficiency: 45.6%

● Practical efficiency: 58.3%



Final Design: DFA Analysis



Final Design: DFA Analysis

● DFA Complexity: 78

● Theoretical efficiency: 30.8%

● 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



Final Design: DFA Analysis

● DFA Complexity: 12

● Theoretical efficiency: 37.5%

● Practical efficiency: 37.5%



Final Design: DFA Analysis

● DFA Complexity: 18

● Theoretical efficiency: 58.3%

● Practical efficiency: 75%



Final Design: DFA Analysis

● The position hook might be 

assembled wrong way around, will 

add a sticker to mark the direction.



Final Design: DFA Analysis



Final Design: DFA Analysis

● DFA Complexity: 84

● Theoretical efficiency: 56.8%

● Practical efficiency: 72.7%



Final Design: DFA Analysis

● We could use a standardized pulley 

arm and adjuster.

● Reduce the use of frame bars by 

directly connecting to the Main 

Body frame.



Final Design: DFA Analysis



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



Material Analysis
Table Top

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
● High Density Polyethylene 

(HDPE)
● Ultra-High Molecular Weight 

Polyethylene (UHMW)
●  Wood



Material Analysis

Rank using objectives

1.  Wood

2.  HDPE

3.  UHMW

4.  Aluminium

5.  Steel



Material Analysis
Seek supporting info



Material Selected : Wood

Material Analysis



Material Analysis
● Pulleys: Cast Iron
● Table support structures: Stainless Steel
● Pulley Arm: Low carbon Steel



Process Selection
Table Support Structures



Process Selection

Spatial Complexity: T0



Process Selection
● Sand casting
● Plaster casting
● Investment casting
● Die casting
● Hot extrusion
● Cold forging/Cold extrusion
● Shape drawing
● Permanent mold
● Shape rolling
● Lathe turning
● Honing, lapping



Process Selection



Process Selection



Process Selection
Section thickness of component: 3 mm  



Process Selection
Initial Screening



Process Selection



Process Selection



Process selected: Shape Rolling & ERW



Process Selection



Process Selection



FEA Analysis
Pulley Arm

● 300 lbf



FEA Analysis



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

58% of yield stress



Cost Analysis
OME 

Custom Partnet

Cost to Manufacture

Breakeven Analysis



OME 



Cost Analysis 

Price of OTS components



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



Cost Analysis

Cost to manufacture method

Manufacturing cost = 528.426  



Cost Analysis

Break even analysis

Break even point - 650



Cost Analysis

Break even analysis

Selling price including OTS parts = $1577.221



Cost Analysis

Cost comparison

 Estimation Technique Estimated value

Manufacturing cost OME 508.11

Cost to Manufacture 528.426

Selling price OME 1548.561

Break Even Analysis 1577.221



Conclusion

● Project objective met

● Appropriate justification product’s 
manufacturability

● DFA metrics improved significantly
● Marketability
● Future work



Thank You!Questions?


