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Abstract — This paper presents a design procedure for a face gear and pinion used in a handpiece with a 160°y
contra angle and 1:2 gear ratio. Based on the geometric theory of gearing, the tooth profile of the face gear and
pinion is developed. To analyze the contact pressure, the gear profile should be determined before calculating
the stress between the two gears. The concept of calculating the face gear profile is that it can be generated by
the coordinate transformation of the shaper profiles, which have involute curves, using a simulation method from
the gear manufacturing process.

Keywords —face gear (3] ©] 2= 7] 1), shaper (4] ©] ), pinion (3] U 1), shaft angle (% 7)), tooth profile (X] &)

Nomenclature @Y Wzse] B v
7er : Addendum circle radius of back cone (mm)
L, :Inner radius of face-gear out of undercutting @YU WF Lol o]EY] W)
in the generation process (mm) (&2~ W7A) re : Addendum circle radius of the shaper (mm)
L, :Outer radius of face-gear free of pointing el E4 v)
in the generation process (mm) (Ht] £]7) 7, : Base circle radius of the shaper (mm)
m : Module (mm) 1z ¥v)
m; : Gear ratio of Z to Z &=H]) r, : Pitch circle radius of the shaper (mm)
M; : Homogeneous transformation matrices which (Ao 2] T wkAg)
transform the vectors from coordinate system r, : Pitch circle radius of the Pinion (mm)
S to 5, @R U] 39w
7. Back cone distance of the pinion (mm) r» : Pitch circle radius of the Face-gear (mm)

(ol Z1olel A2 1)

R; : Position vectors of the gear, spur pinion shaper
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Tel: +82-53-810-3538, Fax: +82-53-810-4627 and face-gear for i=s,2 (S1X]¥¥))
O o =%e dF T3 20435 FA &3 Si : Coordinate system S, (i=s, 2) E=EA)
(2014. 4. 10~11/73 Ehsty) SHE=EY u, : Gaussian coordinate of s
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“ : Denotes the velocities of the contact point
on the shaper, with respect to the coordinate
system Ss

v® : Denotes the velocities of the contact point on
the face-gear, with respect to the coordinate
system Ss
v, : Sliding velocity between shaper and face-gear

Z; : Number of teeth of gear, pinion, spur pinion

shaper and face-gear for i=1, s, 2

o Instant pressure angle in the generation process
a : Pressure angle of the shaper (15 924
¢ : Rotational angle of the shaper, face gear for

2i=s, 2 (3A7Zh

6 : The parameter of the involute profile
6, : Half-angle of spur pinion shaper groove width

on the base circle

: The parameter of the involute profile and

: The axes angle of the shaper and the face-
gear
% : Pitch cone angle of the pinion, the shaper,
and the face-gear (i=1, s, 2) (FXLF7h
%, : Tooth surface of face-gear and shaper (i=2, s)
o, : Rotational speed of shaper, and face-gear

(i=s, 2)
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Fig. 1. A handpiece having 160° contra angle.
REEES
2. ATY H LIS

2-1. 917 ChA

160° ZEE} Y28 W=v|2o] 2 AL TFiol
Tt SR (Fig 2)02 Hof gloir Aehdt S
Hle] ol FA7E Qivk. 7]Ee] weR QFHE ALY
o] Eodll met B3 T A 8 Hx HE S
&P7] flete] SejA] o] opd Zlojde 2o Hsle]
I ARFNME A TFse 71019 AR A

Fig. 39ll& & A7rollx 7Hsiazat sk= 160° 52t
& 7 J=FiE Sejste] 7]ofe] dAle] thigh
71oA 28 o] T e = s YERiIT

2-2. HO|A 7]|0{e| 44N

Ho]27]ol= 280} 7]o] YPEL] Alo]sH (shaper) s
olg3l 7HEEE 7= Yl & 7 dE F Y
ths FHe= Qlsly, d7] gAY X 5o o)§

wo] et

Fig. 2. Power transfer unit of a handpice having 160
degree contra angle.
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Fig. 4. Shape of shaper using Matlab.
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Fig. 7. Shaper’s path by rotation using Matlab.

S,olA g FHEA 2 ¢ W SAENE u A=
s P, M A FHEA SelA doy 2EA
S.2 ¢ W NS w AVE Hpdst FE, M,
= Ao FiA Sl Aol A S=2 oy g A
9 o)y 319E ul A= FrH gHo|u). ojuj
o] g YA 2] @)} 7o) BA7Vs st olnf
9] g= Sl wlEbA 2] (5)E £ 7FssItHl.
Fig. 791ME 2] (3)& ol&3le] Alojzie} Hlo]2 7]
o7} A Al FAEE AolHel AFS A HeR
TSI B2 HEQ upgito] AA Aojue] <

3 A Floljrlefe] AHo s o]gHT

RZ(us> HS’ ¢5) = MZmMmaMas( ¢S)R2(us, 9&) (3)
cosg, —sing, 0 0
M,(4) = sing, cosg, O 0
0 0 1 0
0 0 0 1
—cosy 0 siny P
Mma(%rpz) = O ! 0 0
—siny 0 —COoSy —Fpcot
0 0 0 1
cos¢, sing, 0 0
Myy(g) =[S cosf 00 @
0 0 1 0
0 0 0 1
Z’)
¢ = ¢7 ®)]

2-3. Ho|A 7]o{e] d{Zint EQIRIS WX|SI7| 2
=7

2-3-1. YICIZg WAlol| #igt =

o]z 71o9] 735 £t Tt el o8 2]
Hed ol MZ2 g2 o] FHIWEA BEHE &

o

Fig. 8. Result of considering L,.

&,

©]¥(singular pointy’} @/de] Hrt. o] g A
o] 7]oje] W Fae] wAe] HaL o] #X:
Ast7] f1ste] HA W71 Lig AAsloF gt

Eo]X(Singular point)e] 3¢ TelA Vb 091 &=
A1 2 6y F ®ol HEFS] fg 2420 A (7)
£ ol&ste Fojx Zloje] Ha A Lis A%
ojwf T2 AYE 2 (8)F o] AL F
w2 8y WEEe 48 uE TRl 2
teiste] sHo] 7lojol] WA H& SolHe] i
gfep & = gt} Bolfle] HxE 75 VIFeE A
= 7ot Aah WA Lig 7 5 T3],

Fig. 8olX= 4 W3S eiste] AAA AdA

2 9% 5 S TP

tlo rlo
of

1

b4

%
28

]

~
W
=

)

|

F

RN

Vo+re =0 (6)
_(0r,, ar ar.
i, 0.9)=(5x57)- S0 =0 @
o Ao
A= aux aey V§
_ 9
oo Yo 2ald (

ou, 00. 0¢ ot

< Top landolIAe] o517} 00] =]
1Ho2A o o] A9l Aol & ¢ gl ¥

o o
N

ol £

SR
2
2
N
=
N
e
to
ol
&
o
)
o
%
©
%
&
lo

Vol. 30, No. 2, April, 2014



90

21 (102 ZuH1-3].
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= &SP 9
2cosatany, ©)
Z,—2 T
= —— 1
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Fig. 9. System of bevel gear.
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Fig. 11. 2D-Modeling of face-gear and Pinion.
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Fig. 12. 3D-modeling of face-gear and pinion.

3-3. miL{eimt i1|0|ﬁ7|01°| 7._|"A='|' gol

YT Fo]x 7115 125549k 160°9] 2}l
TS5 Fig. 129} 7EL°] Sohdworks Programs %
gfo] = 710)7} 7]o] Ho|Edl| ok &3t 2 27
o REEEEE At A e TS oY
ol 715 THEAE o83t ERIsiiit). o8
He] Bde Fsle] 7Hde] gles )l sldi, ol
3} zo] FHA] YA} FHolx Vo7t FHES F

so] B AY B, 9P SEAE 7S el

G
4.8 B
B ApiME 1600 F243 1235018 7HE

Feg JF A= o)L 7E=3F IjYA} FHo)~
71019] XL o]2&F <l oz HZdHTh =47

Z&71010] A4 84 91

®od b

HE R AW AL A% B0 ol
2 7)ojs} SUle] Foldl 2o Bl B Agol
Feee Alaigin. =@ 5 A AR TE 7)o}

Ao A% wAE 74 2 v 4% 9oL 339
wdYe Folol Hg2slel AL F Aol PR
IpH o st

o] WAE EfZ T F4 2 & )
Aes|2ow Ago] 7Pssta, § ot
A ZAE o] WAL A F 9k

Ir

7
3 =

qMor

B

Acknowledgements

B RS RIS A8 39 A
219 R&DAIS] A|9E wol 3 AL

References

[1] Litvin, F. L. Fuentes, A., Gear Geometry and Applied
Theory, pp. 508-524, Cambridge University Press,
2004. (ISBN-13: 978-0521815178)

[2] Litvin, F. L., “Handbook on Face Gear Drives With a
Spur Involute Pinion”, NASA/CR-2000-209909, 2000.

[3] Chung, T.-D., Chang, S. H., “The Undercutting and
Pointing of Face-gears”, J. Chin. Inst. Eng., Vol. 21,
No. 3, pp.181-188, 1998.

[4] Logue, C. H., American Machinist Gear Book, pp.
139-147, University Press of the Pacific, 2001. (ISBN-
13: 978-0898756869)

[5] Radzevich, S. P., Dudley’s Gear Handbook of Prac-
tical Gear Design and Manufacture, 2nd Edition, pp.
209-293, CRC Press, 2012. (ISBN-13: 978-1439866016)

[6] “American Gear Manufactures Association Standard
System”, AGMA 203.03.

Vol. 30, No. 2, April, 2014



