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Method for Cutting Straight Bevel Gears
Using Quasi-Complementary Crown Gears

Hisashi TAMURA, Koreaki ICHINO and Kazumasa KAWASAKI

In the manufacture of straight bevel gears, there is usually a need for some “trial-and-error”
process by which a good tooth bearing is obtained. In this paper, a method for cutting straight bevel
gears in which a trial-and-error process is not necessary is proposed. The method can be applied
without the necessity of cutter modification or generator alteration. Each gear and pinion is
generated by a newly introduced “quasi-complementary crown gear” instead of a conventional
complementary crown gear. The quasi-complementary crown gear is a bevel gear whose pitch cone
angle is 90° minus the root angle of the workpiece and whose tooth surface is a plane. The pitch cones
of the quasi-complementary crown gear and workpiece roll with each other. Therefore, the ratio of
roll between the crown gear and workpiece is expressed as a function of the root angle. The quasi-
complementary crown gear produces a profile modification of the generated gear tooth. Gears made

on an experimental basis showed a good tooth bearing as expected.
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Fig. 2 Clearance between tooth surfaces
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Fig.3 Gear I and gear to be cut
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Fig.6 Tooth surface of complementary crown gear

— 261 —

NACSI| S-El ectronic Library

Service



The Japan Society of Mechanical Engineers

582 BFEEEEL AW T SHRAEREOERTIR

X(u, v, $)=C($)xu, v)}
N(¢)=C($)n.
22 CRZEE b OEERICEE T % FBREERITY

<
cos ¢ —sing 0
C($)=|sin ¢ COS @ O rerremerenennns (7)
0 0 1

—7, WE ] L BERELE T 2 BRKEEREIC S
W QBRITE & R R (EAD % O-zyz THIN 7 b
N, nTETED., nBROLICERENS,

n=(cos @, 0, sin @)T w+eeererererierieninianns (8)
HWEHx ZAEEZ S DDOT, FOEELGFHIT 20T
b5,

&C, WD Z & A MRAETERELNAE ¢ $boiz L
EOUH X Z2AE g Ebo> TWAEETICERAAIT
5, TNBO-ayz T IR B,

ZNED O, ¢, 0 BBEA, a, ¢ BRA, u,v BT
A= T ERA%ES,

A(—0,)C(¢)x=Xc(u, v, ¢)}
A(—06;)C(¢)n(a)=Ncla, ¢)
I AR X#MEDY OEEEICET % BEE TS

T
1 0 0
A(G)=|0 cos @ —sin @y |- rorrereeeeres (10)
0 sin 6 cos b

R(FHE=ALY

a=sin"" (sin ¢ cos a sin 6; +sin a cos &) }

d—tan-! [sin @ cos a cos Gy —sin a sin G5
CoS ¢ COoS o

THFERAREORITTALY O L T4, THLCHT 54
RABREBEOENA o bFRKZL TR 5N %,
' =sin™! (—sin ¢ cos a sin 67
+sin a cos 9}) ................................. (12)
ST, XKD, A2) 25 a ZHET DL, ak a D
BIfR & LTk %2E S,

Fig.7 Tooth surface of quasi-complementary
crown gear

ax*+bx+c=0
ZZiZ
x=sin &,
a=—sin 6, cos b, b=sin (8;— 8;) sin ¢,
c=sin 6% cos 6fsin® a+ H sin® (6s+ 07)/Rn

KA, BHEHEE LT O, 05, R, HE2 52 5 &,
EBED eI T 2 o BSRESL I EEZERLTW
3,

Fro, ~4 YHREZZOETAHDOE L WAREDE
BIEFELE D FLEE Yy FHT O ERED 205,
ZDEEIE H=0¢=0), &;=0; XV a=a L7
ERBEOENECELTRIEL W kicks, Led
S THYE D BLTEY FHT W EZENS,

4. EHRIEEE

2ETHANI &S CHRETHRE 2, & 2 ORERE
x EOHDT EEIRBEERICR S, LI5Ta
a3l bW RRERERE x(u, v) WKL THR
2505 2 & x QDMEAIRR VT X —F IZECicix
5, ZZTENSERANT 57201 2 12 DWW T u,
v B I OMEEEEERER ¢ 2 AT U, VLU
OTHRT, Tbb x/ (U 0), 2 (U, V)iz ¥ THE
EN

WIBEEREORD JTIZERIIC BRSO EFCT
b3, Lyl, ZCTREEAFEOT 2EH DL
REYIEDOERAOE 2K 57012, %0 BANEHER
EFRLTEL.

B2 & D EFEEEERE O x(v, v) B3
EEPEEIHEE (U, 0) ERb3 L&, Hxhbd
RRETOHEMIEPERE 11285, T A—F
U,V S5 ZTEHx ZEDD L, ZOHRIZBY 5EE
Bt U 0 LEbcRRATKRDONS,

x(u, v)+tmla)=x:,(U, ©)

ZZIZ

x/(U, 0)=(A;, B, C)"X U

A=Az cos ¥+ B:sin ¥ cos b
— Cysin ¥ sin 6y

Bi=—A;sin ¥+ B,cos ¥ cos b,
—Cscos ¥ sin by

Ci=DB:sin 8;+ C; cos 6

Az=sin @ sin® ap—sin @

B,=sin @ tan @ sin® ap+cos @

C:=—tan @ sin a cos @

T=0®/cos Gr+¢— ¢/cos O

— 262 —

NACSI| S-El ectronic Library

Service



The

Japan

Society of Mechanical Engineers

MR & e 3 S AR D BRI 583

Table 1 Dimensions of straight bevel gears

Generating method Gleason method

Gear T Pinion
Module m 5 mm
Pressure angle  @o 20
Number of teeth 16 | 10
Angle of axes 2 90°
Pitch cone dia. do 80 mm 50 mm
Addendum 3.6 mm 6.4 mm
Dedendum 7.3 mm 4.5 mm
Cone distance 47.17 mm
Pitch cone angle 0o 59° | 31’
Root angle Oy 8 51 529
Face width 16 mm

Table 2 Dimensions of quasi-complementary crown

gears
For gear For pinion
Ratio of roll i 1.1527 1.2327
Pressure angle a, a’ 19 45 19 54
(H=0mm) | (H=0mm)
Pressure angle a, a’ 20 27 19 28
(H=-1 mm) | (H=+1 mm)
Pressure angle a, a' 20° 27 20° 20"
(H=-1mm) | (f{=-1 mm)
Radius of curvature
of crowning oo 2500 mm
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Fig.10 Tooth bearing on gear tooth surface
(Gear H=—1mm, Pinion H=—1mm)
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