PROTOTYPE MANUFACTURING & ASSEMBLY

6.1 Tester: Rapid Prototyping
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SLS Machine

Application of Rapid Prototyping:

Rapid prototyping parts are frequently used as the basis for rapid tooling. The RP system creates a positive or negative pattern, which is used to generate injection molding, investment casting or other tooling for short to medium volume production runs. As mentioned above, numerous techniques exist for transferring patterns created by rapid prototyping systems in plastics and other soft materials into hard metal tools and products. Some methods of rapid prototyping are also capable of producing metal parts and tools directly, although still not with the complete size, accuracy and durability of subtractive metal fabrication techniques. Rapid prototyping is widely used in the automotive, aerospace, medical, and consumer products industries

The rapid prototyping production cycle is shown as below: 

Product Design ( Tooling design ( Manufacturing ( Assembly ( Testing

Further improvement ( Function of Rapid Prototyping:

Prototype that can withstand the rigors of the real world applications. The concept of functional prototyping relies heavily on the enhanced properties of RP materials to meet the specifications of the end-use materials. By providing materials that mimic end-use materials, new markets such as customized production without any tooling requirements are being developed.

The advantages and disadvantages of Rapid Prototyping:
a) They produce somewhat less accurate and less durable tools 

b) May have part size and geometry limitations 

c) Do not necessarily produce identical parts to hard tooling 

d) RP-generated tools may not easily be modified or corrected using typical toolmaking techniques. 

e) One of the major advantages of rapid functional prototyping is the amount of time it takes in comparison to other methods. 

f) Objects can be formed with any geometric complexity or intricacy without the need for elaborate machine setup or final assembly; Rapid prototyping systems reduce the construction of complex objects to a manageable, straightforward, and relatively fast process.

g) The ability to see, hold and touch an actual working model of a part or object can often reveal both unforeseen errors and advantages in its making. 

Problem in Rapid Prototyping manufacturing:
The material used is too fragile and the product will be broken easily. Preceding the assembly of the product, the hooks are assembled with the front frame so that the hooks will be broken easily during the production process. 

The deviation in sizes of the finished parts made the assembly difficult.

When the click and the protruded parts made on the base and front frames are not designed in accordance with the holes made, the assembly of the two parts is made difficult.

Manufacturing Process
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Parts Visual Checking


After the RP processing, we got all the parts of our product. Once we received the parts, then we need to do some visual inspection for those parts. Inform to the production engineer and designer if there are any uncertainties such as the prototype scrapped, non-functional joining parts or the size mismatched.

Product Description

[image: image2.jpg]




Assembly
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The assembly steps of the mobile phone holder are shown as below:

The back and the front frame are assembled together when the two clicks at the top of the front frame are fixed into the holes made on the back frame. The four protruded points of the back frame with the corresponding holes made on the front frame are designed to enhance the assembly.

The designated circuit board and the lights are fixed inside the base. When the assembly of the base is completed, the assembled front and back frame is fixed into the base. 
The battery holder is placed inside the base.
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Front View
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Rear View
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Side view
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Isometric review


TESTING & REFINEMENT

Functional Test
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This is a mobile phone holder, which is designed for those with the age over 8. The user can place the mobile phone on the holder and when the mobile phone rings, the lights on the holder glow. Two silver cells are used to generate power for the holder lighting operation when the circuit receives mobile signal. This design is base on the user’s behaviors, the ergonomics and safety problem. 
The main feature of the mobile holder: 

The mobile phone is placed on table safely.
User’s attention is grasped when the mobile phone rings.
It can be a decorative item on table.
It is applicable to mobile phones of different sizes as they are can be fixed properly by the holder.

Safety Test

The product safety is very important in product design. This product will sell to U.S.A. We have a basic safety testing, which is reference by ASTM F963-96 Standard. The safety tests are shown as below:

	Items
	Test Names
	Apparatus
	Standard 

	1
	Sharp edge test
	Sharp Edge Tester
	ASTM F963-96a Section 4.7

	2
	Sharp point test
	Sharp Point Tester 
	ASTM F963-96a Section 4.8

	3
	Small part test
	Impact Medium
	ASTM F963-96a Section 4.6

	4
	Projection Test
	
	ASTM F963-96a Section 4.8

	5
	Impact test
	
	ASTM F963-96a Section 8.7

	6
	Compression test
	
	ASTM F963-96a Section 8.10


1. Sharp Edge Test: (ASTM F963-96a Section 4.7)



Requirement: Accessible edges that presents an unreasonable risk of injury during normal use or reasonably foreseeable abuse. Edges on product intended for children under the age of eight years are potentially hazardous if they fail the sharp edge test.
Result: No any accessible edge at the mobile phone holder surface.

2. Sharp Point Test: (ASTM F963-96a Section 4.8)


Requirement: An accessible point that presents an unreasonable risk of injury during normal use or reasonably foreseeable abuse. Points on product intended for children under the age of eight years are potentially hazardous if they fail the sharp point test.
Result: No any Accessible point at the mobile phone holder surface

3. Small Part Test: (ASTM F963-96a Section 4.6)

Requirement: Product may be assembling from many small components. Those small parts may be choking if an infant or a child swallowed it.
Result: No any small object from the product component. 

4. Projection Test: (ASTM F963-96a Section 4.8)

Requirement: It is intend to minimize possible puncture hazards to the skin that might be cause should a child fail on the rigid projection.

Result: No any projection from the product component.

5. Impact Test: ( ASTM F963-96a Section 8.7)


Requirement: The drop test is simulated the exposure of the toy to mechanical damage through an action likely to be performed by a child, which are characterized as reasonably foreseeable abuse. After testing, the mechanical hazard may be exposed, such as hazardous sharp edge, sharp point and small parts. (Remark: This test does not applicable for the fragile material, example: glasses, ceramic) 

Result: No any failure after the impact test.

6. Compression testing (ASTM F963-96a Section 8.10)

Requirement: The compression test is simulated test the exposure of the product to mechanical damage through compressing or other action likely to be performed by a child, which are characterized as reasonably foreseeable abuse. After testing, the toys should be examined for mechanical hazards, such as hazardous sharp point and small parts.
Result: No any failure after the compression test.

Result

	Items
	Test Names
	Result

	1
	Sharp edge test
	Pass

	2
	Sharp point test
	Pass

	3
	Small part test
	Pass

	4
	Projection Test
	Pass

	5
	Impact test
	Pass

	6
	Compression test
	Pass


PRODUCTION

Production Cost Estimation

Price of other competitors in similar products
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US$2.90                                 US$3.90


              


US$5.90                               US$4.90
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US$4.90                                US$4.90

Target price:
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We compared other products and conclude the reasonable price is US$4.90
Product the life cycle

This is the Introduction stage. The product is promoted to create awareness. Base on the engineering specification, we are sure that the product can go over 2 - 5 years with durability.

Production Cost Assumption

We assumed that we launch this product to market for 3 years. Where the fixed cost is $280,000 and variable cost is $10 per unit.

Profit Forecast

For the Market demand proposal: The demand for the product is responsive to the selling price. It is expected to follow the pattern below.

Proposal for production and sale plan
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Unit price 522,62 3042 $38.22 $46.02
Market demand (units) 75000 65000 35000 35000





Construct a break-even chart with four revenue lines radiating from the origin. Then mark on each ray the total revenue expected at that unit price. Connect the marked revenue expectations with a "demand" curve. Analyzed the resulting graph and indicate what price should be charged for the product.

By Calculation
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by Caleulatio

[Total revenue (R=NP) [Proposal 1 =75x22262 = $1,696,500
n Proposal 2 =6523042 = $1,977,300
Proposal 3 =55238.22 = $2,102,100
Proposal 4 =35246.02 = $1,610,700
[Total Variable Cost (TVC=NV) [Proposal 1 =75x10 = 750,000
Proposal 2 =65x10 $650,000
Proposal 3 =55x10 $550,000
Proposal 4 =35x10 = $350,000
[Total Cost (TVC +FC) [Proposal 1 =750000 % 280000 $1,030,000
Proposal 2 = 650000 x 280000 $930,000
Proposal 3 =550000 x 280000 $830,000
Proposal 4 = 350000 x 280000 = $630,000
[Profit Z =R - TC) [Proposal 1 =$1696500-§103000 666,500
Proposal 2 =$1977300-§930000= $1,047,300
Proposal 3 =1$2102100-§830000= $1,272,100 (Selected)
Proposal 4 = $1610700-$630000= $980,700





By the Correlation Plot
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Proposal Proposal2 | Proposal3 | Proposald
[Total Revenue (R) 1,696,500 §1,977,300] _ $2,102,100] __ $1,610,700)
[Total Variable Cost (V) 750,000 650,000 §550,000] $350,000
[Total Cost (TVC + FC) £1,030,000] £930,000]  $830,000 £630,000)





From the Break-even chart, it is shown that the fixed cost, total cost, total revenue of each proposal and the "Demand Curve". 

( Proposal 1 - the largest market demand, but not gain the largest revenue. From the graph, the profit is within 2 divisions.

( Proposal 2 - the second large of market demand, the profit is around 2.2 divisions.

( Proposal 3 - the highest revenue and highest profit gain. It is around 2.5 divisions of the profit.

( Proposal 4 - the second lower profile gain, it is around 2 divisions.

According to the profile index, the Proposal 3 shows the highest profits gain when compare with other proposals. Therefore, the unit price of $38.22 at 55000 units should be charged for the product. The result is matched to the calculation method.
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A calibrated sharp edge tester
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Polytetrafluoroethylene (TFE) tape
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