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On the Axial Profile of the Relieved Tooth Flank of Gear Hob

Muneharu MOROZUMI

This report deals with the change of axial profile of gear hob owing to the
radius reduction made by the successive axial sections of relieved tooth flank of
gear hob ground into radial relief with a cone-shaped grinding wheel,

At the successive axial sections of the relieved tooth flank of gear hob, both the
outside diameter and the pitch circle diameter of the gear hob become smaller,

As the result, the change of axial profile of gear hob is produced.

To begin with, the theoretical formulas to calculate the axial profile of the
relieved tooth flank of gear hob are derived by an analytical method, but these
rigorous equations are so complicated that numerical calculations are very troblesome,

In order to make practical calculations easier, approximate formulas to calculate
the axial pressure angle at the pitch point and the deviation from the tangent of
the profile on an axial scetion of the relieved tooth flank of the gear hob are also
derived by an analytical method, and the accuracy of the approximate formulas is
numerically estimated comparing their solutions with the exact theoretical ones,

Finally some numerical examples are given for the purpose of facilitating the

application of this thesis,
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Table 1 Nomenclature

a(af) : Axial pressure angle (at pitch point), right (left)

a, : Cutter pressure angle

ag (ag') : Conical base angle of grinding wheel, right (left)

B : Lead angle of hob thread (on the pitch cylinder)

B : Lead angle of hob gash

b : Center distance between hob and wheel axis

Tia : Rake angle of cutting face (at outside radius of hob)

Tie : Rake angle of cutting face (at pitch circle radius of hob)
Tia : Peripheral relief angle of hob

Tie : Relief angle of hob (at pitch circle radius of hob)

9, (8,/) :Deviation from a tangent at pitch point of the profile on axial section
of relieved tooth flank of hob, right (left)

e (=)
a RC
R~ R,
4 (=5%")
0,0,¢ : Positioning angle
k : Coefficient of relief amount
"y, : Normal module
N : Number of threads in hob
N" : Number of gashes
R,R,, R, : Any, outside and pitch circle radius of hob
AR, : Radius reduction made by resharpening of hob
o : Any radius of grinding wheel
O : Pitch circle radius of grinding wheel
S : Cam lift mm/cam revolution
T : Angle of resharpening of hob
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Table 2 Necessary specifications for designing

Specification Mys @y 2Ry, N, N, Viar Tia
Radius of pitch circle R, = R, — 1, 25m,,
Lead angle sin B, = _’%‘rgﬁ
"= 90° — 3°
Lead angle of hob gash {‘BC B (Bc>3°)
8" = 90° (Be=3°)
Rake angle of cutting face siny;, = -‘%‘— - sinyg,
<
Coefficient of relief amount k= NS4 ,‘tZan fecot fe)
T
Peripheral relief angle tanyj, = »]éz—, tanyj. = 7?:« = tanyj, X _%ZT
Radius reduction AR, = ”_}”_(ggogf_eﬁ)_

Grinding wheel axis

A v %
1
Axial profile of grinding wheel @, @

Fig, 1 Grinding method of side tooth flank of hob by grinding wheel
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Xo=0c0s0,
Y, = 0sin@, (1)
Zo=T {i it + (0 — ) tanag).

TR LERYIE O LEO, @DIHET 5.
U, EWLENE RTINS D7 BIEHEC B o 7o b DAY, R BESANC ¢ g L
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Th. LbeEd R7CEEZEO Yz BEHCHLT, FWLEARKROZ LETHE
Pl & W UEREERT 5.

x={(b— kO) — PcosSO}cosh
. — (1 . .
+ [p sin@ cosfBe {—Z amy + (Bc — 0) tan ac} sin ,Bc} sin g,
y={(b— kf) — 0cos@}sing (@)

— [.0 sin@ cos e F {—i- Ty + (O — 0O) tanac} sin ,Bc} cosd,

z= —psin@sin fc F {—} My +(0c — 0) tanaG} cos Bc + Rctan Bc- 6.
Je2l b= Rc+ fe

ZOMAEMOUEE L RDIE, R ZFRLEHAE LIS, TRIIIKROEER E(2)
AL, 0 0 OD3bDNThhr—2HEETHIEIV. T74bb

% 8y 9z | _ 0
o 0 o ’
9x 3y oz
90 80 96
ax a0y 0z
90 96 00

D4R E 2 RICOWTHEL, ’AEE5.

o= (% iy cot ag -+ Pc) sin® ag — kO cos® agsec@

=+ %@ sin ag cos ag tan @ cot Bc + £c cos® ag sec @
T bsinag cosag tan @ cot Be 4= £ sin ag cos ag cosec fe
F Resinag cosag tan @ tan fe. (3)
D0 % (2) RoOMEROFERCRAL T e 2EETE ZHFE@mOHERNELNS
DTHB., Lo THERTChOZFEEHIKRATELINS.
X = Rcos®,
y= Rsing, (4)
z = —psin@sin S + {% amy + (Pc— P) tan acc} cos Bc + Retan fe- 6.

foiE L



F vk 7 AT OB R Ao 43

o
2

R?*=(b— kO — Pcos@®)? + {‘0 sin @ cos B F+ {%nm,l + (0c — ©) tan aG} sinﬁc] , (5)

(b— kO — Pcos@)sin g

tan ¢ =
(b— kO — PcosO)cosd
. . [1 .
— [P sin@ cos fc + {Z My + (Pe — 0) tan aG} sin ‘Bc] cosd
) (6)
+ {P sin @ cos fe F {—2— My + (O — P) tanac} sin ‘8(;} sin ¢
0iE (3) A TELT.

Thbb, 0130 90BBTHY, 0L OEFRFNLR LOOBENTHEND, %, I,
ZIUWE R EPH AT A—RELTTHEHERDLTOTHA., ZHEPHIE  LE LN o
e AERTER D EHEY LT, RTOTEY s FHlEAED BT, toF Y s i
2%, EE (Re— ARq) 1247 OMEHELbL S EEE L, LW LEAOLQHT5LD
M FhTh A Bél, COFEHLETASEL: BEYBAERLhDOIRGEY%EZ, &
DR ETA L BomhiEx C &L, CEDRMAY ¢, 2HEEY 2. LT5. WERK2IKC

R ZEL, L CREED X OED D, Lnd & ERKRAPHLT S,

Xy = X €08 ¥c -+ Ysin &,
Yo = —xsin @ + Y cos &,
2p = &,
Xy = %y = X 0S¥ + Ysin &,
V1= Yo = —xsin P + Y cos &,
By =2y — Re =2 — Z¢.
g
Xy = R cos (¥ — ),
Yy = Rsin (¢ — ), (7)

2y = Z — Zc¢.
WE V=0 &95L (%12 FEICKBUM) ¢=¢ &7eh

B | (s)

2y = B¢ =¢, — Zec.
B3 ciRd o & STIBTTIREE LT, B Re— ARe 7o BRI ME L, X1, 2 FER)
VRS 6, n R RE L, o & 7 EEERT (8) Rp bl

E = - (Rc - ARa),
N=1Z2¢=¢. — Bo=0p, 9)
R=Re—4Ra*
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Fig, 2 Co-ordinate systems Fig. 3 Axial profile of relieved tooth flank

TP HRDBITIE, FTB)RXTOo=0 8%, ThiDoxkDdDDERAEES.

Rctanag tan @ sec e cosec fc — tan a(;(k cosec fe + %zm,,) + O

N (10)

=
=% k(tanag tan @ cot B T sec @)

BYRT P—=0, R—(Rc— 4Re), 6 =105, LBERALES.

cos @(k cosec fe + %m%,,) — Pesin @ cos @ cot fe — Resin@tan B F Recotag

2
{ sin @ cot fc F cot ag }
: 1 Y .
+ (Pc sin @ cos fc F Zﬂmn sin ﬁc) — (Re— ARa)* = 0. (11)

DANREPERT20%FD, o0 (L0)NCRALTIZRFKD, 2D LOBID
0 B (B)RIARA LT, Pa & Pp 23D, KALDL P ZRDSB.

-
—

Yo = — (P4 + Pp). (12)

0o |

DER Q)R 0% (5) RERA LI D%

F(R, 0,0)=0 (13)
&L, (13) 3T R ofikEdiug

G, ©) =0 (14)
L, DE () RO & (12) R ¢ & (6) NTRA LI L D%

H, 0)=0 (15)
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L) 3E (BRI D 0L O%KD, D0 L O% (4)RD z TARAT UL,
Zo=¢. BMEDLRSL. KB XDR% R—(Re— 4Ra) L Lic: & (14) &, (15) 5
EHRHBIRFTELND 0L 02K ) Dz ATHIT, 2}/’€=¢c BEBRS., =

=Ri—4Ra
D Ze—=g, & Zzwe = o (9 RIALTE 7 ZRphui, Zhadk 7 ZFHEmOMNE
B Rae £V dRe NE L Ix - -HMIHRES AT HTOTH 5. Lok X b BFE

R T 7 R OMBTER S 25T T 5 2 LN TE B,

2.2 TEFEROHL

PlEDHE TR 7 ZHFEOMBMEIRI 25T 2 LSRN ch b, FoToF
HOUIEIR I 2 S ET 200 0RBFHAR LR 5. Tiebb, 6) R 3) Ko e 214

7\ I./’ :)}’L%{ R02 VCI& L; Sin ﬁC = SC: = k: Sin2 aG = t: R — RC — A &, :}'5 %,

k.
Re Re
n

Re

b C -~ "
—Betle 14 % B BEBKOMSEE L, OOSEPICENL, 5K
Re Re Re

BB E TR THRAEES

ay + @0 + @0° + a0° + AL O + as0° + a6 + - =0, (16)
1AL a0 = (SUROBAER) + (LROBUNTD) + -+ + (5 ROBUNE),
@y = (~SROBUNA) + (0 KOBUNE) + - + (4 kOB,

@y = (— LROBNT) + (— S WOBNE) + - + (3 RDBN),

@y = (=S TP + (0 OBUNE) + -+ + (2 KOBT),
@y = (— 1RDBNI)+ (— S WDBNE) + - + (1RO,

as = (S HOBINE) + (0 KB,
ag = (— 1 DWW/ E).

CoRMBOE (1RO + (1S ROBE) + - + (55 ROBIE) F Tk,
CRERAD £ 5 eEDT.

SEI (3) 5D 0% (6) RICAAL, & 5IERDPDOK (17) KD O R RAL, %zﬁc@fm
IHFE TR, 0 DOWTEAL T2 E5.
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by -+ 510 + Baf® + bs0® + bef* - = 0. (18)
FREL by = (1 ROBIE) + (1R OBUNE) + - + (4R OBIE),
b = (0RO + (FROBNE) + - + (32 kD BIH),
b = (LB + (1 ROBIE) + - + (25 kD BE),
by = (0 KOBUNE) + (SHOBNE) + (1 RDBE),
be = (1 OB,

ShED 0% (LROBIE) + (1 ROBAE) + - + (s koBIE) 2Tk
CREHED & 5 CFEDT,
= 04, ¥). (19)
DFI (1) RO 01 (19D 0 HRAL, 0% (LEROBNE) + (1 dnBAH) +
+ (5T kOBINR) TR
O =04, ?. (20)

DOERT(B)RD 0% Re THRL, RrpD o iz (19) X, 0113 (20) RAEMRAL, O/Rc %
(0 W DB + (SHOBE) + -+ + (5 ROBINA) F Tk

o/Re= 0/Rc(d, ©). (21)

2 TK @) D z% Re TR L, Rrbo 0iixsX (19), 0kt (20), 0/Re it (21) 2%
AL, #/Re (1OBE) + (15ROBINH) + - + (5Thk0fIE) 2Thns
&

Z/Rc = Z/RC(A, GO). (22)
- b— Re
TR RBWT, p/Rc—"lOC/Rc—_—"‘T“":B”'l EkE, EbiT
_ R—Rc (Re—4Ra)— Rc _ ARa _ . . - .
A<- = ) o = Tt = 0 (2000 X2 KOBUME), £

ErhEbh Pul P 5 ROWANEETRD, (12) X b @ B 5 ROB/INET TR B
&
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My

Pe = ¢ (k; Sey 1 _R—L‘

, éa B).

DX (22) KD 01 (23) KD e KA LT

My

Re

#/Re, o= (& b so t, == ba B).

(24) KD A% A~ 60 LTI

Win

Z/RCW =& (5(1) ks Sey 1 R
c

. 2, b B).
R=Rc—4Ra

]

(9) R (24) K& (25) KERA L ThA%1ES.

‘S/RC =4 + Oa, }
9/ Re = F(C1d + Col® + Col® + Cutt® + )

il

H

1 = (SUDBAE) + (1 G OBNE) + -+ + (45 KB,

lI

s = (12U DBAE) + (2 ROBNE) + -+ + (35K DR,
= (15 OB + (2 ROBUN) + (35K BUNE),
€= 1——(!(@{&4\53

ThIvduEETDE

7/Re = {«/t{lqu Lra(1- ) S Lea o L T s

——F—é—MTkSc*%-(l - %)31"2;‘“ —~ i-tkz +i'ét3+-—tsc - (1 - %) S: 5
+ (2 )+ (G gg)see — #e) ()
_1__ s 1

1)%$%mrmMMM+V”%N£y

T8 2 2 4B Re A/t

(23)
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LmAIL &/t =sinag = tanag cosag = tanag (1 — sin® ag)?

-_ 1, L, 1, 5 4>
__.tanac<1 2z‘ 8t 16t 198 .

Z OB R (27) R RAT B &

%) v 't kse

T Mu Sct 1 132 k% 1y st 1 kSc da
BT E v Ut IS () 5“+(2“ Shvas

443&—k%4@%)+{%@—%)&2+mr+—vtﬁ

_%@+%wﬁw+l@ 1>5+2m%+vtw%

2\0 BT
i) (A el (E)) @

B BICRTH LWV » F RSB 2HEIEEDN A alof) kR0 bEEEh 5.

B _ Rey k sinfe 1 ... 1/ k.
insctamali (1= 8) A0y L LA

R
b

P in2

. . T S1N"Le
sinagsin fe — —My — 2
¢ 4b " sinag

+

~———
[

e

_%(1_ Rc)3 (L)z sin®fe {(1~ Rc)Sinzﬂc

b Rc /! sinfag b /sinfag

o R (1)) ¥

FLTH LWy F AT B0 b O T AR EMRME 6:(6) 1

C)§@%k$—f~an&4nl(£:Ysmaa

sinag Re 2

0 Sf) 1000[{%;(1—ﬁ

——‘—111—(1 + —B—b&>sin agsin® B + {%(3 -

R in% — k
bz )Sl Be To

; sin B¢
sinag Rc p

+~—k—sina sin7ie (~5—>25ina}
Re T R, ¢

ARaJ &2

_ {l sin®8e
Re J Re

2 sinag

F

ko 1/ k% . 5
e smﬁc + E‘(“j{;) smaG}E;z—:I. (30)
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LB HEAETEN an I B7cd O FTH & W LOBE aglag) 1TRRD bk
LAY,

tan%:tanan{lzp (1_ RC) k sinfe  k

b + ——sin 7ic + 1( i )2

(tan Q’G’) Re sinay Re Rc
ko k. .
. T sin e, cos B + ~;—<1 - IZC ) T sin @, sin fe
My Sin®fe  Rc\P kN sinzﬂc}
T 4ph sinay, ty 2 (1 b ) ( Re ) SiIlZC(;; ’ (31)

FLTEDRPD L t =sinfag THY, ta=sinay £T5&,

Nt =Atn {1+<1—l)j§j.l+-k2+kg+ }

tztn{m(z )N/_;+/ +opg & - }

Zh HOBfRE (27) RIRA L TRAERES.

— 1 e N
7//Rc = -+ [tan a'n{l -+ 72“562 -+ R8T A tn b — <1 — %) —tjl—'ﬁa

i<2““ 1 )kscga

B2

+ 5% g — B2 5a}( ;)

t?l

+{;(1—l>«/_+ksc+ Vi = (1 2 hse

+ %(3 - %;) s Z‘?f’ F 2kcda + v/ k8 ba -+ o/ T Kl (- 5—)2

n

ZOFED D, M3WRTH LY » F AR AEITEENA ale) kR BEEX
5.

k .
tana = tana, [1 + L sin? fe + ——sin e F sin a; cos B

(tana') Re Re

_ {(1_ Rc>sin2,8c — <2'~ R}) ksin e

b /sin? ax b | Re sinan
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— sin® B¢ + <%)2 } 415:}

FRF LYy F ISR S8 D ORI RERE o (6) 1%

Ty (gg(#)-——woo[[—l—(l— Re )M—‘-i k sinﬁc+—1—(—f'1—>2sinan

P 2 b sinay, Re 2\ Re
. l 9_& . - {}‘ . RE\sin?fe .k
1 <1 + i ) sin ay sin® fe + B (3 B >msinozn + 2 2 sin Be
k. . k% &2
-+ T sin @y Sin 7ie + <_1€:> sin a,z}-é—iﬁ} ;C

_ {l sin® Be & < k

Table 3 Specification for designing the gear hob

z Single thread hob (A) I Triple thread hod (B)

Qy 20°

m, 4

N ! 1 | 3

N 10 9

R, 40

R, 35

Tia 0° 10° 0° 10°

Vi 11°17116" 10°27107"

Be 3°16/33" 9°52/ 150

X 86°43/27" 80°07145"

b 65

S 5

k 7.98381676 7.378819375

c 0° t 15° E 0° 15° 0° 15° 0° 15°
AR, f 0 | 200 | 0 |200]| 0 |192| 0 |1.932
ac 20°08/ 48" 21°02/54" 19°33/ Qv 20°207 06"
ag! 20°50/ 48" 21°46/36" 210271364 220181421

pa =35 pe =30
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Table 4 Axial pressure angle at pitch point of axial profile of relieved tooth flank

N=1 Hob (A) N=3 Hob (B)

Fia =0 Tia = 10° He=0° | ra=10°

t=0°{r=15°c=0° |+ =15° 7 =0° |+ =15°| r = 0° |z = 15°

Calculated value p
. 19° 19° 20° 20° 20° 20° 20° 20°
by theoretical 56747" | 56137 | 491251 | 491077 | 03/28" | 05/05¢ | 49115 | 51/03"

formula

[24
Calculated value | 9o | 190\ ppe 900 1900 o0 200|200
vy approximate | 5aisgu | 57/070 | 461407 | 46/537 | 02357 | 05/36" | 4833 | 51/33
formula
Caleulated value | gpo | g0 gre gge g0e lp0e 1o | 210
fy_ 06/47" | 57132" | 02047 | 52147 | 317507 | 10/56" | 23/59" | 03/35"
ormula

a,!

Calculated value | gpo | 190 900 1900 200 200 |21° | 200

?g’mfli{’;o"imate 067437 | 581221 | 5624 | 48/08" | 297487 | 10/52¢ | 15/30" | 56/46"

3 # fE

F3W1LR+AT(A) &£ 3%&+AT (B)DHLLFRT. T4 bATOTHER UEOHE
WEEIAa (of) MR ETALURTHE LLELRT. 20EMLD, T VAN
WA T DB, 1457, 3&EATOWTROBE LEUROHEREITIE V- Laib
15, R TLGARDLIBAETEL, ZHERUEOCET 5 a o BB ERE VD, F

Muz= g, Cp= 20" . N=1 , 2R= 8o, Be==3706 35"

{io =0 lin=10
T=0 TSt T =0 =5
5 /5 5 - /
/ // 37 5 / ;/5/
4- ///{ | G4 4 A
7 /5/ e 7
3 z 3" 4 /// 3 / %
7 / T// 7 T Z
24 i 21 7 2r 2P Z
7 7 7
O O sk 7 s iV Z/L;
el N il v
0 0 zo// 5 070 2070 5 9] ///o za/o
2 0% 0 v
- L7 ] Z
/ 2 7 2% s
oA 34 s 3 g
/3/ \\// /3/
X 4+ \/‘vk 4 A
Xy 5 h 5 %

Fig, 4 (a) Fig. 4 (b)
Deviations from a tangent at pitch point of the profile
on axial section of relieved tooth flank of hob
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Mu=d , Oln=20", N=3 , 20R=80, B =95215"

Jia= 10"
T =0

5 5!»//
4] 4

31 3

2‘ 7,

n f /

-—»J:MJ;«_ 7/

s L ! ' 1 .
/0 20 30 40 o 6050 7o

10 a //
17 //l
g
2 s
7
4 3, /}/
47 ki

5 TR

Fig. 5 (a) Deviations from a tangent at pitch point of the profile
on axial section of relieved tooth flank of hob

Fig. 5 (b) Deviations from a tangent at pitch point of the profile
on axial section of relieved tooth flank of hob

RUEOKH T2 o OHEBERD LES 2 Libnn, DI THER CHE O ER
BOELRD BORE 6 (0) COWTEHET AL, 1447 (A) LT 4 (a), (b)
3447 (B LTIEM5 (@), (b)o ks, RbhEREmr BT ERc X
DEMELIETH D, SETELES BB LY T T, CORUROFERBE R
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Table 5 Specification for designing the gear hob

Single thread hob (C) Triple thread hob (D)
ay 20°
m, 3.5 4
N 1 3
N 10 - 9
R, 37,500 41,810
R, 33,125 36.810
tia 0° 15°
tia 9°39/417 958491
B 30017420 9022/ 521
B 86°58!18" 80°37108"
63 | 67
s 4 ‘ 5
k 6. 384015693 7. 357450586
c 0° 5° 0° 50
4R, 0 0.557 | 0 0.642
s 20°04727" 20°41/06"
ag! 20°37119" 22°19130"
pa=35 pe = 30

Table 6 Axial pressure angle at pitch point of axial profile of relieved tooth flank

N=1 Hob (C) N =3 Hob (D)
Tia = 0° Via = 15°
r=0° ¢ =5° r=0° r=25°
Calculated value o o o o
by approximate formula 19°571421 | 19°57148" | 21°06/48" | 21°07/41"
o
Measured value 19°57¢ 19°54/1 21°10/ 21°10/
Calculated value o o o o
by approximate formula 20°05/23" | 20°03/357 | 21°31/ 07 | 21°25/45"
a! —
Measured value 20° 0/ 19°53/ 21°26/ 21°25/
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Ma=3.5, An=20°, N=] MWnwmde, Un=20°, N=3
2Re=75 | Pe= 37/ 42" Ka=p362, f= 9756 49"
Tia=0" Yinsi5®

Fig. 6 (a) Fig. 6 (b)
Deviations from a tangent at pitch point of the profile
on axial section of relived tooth flank of hob

DBV Eabh s, FLTIERUEORAMNY, ZHhRUEOEPMEchB &N
b, FLTEFELAE r=0° CHLTr=15° 0+ 2R 2FRLED, @7
bt d 5 L5 bt 5 2 &bk, ES5RXFHDOLELR7(C)E, 34%+7(D)
DETLERT. E6 LI N OF vk 7 Ol E A ORI X A5 HME & WEE L IR
. MBI DECEERLTCS, OB t=0"¢ c=5°KOWTEELEESY
Tl > T3, ZhESEEE WL TTEMEI S ek 7 oME ZFEIL, c=6~7°
P Eo#a, LW ILORVEHOLDELZCTHEN L VR TV T, £ ORKME
LT t=5° %A L. fokk 7 TREOMBRMEOWEC T, e Hun, Az
— T A+ OWWET A E A 7 OEMLOF I 2y L, TOMETLEA + 7 ZFEmIC
Fefh s, TEB%h CEOMEITED A% L AR S & CE Ty “H/m o
TSRO & » F ISR UM AICED, B2 bORAYIE L. REBEs
—~CHRATHEREO < FUAOMIEICE Lo, BETERY Y — CECR - TELY
L D ETEEA ale) 2IE L. Aokl UEOMBEHRE OWECE L, 3
ET ORISR TH 5 &, Z OMROPLI U OEERE LICd - Th, #iEkE U4
M & OEfEENER /e, Lrbh UoEe s i cil, @HoEREnERsD
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