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Abstract

A wvisual, structural, and functional analysis of a
commercially available garden hose nozzle resulted in
the discovery of two design flaws within one of the
product's internal components. The component,
called a stream diverter, experienced multiple failures
in two different locations during repeat tests of several
samples. This report identifies and describes the
design flaws, and offers a potential solution that will
increase the structural integrity of the stream diverter.
Computer modeling and analysis was used to prove
that the redesigned component will be able to better
withstand the applied forces that are encountered
from other moving components within the garden
hose nozzle
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1.0 SUMMARY
1.1 The Problem

Upon use and inspection of a commercially available garden hose
nozzle, t was discovered that a stationary interior componer:, called
a stream diverter, was experiencing structural failure. The fa ure,
which ociumed repestedly in two difforent locations o the
component, was the result of applied forces that are tran wd 1o the
stream dverter from moving parts within the hose nozzle azzembly
under normal operating conditions. A redesign of the strearn diverter
was concucted to solve this problem

1.2 Method of Investigation

Six ident>al hose nozzles were purchased from a local Dollar Store
One hose nozzle was left attached to its packaging, and was used for
visual insoection of the exterior only.

One hose nozzle was dismantled by hand for purposes of weual
inspection and documentation of its 14 components. Each camponent
was measured using dial calipers to the nearest 0.001 inch. Athree-
dimensional computer model of each component was created using a
computer-aided design (CAD) solid modeling program. The CAD
models were then joined to form a vitual assembly of the ga-den
hose

One hose nozzle was dismantled, and the majority of its cor ponents
were cut ‘n half using machine tool equipment. The parts we'e then
glued togather and reassembled to create a half-section mocel for the
purpose «f visual analysis of the inner workings of the produ:t

The a2t te hnze nnzzles wore used for functinnal te=ting, in =hich
the des as connected to a standard garden hose and » under
normal cperating conditions  Any components that were de:
move thrcugh operator manipulation were tested to the ext
their rang2s of motion Failure occurred in all three after repeated,
though nct extensive use. The three hose nozzles were disrrantled,
and visual analysis was performed to find the location of faili.re and to
determine if a pattem of failure was present
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* 2KOTTOG
« ECnyei Tov AGyo NG £pguvag
* [ledio epapuoyncg
e YTTOOEIKVUEI TNV EKTACN KAl T OpIa
TNG £PEUVAG
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1.0 INTRODUCTION
1.1 Subject

Awisual, structural, and functional analysis of a commercially
available garden hose nozzle resuzed inthe discovery of structural
shortcoming that would render the sroduct inoperable. The garden
hose nozzle, which is marketed by —andy Helper, Inc. and
manufactured in China, was purchszed for $1 at 2 Dollar Store. The
Daollar Store is a retail store chain 113t s found across the United
States. Though the cost of the pra:ict may imply that s quality and
usefulness are limited, the fact tha: t s only able to function once or
twice before failure occurs 15 unac =sptable to the consumer.

1.2 Purpose

Upon inspection, it was discoverec that the structural integrity of a
stationary interior component of th: garden hose nozzle, called a
stream diverter, was insufficient to -ounteract the applied forces that
weare being expenancad from athe: miang partz within the assembly,
Thiz neport iz o 2uenrars of the meo it i o madecign procecs that
Was perfo rmed on the stream dise<sr compoanent The proposed
madifications to the geometry of th= ztream diverter that are
contained in this report will extend she life of the product significantly.

1.3 Scope

This report prowides technical infor-ation on the geometry, material
make-up, manufacturing methods, snd mechanical operation of the
garden hose nozzle. This report alzo identifies and analyses the
problems associated with the stresm diverter through computer
analysis graphics, and shows how an altemative design that was
created to address the issue of stroctural integrity will work better. Mot
included in this report are discussizns of altemative material options,
mathematical analysis of resulting ztresses from applied forces, and
the costs associated with retooling that would be needed to
implement the proposed design chsnge.

Note: A basic understanding of t=-minolo gy related to technical
drawing, mechaniczl desicn, and matenal properties is
assumed.
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Kupiwg Keipevo (Body)

Mé£Bodol, utroBéoeig Kal S10dIKATIES
* Meprypdoel

MeBbdouc, uTToBE0EIC Kal DIadIKATIES TTOU
XPNOoIPoTToINBnKav Kata TNV £peuva

QoTte 0 avayvwoTngG va PTTOPEI va eTTavaAQBeEl
TNV €peuva.

 MéBoobol

Mw¢ avayvwpicaTe 1o TTPORANUA;
[Moia epyaAcia pETpNoNg XpnoiuoTroinénkay;
[Moio cuoTnua PETPNONG XPNOIMOTTOINBNKE;

» Yro0éoeig

T1utroBEoaTe, aANG dev PTTOPEI Va
TEKMNPIWOEI WG yeEYoVOG;

* AladIkaoieg

[Mw¢ atToKTACATE KAAUTEPN KATAVONON TOU
TTPOBANATOG;

[Toiol TUTTOI ECOTTAICOU XpNnOoIPoTToIénkayv
(oupTtTEPIAAUBavouEVNG TNG aKPIBEIAC);
[Moieg uEBodoI DOKIPAG XpNOIUOoTTOINBNKay;

3.0 METHODS. ASSUMPTIONS, AND
PROCEDURES

3.1 Methods

A visual, structural, and functional analysis of a

commercially available garden hos: nozzle

resulted in the discovery of a structural

shortcoming that would render the roduct

inoperable. The garden hose nozz , pictured in

Figure 1, is marketed by Handy He per, Inc. and

manufactured in China. The produ:t was

purchased for $1 at a Dollar Store, which is a

retail store chain that is found acroz: the United PORTI
States Gardon Piose Nozio

Ths product was dismantled and its
14 zorponents were measure with a
r, zheem in Figure 2, to an
at 1T inch. Lach part
nented through sketches.

=dimensional computer model
of 25ch component was created
Figurs 2 uz iy 3 computer-aided design
ech Diel Coliges (~[ solid modeling program. The
=7t models were then joined to form
a virtual assembly of the garden hize nozzle. This model was then
sectioned (see Figure 3) to study t-2 inner workings of the product.

—

ot
Huse Nezz Sectoas
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AtroteAéoparta Kal oulnTnon

* AuTOG TO HEPOG

» [leprypdoer TI yABATE YIa TO
TTPORBANUA WG ATTOTEAEOUA TNG
EPEUVAG 0OGC

* [lpoodiopilel Tov BaBuod akpifeiag
TTOU OXETICETAI TWV EUPNUATWY OOG

» E&nyei oTov avayvwaoTn TRV amroywn
0ag yia TN ONUOCia TWV EUPNUATWY
0ag.

* ATToTeAéopaTa

« TiIhaBare yia 10 TTPORANUA HECW TNG
EPEUVAC OAC;

* ZudnTnon
« [16oo akpifeic eival Ta eupnuaTa oag;
[Mola €ival n onuaagia Twv
ATTOTEAECUATWYV TNG £PEUVAG;
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4.0 RESULTS & DISCUSSION

4.1 Results
It was discovered that the hose nozzle's repeated

3 . 2 5 4
operational failure was the result o’ a stationary -
component inside the device, calle: a stream diverter S’
{see Figure 8), experiencing forces from other moving Tl”
components thal i1s was not able tc withstand. Two -
areas on the siream diverter displa ed structural failure u
consistently One problem area wa: the o-ring groove =
that is located at the top of the stream diverter. As the .
user twists the yellow adjustable ¢ J-cap, it moves
forward and backward. This allowsz he user to change Figwe 8

the water exiting the hose nozzle f*atn a tight stream to Susam Diverter
a wide spray. On the inside of the :&vice, the tapered

walls of the adjustable end-cap 5 the o-ring on the stream
diverter as the end-cap moves ba<=ard. The pressure against the o-
ring is dispersed to the side wallz o the wring groove (see Figure 9).

o S . = "h"‘;
L

Figsa &
O-Rirg Comguassion

This pressure increases as the o-ring
compresses “nither. The walls of the o-ring
groove are 107 small to withstand the
deformations :hat result from the intemal
stresses that suild up in the stream diverter.
This causes Z1e walls of the o-ring groove to
shear off (see Figure 10), which allows water to
enter into the ‘nner chamber of the hose nozzle

and renders t-e device inoperable.
Figure 10
C-Ring Groove Failure
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ZUUTTEPACHOTO
* MepiAnywn Kai agioAdynon Twv
ATTOTEAECHATWV

* [lola gival Ta euprjuara Tou
TTPOKUTTITOUV ATTO TA
ATTOTEAECMATA TNG £PEUVAC OAG;

* [lolo €ival TO CUPTTEPACTUA QUTWYV TWV
EUPNUATWY;

e 2ulnTnon / TTapaTnpPnoEIg
* [arTi €ival autd Ta atToTEAEOPATA
ONMAVTIKQ;

* [lw¢ auta Ta eupnipata eTnpealouv
UQIOTAUEVEG ATTOWEIG/TTPOAKTIKEG;

» [lolec dpaoeic va TTapBouv wg
ATTOTEAECHA QUTWV TWV EUPNHATWY;

« EkTeVvhAG avaAuon kal culATnon
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5.0 CONCLUSION

5.1 Redesign

In order for the hose nozzle to funcion consistently under normal
operating conditions, the stream 4" =rter must be modified to
withstand the stresses and deformstions that result from the
rudistribution of applivd bead tu th 2 curmponent

Figure 14 shows a companson bet-szen the existing design and the
modified design

35° chamfer
0 KComocate
/ : B the inside taper
| < . of the end-<c2p
\ W\ T 7
SQuare hoe [ ] o-nng groove
Jecmey » - wall thucness
i A= o Daccomodste WAL_B 005t 0.10
=i Y = resenr SOMEZ: ancve ans b
— ? X 8 e fom
e e
JaW _ sdcuion of
—1 = = 2 R0.05
— =N < flex above
< — & A _ and below
T = X .
> e fange
DETAL
SCNE
Exsting Steam Sooeugred
Orverter Cesgn Stream Drveer
Figure 14

Comparisan of Existing and Redesigned Stream Diverter

The o-ring groove walls should be zoubled in thickness to withstand
greater stresses and minimze the smount of dimensional change
This will result in greater resistanc= to fracture. The top wall will have
to be chamfered on the leading edz2 to accommodate the existing
taper on the inside of the adjustab = end-cap. To maintain a
consistent water flow, the square I 3le from which the water enters
the end chamber must maintain t< onginal sze
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2UOTAOEIG *
« 2UXVA TTEPIAAUBAVOVTAI OE AVAPOPES
TTOU €ival ATTOTEAEO A
e  AOKIJWYV KAl TTEIPAPATWV
e AoKiywyv TTEdiou
* EI1dIkwv TpoBAnpaTWY oxediaong
o MeAeTWV OKOTTIMOTATAC A BIWOIUOTATOC

* MTropeite va OUOTHOETE
* [1lpboBeTouC TOpEIC HEAETNG
* Mia Tropeia dpaong, OTTWG, T.X., i
EVAAAQKTIKI TTPOCEYYION oxeélacpou
* MMpboBeTEC NEAETEG
* YTapxouv TTANPOYOPIEC TTOU TTPETTEI
akOua va uabeTe
* [POTEIVOUEVEG EVEPYEIES
* Ti1B€AeTE VO KAVEI O AvAYVWOTNG ME TIC
TTANPOYOPIEC;

21

6.0 RECOMMENDATIONS
6.1 Further Studies

There were several unknowns whizs could affect the performance of
the proposed solution. Further stuc’ez zhould be conducted in the
following areas

o Analysis of the plastic trom <hich the stream diverter is
comprised should be condyzted to determine the exact type of
material used and aid in the research of its physical
properies

e Analysis of the elastomer from which the large o-ning is
comprised should be condu:ted to determine the exact type of
material used and aid in the research of its physical
properties.

= Analysis of the adheswe uszd to glue the stream diverter to
the handle body should be ~onducted for the purpose of
developing functional mode s for testing the new stream
diverter design.

Finite element anzlysis of t-2 stream diverter and o-ring
assembly needs to be concucted using software that can
accurately model the different matenal properties of both
components.

= Alternative plastics that are applicable to injection molding
technigues and exhibit grester resistance to deformation
under identical stress situatons should be research.

6.2 Suggested Actions

Though the modifications ta the t*z2am dizerer design would not
result in eacessie cust differeices in manufactunng, iz not cost
effective to fabricate a new mold fc* the redesigned component to
produce a limited number of sarp == for testing. A series of rapid
prototype models of the redesigne: stream diverter should be
produced and incorporated into an =sisting hose nozzle for further
testing. Creation and implementati-n of such a model was beyond
the scope of this investigation for rzasons related to

* MTTopei va unv gival avaykaio
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Kupiwg Keipevo (Body)

BiBAIOypa@IKEG ava@popEg

* MapaBETeTe OAEG TIG DEUTEPEUOUDEG
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* [lavTa va ava@EPETE TIG TTNYEG CAG
« XPNOIJOTIOINOTE TO OTUA ava@opdc
TTOU TTPOTIMA TO OKPOATHPIO 0Ag
« O1 avagopég TTpoodidouv acloTrioTia
KOl UTTOpOUV VO 0aG KPpAToouv
MaKPIA a1 aKadNUaiKa Kal VOUIKA

TTpoBAAuaTa
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TeAIKEG ZeAideg (Back Matter) %\

* 2UNTTANPWVOUYV Kal digukpivifouv TO
KUPIiWG KEIPEVO
« Kavel T0 KUPiwG KEIPMEVO TTIO KATAVONTO
» Acgixvel TTOU utTopouv va Bpebouv
TTPOOOETEC TTANPOPOPIEC.

* MepiAapBavel
* [NapaptAuarta*
« BiBAioypagpia*
* [livaka cupBOAwv, cuvTopoypa@Iwy, &
AKPWVUUIWV

 Awoodapio®
* Eupetnpio*
« AioTta diavounc*

* MTTopei va unv gival avaykaio
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TeAIKEG ZeAideg (Back Matter)

MNapapTiparTa*

* OTIdATTOTE OEV PTTOPEI VA OPEDEi
£EW a1TO MIa ava@opd, aAAd gival
TTOAU HEYAAO YIO TO KUPIO MEPOG

« Qa ammooTTouoE TNV TTPOCoXN N Ba
OIAKOTITE TN pON

* Ta TapapTApaTa TTEPIAAUBAVOUV:
e MeydaAouc TTivakeg 0QOUEVWIV
« Alaypdupata pong
e MaBnuartikéG avaAuoelg
* MeyaAecg eIkOveg

o /\ETITOUEPEIC ECNYNOEIC KAl
TTEQIYPOAPEC TTEIPANATIKWY TEXVIKWYV
Kal ECOTTAICOU

o Texvika oxedla

24

Appendix A

Hose Nozzle Part Drawings

* MTTopei va unv gival avaykaio
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TeAIKEG ZeAideg (Back Matter)

[Mivakag cuuBoAwy,
OUVTOHOYPO@PIWV KOl OKPWVUMIWYV *

LisT OF SYMBOLS, ABBREVIATIONS, &

« Eav xpnoipotroiouvrai ACRONYMS
TTEPICOOTEPA ATTO TTEVTE OCUMBOAQ, Lot symbot
OUVTOUOYPOAQPIEG | AKPWVUHIA
gTNV avagopda

Shear Force

Shear Stress

diameter

[&H < o P

bore depth

* Karaypagovrail ye Tnv €§nynon
Toug . _List of Abbreviations

= Through Hole

List of Acronyms
CAD
FEA

Compute- Alded Design

Finite Elzment Analysis

TYPOS, SO ANGED
THEM ALL TO WHAT—
EVER FELT RIGHT.

)

B UNDER—
STANDING A WORD OF

T

v ATE
LEMON FLUTES ALL AT
TO A HARD ONCE.

FLEA?

)

Dilbert.com DilbertCartoonist@gmail.com
4510 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

* MTTopei va unv gival avaykaio
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2UMBOUAEG YIO TO YPAWIMO %K

* XpnNOIMOTTOINOTE AKPIREIG KAl TTPETTOVOEG AEEEIG
* ATTOQUYETE TTAPAVONOEIC KAl TTOAWGON
» [lpooégete TTWG XEIPICEOTE TA QUAQ: UE iIOO KOl OPOIO TPOTTO

* XpNOIMOTTOINOTE YVWOTEG AECEIG
* Evatrobnkeuw - TOTTO0ETW
« ATtTo@euyeTe TNV KaBouiAouuévn (jargon)

* XpnNOIMOTTOINOTE EVEPYNTIKI @WVN (WG ETTI TO TTAEICTWYV)
* To £pyo Ba oAokANpwOEei atrd opdda euTTEIPOYVWHOVWY = Oudada
EUTTEIPOYVWHOVWY Ba OAOKANPWOEI TO £pYO.
* XpnNOIUOTTOINOTE PHHATA TTOU EKPPALOUV TTEPICOCOTEPN BapUTNTA
« 2Tn ouokeur Ba yivouv puBuiceic > H cuokeun Ba puBuioTei

* MeiwoTe TV TTOAUAOYIO

* O AOyo¢ TTOU €10NyoUHOOTE TNV WYNPIOTToinoN auThS TGS d1adikaaoiag
gival yiati 6a peIwoel Tov XPOVo TTou XpelaleTal yia va atrokTnOouyv Ta
dedopéva Kal Ba pag dwaoel o akpIReic ueTprioeic 2> H wnelotroinon
NG diadikaciag Ba pag dwaoel o akpiRr dedopEva oe AiyoTEPO XPOVO.
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2UMBOUAEG YIO TO YPAWIMO %\

* XpnNOIMOTTOINOTE TTPOTACEIG HE DINPOPETIKO MKOG Kl OO
* MikpEG TTpoTAOEIG OTAV TO BEUA €ival TTOAUTTAOKO
* MeyaAUTEPEC TTPOTACEIC OTAV BEAETE VA OEICETE TTWC KATTOIEG IOEEC
ouvOEovTal
* ATTOQUYETE TOUG “010NPOdPONOUGC”

 XpNOIMOTTOINOTE OOIOHOPPIa
* [1.x. o€ pia AioTa OAEG Ol KATAXWPENOEIG va €XOV TNV idla popery, doun,
XPOVO, TTPOCWTTO, KATT.
* ApXiCeTE TIG TTOPAYPAPOUS OAG ME MIO TTPOTACT) TTOU VA £ENYEI TO
Oépa
» Kdabe TTapaypa@oc TrpayuaTeveTal €va BEua
* H 1mpwTtn TTPATOON TTAPABETEI TNV KEVTPIKI 10X

« Xpnoipotroinore “onAwoeig utrdédeong”

* Mia-duo TTPOTACEIG TTOU TTEPIYPAPOUV TNV avaAiuan r) To {rTnua TTou
Ba TTapoucIAoETE

* XpNOIMOTTOINOTE METARBAOCEIG YIO VO CUVOECETE OIAPOPETIKES 1I0EEC
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2UMBOUAEG yIa TO ypAWIMO %K

* ANMIOUPYROTE EVA OKEAETO TNG AVAPOPAS TTPIV APXICETE va
TN YPAPETE.

* FPpAYTE TTPWTA TO KUPIWG KEINEVO. META TIG APXIKEG K
TEAIKEG OEAIOEG KAl TEAEUTAIO TNV TTEPIANYD).

* ZNTEIOTE ATTO KATTOI0 VA O10pOWOCEl TO KEIPEVO CAG.
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%ZTOV OpOBoypapo

29

Eye halve a spelling checker,
It came with my pea sea,
It plainly Mark’s four my revue

Miss steaks eye kin knot sea.

Eye strike a key and type a word,
And weight four it two say,
Weather eye am wrong oar write,

It shows me strait a weigh.

X\

AS soon as a mist ache is maid,

It nose bee fore two long,
And eye can put the error rite,

Its rare lea ever wrong.

Eye have run this poem threw it,
| am shore your pleased two no,
Its letter perfect awl the weigh,

My checker tolled me sew.

Anonymous
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AoyokAotrn) (Plagiarism) %\

* MMOTE PNV XPNOIMOTTOIEITE OOUAEIA OTTO AAAOUG XWPIS va TO
OVOPEPETE.

* Mnv avTiypda@ete KATa AEEN TTPOTACEIS 1) TTOPAYPAPOUG ATTO Th
BiBAloypa@ia.

* AV TTPETTEI VO XPNOIMOTTOINOCETE KEIMEVO KATA AES, BAATE TO O€
£1I0aywyIKd. Mnv To KaAveTe Opwg ocuyval

* YITApXOUV uNXavéS avalATNoNG TTOU HTTOPOUV VA avayvwpioouv
TNV avTiypan. Mtropei va undevioTei n epyacia ocag Kai va
UTTAPEOUV Kol AAAES COBAPES CUVETTEIEG VIO KATI TETOIO.

OURCE: WWW.GRAMMARLY.CO

30 Optical Diagnostics Laboratory



fpapikda

* Ta ypa@IKA TTPETTEI

Na xpnoigoTtrolouvTal yia va
TTAPOUCIACOUV CUYKEKPIMEVA ONUEIa N
IOEEC
Na evowpuatwvovTal oTnv avag@opa Je
TPOTTO TTOU VA OUVAdEl UE TPOTTO
KEIMEVO/TTEPIEXOMEVO
Na ava@épovTal Kal va €TTegnyouvTal
ME AETTTOMEPEIO OTO KEIMEVO

e I.x. “To ZxApa 1 deixvel ....”

Av TTPpOEPXOVTAl OTTO KATTOIQ AAAN
TNy, QUTH Va aQVa@EPETAl OTN

BiBAIoypagia

* Ta ypa@IKA TTPETTEI VA AVOAPEPOVTAI
owoTad

31

O1 mrivakeg ival “Tlivakeg”

OAa ta aAAa (ypa@ikry, oxedIdypauua,

QwTOypPaia, KATT.) gival “Zxnua”
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fpapikda

* [pétTel va ava@EPOVTOAI OTO KEIPEVO
« “O lNivakag 5 mrepiAaupaver ...”
e “... OTTWG QaiveTal oTO 2XNMUa 1.”
« “... (Mivakag 2).”

* Ta YPOA@IKA TTPETTEI VO EVOWHATWVOVTAI
OWOTA OTO KEIPEVO

» [lpétrel va gival KOVTA OTO ONUEIO OTO OTTOIO
avagEpovTal
« [lp€tTel va £xouv TITAO N TTEPIYPAPN
* TitAog TTavw atrd Tou llivakeg
* [lepiypa@r KATwW atro Ta ZxApaTa
* H mrepiypaon ptropei va gival heyain Kai
AETTTOMEPNG
» [p€trel va Aéel “pia 1otopia” atmd yovn NG
e 2KEQPTEITE TOUG AVAYVWOTEC OOG
o TiTTPETTEI VO CEPOUV;
 [lolo €ido¢ TTapouciaocng Ba ATav 1o KaravonTo;
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NMpoooxn ZTa ZYAMATA %K

* ATTAdTNTOQ!
« Kpat\oTe 10 AOYO TwV “0edOUEVWV” TTPOC TA “un 0EdOUEVA” HEYAAO

Rate of seedling growth at three different

temperatures
45
40 45 -
. / 0 ;
/ 35 25°C
30 / 30 -
25 ——20C 25 1

/ / e 25¢ 2o | 20°C
20 / 30C s | /
15 10 A

0 8 16 24
Days of growth

Days of growth

‘Eupaon ota “pun dedopéva” ‘Eppaon ota “dedopeva”
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NMpoooxn 2t1a ZxApOATA

) [©)

* MA&ypa (Grid)
e 2TTAVIA ATTAPAITNTO
« KaAuTtepo oTav €ival AETTTO Kal
YKpico
* Mortif3a
« ATTOQUYETE TQ MoOiré / KUpaTioTa
EQE
« H ykpila okiaon €ivai

TTPOTINOTEPN ATTO TIC YPOAUMEG N
aAAa oxnuaTa

* Méyebog ypaupaTooeipag
* [lpétel va gival uavayvwaoTn

* Ta TpicdidoTATA YPAPIKA
MTTOPEI VO EEYEAGOOUV TO MATI
e 2TTAVIQ ATTOPAITATA

A B C
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