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In the Beginning

S —

Initial Meeting: ==
Highlightmajor designiobjectives .
Review possible produét configurations & Surrent Producis=vaguum formed

b 9 2 & sheet metal construction

Define major:productrequirements
Review schedtle
Investment &‘cost
Discuss marketing objectives

Case Study #1 — Car Wash
Kiosk

Innovative Control Systems™

1 NEW Petro

/NEW "Auto Sentry I-"_ét'rt")

4
Multiple EMV solutions

Secures & Protects [ -l

Customers' I g‘sga
Credit Card Data aoat =

General Speécifications

General Specifications

The new module should be easy to assemble
The structure @and covers_cover must be aesthetically
appealing, setting a new.look%or the next 10+ years

The new structure will support a itimber of components
arranged-ip the image shHown.

The new modules must be easy foiservice

The new modules must he €asy forassemble and test
during produttion

New modules mustbe water resistant frof-rain
New modules must coriplyawith.security requirements
New.modules must be very reliable andlong lasting.

Kiosk-must withstand environmentalieonditions from
Arizona. to Alaska

9/12/2017



9/12/2017

Site Visits

Site visits revealed important
designiconsiderations including:

Chemical reSistance
User interface
Ergonomics
Impact requirements
Instalationsrequirements
Product branding &'image
Servicing.requirements
Security & vandalism
Site visits provided otirdesigniteam with invaluable information

about product branding, the environment; useminterface, and
basic product configuration:

Initial Concepts

- components were
identified and
modeled in CAD

* Initial conicepts focused on
identifying an image férithe; product

* Specific manufacturing processes
were not considered at this stage of
development
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Final Selected Concept Early Engine€ring Details

Pressure forming

What'processes will'most
cost efféctively satisfy-all the
praduct requirements?

Thermoformed covers sandwiching retationally
molded center piece

= Advantages of a Rotationally
Molded Center Part

Most costeffective option of any process
One piece — no sub-assembly labor

One piece=m0 tolerance pregblems

One pieee.=Very structural
Onelpiece=aWater tight

One piece — Easyassembly'& installation
One piecefs Lowest tooling investment
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InitialModel = Flat Sides

Initial CAD Model : Designed with
flat sides and curved front an rear
surfaces
Easy to'mold with simple flat
parting-line 3
No draft fequired Blg Concern'
Easy to-design
Lowest costitoel

Warpagealong-cosmetic
faces{exaggerated)

All exterior surfaces are complex swept compound
curved surfaces to minimize chances or warpage

I|f________________m_u

Waterproofisteelleabinet and 8”
X a” thickistegltubular base
post.provides a secure-and

All flat surfaces designed with vandal ‘proofistructure for

compound-curved surfaces to minimize transaction deyices.
warpage
Added complexity to CAD model, tool > Plastic/€overs provide an

and additional cost butassured aesthetic éxterior which insulate

production‘consistency. e g Sensitive internal electronics
Tapmmamm——{rom temperature extremes.
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§ Final Production Rotationally
Molded Core

Single rotationally molded
part drastically reduced
complexityeost and
potentialproduction
problems.

Multi-functional center core was designed.to pefform many functions.
The only process for producingsthis.compléX"Shape and comply with
all the critical performance specifications is rotational molding.

[reeeE

In Depth Design Review = Draft Analysis

All surfaces were-modified to
include appropriate draft as
shown in the images

Bottom (yellow) Surface did not
requige draft and was required
to bé moldeghflat since it was a
mounting s urface.

Curved side'wallsfformed
undercuts as shown in the
images. These sidés;were

Establish internal parting lines’and draft molded with’slides.

for core. 1° draft around:all internalwalls
of cored area'shown: Split lines in
geometry established parting lines for
CNC machining.
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Draft Analysis Rotational Meld & Fixture
N S « Parting lines details were ’ " a . ‘

established for_slides on either
side. Intentional crevice was
designed to hide witness line of
slide.

Discusgions of-entire parting line
betwe€n slides.and main tool all
around-part were reviewed with
tool maker‘and molder.

All these design features were
captured’inthe CADifiles

Potential'Bridging

Holes in these critical areas were designed for

= . / self forming screws since inserts would have
Restrictions based on aesthetics, resulted in partial fills. Since mating parts would
function and overall sizelimitations not nommally be removed, self forming screws
resulted in numerous design were ideal.
challenges which could result in:
« Bridging
» Partial fills
* Pinholes
Discussions wWithimelder confirmed
part geomet@ywould miflimize any

bridging or partial fillS — : s |
! | .9” between externafwalls- nomina
Singgyfront fagy Was FYRIcdy v / 25 wall for material thickness
thermoformed-plastic covers,small ;
pin holes would be'acceptable: /
Chamfer added fo improve

flow
Sec B-B
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Tolerances

Tolerance studies and
discussions with molder in all
critical areas

Affects:

Orderiplacements for mating

parts

Design =~ Inserts were restricted to ofily:\
Cléarances > > those-areas where'screws
wouldbe required to be
removed and assembled
muitiple times.
OnlyAinserts were specified
minimizing production costs
and potential problems with
bridging in tight areas.
Remainder‘ofholes:were
molded in with-core pins

Ease of assembly.
Quality:

Review Design with
Tool Maker & Molder

= Bulk Density'€alculations

Total enclosed mold volume (Vet)

Total part volume @ specified wall (Vpt)

Material density (pm)

Material-butk-density (po) (typitalja3 X pm)
o/ Pmx Vpt ="Put

Collaboration withiteohmaker
o Pt /pb E SV ‘ and.molderis éssential dufing
- the design development
»~Add radii and optimizeKiss-off
Vouk must be < Vet ¥ details for optimum processing

requirements




irst Articlellnspection

- ravmy

Rotationally molded main
body and assembly with
pressure formed covers
Clientdid ot accept uneven
gap arqund hinged door.
Clearance between door and
front’paneliwas 18" all
around

Puzzling Misalignments

Rear mounting holes did not
align te inner steel structure.
Alignment-varied'frem one
molded part'to the'hext
Overallfeight of rotationally
moldéd-partsS weréawithin
specs
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Gap-at.top was %” vs. bottom + . Contradiction between

which waswirtualljfiline to line measurementsSahthobserved
fits between parts
Pressure formed parts-were flat
anduwithin specifications

Comprehensive First Article
Analysis

=

* First Production Inspection

» Analysis of rotationally molded part
revealedka slight cupping which
raised the'rear-top walls'and
dropped the front.edge causing
causing the miSalignment
CAD image showsgthisi€ondition in
an exaggerated

In- depth-analysis of totallassembly s fieformatign

was performed to pinpoint™the source
of problem
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Final Production Units

/ALL
N=Y,

Correction of ctipping solved the problem=Notooling - Fipal'production units were a'hige success at
changes were required after source of problem was identified the annual'carwash conference held in Las

Advice- ALWAYS find the'root-cause of-problems before Vegas
making any hasty tooling modifications

-,

w- Ty

4 2 «. Family,& community

2

Faith & Vision
Business,savvy
Courage

Retail modular'spiralSlide available in'5,6,7, & 9 : ' = A = _iis.  Determination
foot heights <3 : e +  Brains
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The Orlglnal Sllde

: b
Original Slide was rotationally molded as enclosed sectionalitubes which
could be configured-as right.orleft hand spirals and straight sections
Problems:

* Aesthetics- indéistrialiook

« Safety — Parents canhot;seechildren

* High cost — Purchased as

* Installation - Difficult

Municipal Playground Slides

+ Slides’—='Sectional not modular

* Very robust

+ Concealed‘hardware

+ Very plain= basic designs

+ Excellent alignment.between sections

10
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Original Specifications §Specific Details'for Final Design

Slide will Be marketed to the residential market.

Slide will bérotationally molded as one modular * Interface details to the tower
section of a spiral which can be indefinitely attached - -Attachment of one section to the other.
to itself forming a left or right handed spiral. Tolerance and alignment asse&smerit

i Q SQCtions =270°x 5 foot h!gh sp!ral * FEA Structuralanalysis based on defined |oads and
— 4'sectiofs'= 360° x 7-foot high.Spiral attachmefitpoints

— 5 sections =450° x 9 foot-high-Spifral

The Slide will be designed for a_.160” nomimnal-wall
The'slide willlibclude a specially designedsarched
entry section toffit.to.any height tower.

The exitisection will be designed sueh.that'the slide
surface iS-dpproximately one foot off the ground. + Details for¢éntry and exit modules
Total number ofmolds’=4 for a right or.left hand

spiral

Safety analysis

Complianceiwith regulatory specifications
Moldability and'telerance analysis
Costassessment formoléds and parts

=8 Calculate Module Dimensions = dies of Spiral

Discovery:

Open spiral slide can only be right
or left hand. Cannot'mate surfaces
contiguous flgwing spiral with left

and right hand from’same modules

First study focused on
determination of module
dimensions

Afigular section
Diameter

Piteh

Cress section

to comply with tower
height.increments, entry
pointfandiexit directions
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= Calculation of Slope vs. Diameter — Early Layout Studies

Bl Examined basic design criteria

» . Entry slope angle

* Spiral diameter

* . Ovegdll-slope; speed and
safety

- Slide8atower assembly

« Archway entry geometry:

+ . Directioni6fiSlice

Pallet stacking studies for midimum and
maximum size“shide’configurations

9/12/2017

12



Concept Sketches for Entry
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Final'Design

+ Hood provides'a safetyfeature for children @ntering’slide’as well as

an appropriate aesthetic entry point

* Mountingfedtures provided sectite attachment totower
+ Clean planar surfaceiwasidesighed to mateite*tower adapter
« All surfaces were meticulously designed to balance aesthetics and

function with ease of molding:-Draft.was“added in all critical areas
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Tongue in groove
interlocks
provided self
aligning features
for modular
sections

Molded recesses
and holes were
designed to
comply with
aesthetics,
processing and

ease of assembly.

Cross Sections
were checked for
5:1 ratio

Exit Shoot

Designed to slip to baseggf.intérnalgalvanized
steel reinforcing pole

Tongue in groove interlockingfeatures
aligned-exit shoot.to spiral’repeating module

Allifeatures were optimized for process
Support foot was desighed to balance form &
function

Fluted'styling'lines were detailed to align with
modules and gracefullyterminate the slide

9/12/2017

Variable radii,were added"alongall
edges to eliminatezpin.holes. optimize
flow & comply with'aesthetics
Albmodules were'skillfully'designed
fitfihg onepart to another with
continuously flowing features

All méchanical features were designed
to comply with fotational molding
requirements

Spiral Module

Complicated intersection
of center post collar and
spiral module: optimize

* Function

« =Strlicture
« Ease 6f'molding

Critical interface between Sections:

* Smooth transition between'Sections
Tolerance control
Secure fastening
Face of moldina

% betweenrWwalls @ .160” wall.
5x.160 =.80" ..0K
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Draft Review Mating Sldes of Splral Module

(¥

Mating'Sides of Module®veredesigned to
perfectly fit to adjacent"mating parts forming
a contiguous spiral on.inside and outside
surfaces

Trailing edges-of interior'surfaces were
sligbtly modified to assure slide'Would
cascade without.interruptions

Locking self forming bolts*were specified to
prevent loosening'and a secure assembly

Part geometry?was refined to balance.aestheticsiwith draft angles and
molding requirements

Four part mold 'was required*to"maintain perpendicular faces with
interlocking features on-both sides

Center post collar was only partially cored on top and bottom. No draft

Started True Form Plastics
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