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Drill body
This section covers the use of Solidworks Plastics to simulate injection moulding. Times to use this would be before production to test whether the design could be successfully made without wasting money/time by physically running the injection moulding. 

Running the software first off with the drill body.
Placing the injection gate location is the key part of injection moulding. The location of the gate can make or break the process. For this part I chose to chose to put the gate half way down the side of the drill body’s back (as you can see highlighted in image one and then throughout images 2-8 by the small arrow) .

[image: ]
(image 1)Injection gate location


It was found that this location was a good placement. Each crevice of this design was able to be reached with an injection pressure of 60.6 MPa which is a relatively low pressure. 




Fill time
The total fill time for this piece was 2.2739 seconds. The nose of the drill being the section to get filled last which is logical considering it’s the furthest from the injection location. Image 2 shows the displacement of the time taken, displayed in a gradient from blue to red with the quickest being deep blue, median time being green and the longest time taken in the red. From looking at image 2 you can see that the mould was filled in moderately equal speeds in all directions by the even change in colour from the input. 

[image: ]
(image 2)


Ease of fill
Showing the ease of fill will indicae wether the cavity fills successfully. Red indicating areas where te inhection pressure exceeds 85 percent of the manchine maximum injection pressure, yellow representing 70+ percent and then green indicating which areas can be filled under normal injection pressures. As you can seen from the image below (image 3) the whole of this piece is green and so would be made with under normal injection pressure. [image: ]
(image 3)
Gate filling contributions 
Gate filling contributions indicates where the gate covers or where it doesn’t. green indicates successful reach and red indicates otherwise. If two separate gates are used then a third colour, blue, would be shown to indicate which parts the second gate would cover. Since I only used one gate blue will not show on my example. As you can see from image 4 below the whole of the drill casing is all green and so the gate filled the whole of the drill successfully. 

[image: ]
(image 4)

Weld lines 
Weld lines have occurred as shown below in image 9. Weld lines occur when more than one flow of plastic come together. Generally speaking weld lines form 180 degrees opposite of the point where the issue occurs. In this instance no weld line is to this degree but at 149.4 at the most. 
[image: ](image 5)





Cooling time 
The cooing time for this piece wasn’t clear. The scale shows a range from 2.7736 seconds to 20.2736 indicating these to be the smallest and greatest times taken to cool. Under initial review I could only see evidence of a quick cooling time as the entire piece appeared to be blue or close to blue (image 5). However, once I changed view to clipping plane mode I could see that that there were indeed bits that were more to the red end of the spectrum as indicated and so would take longer (image 6). 
[image: ] (image 6)[image: ](image 7)










Sink marks 
sink marks are depressions on the surface which can occur when sections don’t have enough polymer molecules packed into it. Images 7 and 8 shows where on the drill case sink marks would occur. As you can see primarily the sink marks occur when there are ribs in the design. The reason for this would be that the material here is thicker requires more time to cool. The more time a plastic has to cool the more the material will shrink. the shrinkage in the core volume will then pull the surface of that part inward in turn causing a depression, a sink mark.  The maximum sized sink  mark is 0.0842mm which falls on the rib going across the handle section of the drill, closest to the injection gate. This is such a small infraction it wouldn’t be an issue.  

[image: ] (image 8)
[image: ](image 9)







Air traps
Air traps occur when air in the mould cannot be vented out. This can result in pockets of air preventing the material from filling it. In the image below (image 9) you can see that there are multiple air traps located at tips of extruded parts of the drill. Because of the other information we have it could be assumed that its not the case that case that these sections failed to be filled. [image: ](image 10)




















Plastic simulation for funnel

For this part I decided to use two gates. The reason for this is that I thought that because of the depth of this design this would get a more even coverage. I had this opinion based on the singular gate used on the drill design and the struggles starting to show on the further away sections on that piece. As well as this, by using two gates on this design it gave me a chance to see how that handled as apposed to just one. 

Fill time
the total fill time for this piece according to Solidworks Plastics is 1.2007. the very bottom of the funnel and the perpendicular ends in relation to the two gates being the parts that took longest to fill. This corresponds to them being the furthest from the gates as shown in the image below, (image 11)
[image: ](image11)

Ease of fill
The entire funnel looks to be green as can be seen below in image 12, and so this shows us that the whole piece fills successfully. This means the whole thing can be filled under normal injection pressures. To be exact in this case the pressure required would be 42.3MPa. 
[image: ](image 12)

Gate filling contribution
Using 2 different gates meant that the funnel was filled partially by each one filling the mould with material. The images (images 13 and 14) below shows the successful nature of the fill and where each gate filled; one gates filled route showcased in blue while the other in green. With no signs of red, which represents sectioned not filled, this means the whole thing was filled and therefore was a success.
 [image: ](image 13)[image: ](image 14)









Weld lines
[image: ](image 15)
As image 15 shows above there are weld lines along either side of the main section of the funnel. From the information we have of regarding the gate filling distribution looked at before, we can see that the weld lines follow the interaction between the two opposing filling sections. Weld lines tend to be weaker and cause a cosmetic defect. Due to this design even if you were to move the gate or even reduce it to one you would still get a weld line of a similar nature. 

Cooling time 
As learnt with the drill body previously looked at the parts that take longer to cool are at the core of the thickness itself. Just as before the product looks to take a relative short time to cool with most it is showing in blue (image 16), this time the piece visibly reaching more yellow parts of the scale, (image 17)  indicating it takes a more varied time. Using the split view, you can see its in the centre of the thickness running down the front of the funnel where it takes the longest to cool, 15.2007 seconds, compared to the much quicker 1.7007 seconds it takes in the quickest instance.  
[image: ][image: ]
(image 16)                                                                           (image 17)


Sink marks
The results for the sink marks came back as shown in image 18 below. The majority of the funnal shows in deep blue representing no marks, a small section at the left end is yellow showing more severe marks of the funnel and then repeated markings of light blue indication minor sink marks. The pattern is not one I can explain. The range of severity of sink marks goes from 0 to 0.0782mm and so even the worst are still minor. 
[image: ](image 18)

Trapped air
The trapped air is as shown in image 19 (below), perpendicular to both gates on the same top surface and then again at the very base. This will be from the flow of the material being injected and the lack of ventilating opportunities within it.
  [image: ](image 19)





Draft Analysis
An undercut refers to a feature that cannot be moulded using a single pull mould. It is often the instance that by having a 90-degree side, when trying to pull it out the release the mould it induces a suction that makes it next to impossible to remove at all or without damage. To over come this its often suggested to add an angle, even one minute can make all the difference. This would be known as adding a draft.  By using Solidworks draft analysis on the camera body there are parts that require draft. Sections in red represent negative draft, green is positive draft and yellow is where a draft is required, these are all shown in the imagines below, (images 20 and 21) 
[image: ] (image 20) [image: ] (image 21)

In this instance the pull would be from the outside to the inside of the camera, so looking at image 20 it would be pulled down. The parts with the yellow need to be angled to be successful. In some instances, it may not be worth it. As an example, if you find that leaving it as the way it is exampled above made the parts shown as yellow to therefore be weaker due to how they were manufactured this may be okay if they were cameras with a short-term purpose and shelf life. What this means is that if the camera is designed to only be used a couple dozen times before requiring a new one some parts can be sacrificed in quality if they reach a near margin.  Image 22 shows that when I tried to alter parts to make then more equip for manufacturing alternative parts changed also. This would be an instance when you would way out your best case scenario. 
[image: ](image 22)

Basketball rim
During the analysis and redesign of the basketball rim the following constants were kept:
Material, Alloy steel. 
Fixture, the back where it would attach to the wall. (green arrows, image 23)
Load, at the front of the rim (fuchsia arrows, image 23), 2883.17 N (3 times the weight of the exampled user, Michael Jordan) to allow for impact weight and not just standing.  
[image: ](image 23)

First of all, I analysed the original basketball rim model to use as a starting point. The data came in as follows: 
Stress levels between 7.03177e-008 N/mm^2 MPA and 3.78608 N/mm ^2. (image 24)
-this would not cause a break but may cause issue after many uses. Over 95% of the model is still in the lower range of the stress levels.
 [image: ](image 24)
Displacement levels range between 0mm and 0.146745mm.  (image 25)
-the furthest displacement being the front of the rim, which is to be expected. The fixture stood stil[image: ](image 25)

Thoughts? Looking at the stress put upon the hoop the part that has the highest strain is where the fixture joins the hoop. I will try and thicken the fixture to see if that has any effect on this stressed area. 
1st alterations
For the first alterations on the basketball rim I decided to change the thickness of the fixture. The original thickness was 5.08mm and I put this up to 15.8mm. (images 26 and 27) 
[image: ](image 26)[image: ](image 27)
The new stress levels were: 4.77458e-007N/mm^2 MPa to 3.22543 N/mm^2 MPa (image 28)
This is a small range than before however the maximum amount of stress occurring is very similar. This means that the thickening of the fixture didn’t improve the fixture much at all. The costing of thickening the design by this margin would be great in both material and money eventually and does not appear to be worth it by a long shot. 
This design alteration was not an improvement
. [image: ] (image 28)









2nd alterations
Since tripling the thickness did not have a large impact towards an improvement I thought to go the opposite route and reduce the thickness. I reduced the thickness by half, down to 2.5mm. 
(images 26 and 29)
This ended up producing  greatest stress level of 9.00615e+006 N/m^2. (image 30)
This is a much greater stress amount than both the original rim and the first amended one. 
[image: ](image 26) [image: ](image 29)
[image: ](image 30)

Review. 
From standard thickness to 3* the depth of the fixture the tress levels were incredibly similar in their peaks which shows that this is not a solution. Ironically, when the thickness was reduced to 50% of the original, the issue that’s presented in the base line testing and the triple thickness was no longer present. 
So I have learnt that thicker equates to stress on the connection between fixture and rim and thickness results in strain across the top of the fixture. 






3rd alteration 
For this alteration I decided to keep the thickness at 2.55 but unite the back and front of the fixture to try and add support as demonstrated in image 31. 

[image: ](image 31)
In this instance the lowest stress was 3.264e-001N/m^2 which appears to be the majority of the hoop. The maximum was at 1.058e+007N/m^2 (image 32). This maximum is a lot smaller than the previous two alterations and the baseline.  
[image: ](image 32)

Of all the three alterations made the third was the most successful. Looking at the below table you can see the differences in min/max strains.  
	
	Original 
	thicker
	thinner
	Thin with bar

	Min
	7.03177e-008 N/mm^2 MPA
	4.77458e-007 N/mm^2
	0.0346958 N/m^2
	0.697718 N/m^2


	max
	3.78608 N/mm^2 MPa
	3.22543 N/mm^2
	9.00615e+006 N/m^2
	8.02177e+006 N/m^2






Flow simulation 
Using the FlowXpress Analysis Wizard I was able to showcase the different airflow in regards to two different tpes of cards at different speeds. 
Car example one is of lamboghini with speeds of 30mph (images 33,34,35)and 100mph (36,37,38) and is showcased through images. The colour gradient on the side represents the velocity of the wind with red being greater and blue being the lowest 
[image: ] [image: ]
(image 33)                                                                 (image 36)
[image: ][image: ]
(image 34)                                                                   (image 37)
’ [image: ][image: ]
(image 35)                                                                  (image 38)

For the left set of images, car at 30mph the maximum velocity was 20.063 m/s. The right side set of images, car at 100mph the maximum velocity is 65.076 m/s. 
the slower the air flow under a car the better for the speed ability, just as the faster the velocity above the car the better. 
Car example 2 is of a race car. The images on the left (Images 39,40 and 41) show the race car at 100 mph and the images on the right hand side (42, 43 and 44) display the race car at 100mph.
[image: ][image: ]
(image 39)                                                                  (image 42)
[image: ][image: ]
(image 40)                                                                   (image 43)
[image: ][image: ]
(image 41)                                                                  (image 44)

The maximum velocity for the race car at 30 mph is 19.465 m/s, and the maximum velocity at 100 mph is 65.279 m/s. 
The smaller change in colours shown in the race car examples demostrate the design specific for speed. By having the car lower to the ground compared to the lamborghini shows a less disruptive airflow around it and so will be slowed down less. In both images 40 and 43 you can see plenty of blue whuch is showing the lower velocity which as stated before is good for speed, lower slower means quicker. 
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i To disolav weld
Page8of8 1070words [I% B = 1 + 92% [HIRIRIN] Model [ 3D Views | Motion Study 1 —
engin: 67mm

JSOLIDWORKS Student Edition - Academic Use Only.

H O Type here to search o <2 ) 0870172018




image13.png
7S SOLIDWORKS|  Fie Edit View Insert Tools Simuation Window Help a8- @ - Funnel done

Linnett

Insert  Design  Layout References  Mailings  Review Q Tell me what you want to do & Share O [

- P _ OFind - r .
?D Calibri Body <11 | A A | Aa~ f naBbCeDd| AaBbCeDd AGBDC( AzBbCE AG B AsBbCcD AaBbCeDd AaBbCDd AcBbCeDd AaBbCeDe AaBbCcDd e Features | Sketch | Evalute | Dimbpert | SOUDWORKS Add-ins | Simulation | SOLDWORKS MBD | AnaysisPreparation | SOLIDWORKS Plastics PEd A6 © 4 - J
A BIES @ fume done (Deta

Paste . 2 Lay AL . . — .
S ormatpainter B 1 U e X A-¥-A Normal | TNoSpac.. Heading1 Heading2  Title Subtitle  Subtle Em... Emphasis  Intense E..  Strong Quote 7|\ seject~ S EIR[®[®® L ot P ot e @ |
Clipboard n Font n Paragraph n Styles =l Ediing ~ Dresus O |- Bermrt 90145 acviser: IR ,

v [
4% | [perante = |
e simulati : but . et it wth

Plastic simulation for funnel Gate filling contribution B Fiow sl led with o0 ,

MP3 (6133.13 ps).

Using 2 different gates meant that the funnel was filled partially by each one filling the mould with o . The njection pressre
For this part | decided ™ for this s that 1 thought that b fth material. The image below shows the successful nature of the fill and where each gate filled; gate i Tme e '
or this part | decided to use two gates. The reason for this is that | thought that because of the one filling the blue side and gate two filling the green. With no signs of red this means the whole Pressure at End o Fil inection pressure imit |
depth of this design this would get a more even coverage. | had this opinion based on the singular Temperature atnd of il 2 specied forths anahsis,
! this W < thing was filled and therefore was a success. Sk Temperature st éndof il
gate used on the drill design and the struggles starting to show on the further away sections on that Fow From CenvalTemperature
piece. As well as this, by using two gates on this design it gave me a chance to see how that handled Temperature roweh at Enof il
as apposed to just one. Shear Rate at End of Fll
Volumetric Shonkage s End of il
Freezing Time at End ofFll
Coing Time When you only use one
Temperatue at éndof Cooling nction locaton. he caviy
Fill time Sink Marks is filed by that one injection
ET e location When you use
. . Easeof i multple nection focatons,
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Ease of fill

The entire funnel looks to be green as can be seen below in image 12, and so this shows us that the
whole piece fills successfully. This means the whole thing can be filled under normal injection
pressures. To be exact in this case the pressure required would be 42.3MPa

(image 12)
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Weld Lines:
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(image 15)

As image 15 shows above there are weld lines along either side of the main section of the funnel.
From the information we have of regarding the gate filling distribution looked at before, we can see
that the weld lines follow the interaction between the two opposing filling sections. Weld lines tend
to be weaker and cause a cosmetic defect. Due to this design even if you were to move the gate or
even reduce it to one you would still get a weld line of a similar nature.

Cooling time.

As learnt with the drill body previously looked at the parts that take longer to cool are at the core of
the thickness itself. Just as before the product looks to take a relative short time to cool, this time
the piece visibly reaching more yellow parts of the scale indicating it takes a more varied ti
itself. Using the split view you can see
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As image 15 shows above there are weld lines along either side of the main section of the funnel.
From the information we have of regarding the gate filling distribution looked at before, we can see
that the weld lines follow the interaction between the two opposing filling sections. Weld lines tend
to be weaker and cause a cosmetic defect. Due to this design even if you were to move the gate or
even reduce it to one you would still get a weld line of a similar nature.

Cooling time.

As learnt with the drill body previously looked at the parts that take longer to cool are at the core of
the thickness itself. Just as before the product looks to take a relative short time to cool with most it
is showing in blue (image 16), this time the piece visibly reaching more yellow parts of the scale,
(image 17)_indicating it takes a more varied time. Using the split view, you can see its in the centre
of the thickness running down the front of the funnel where it takes the longest to cool, 15.2007
seconds, compared to the much quicker 1.7007 seconds it takes in the quickest instance.
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Analysis Parameters.
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