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Abstract

Curvilinear profiled involute gears have more faable working conditions compared
to spur gears and arrow profiled gears. Howevegsth gears cannot be manufactured
by conventional manufacturing methods. The usmiciilinear profiled gears was not
widespread in the industry due to these difficaleacountered in the manufacturing. In
this study, the existing manufacturing methodsuofenit gears have been investigated.
In addition to CNC manufacturing method, which atated the difficulties
encountered in the present manufacturing method3, @inters were used to
manufacture curvilinear involute gears and presdras an alternative manufacturing
method.

Keywords: Curvilinear involute profiled gears, 3D printergear manufacturing
methods, nonstandard gears.

Yeni tip egrisel di profilli dislilerin 3 Boyutlu
baski metoduyla Uretimi

Ozet

Egrisel evolvent profilli dililer, diz dililer ve ok profilli dislilere kiyasla daha elveyii
caliyjma kagullarina sahiptir.  Bununla birlikte, bu gliler geleneksel Uretim
yontemleriyle Uretilemezler. gisel profilli dislilerin kullanimi, imalatta kagilasilan
bu zorluklardan 6turd endustride kullanimlari yaygiesildir. Bu calismada mevcut
dislilerin mevcut Uretim yodntemleri incelengtii. Mevcut Uretim yodntemlerinde
karsilagilan zorluklari ortadan kaldiran CNC uretim yonterai ek olarak, grisel
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evolvent profilli djliler Uretmek icin 3D yazicilar kullaniimive alternatif Gretim
yontemi olarak sunulngtur.

Anahtar kelimeler: Egrisel dis profilli digliler, 3D yazicilar, djli imalat yontemleri,
standart dyi disliler.

1. Introduction

The manufacturing methods of non-standard cunalinevolute profiled cylindrical
gears should be improved due to their advantadeslifficulties encountered during
manufacturing can be overcome, use of these ge#lrbecome widespread in the
industry because of their advantages compared Wo gpar and herringbone gears.
Since tooth profiles of these gears are convexaacthey cannot be produced by
standard manufacturing methods; however, they aammbnufactured with special
machined and methods. While manufacturing thesesgeith new methods, separate
size of cutters and tool holders are needed fdn gaar module and radius of curvature.
This situation causes both waste of time and higlosts. Successful manufacturing
methods have been developed with CNC machines; J@wehaving only one
manufacturing methods to produce these gears isawhntage. Therefore, non-
standard curvilinear involute profiled cylindriog¢ars are not widely used in industry.
However, if more proper manufacturing methods candbveloped to produce these
gears, the usability of these gears will becomeegpdead in industry. Because these
gears have many advantages such as ability ofiegrigads, balancing axial forces,
quiet functioning and lubricating properties congzhto spur and herringbone gears.

Forster has developed a machine named also Foestdrmanufactured curvilinear
involute profiled cylindrical gears [1]. Recentlhere are some ongoing studies to
manufacture these gears, developed a specialgttirhin order to produce these gears
on conventional milling machines and suggested tthede gears can be manufactured
by laser sintering method in the relevant study [AlUnlike the current cutters, a
cylindrical head cutter was developed and plastarg were manufactured by
connecting this cutter with a mandrel. The optatian of geometry of the gear sides,
effects of curvature radius on the sliding spedtects of curvature radius on the
gripping and performance of tooth profiles also waaslyzed [3]. Than gears which
manufactured with different geometry and shear waee examined [4]. Non-standard
gear geometry was simulated and investigated anghely [5]. In addition to all these
studies, it is important to see that there areouaristudies being conducted on the
designs of CNC miling machines and similar machkinenlike traditional
manufacturing methods to produce these gears ithkial tools and cutters lately in
the industry. Epicycloid planet gear of cycloiavers were designed and machined [6].
In another work, straight bevel gear was manufactuusing end mill with CNC
machine [7]. Spur gear in Ti-6Al-4V alloy was mémtured with electrical discharge
method [8]. In a study, was suggested a new metbodnanufacturing curvilinear
gears [9]. The investigation was made which omgishe CNC milling machines to
manufacture these gears and estimated productimest[10]. Curvilinear gears were
manufactured successfully using the CNC milling hiiaes [11, 12].

Fused deposition modeling (FDM) is an Additive M&aturing (AM) technology
invented by Scott Crump and patented in 1990’saams dpparatus for creating three-
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dimensional objects by fused deposition modellirgghad”. In this method a movable
extrusion head moves along the “X” and “Y” directsoin a predetermined pattern to
form the three dimensional object while the buitdiplatform moves down in “Z”
direction by the thickness of one layer [13,14].hé&i the extruded material that its
temperature is controlled is discharged on thedingl platform, and it solidifies
substantially instantaneously. The material exdudrom the extrusion nozzle in
multiple layers adhere to each other to producettienensional object. (Fig. 1). Self-
hardening any material such as waxes, thermopleesios, epoxies, foaming plastics,
Acrylonitrile Butadiene Styrene (ABS) and Polylacficid (PLA), which adheres to the
previous layer when solidified, can be used. Bigiroduction process starts with the
generating of 3D model of the gear. 3D Computatefli Design (CAD) model data
then converted to StereoLithography (STL) file fatrm order to further process it in a
slicing software which is Makerwar in this case. 3D model of the gear are sliced
into successive 2D layers. Both layers and trav@lements of the extrusion head unit
are calculated in Makerwdf® slicing process. No support structure is neededhis
gear model because there is no overhangs, caattigédridges. All these slicing data
are then exported to either “gcode” or “x3g” filerinhat to print the gear model in a 3D
FDM printer.

Filament
spool ™

Filament
driver ™

Extrusion
bead unit

—Heater block
Extrusion nozzle
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Figure 1. FDM digital fabrication method [15].

In this study, plastic curvilinear involute gearere manufactured using 3D FMD
printer and their accuracy values were presented payforming geometric

measurements with the aim of promoting the uséedd gears in the industry. In this
way, alternative manufacturing method is invesg@datfor the production of a

curvilinear tooth profiles gear.

2. Material and method
2.1. 3D modeling of the gear
In recent years, as a result of improvements inp8Bters, very complex and diverse

parts can be manufactured. In this study, it hesnbinvestigated to see whether
curvilinear involute profiled gears, which were ped to be useful in the literature and
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have only one successful manufacturing method,bsaproduced using 3D printers.
Firstly, a involute gear which has a specially deped tooth profile is modeled in a
CAD software as a 3D model (Fig.2). Generateddhidel, the size of the gear is
given in Tablel. The outside diameter of the ged103.6 mm, the thickness is 20 mm
and number of teeth is 15. When the modeling mspieted, 3D model data is exported
to “STL” file format in order to prepare the modet slicing process.

Figure.2. 3D modeling of an involute gear in a Céditware.

2.2. Slicing of the involute gear into layers

MakerWare™ version 3.4.1.48 slicing software isdu$er calculation both for the
movements of the extrusion nozzle along the “X” aitlaxes and also for the number
of layers to process. Initially 3D model of theages placed onto the building platform
and orientated. The orientation of the model mdy affects the dimensional accuracy
and the surface quality but also whether suppatictires are needed or not. The
thicknesses of the layers also play an importalet oo the surface quality. As a rule
“The thinner the layer is the higher the surfac®atinness”. In the slicing process, 3D
model of the involute gear is sliced into succes<D layers. The number of layers
was 161 (Fig.3) and the height of a layer was 125 |[The estimated time to complete
the printing was calculated as 26 hours and matesied during the printing process as
126 grams by the slicing software.

Table.1. Size of the gear.

Magnitudes Symbol Application
Module m 6

Number of teeth Z 15

Outside diameter De 103,6 mm
Tooth width b 20 mm
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Figure.3.Slicing of the 3D gear model into layersd ecalculation of the head unit
movements.

2.3. 3D printing of the involute gear

Flashforge Creator 3D FDM printer showed in (Figigs used for printing of the
involute gear. When gear is manufactured, Conslamahterial is ABS (Acrylonitrile
butadiene styrene) plastic is used. It's chenfmahula (GHs)x*(CsHs)y*(CsHsN),) and
properties are given in Table2. The diameter efABS plastic filament was 1.75 mm.
Building platform of the 3D printer both was preteghto 110°C and also was covered
with heat resistant kapton tape in order to enthaethe involute gear sticks well to the
platform. The temperature of the platform was leeldstant during the printing process
at 110°C.

Figure. 4. Flashforge Creator 3D FDM printer.
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Table.2. Properties of ABS Plastic materials.

Properties Magnitude
Density (g/cc) Melt Flow 18 - 23 g/10 min 1.04
Melt Flow (g/10 min.) 18-23
Hardness, Rockwell R 103-112
Tensile Strength, Yield(MPa) 42.5-445
Maximum Service Temperature, Air(°C) 89
Softening Point, (°C) 89

ABS filament plastic was heated up to ZZ6inside the extrusion head unit in order to
melt it. 3D fabrication took about 26 hours angrapimately 126 grams ABS filament
is consumed during the process. The printed ingalear is showed in (Fig.5).

Figure.5. 3D printed involute gear in a FDM printer

The manufactured gears have been subjected toievgreal measurements for the
purpose of proving the geometric accuracy by us3iy scanning method with a
precision value of 0.001 mm. 3D model of the mantifred gear was created by using
3D scanning model. Measurements were performefl different points of 3D models
obtained both after manufacturing and during th&grephase over their starting, mid
and endings across sides of the gears (Fig.6). v@lues measured were comparatively
presented (Fig.7).
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Figure.6.Experimental measurements on 3D model and scanmmaruig|.
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Figure.7. The comparatively measured values of.gear

3. Result and discussion

In this study, the current methods used or manuifexgj of curvilinear involute profiled
gears were investigated and it has been seeribsd gears can be produced with a full
accurate geometry by using spherical and flat-&driinger cutters on at least four axial
CNC machines. In addition to this method, cureén involute profiled gears were
produced by using 3D printer in order to have darahtive method. The models of
current gears were created by 3D scanning methodder to determine the geometrical
accuracy of the manufactured gears. Measuremearts taken on one tooth of the gear
and deviation values are removed. In the measuresnperformed on the tooth profile
of the gear manufactured by a 3D printer, a lptdsitive deviation was seen in the areas
close to root of the tooth, while negative deviatisas seen at the points close to the
top of tooth compared to the actual models. It basn also seen that this negative
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situation was caused by rapid cooling of the ptastaterial used to manufacture gears
with a 3D printer. In addition, on the side prefdf the tooth, it has been seen that lines
created by each layer during manufacturing hasechsarface roughness. In addition,
the production of the gear took about 26 hourscivicen be considered as a long time.
If this manufacturing method developed for plastiaterial can be applied on metal
materials successfully and resulting surface roaghrcan be eliminated by developing
a suitable grinding method, and manufacturing ticam be reduced to reasonable
values; a successful manufacturing method woulddbéeved in addition to the limited
manufacturing methods, which are obstacles for spdead use of curvilinear involute
profiled gears, which were proven to be advantageou the industry. Thus, an
alternative method for the manufacture of thesesgedl be developed.
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