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Analysis of Tooth Profile Accuracy of Enveloping Worm Thread
Depending on End Mill Tool Shape
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Abstract

Cylindrical worm reducers are generally used in various fields and forms throughout the industry, and demand is
increasing due to their role as an integral part of the industry. Market trends require high-load, high-precision components,
and small-sized reducers with large loads. When using a cylindrical worm reducer, a reducer designed with a reduced center

distance while maintaining the same output torque results in gear wear.

gear reducer is introduced and studied.

To overcome this difficulty, an enveloping worm

In this paper, three types of end mill tools are used to evaluate the tooth profile

accuracy for each tool shape during machining of the tooth profile for a non-developed surface worm thread. The effect of
the endmill shape on the accuracy of the tooth profile was analyzed by performing 3D modeling of the surrounding worm

tooth profile based on the Hindley method.

In this study, we analyzed tooth profile accuracy, tooth surface roughness, and

tooth surface machining time, etc. Through the study, efficient machining conditions for the enveloping worm gears and the

influence of parameters on the process were presented.

Key Words : Enveloping Worm, Cylindrical Worm, Ruled Surface (Non-Developed Surface), End Mill, Tooth Profile, Spindle Speed,

Feed, Cutting Depth
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Table 1 Major parameter of the enveloping worm

Items Parameters | Values
Number of thread of the worm Ny 1
Lead angle of the worm A 4.14°
Pitch circle radius of the worm r 22.5
Gear ratio Mg 60:1
Cross angle of the worm gear set Y 90°
Center distance E. 120 mm
Base circle diameter Dy 71.8mm

Fig. 4 3D modeling of enveloping worm

3. ¥4 A8 75

Hindley #2129 3 9
o Fig. 58} o] T4l 55 ©-d A

Gl = ol&sda
e == AF ol Z5Y dAse CH
of dAste] 7hgstglvh. A4 A Bl A

Hol e T 2UEY
a7 Sk AT

Zbeete del A gedela
%% HRC 34 o|t}, gt 7}gdts T3
AN AHE A7) sk
Ty AHE ARSste] A=l 9

i

o

3 rfr
v}

sx otk pQ

o of to mo mle of 2 BN Jr
ol
ol

By o ol O o

O
N
N
He
1o
jin
U
e
-3
S~

R
N
)
oft

o

oo >
>

H o2 ge
N

dlo

g i



186 72

A3 Fig. 49k e mde] spFFe] whEolxith
Table 2= <=9 Hindley 2] € AW
AHF APS A Adske Aederd e
FA AT datzAd SFEE o] (Feed), A
#F(Cut of depth)] v}etrile} ghs2 APFes &
o] dolzl ggrEola, EFA FEL CAMOIA 9 =

tlo

)
ofo

ot

2

[n

4

o, mi OF

lo

(ol ol w

~

(RO
Jo 1

>

k.
tlo

o> ot o |

i)
)
_O‘L
£l

o,
o,
o
—E’ oH

-

[

1°)

ok i o

(
e

o b rlo %
w0 02 i

e
N
OH

¢ 2 4 (CL-Point)> &+
FeFo 2 U 2 gl 9=

A%A9 Bl T wlg Esjzd vatel v
a2 B Bake] AxEntold e ghEolth Fig. 6
© bl A4E 3FFO AuY Fge mojFu
21t
Fig. 5 Simultaneous 5-axis Turn-Mill machine

Table 2 Milling condition of the end mill

Items Parameters Values
Feed F 2,000 mm/min
Depth of cut H 0.07 mm
Cutting direction DC Down-cut
Flat end mill diameter FD @3.0mm
Corner rad. end mill dia. CD @ 3.0 mm* R0.3
Ball end mill diameter BD R1.5 mm
Number of flute FN 271
No. of toolpath(RH)_FD TPN1 77,701
No. of toolpath(RH)_CD TPN2 82,671
No. of toolpath(RH) BD TPN3 75,468

——_ =

Fig. 6 End mill shape (a) Flat, (b) Corner R, and (c) Ball
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Table 3 Average deviation of measuring point

ZY(+) ZY(-)

Flat End mill 0.055 0.055
Corner Radius End mill -0.003 -0.005
Ball End mill -0.005 -0.010

Table 49 4= 73 A AlFS 2WH A7
S 343 435 HoF3 rh. CAMAA 135
7heshE T A543 A (Cutting moves  linear
length)E =743t¥, 3 =" 91272 mm, Y
=& 878.66 mm

Table 4 Surface roughness and Machining time

Roughness, Rmax(um) | Time(min.)
Flat 4217 71
Corner Radius 1.131 74
Ball 0.443 80
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