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EBRBE

b : BEVE(Face width)
Co . N 27 5w i (Backlash)
fis : i B 43 $H % (Load sharing factor)
h : ®7=1F(Whole tooth depth)
K, DOHNT B AR DS OB
(Influence function for bending and shearing deflection)
K. : EE D OHMEEK

(Influence function for contact approach between contacting surfaces )
m i &Y 2 —J)V(Module)

M : HAVTE— A > N (Bending moment)

m, © PEIE M E Y 2 —)(Normal module)

N; : N#HBIE (Interpolation function)

P, . "1 E (Concentrated load)

Db : IEMERR E v F(Transverse base pitch)

P 534t E (Distributed load)

7o v LRI A 2 (Tip radius of cutter)

W » R D7z b A (Deflection of middle plane)

x : FEFEH(Coordinate axis)

Xe . EZF Uy & QR E(Addendum modification coefficient)
y : BEEEHH(Coordinate axis)

Z, . EZF 2y F OHE(Number of teeth of pinion cutter)
z; © PN E O % (Number of teeth of internal gear)

z : AHFS O $ L (Number of teeth of mating pinion)

ag : FYEFE J7 4 (Standard pressure angle)

a, © PETE A E Y J) £ (Standard normal pressure angle)

Ou o FEJ1 AR % (Pressure angle factor)

B : R U N (Helix angle)

Bo : Ev FHF Lo UM (Helix angle on pitch cylinder)
Bo : EEMSE Lo UM (Helix angle on base cylinder)

€4 : IEME A A G VW (Transverse contact ratio)
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Oc

C;

N E 73D InHBE W E(Overlap ratio)
2 B A VW E(Total contact ratio)

J ¥Rl (Coordinate axis)

J& £l (Coordinate axis)

$5#2 /4 ¥ (Tangential angle)

¥ 7T 77 (Root stress)

JE %4 ¥ 7T I 77 (Compressive root stress)
5155 ¥ 7T It 77 (Tensile root stress)
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WEENZTN 672, 3040 THDH. T/, EBEETEZHEZTHMEIC 20 mm (= 5 m,),
WEAFMIZ32mm (=8m,) ZE>TW5E. WIREFIR, K21 KRTHEETT I
DL, EEBLUOCEHOHREMBEETHS. LbIHBIUHITIENI DRI,
W EOEH A, HOPREEEFANOERHEP,=SKNWMEATHHEITHL

TiTo T3,

2.2.2 wOHT - BAMEDAOREFHROELR
szt%?&ﬁt,5vﬁ%%%%@@$%ﬁrm3wf,E%%L@@¢%
EEURICED, WIEHAE x E0, WETHRE y, nEL, WOFRECE
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n

ZIT, KT - BABZba0HEEKTHS.
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o O @G e Eon) 2
e -Epe(x-&,

22T, f@)=FGR), gxy)={GEy) . U v(xy), G(xy)BEUF()H,
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Table 2.1 Dimensions of pinion cutter

Number module m, 4

Pressure angle a, 17.5° [ 20° l 25° I 27°
Number of teeth =z, 25

Helix angle Bo 0°, 10°, 20°, 30°

Edge radius Fe 0.15m," | 0.1m,

*
m, . Normal module
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Totat No. of elements 572
Total No. of nodes 3040

Fig. 2.1 Mesh pattern of FEM model

Middie plone

Neutral surlncc‘

RN

Fig. 2.2 Coordinate system for

rack-shaped cantilever plate Fig. 2.3 Deflection function
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2.2.3 BEDLHEH
1) U TZbHrOMHEMEUVITARTEASNS.
U =K,(0,0,0,0) (2.3)
FEMIC KA Do, DNREDW DO HDEEERNSKRDZ U & b/h ODBEFR
2241, ULzOBBRER 251CRY. K24K0, 2,245, 0ok Hila, DEM
EEBDIT, UIRBRTIZHEMERTZENDMNS. £z, K25 &0, U, @K
DD & EBITHDT HHEMERT .

@ v(xy) v (Gy)HOKEUTEELLEDDTHS. K261
FEM KX B7bhBEEERDERD v, y) DELWEAEKALESE b AR
KT, x Wz XA THEELERT S.

x'=Ax (2.4)
TIZT, MIBEEZHRBE THSD. AVEHEBRICERI LIS T vix,y)BAKARD
nT, TITh

v(x,y) =v(r)

F=qx" +§2 (2.5)
ELT, vr) DERMRZENTNS.
270, AL b/ DBERE, K281, ALz DBIfRERT. BA D b/h, 2I1TH
THEOBDOFEEENSv() DEMRERD D E, KROLITARSD

2

wﬁ=%ieW' (2.6)

“

R (2.6 OEFKa (=1~3) OEZER29ITFRT. K210, v()D FEM O
AEHROIMROHERREEZLELTFET. K210&0, WTFNOHEK, #HIEI
L THv(r)D FEM XL BEHERK R MR ICLDHBRRILS —HLTHBYD, R
(2.6) BVvEP)DEBRRELTEYTHBEZEAEND.

(3) G(x,y) F&xDaq, bh, z XTS5 FEM KLBEDADEERKELD
Gx,y) DIERIR KD D ERDL DT SD.
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G(;a ;) = GO(;: —.)7) + G'(;> ;) 3\
- = -5 —4 —3 —2 —

Gy(x+y)=by +b,y +byy +b,y +b;y+1

G(x,y)=0 [b/(2h)— [ =0.9] } (2.7)

G (x,y) =(d=b/2h+0.9)x (by" +b,y +b.y +b,y)

[b/(2h)— [d<0.9] /

X Q7)) O&EREDL (i=1~5 OEZK 21112, H/RED' (i=1~4) DEZK
212127 Y. ®2131 G, y) DIELRIC L 25 EMHE S FEM KL DR EHEZE
BLTRLTWS. ®213&0, HEHUREFEMICE S Glx, y) DEERHRITLL —
BLTWwWa0T, BNEEUXZEDTHHEEZIEND.

(4) F(x) F&Da, blh, /3T 5 FEMICEBhHOFERELD, x M
LOMERETDK, %, bh=51ZKT2U,, s THEELLEFE) Ny b1,
ERZEFRSELEEEZRT) 2RDDERDEICRESD.

F(®)=ce ™ +1 (0= £<0.2)
F(®)=ce™™ +1 (0.2= £<2.5) (2.8)
F®)=1 (25=%)

X (2.8) &HRE ¢, d; (i=1,2) DEZEK 214 IZRT. EED b/h ITHT B F(X),,,
i3, & 28) ODFEEAVT, RRATRDDIENTES.
F(®),,, =F®)/F{b/(2r)} (2.9)
2150 E FEMIC KD FR) DR ERRZERLTRLTVS. K215 X
D, EMKE FEM KED FE)DEFERFRRIZEIS —HEHLTVn2DT, EazaLxX
AN THDHEEZLNS.

2.2.4 ALK EFEMICK D K, DELE

2.16 1, ERIE 22) KXORDEFELOZOAERERAL TELSNE K,
ZFEM ICX DRI ERRELEBLTRY. K216 &0, FEMICK D EEER EIELU
KL VFEBREIES—HLTWEDT, EVWEMUKIE, BExORXTENEE
DEOMIT « BAKTDOAOHEEKOEURE L THEDTHDEELZONS.
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2.2.5 HMUFE—AY MEEBHOELUR

WEEDEENK, WOFREICEEHHMOEPHKE P, WMEATZHEOER
AE (ERPLREETTARMBOBERDORTHA) =45 (1755 a,<26°DHE),
60° (0, Z26°DFH) OB (ERWEARE @0~ D) OEEOLITBT 5
FE—A > MNEEBEK B, EnIIARNTERINS.

B(x.&m)=M(x,E,n)/P (2.10)

ZIT, M(xEn)  BRFEMBICBIDMITE—AS . M&,En)iE, FEM KK
& BTSSR ERE RO 5B HERRE @0~ @ 2N TRD .

IR R ETHENMEATIHAEOMEL Da,, bh, z XTH FEM I L5
TSR ERE RN D B(x,0,n) ERDB ERDLIITRES.

B, 0.m) = A=) [expi-x /(2021 (/20,) (2.11)

ZZT, he: BRDNSERFEECOESE p THBELLEME, o, : EIARE
K217 CENARK o, 2RT. K217 X0, EEEHAVEMT DICONTEN
ARBEOERTDZI NS, EFHENEALOERORZEATEIEGD
BG,EMIFR (2.11) KWE—AL b A A=V @ 2HATEIEIEDKRD D
ZEMTED. R (211) KEENAOENARKERATEZZEICED, BTE
WHEHBEOITE—A > MIEBAKOEURNFELENS.

2181, B(x,En)® FEM &EQRICL D EREEEZRT. K 2.18 £V FEM
WEHFEBREAMURCEIDHAERERZ IS —HTHIEBDN 5.

2.2.6 JEI & FEM IC K BTG/ DEEER

219 1, 225 HiTEWZHMITE—AY NYEREBOEUR LR NERREZE
AWTHELNZWITIEHE FEM ICL 2 FTEMRE LKL TRYT. K 2.19 X DEM
& FEM KEDHEFERE LIS —HLTWE2O0TEWEHMITE—A > MEEHR
BIEGEZ OHETORTIIAEEICH L TEDTHSEEZL5ND.

2.3 ETIEHNEEOEITIEAN
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Fig. 2.19 Comparison of root stresses by approximate
equations with those by FEM
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Fig. 2.20 Geometry of test helical internal gear

Table 2.3 Dimensions of test helical internal gear

Number module m, 4
Pressure angle ay 20°
Helix angle Bo 30°14"
Number of teeth zilzp 45/25
Face width b 30 mm
Transverse contact ratio Eq 1.45
Overlap ratio £g 1.19

Pressure controller

loading bar ~ Torque pick-up
Test gear
Loading gear

Injection pump

y | From oil tank

Fig. 2.21 Static loading and bending fatigue testing machine for internal gear



Fig. 2.22 Positions of strain gauges
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Fig. 2.23 Comparison between calculated root stresses and measured ones
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Max. load sharing factor #,5, ..
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Fig. 2.24 Load sharing factor f;s
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Fig. 2.29 Root stress waveforms (Tensile side )
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Fig. 2.30 Root stress waveforms ( Tensile side )




Max. root stress oy, MPa
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Fig. 3.1 Isoparametric element with 20 nodes

Planet gear

Internal gear

Fig. 3.2 Schematic illustration of planetary gear unit



Table 3.1 Dimensions of spur internal gears

Model A20 | Model A27 | Model B20 | Model B27

Module m 4

Pressure angle a, 20° | o7 ’ 20° l 27°
Number of teeth  z; 60

Face width b 90 mm

Rim thickness [,/m 3

Web thickness b, /b 0.22 0.25

Table 3.2 Dimensions of pinion cutters

Model A20 | Model A27 | Model B20 | Model B27

Model m 4
Pressure angle  «, 20° [ 27° ‘ 20° | 27°
Number of teeth 2z, 25
Edge radius  ro/m 01s | 01 | o015 | o1
130
90
20
= N of
&) 2 4 At & d| S
S aSdsdi s
(a) Model A
90
67.5
2 “ER
N ——H ] | N
© A RdRsS
(b) Model B

Fig. 3.3 Dimensions and structures of thin-rimmed spur internal gear
with asymmetric web arrangement
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Fig. 3.4 1/3 internal gear models
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Total No. of nodes 1073 Total No. of nodes 893

(i) Load tooth (ii) Other tooth

(a) Model A

Total No. of elements 140 Total No. of elements 108
Total No. of nodes 884 Total No. of nodes 624
(i) Load tooth (ii) Other tooth
(b) Model B

Fig. 3.5 Mesh pattern of loaded tooth and other tooth



AREBLICAREHUAOEOERE, HAKIIET IV ADBETIE, Thth
168, 1073 BL TN 136, 893, EF IV B DHFATIE, TNTN 140, 884 B LT 108,
624 TH>D. M361, TFTIVABXVETIBD 1/3 NEHEET I OERSEIN
& —2%RT. BTN ARBLVETI B ORERE, BEAKIENTN 2752,
16539, BXTN 2192, 11676 TH . & FEM M TIE, HEBIEMRE E=206GPa, R
TV bv=03 ZRHWTIE A, AHDEHEEZIT> TIN5,

3.2.3 WEMEE, BMELOWESR, BXICHOFEE
AEHE T, 3.4 1R T 1/3 WEREET IV U TH i & O & 8 52T B I iE#7
FHEDEFRE P,=1kN WMERATRHEEOE Db A% 3D-FEM ICK DEHEL .
3D-FEM IC KB WOPREDzbH (WEEZRKEL, WZT h=2.25m TEENLL
HRAEESROZDS) OFEZRENSFRAO D AHHME DOEMUXZE N,
U, 3.7 W EREMZEANWTH (3.2) TEREN. BE ay~asidE/h"
Fik SALS GV ik DkEL =,
wei(;, ;, E) =1/{ai1()_c—g)2 +ai2-};2 +ai3(3—c—:§:)+ai4;+ai5}
+a,,(x-8)+a,y+ay
2T, (6y): EbBROUESEE ON—L, Wi h THRELLEEERT)
(E&,m) : ATAME, i FEMETF N OAKSAOHAES, w,(x,y,E) @i MICETH
BENERATABE0RRAEDOZDS. HHLELOERORICETWENMEAT SB4E
DR RED =0 B w,(x, v, E,n) i, w,(x,y,E) ERFEREK 12 N, 2AWTR (3.3)
EDEFELNS.

(3.2)

Wi(';: ;a g>7;) = zNjWej(;a ;a E) (3.3)
j=1

ZZT, e: M38ICRTHRALD FEMETINOEAMAE FTOERES. j: K 3.8
RS ER e DERES (j=1~4) , N,~NJIE, 38IWRTIEEBFEEHNVWTRAT
zaINns.

N, =ab-bu-av+uv

N, =bu-uv

N;=uy

(3.4)

N,=av-uy



Total No. of elements 2752
Total No. of nodes 16536

1

t
Loaded tooth

(a) Model A

Total No.of elements 2192
Total No.of nodes 11676

T
Loaded tooth

(b) Model B

Fig. 3.6 Mesh pattern of 1/3 internal gear model



— & Loading point

. "Tooth profile

Middle plane

Fig. 3.7 Deflection function

N\/\__

» Deflection of middle plane

v Loading point
A
b ® Node
L 2 .,
ol u
a

—5h 0 5h
=0
f
(a) Model A

(b) Model B

Fig. 3.8 Element coordinates on middle plane



Data input
Number of units, Element no.,Node no.,
Coordinates of nodes, Elastic constants,
Loading condition, Boundary condition, et

Y

Calculation of tooth deflection of thin—rimmed
spur internal gear due to concentrated load
(by 3D-FEM)

l

Derivation of approximate equations
(influence functionKyof tooth

deflection due to concentrated load
(by least square method 'SALS')

l

Calculation of load distribution on
contact line and load sharing factor
of gear pair in mesh

{Kubo and Umezawa's method)

l

Calculation of root stress of
gear pair in mesh
{3D—FEM)

Fig. 3.9 Flow chart for calculation of root stress in mesh
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Fig. 3.11 Comparisons between deflections of middle plane
calculated by FEM and approximate equations



Table 3.3 Coefficients of approximate equations of tooth deflection (Model A20)

i a;, a;, 3y a, a5 2 a; 3

1 1.67521E+00 | -1,14653E-02 1.88226E+00 1.38105E+00 3.58024E+00 -5.25670E-06 | -2.53072E-02 | 8.34576E-02
2 4.22674E+00 1.01588E+00 4.30731E+00 5.42414E+00 2.18353E+01 -8.93728E-03 | —2.44799E-02 | 1.24664E-01
3 4.68308E+00 4.06896E-01 5.62195E+00 8.33020E+00 2,22951E+01 -6.89251E-03 | -2.85241E-02 | 9.15303E-02
4 4.74526E+00 7.73867E-01 6.15452E+00 8.93687E+00 2.10777E+01 -3.99677E-03 | -2.29655E-02 | 6.07064E-02
5 2.38352E+00 1.50152E-01 2.23558E+00 1.94527E+01 1.58848E+01 2.26312E-07 —-1.43516E-02 | 5.63157E-02
6 2.59189E+00 | —1.04728E-02 1.01345E-01 1.43087E+00 5.10646E+00 -4.18325E-06 | —2.36657E-02 | 7.39217E-02
7 7.25862E+00 1.79868E+00 ~1.52645E+00 | 6.87532E+00 2.74795E+01 —-8.02810E-03 | -2.31298E~02 | 1.13944E-01
8 8.47574E+00 3.18687E-02 -1.75593E+00 | 1.18920E+01 2.76517E+01 -6.14646E-03 | -2.66930E-02 | 8.45348E-02
9 8.74382E+00 1.71239E+00 -2.19685E+00 | 1.35359E+01 2.89487E+01 -3.24817E-03 | -2.01085E-02 | 5.78039E-02
10 | 4.24034E+00 2.62396E-02 —2.39730E+00 | 3.37177E+01 2.16387E+01 2.38538E-08 -1.24304E-02 | 5.13516E-02
11 3.95315E+00 | -8.75080E-03 | -9.15387E-01 1.33703E+00 4.92538E+00 ~3.48358E-06 | -2,21045E~02 | 6.40911E-02
12 | 1.34214E+01 3.46762E+00 ~6.59231E+00 | 1.22169E+01 2.99549E+01 -7.88261E~03 | -2.18894E-02 | 1.09156E~01
13 | 1.53726E+01 1.67554E-01 -7.97938E+00 | 1.55933E+01 2.55160E+01 -5.39353E-03 | -2.32408E-02 | 7.68920E-02
14 | 1.69838E+01 4.37310E+00 =-1.11276E+01 2.12572E+01 2.92276E+01 -2.58432E-03 | -1.81207E~02 | 5.52571E-02
15 | 9.10747E+00 5.18595E-03 —1.04195E+01 5.91647E+01 2.34812E+01 2.25196E-09 ~-9.95957E-03 | 4.65925E-02
16 | 5.87837E+00 | -6.229878E-03 | -4.98043E-01 1.07496E+00 3.18221E+Q0 —2.82492E-06 | —-1.92018E-02 | 5.18221E-02
17 | 2.23320E+01 5.08412E+00 -1.66710E-01 1.35104E+01 1.36538E+01 —6.64038E-03 | -1.74850E~02 | 9.48470E-02
18 | 2.81257E+01 9.89425E-01 —8.38080E+00 | 1.84403E+01 1,18693E+01 —-4.63409E-03 | -1.98297E~-02 | 6.84822E-02
19 | 3.29592E+01 7.76066E+00 —-1.63953E+01 | 2.72068E+01 1.55012E+01 -2.22918E-03 | -1.55223E-02 | 4.98872E-02
20 | 1.77722E+01 1.70771E-02 -1.08534E+01 | 9.24063E+01 1.59942E+01 2.66298E-09 -8.10264E-03 | 4.18203E-02
21 7.75226E+00 | -3.66067E-03 6.15315E-01 7.38874E-01 1.77711E+00 -2,27253E-06 | -1.55027E-02 | 3.94853E-02
22 | 2.77241E+01 4,66893E+00 1.47535E+01 7.21979E+00 | —4.54253E+00 | -5.15295E-03 | —1.46205E-02 | 7.94768E-02
23 | 4.82835E+01 1.75947E+00 —8.86017E+00 | 2.21246E+01 | -1,99189E+00 | —4.07328E-03 | ~1.71516E~02 | 6.21433E-02
24 | 5.59985E+01 8.40153E+00 ~2.18484E+01 2.63760E+01 3.59061E+00 ~2.21654E-03 | -1.26348E~02 | 4.39167E-02
25 | 4.01256E+01 1.89456E-01 -2.28406E+01 1.65965E+02 1.54387E+01 5.14738E-08 -6.85409E-03 | 3.85806E-02

Table 3.4 Coefficients of approximate equations of tooth deflection (Model A27)

i a, a;, 33 £ a5 35 3, 2

1 1.69891E+00 | -1.31402E-02 2.71648E+00 1.61563E+00 3.68827E+00 ~4.43835E-06 | -2.29029E-02 | 7.88723E-02
2 4,17303E+00 1.10173E+00 5.81301E+00 7.39374E+00 2.64473E+01 -8.40409E~03 | —2.29216E-02 | 1.17927E~01
3 4.54748E+00 5.43681E-01 7.34668E+00 1.08116E+01 2.62586E+01 -6.23134E-03 | -2.55865E-02 | 8.57298E-02
4 4.65237E+00 1.95956E+00 9.07723E+00 1.32350E+01 2.41198E+01 -3.19035E-03 | -2.21971E-02 | 6.09026E-02
5 2.33428E+00 2.82159E-03 2.76344E+00 1.79651E+01 2.07355E+01 6.49441E-09 ~1.32732E-02 | 5.26581E~02
6 2.89102E+00 | -1.12156E-02 | —5.40898E-02 | 1.57651E+00 6.06066E+00 -3.62307E-06 | -2.08645E-02 | 6.88357E-02
7 8.07783E+00 1.87424E+00 -3.31206E+00 | 9.15924E+00 3.46155E+01 -7.55805E~03 | —2.15044E-02 | 1.07734E-01
8 9.24213E+00 1.45389E-01 —3.34384E+00 | 1.47002E+01 3.36009E+01 -5.55791E-03 | -2.39627E-02 | 7.89812E-02
£} 9.67564E+00 3.12585E+00 -4,23693E+00 | 1.87645E+01 3.65107E+01 -2.69815E-03 | -1.87308E-02 | 5.63859E-02
10 | 4.75571E+00 5.39002E-04 -3.58182E+00 | 3.45885E+01 2.50376E+01 7.50962E-11 -1.20037E-02 | 4.86573E-02
11 4.68038E+00 | -8.54663E-03 | -1.35494E+00 | 1.38721E+00 5.59046E+00 ~2.97096E-06 | —1.95968E-02 | 5.82266E-02
12 | 1.67430E+01 3.26811E+00 ~1.04707E+01 1.79955E+01 3,71088E+01 —-7.43620E-03 | -2,13733E-02 | 1.03252E-01
13 | 1.82889E+01 4.18106E-01 -1.12112E+01 1.87101E+01 2.93825E+01 -4.82405E-03 | -2.05542E-02 | 7.10111E-02
14 | 2.06227E+01 6.12891E+00 -1.60454E+01 | 2.76134E+01 3.54020E+01 ~2.20840E-03 | -1.63571E-02 | 5.23365E-02
15 | 1.15428E+01 | -2.19382E-03 | -1.50394E+01 | 6.39673E+01 2.84659E+01 -9.63092E-10 | -9.16915E-03 | 4.38022E-02
16 | 6.93709E+00 | -5.70017E~03 | -5.62481E-01 1.08558E+00 3.33332E+00 -2.30743E~06 | ~1.67646E-02 | 4.63542E-02
17 | 2.76909E+01 5.70630E+00 -7.56584E-01 1.86315E+01 1.53398E+01 -6.05075E~03 | —~1.57099E-02 | 8.76125E~02
18 | 3.39889E+01 1.14603E+00 -1.09132E+01 2.30836E+01 1.25365E+01 -4,11585E~03 | —1.72322E-02 | 6.27972E-02
19 | 4.01036E+01 9.66884E+00 -1.96066E+01 | 3.30554E+01 1.69357E+01 ~1.98922E-03 | -1.34811E-02 | 4.62129E-02
20 | 2.32732E+01 | -1.51145E-02 | -1.71934E+01 1.02194E+02 2.02910E+01 -7.61750E-09 | -7.41854E-03 | 3.92493E-02
21 8.54435E+00 | ~1.04310E-03 3.66693E+00 3.39526E-01 4.14466E-01 ~1.35535E-06 | -6.73693E-03 | 1.78609E-02
22 | 3.36821E+01 5.39610E+00 1.75217E+01 8.96889E+00 | -3.86526E+00 | -4.62297E-03 | -1.27269E-02 | 7.28587E-02
23 | 5.84025E+01 1.79050E+00 -1.25984E+01 | 2.60853E+01 | —~1.19837E+00 | —3.59750E-03 | -1.44998E~02 | 5.66532E~02
24 | 6.76350E+01 8.95291E+00 —2.19002E+01 3.04660E+01 | ~1.24081E+00 | -1,97291E-03 | —1.08417E-02 | 4.05852E-02
25 | 5.35443E+01 5.93054E-03 -3.99059E+01 2.17810E+02 2.61343E+01 —-3.53394E-09 | -6.00310E-03 | 3.61521E-02




Table 3.5 Coefficients of approximate equations of tooth deflection (Model B20)
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2.50332E+00
5.33976E+00
5.26739E+00
4.74834E+00
1.99633E+00
4.39322E+00
1.00521E+01
9.62398E+00
8.75216E+00
3.23053E+00
9.18033E+00
2.03293E+01
1.81500E+01
1.59388E+01
5.31547E+00
1.72704E+01
4.05180E+01
3.42060E+01
2.89052E+01
8.18933E+00
3.65174E+01
8.00595E+01
6.19893E+01
4.56326E+01
1.24012E+01

1.43157E-01
-6.07133E-01
—-1.30040E+00
-1.89208E+00
-8.69322E-02
4.53612E-02
~1.48807E+00
~3.30732E+00
-3.73333E+00
—8.31068E-02
7.02424E-03
-5.24181E+00
~6.98689E+00
-6.13817E+00
-3.24951E-03
7.98491E-03
—-8.64579E+00
—=1.09029E+01
-1.04241E+01
-4.31475E-03
8.08142E-03
~1.46605E+01
-1.50034E+01
~1.46224E+01
~4.33084E-03

2.37061E+00
5.84232E+00
5.90224E+00
5.18412E+00
2.04987E+00
~2.33226E+00
-5.52145E+00
-4.03701E+00
-2.95330E+00
~-8.82291E-01
-1.05387E+01
-1.82356E+01
~1.38062E+01
-9.60829E+00
—-3.28235E+00
-1.20937E+01
—2.67184E+01
-1.81344E+01
~8.43848E+00
~1.92594E+00
-2.78228E+01
~5.18841E+01
-2.75211E+01
—2.81894E-01
-1.17393E+00

2.32410E+01
1.25540E+01
1.20006E+01
7.77052E+00
2.59646E+00
3.72612E+01
2,03409E+01
1.83156E+01
1.16786E+01
2.79833E+00
5.87458E+01
3.47208E+01
2.70938E+01
1.71359E+01
2.69768E+00
8.09808E+01
4.42432E+01
3.39044E+01
2.43062E+01
2.96673E+00
1,.33527E+02
5.83607E+01
4.17566E+01
2.27930E+01
3.04261E+00

1.53823E+01
3.06228E+01
2.78463E+01
2.27612E+01
6.77713E+00
1.96311E+01
4.11793E+01
3.51196E+01
3.17190E+01
8.98859E+00
2.12276E+01
4.14640E+01
3.37770E+01
3.00420E+01
8.62756E+00
1.40594E+01
2,63585E+01
1.96128E+01
1.46021E+01
4.11932E+00
1.59990E+01
2.03966E+01
8.29830E+00
—6.60368E+00
1.24607E+00

1.54960E-07
1.28448E-03
1.96969E-03
2.89961E-03
-8.79567E-06
2.57155E-08
8.36212E-04
1.81081E-03
3.34934E-03
-7.35010E-06
2.30732E-08
4.96313E-04
1.61438E-03
3.20465E-03
-1.47619E-07
1.27819E-09
4.26851E-04
1,40423E-03
2.84262E-03
-1.75151E-07
5.60554E~-10
3.74612E-04
1.23047E-03
2.27763E-03
-1.72127E-07

-4,22268E-04
-2.11830E-03
-8.12135E-03
~1.86227E-03
—~4.73014E-03
-3.66437E-04
-1.57050E-03
-5.81923E-03
-6.38931E-03
-3.87712E-03
-1.21627E-04
~1.04165E-03
-4.00592E-03
-5.88774E-03
-2.32375E-03
~2.81009E-05
-7.83923E-04
~3.08801E~03
~4.28562E-03
—1.77940E-03
2,47615E-04
-7.43565E-04
-2.59375E-03
—3.21065E-03
-1.71676E-03

-4.22408E-04
-5.62611E-03
9.22163E-03
1.69828E~02
1.61740E-03
—~1.74599E-04
-2.38054E-03
8.61684E-03
2.26756E-02
1.01015E-03
6.79229E-05
-9.67581E-05
8.03292E-03
2.23299E-02
-1.14038E-03
1.72935E-04
1.36442E-04
7.06727E-03
1.98344E-02
-1.37038E-03
1.98982E-04
3.76865E-04
6.32025E-03
1.57282E-02
~1.59688E-03

Table 3.6

Coefficients of approximate equations of tooth deflection (Model B27)
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2.46606E+00
5.16784E+00
5.08055E+00
4.65129E+00
2.00008E+00
4,95367E+00
1.11053E+01
1.04525E+01
9.64628E+00
3.54012E+00
1.16297£+01
2.50650E+01
2,17683E+01
1.94091E+01
6.45608E+00
2.24506E+01
5.05868E+01
4.14428E+01
3.54553E+01
9.86015E+00
4.78612E+01
1.00531E+02
7.62807E+01
5.86924E+01
1.50327E+01

1.40534E-03
-2.13397E+00
-2.01316E+00
-2.08611E+00
-4.76928E-02
3.91153E-03
-3.19652E+00
-4.20977E+00
~4.47618E+00
—2.13591E-02
2,03085E-03
—8.65096E+00
~7.93601E+00
-7.44825E+00
-4.81836E-03
2.02514E-03
-1.24382E+01
~1.14491E+01
-1.24176E+01
~3.59511E-03
5.29205E-03
~1.92964E+01
~1.83135E+01
—-1.62426E+01
-4.85640E-03

2.80807E+00
7.48013E+00
7.72205E+00
6.97180E+00
2.99846E+00
~4.04766E+00
~-8.81025E+00
—6.37853E+00
-5.21991E+00
-1.04961E+00
—1.54219E+01
—2.63073E+01
—1.93465E+01
—1.44104E+01
-4.96570E+00
~1.84572E+01
-3.68329E+01
-2.33750E+01
—1.22243E+01
-2.59354E+00
—~4.45244E+01
-7.57079E+01
-3.98481E+01
~8.36623E+00
-2.33725E+00

2.20558E+01
1.86513E+01
1.59892E+01
1.04756E+01
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Fig. 4.1 Dimensions and structures of thin-rimmed helical
internal gear with asymmetric web arrangement

Table 4.1 Dimensions of helical internal gear

D " Model A Model B
Model m, 4
Pressure angle a, 20°
Helix angle Bo 10°(L) | 20°(L) 1 30°(L) | 20°(L)
Number of teeth 2; 60
Face width b 90mm
Rim thickness l./m, 3
Web thickness b,/b 0.22 0.25
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Table 4.2 Coefficients of approximate equations of tooth deflection

(Model A, Bo=10°Clockwise)

i a;, a, 3, a, Ay A, a;, a;
1 | 1.91219E+00 | -1.18512E-02 | 2.14926E+00 | 1.37632E+00 | 3.70132E+00 | -5.22496E-06 | -1.52786E-02 | 8.48876E-02
2 | 4.67752E+00 | -1.98206E-01 | 4.86169E+00 | 6.46537E+00 | 2.29868E+01 | -8.46869E-03 | ~1.72789E-02 | 1.25965E-01
3 | 4.89763E+00 | -3.56698E-01 | 5.77530E+00 | 7.70267E+00 | 2.11691E+01 | -5.73357E-03 | -1.44776E-02 | 8.57294E-02
4 | 5.06379E+00 | 5.17981E-01 | 6.37720E+00 | 9.06585E+00 | 2.17489E+01 | -3.19326E-03 | -1.37498E-02 | 6.08567E-02
5 | 2.37064E+00 | 1.92564E-04 | 2.00591E+00 | 1.50874E+01 | 1.57807E+01 | ~1.93741E-09 | -8.15360E-03 | 5.50710E-02
6 | 3.02192E+00 | -1.05598E-02 | 1.44975E-02 | 1.28624E+00 | 5.55161E+00 | -4.65342E-06 | ~1.35051E-02 | 7.87703E-02
7 | 8.20414E+00 | -1.08529E+00 | -1.81310E+00 | 8.10370E+00 | 2.77599E+01 | -7.68505E-03 | -1.87118E-02 | 1.20707E-01
8 | 8.47448E+00 | -3.34585E-01 | -1.01900E+00 | 8.56845E+00 | 2.34123E+01 | -4.88899E-03 | -1.46565E-02 | 8.11621E-02
9 | 8.97518E+00 | 1.10150E+00 | -1.69328E+00 | 1.04279E+01 | 2.58152E+01 | -2.58335E-03 | -1.14057E-02 | 5.78224E-02
10 | 4.12852E+00 | -1.21914E-02 | ~2.47142E+00 | 2.38776E+01 | 1.82278E+01 | -2.10331E-08 | -7.32768E-03 | 5.20842E-02
11 | 4.70309E+00 | -7.61025E-03 | ~1.23897E+00 | 9.95546E-01 | 5.25751E+00 | -4.29472E-06 | -1.27283E-02 | 7.00029E-02
12 | 1.37925E+01 | -2.95842E+00 | -5.72687E+00 | 9.56536E+00 | 2.30085E+01 | -6.57428E-03 | -1.64595E-02 | 1.11582E-01
13 | 1.40720E+01 | -2.41887E-01 | -5.56865E+00 | 8.77142E+00 | 1.88077E+01 | -4.07203E-03 | -1.27474E-02 | 7.51356E-02
14 | 1.58138E+01 | 2.32514E+00 | -8.30383E+00 | 1.2411BE+01 | 2.28388E+01 | -2.00006E-03 | -9.57947E-03 | 5.55685E-02
15 | 7.75650E+00 | -2.69393E-02 | -5.72579E+00 | 2.42329E+01 | 1.53171E+01 | -4.27670E-08 | -4.40503E-03 | 4.78087E-02
16 | 6.73210E+00 | -3.91224E-03 | ~2.63051E-01 | 5.17897E-01 | 2.38089E+00 | -4.27481E-06 | -1.03153E-02 | 5.27592E-02
17 | 2.00071E+01 | -2.94676E+00 | ~5.23417E-01 | 6.51717E+00 | 6.18790E+00 | -4.90661E-03 | -1.27308E-02 | 9.58251E-02
18 | 2.11985E+01 | 9.54427E-01 | -3.77205E+00 | 6.19297E+00 | 5.43312E+00 | -3.13197E-03 | -9.14494E-03 | 6.55553E-02
19 | 2.62186E+01 | 3.77039E+00 | -8.10843E+00 | 1.17145E+0D1 | 9.26019E+00 | -1.62561E-03 | -7.04079E-03 | 5.07625E-02
20 | 1.52596E+01 | ~2.24104E-02 | -9.11281E+00 | 3.12614E+01 | 1.24167E+01 | -2.57663E-08 | -2.48155E-03 | 4.40593E-02
21 | 6.07007E+00 | 8.08473E-05 | 1.13870E+00 | 7.46573E-02 | -4.09215E-03 | 6.64118E-07 | 9.12418E-04 | -1.68922E-02
22 | 1.49484E+01 | 4.08443E-03 | 1.98920E+00 | 8.85817E-01 | 1.81072E+00 | -1.94148E-03 | -4.83691E-03 | 5.47870E-02
23 | 2.81094E+01 | 6.50844E-01 | ~1.35579E+00 | 4.62176E+00 | -2.35351E+00 | -2.46615E-03 | ~7.85213E-03 | 5.87025E-02
24 | 3.39982E+01 | 3.41335E+00 | -6.00166E+00 | 5.69842E+00 | -1.76653E+00 | -1.61333E-03 | -5.57741E-03 | 4.26551E-02
25 | 2.97992E+01 | ~1.89683E-02 | -1.50415E+01 | 3.59029E+01 | 1.04102E+01 | 9.56199E-09 | -1.76173E-03 | 4.12196E-02
Table 4.3 Coefficients of approximate equations of tooth deflection
(Model A, Bo=10°,Counterclockwise)
i ai 2i ) LI Qs LT ay 3ig
1 | 1.66423E+00 | -1.20667E~02 | 1.87592E+0C | 1.41902E+00 | 3.04030E+00 | -5.35621E-06 | -2.10171E-02 | 6.85037E-02
2 | 4.70712E+00 | 2.49189E+00 | 4.73675E+00 | 6.91711E+00 | 2.46556E+01 | -1.02426E-02 | ~2.15443E-02 | 1.23218E-01
3 | 5.25498E+00 | 1.97570E+00 | 6.00100E+00 | 1.08791E+01 | 2.73427E+01 | -7.86599E-03 | ~2.525356-02 | 9.02792E-02
4 | 5.28516E+00 | 2.12164E+00 | 6.55744E+00 | 1.09469E+01 | 2.57064E+01 | -4.61853E-03 | -1.85929E-02 | 6.89502E-02
5 | 2.77488E+00 | 1.17792E+00 | 2.36341E+00 | 5.22261E+01 | 2.04378E+01 | 3.49972E-07 | -1.11872E-02 | 5.79677E-02
6 | 2.46845E+00 | -1.06493E-02 | 5.17521E-02 | 1.43213E+00 | 4.33733E+00 | -4.40440E-06 | -2.04435E-02 | 5.94407E-02
7 | 8.33858E+00 | 5.32741E+00 | -2.94877E+00 | 9.79070E+00 | 3.39880E+01 | -1.00489E-02 | -2.20645E-02 | 1.17865E-01
8 | 9.74321€+00 | 2.74761E+00 | -3.54466E+00 | 1.68152E+01 | 3.52542E+01 | =7.50733E-03 | -2.46317E~02 | 8.56124E-02
9 | 9.80158E+00 | 3.65830E+00 | -3.50911E+00 | 1.67699E+01 | 3.52015E+01 | -4.21080E-03 | -1.72373E-02 | 5.69657E-02
10 | 5.06240E+00 | 2.51106E+00 | -3.63902E+00 | 7.50696E+01 | 2.67129E+01 | 6.31907E-07 | —9.96385E-03 | 5.40340E-02
11 | 3.57358E+00 | -9.04248E-03 | -1.02637E+00 | 1.32478E+00 | 4.14427E+00 | -3.85639E-06 | -2.02928E-02 | 56.03704E-02
12 | 1.57091E+01 | 1.18922E+01 | -9.10036E+00 | 1.71349E+01 | 3.69479E+01 | -1.01481E-02 | -2.38841E-02 | 1.15500E-01
13 | 1.89355E+01 | 5.52710E+00 | -1.45930E+01 | 2.68689E+01 | 3.64410E+01 | -7.06691E-03 | -2.24561E-02 | 8.05009E-02
14 | 1.97400E+01 | 9.44835E+00 | -1.64413E+01 | 2.99490E+01 | 3.83516E+01 | -3.76706E-03 | -1.59407E-02 | 6.54515E-02
15 | 1.05010E+01 | 1.57516E+04 | -9.43400E+00 | 1.26846E+04 | 2.68506E+01 | 4.04332E-06 | -8.72124E-03 | 5.09226E-02
16 | 4.96697E+00 | -6.70090E-03 | -8.47267E-01 | 1.14284E+00 | 2.68435E+00 | -3.09416E-06 | -1.89012E-02 | 3.98149E-02
17 | 2.76597E+01 | 2.23316E+01 | -1.65708E+00 | 2.48078E+01 | 2.15267E+01 | -0.35987E-03 | -2.04001E-02 | 1.04771E-01
18 | 4.07908E+01 | 1.03306E+01 | —2.85537E+01 | 4.32657E+01 | 2.67483E+01 | -6.630949E-03 | -2.19646E-02 | 7.49885E-02
19 | 4.03047E+01 | 1.50536E401 | -2.75780E+01 | 4.25067E+01 | 2.65550E+01 | -3.65531E-03 | -1.41180E-02 | 5.08418E-02
20 | 2.51760E+D1 | 4.02866E+04 | -2.07033E+01 | 3.25128E+04 | 2.80561E+01 | 3.37318E-06 | ~7.65356E-03 | 4.71432E-02
21 | 6.30357E+00 | -4.71582E-03 | -4.50328E-01 | 9.67093E-01 | 2.00268E+00 | -2.36622E-06 | -1.65516E-02 | 3.03936E~02
22 | 1.25562E+01 | 2.92138E+00 | 2.04456E+00 | 8.99372E-01 | 1.11747E+00 | -1.94221E-03 | -1.15570E-02 | 3.75726E-02
23 | 9.17784E+01 | 3.72054E+01 | -7.50434E+01 | 8.66599E+01 | 3.45862E+01 | -6.25930E-03 | -1.89062E-02 | 6.91373E-02
24 | 8.24552E+01 | 2.24388E+01 | -6.22459E+01 | 5.98801E+01 | 2.81982E+01 | -3.60237E-03 | -1.21443E-02 | 4.65327E~02
25 | 7.03353E+01 | 2.22278E+04 | -6.42759E+01 | 5.37887E+04 | 4.54927E+01 | -3,02610E-07 | -6.12805E-03 | 4.34607E-02




Table 4.4 Coefficients of approximate equations of tooth deflection

(Model A, 8,=20°,Clockwise)

i a, a;, a, a, 85 M a; 2
1 | 2.00358E+00 | -1.09708E-02 | 2.10632E+00 | 1.28126E+00 | 3.52515E+00 | -5.39938E-06 | -1.49847E-02 | 8.81054E-02
2 | 4.93421E+00 | -1.07842E+00 | 5.23648E+00 | 6.37949E+00 | 2.15665E+01 | -7.95548E-03 | -1.68440E-02 | 1.27997E-01
3 | 5.08528E+00 | -8.68030E-01 | 6.01260E+00 | 6.89160E+00 | 1.90783E+01 | -4.66035E-03 | -1.11679E-02 | B8.47079E-02
4 | 5.19608E+00 | -4.17651E-02 | 6.49770E+00 | 7.49937E+00 | 1.94195E+01 | -2.44052E-03 | -8.32267E-03 | 5.86787E-02
5 | 2.35613E+00 | -1.16536E-03 | 1.68395E+00 | 1.41940E+01 | 1.49112E+01 | 4.62198E-09 | -7.76835E-03 | 5.41181E-02
6 | 3.12330E+00 | -9.55255E-03 | 1.20171E-01 | 1.159556+00 | 5.25369E+00 | -4.88741E-06 | -1.40183E-02 | 8.25519E-02
7 | 8.25643E+00 | -2.17897E+00 | -9.20204E-01 | 7.23828E+00 | 2.36059E+01 | -6.57567E-03 | -1.81618E-02 | 1.19322E-01
8 | 8.41612E+00 | -3.75309E-01 | -8.61581E-01 | 6.93752E+00 | 2.17151E+01 | -3.56287E-03 | -1.06117E-02 | 7.81692E-02
9 | 8.84299E+00 | 2.28677E-01 | -1.15347E+00 | 8.40733E+00 | 2.41296E+01 | ~1.71124E-03 | -6.67701E-03 | 5.58009E-02
10 | 3.94356E+00 | -7.23771E-03 | -2.30684E+00 | 1.88120E+01 | 1.68286E+01 | -7.96013E-09 | -5.05589E-03 | 4.99277E-02
11 | 4.79075E+00 | -6.64332E~03 | ~8.17489E-01 | 8.55104E-01 | 4.68837E+00 | -4.56802E-06 | -1.38765E-02 | 7.37200E-02
12 | 1.29582E+01 | -3.08782E+00 | ~3.65567E+00 | 6.85379E+00 | 1.75696E+01 | -5.11189E-03 | ~1.56579E-02 | 1.07089E-01
13 | 1.33925E+01 | -6.15278E-01 | -4.11960E+00 | 6.79970E+00 | 1.64953E+01 | -2.65591E-03 | -9.719556~03 | 7.19176E-02
14 | 1.48027E+01 | 9.21212E-01 | ~6.25090E+00 | 9.49686E+00 | 2.09826E+01 | -1.03435E-03 | -5.34914E-03 | 5.34290E-02
15 | 6.96116E+00 | ~1.17433E-02 | -5.36907E+00 | 2.35873E+01 | 1.53375E+01 | 1.81089E-07 | -2.03125E-03 | 4.55442E-02
16 | 6.66203E+00 | -2.99181E-03 | 2.11594E-01 | 4.02254E-01 | 1.77555E+00 | -4.43211E-06 | -1.17620E-02 | 5.41370E-02
17 | 1.73252E+01 | -2.42589E+00 | -2.78023E-01 | 3.76216E+00 | 5.26085E+00 | -3.19800E-03 | -1.13890E-02 | 8.76162E-02
18 | 1.94005E+01 | 2.99489E-01 | -2.58603E+00 | 4.54652E+00 | 4.54474E+00 | -1.61372E-03 | -6.83315E-03 | 6.14841E-02
19 | 2.30832E+01 | 2.43732E+00 | -4.98698E+00 | 6.85180E+00 | 7.31500E+00 | -6.92224E-04 | -2.82743E-03 | 4.64456E-02
20 | 1.32323E+01 | -1.53384E-02 | -7.45173E+00 | 2.56323E+01 | 1.14440E+01 | 2.52437E-08 | 5.11396E-04 | 4.08332E-02
21 | 5.78248E+00 | 1.31338E-04 | 1.02372E+00 | 6.55169E-02 | 3.15101E-02 | 1.25823E-06 | -1.20500E-03 | -1.60381E-02
22 | 1.32722E+01 | -2.54005E-01 | 1.08458E+00 | 6.72547E-01 | 7.04752E-01 | -4.29144E-04 | -6.38523E-03 | 4.63688E-02
23 | 2.43535E+01 | 6.88952E-02 | -2.28818E-02 | 3.24504E+00 | -1.83750E+00 | -8.99019E-04 | -5.43172E-03 | 5.37556E-02
24 | 2.48872E+01 | 5.25779E-01 | -5.62402E-01 | 2.51012E+00 | 1.18282E+00 | -8.96605E-04 | -7.48830E~04 | 3.34584E-02
25 | 2.39711E+01 | -1.82402E-02 | -1.05790E+01 | 1.88003E+01 | 9.03683E+00 | -2.80097E-08 | 1.92928E-03 | 3.65581E-02
Table 4.5 Coefficients of approximate equations of tooth deflection
(Model A, Bo=20°,Counterclockwise)
i 2y a, a, ay 35 8 a; a
1 | 1.62844E+00 | ~1.18029E-02 | 1.69735E+00 | 1.44850E+00 | 2.84836E+00 | -5.16321E-06 | -1.77898E-02 | 6.69077E~02
2 | 4.86717E+00 | 2.99460E+00 | 4.88272E+00 | 6.51953E+00 | 2.24837E+01 | -1.06178E-02 | -1.88137E-02 | 1.27460E-01
3 | 5.45697E+00 | 2.74085E+00 | 6.10835E+00 | 9.97755E+00 | 2.52086E+01 | -8.09002E-03 | -2.27933E-02 | 9.61098E-02
4 | 5.45407E+00 | 3.05444E+00 | 6.64575E+00 | 1.00697E+01 | 2.32207E+01 | -4.63933E-03 | -1.64502E-02 | 6.52016E-02
5 | 2.89115E+00 | 1.41903E-01 | 2.57810E+00 | 3.18631E+01 | 1.84299E+01 | 7.48927E-08 | -8.79300E-03 | 6.33569E-02
6 | 2.34531E+00 | -1.08197E-02 | 3.94036E-02 | 1.50890E+00 | 4.04270E+00 | -4.21781E-06 | -1.69506E~02 | 5.91211D-02
7 | 8.37283E+00 | 5.88628E+00 | -2.44634E+00 | 8.93993E+00 | 3.17235E+01 | -1.05463E~02 | ~1.92618E-02 | 1.23579E-01
8 | 9.88263E+00 | 4.20836E+00 | -3.18725E+00 | 1.49478E+01 | 3.25357E+01 | -7.87472E-03 | -2.32924E-02 | 9.32322E-02
9 | 9.93208E+00 | 5.71238E+00 | -3.08258E+00 | 1.53196E+01 | 3.20687E+01 | ~4.25083E-03 | -1.62150E-02 | 6.50800E-02
10 | 5.19822E+00 | 4.19159E-01 | -2.56436E+00 | 6.91153E+01 | 2.32624E+01 | 7.84186E-08 | -8.04126E-03 | 6.09311E-02
11 | 3.33911E+00 | -9.61761E-03 | ~8.88559E-01 | 1.45635E+00 | 3.82134E+00 | -3.67516E~06 | ~1.64289E-02 | 5.10592E-02
12 | 1.46181E+01 | 1.07630E+01 | -6.01405E+00 | 1.29530E+01 | 3.19567E+01 | —1.04659E-02 | -1.99363E-02 | 1.19903E-01
13 | 1.84134E+01 | 7.98429E+00 | -1.19795E+01 | 2.20020E+01 | 3.16228E+01 | -7.55612E-03 | -2.18763E-02 | 8.91952E~02
14 | 1.91069E+01 | 1.22148E+01 | -1.31424E+01 | 2.45374E+01 | 3.21426E+01 | -3.87833E-03 | -1.60790E-02 | 6.46181E~02
15 | 1.08916E+01 | 5.61501E+00 | -9.22627E+00 | 1.30836E+02 | 2.45882E+01 | 4.26465E-07 | -7.17181E-03 | 5.83362E-02
16 | 4.67679E+00 | -8.31501E-03 | -9.09889E~01 | 1.25494E+00 | 2.62475E+00 | -3.43458E-06 | -1.44836E-02 | 4.04043E-02
17 | 1.05947E+01 | 3.17394E+00 | 2.20403E+00 | 1.28454E+00 | 1.64779E+00 | -3.40944E-03 | -1.00209E-02 | 5.75994E-02
18 | 3.83480E+01 | 1.67112E+01 | -2.26045E+01 | 3.52036E+01 | 2.08588E+01 | -7.21616E~03 | ~2.13494E-02 | 8.46409E-02
19 | 4.07383E+01 | 3.18723E+01 | -2.59110E+01 | 4.55674E+01 | 2.28617E+01 | -3.60248E-03 | ~1.48713E-02 | 6.25409E-02
20 | 2.39265E+01 | 6.10619E+00 | ~1.45794E+01 | 1.24207E+02 | 2.24778E+01 | 6.59715E-07 | -7.06919E-03 | 5.56424E-02
21 | 6.00262E+00 | -5.65766E-03 | -5.65572E~01 | 1.08546E+00 | 1.94051E+00 | -2.48210E-06 | -1.21697E-02 | 3.16761E-02
22 | 1.18416E+01 | 2.91026E+00 | 2.15197E+00 | 8.70638E-01 | 1.44484E+00 | -2.33625E-03 | -8.30603E-03 | 4.35344E-02
23 | 7.96288E+01 | 4.20836E+01 | ~5.39017E+01 | 6.51713E+01 | 2.20074E+01 | -6.94083E-03 | -1.83209E-02 | 7.95514E-02
24 | 7.12388E+01 | 2.85465E+01 | ~4.50150E+01 | 4.17466E+01 | 1.78750E+01 | -3.855256-03 | -1.25120E-02 | 5.67706E-02
25 | 5.57977E+01 | 2.03741E-03 | -3.70705E+01 | 1.81579E+02 | 2.64501E+01 | -6.11370E-08 | -5.98849E-03 | 5.30331E-02




Table 4.6 Coefficients of approximate equations of tooth deflection

(Model A, Bo=30°,Clockwise)

i a; a;, a, a;, a5 2 ay Ay
1 | 2114156400 | -1.09531E-02 | 2.19639E+00 | 1.29080E+00 | 3.5471BE+00 | -5.22449E-06 | -1.28141E-02 | 9.50755E~02
2 | 5.21173E+00 | -1.76020E+00 | 6.37670E+00 | 5.89673E+00 | 1.71243E+01 | -6.31084E-03 | -1.51630E-02 | 1.25878E-01
3 | 5.31326E+00 | -6.57744E-01 | 6.89669E+00 | 5.71762E+00 | 1.60740E+01 | -2.88755E-03 | -5.93865E-03 | 8.21649E-02
4 | 5.46754E+00 | -2.60970E-01 | 7.15316E+00 | 6.55057E+00 | 1.79997E+01 | -1.25310E-03 | ~1.73375E-03 | 5.84063E-02
5 | 2.37043E+00 | -4.90026E-03 | 1.64511E+00 | 1.38905E+01 | 1.46542E+01 | 1.783156-07 | -2.60812E-03 | 5.32979E-02
6 | 3.33954E+00 | -9.06838E-03 | 2.19332E-01 | 1.09454E+00 | 5.22366E+00 | -4.89943E-06 | -1.23383E-02 | 8.91315E-02
7 | 8.40180E+00 | -2.53984E+00 | 7.22256E-02 | 5.71910E+00 | 1.88930E+01 | -4.69026E-03 | ~1.38047E-02 | 1.13714E-01
8 | 8.63525E+00 | -7.87601E-01 | 3.55776E-03 | 5.62167E+00 | 1.88937E+01 | -1.79375E-03 | -6.07724E-03 | 7.565556-02
9 | 9.09180E+00 | -2.21991E-01 | -5.70593E-01 | 6.90237E+00 | 2.290481E+01 | -5.83950E-04 | -3.85794E~04 | 5.49753E-02
10 | 3.89501E+00 | -8.99296E~03 | -2.09123E+00 | 1.75518E+01 | 1.62730E+01 | 2.20257E-07 | -6.00448E-05 | 4.90021E-02
11 | 5.06635E+00 | ~5.84012E-03 | -4.53199E-01 | 7.25677E-01 | 4.26746E+00 | -4.82434E-06 | —1.25940E-02 | 7.89993E-02
12 | 1.23019E+01 | -2.79237E+00 | -2.54253E+00 | 4.40503E+00 | 1.32695E+01 | -3.05720E-03 | ~1.17444E-02 | 9.942856-02
13 | 1.30832E+01 | -2.80147E-01 | -4.03020E+00 | 4.69666E+00 | 1.52531E+01 | -8.28367E-04 | -4.99790E-03 | 6.80302E-02
14 | 1.45109E+01 | 2.87426E-01 | ~4.75026E+00 | 6.95106E+00 | 1.96635E+01 | 3.33762E-05 | 3.93433E-04 | 5.20834E-02
15 | 6.58755E+00 | —1.14146E-02 | ~4.74536E+00 | 2.03779E+01 | 1.47266E+01 | 5.82465E-08 | 2.55819E-03 | 4.46450E-02
16 | 6.62067E+00 | -2.09062E-03 | 5.72361E~01 | 2.98691E-01 | 1.30762E+00 | -4.34013E-06 | -1.07437E-02 | 5.56945E~02
17 | 1.41082E+01 | ~1.42140E+00 | 2.98389E-01 | 1.79201E+00 | 3.05092E+00 | ~8.78204E-04 | -8.29550E-03 | 7.43025E-02
18 | 1.78188E+01 | ~5.97529E-02 | -1.59245E+00 | 3.38378E+00 | 4.10200E+00 | 1.22979E-04 | -3.45965E-03 | 5.88125E-02
19 | 2.04505E+01 | 6.83484E-01 | -1.47257E+00 | 4.69424E+00 | 7.71850E+00 | 3.88606E-04 | 2.48518E-03 | 4.47895£-02
20 | 1.18114E+01 | -1.33674E-02 | -6.13628E+00 | 1.96682E+01 | 1.07390E+01 | 6.16701E-08 | 4.66830E-03 | 3.99591E-02
21 | 5.60705E+00 | 2.47094E-04 | 8.76566E-01 | 5.88427E-02 | 4.283156-02 | 2.71919E-06 | -2.63686E-03 | —1.12439E-02
22 | 1.07933E+01 | -2.66685E-01 | 5.11503E-01 | 4.24309E~01 | 2.28716E-01 | 1.60146E-03 | -5.93910E-03 | 3.08847E-02
23 | 2.12399E+01 | ~3.45534E-01 | 8.32455E-01 | 2.33930E+00 | -1.14493E+00 | 7.83670E~04 | ~2.11352E-03 | 5.05201E-02
24 | 1.19445E+01 | -4.37637E-01 | 1.30034E+00 | 4.12201E-01 | 6.68577E-01 | -2.05918E-03 | 8.72052E-03 | -6.37373E-03
25 | 2.09055E+01 | ~2.79268E-02 | -1.10885E+01 | 6.53959E+00 | 1.11576E+01 | -4.89999E-07 | 6.46873E-03 | 3.27653E-02
Table 4.7 Coefficients of approximate equations of tooth deflection
(Model A, Bo=30°Counterclockwise)
i a;, a, a, ay a a, a; 2y
1 | 2.51760E+01 | 4.02866E+04 | ~2.07033E+01 | 3.25128E+04 | 2.80561E+01 | 3.37318E-06 | -7.65356E-03 | 4.71432E-02
2 | 1.59825E+00 | -1.17896E-02 | 1.63366E+00 | 1.60802E+00 | 2.74916E+00 | -4.40255E-06 | —1.22820E-02 | 6.76023E-02
3 | 5.74109E+00 | 3.31982E+00 | 6.67108E+00 | 9.28630E+00 | 2.38428E+01 | -7.97684E-03 | ~1.76719E-02 | 1.01918E~01
4 | 5.14748E+00 | 3.63170E+00 | 5.29777E+00 | 6.51154E+00 | 2.19072E+01 | -1.07623E-02 | -1.43076E-02 | 1.32778E-01
5 | 5.75760E+00 | 3.86910E+00 | 7.25847E+00 | 9.66081E+00 | 2.16889E+01 | -4.36090E-03 | —1.24971E-02 | 7.27474E-02
6 | 2.28436E+00 | -1.08848E-02 | 6.27530E-02 | 1.71571E+00 | 3.88423E+00 | -3.51512E-06 | -1.13942E-02 | 6.12060E-02
7 | 8.52013E+00 | 6.06778E+00 | ~1.49126E+00 | 7.82528E+00 | 2.80248E+01 | ~1.02812E-02 | -1.33731E-02 | 1.26255E~01
8 | 3.04608E+00 | 6.14070E-02 | 2.41002E+00 | 2.04625E+01 | 2.02722E+01 | -2.85106E-09 | -6.05607E-03 | 6.86721E-02
9 | 1.02592E+01 | 6.36800E+00 | -1.85241E+00 | 1.23984E+01 | 2.79466E+01 | -4.15051E~03 | -1.28158E-02 | 7.21011E-02
10 | 5.52489E+00 | 3.92025E-02 | -3.40854E+00 | 2.81927E+01 | 2.54780E+01 | 3.96473E-08 | -5.70737E-03 | 6.68111E-02
11 | 3.20998E+00 | -1.01001E-02 | -7.59788E-01 | 1.70406E+00 | 3.63963E+00 | -3.08096E-06 | —1.07687E-~02 | 5.45786E-02
12 | 1.34534E401 | 8.49345E+00 | -3.13249E+00 | 8.64993E+00 | 2.48823E+01 | -9.84219E-03 | —1.24582E-02 | 1.19905E~01
13 | 1.83656E+01 | 9.28310E+00 | -9.62644E+00 | 1.79000E+01 | 2.79715E+01 | -7.60632E-03 | —1.86078E-02 | 9.75022E~02
14 | 1.82113E+01 | 1.06798E+01 | -8.68642E+00 | 1.67510E+01 | 2.49853E+01 | -3.91757E-03 | -1.28276E-02 | 7.15209E-02
15 | 1.04573E+01 | 1.16788E-02 | -4.96675E+00 | 3.41745E+01 | 2.07402E+01 | 9.18496E-09 | -5.37181E-03 | 6.50010E-02
16 | 4.47808E+00 | ~8.74851E-03 | -7.68923E-01 | 1.52551E+00 | 2.54727E+00 | -2.76633E-06 | -8.97262E-03 | 4.57822E-02
17 | 1.07729E+01 | 3.44905E+00 | 2.78659E+00 | 1.36150E+00 | 2.33779E+00 | -4.04339E-03 | -6.16744E-03 | 6.91840E-02
18 | 3.39406E+01 | 1.71534E+01 | -1.26447E+01 | 2.62412E+01 | 1.46883E+01 | -7.36231E-03 | -1.72653E-02 | 9.36411E-02
19 | 3.17140E+01 | 1.41564E+01 | —1.08479E+01 | 1.89160E+01 | 1.16366E+01 | ~3.91002E-03 | ~1.14623E-02 | 6.82594E-02
20 | 2.21121E+01 | -3.53562E-03 | -8.97828E+00 | 3.70578E+01 | 1.83602E+01 | -3.26377E-09 | -5.22331E-03 | 6.29990E-02
21 | 5.84131E+00 | -6.66595E-03 | -5.85531E-01 | 1.27984E+00 | 1.94392E+00 | -2.35962E-06 | ~6.84566E-03 | 3.73730E-02
22 | 1.13524E+01 | 2.70619E+00 | 2.02322E+00 | 7.63670E-01 | 2.36956E+00 | -2.56437E-03 | -4.18231E-03 | 5.07052E~02
23 | 6.09923E+01 | 3.08091E+01 | ~2.05577E+01 | 3.91400E+01 | 5.61827E+00 | -7.15979E-03 | -1.48220E-02 | 8.95682E-02
24 | 4.82494E+01 | 1.19208E+01 | -1.68122E+01 | 1.36861E+01 | 5.12671E+00 | -4.06067E-03 | -1.05238E-02 | 6.36423E-02
25 | 4.72751E+01 | 7.20007E-03 | -1.54001E+01 | 4.99303E+01 | 1.39498E+01 | 1.03081E-08 | -4.46109E-03 | 6.12914E~02




Table 4.8 Coefficients of approximate equations of tooth deflection
(Model B, B,=20°Clockwise)

i 3y 2y 2 ay ais 2 ay B

1 | 3.3368E+00 | 0.8261E-02 | 2.8042E+00 | 2.5812E+01 | 2.0200E+01 | 3.7192E-08 | 1.1501E-04 | 1.3189E-04
2 | 6.9463E+00 | -4.7713E+00 | 6.0613E+00 | 1.7072E+01 | 3.8718E+01 | 8.8191E-04 | -2.2497E-03 | -5.4098E-04
3 | 7.0619E+00 | -7.1198E+00 | 5.9868E+00 | 1.7949E+01 | 3.4981E+01 | 2.4461E-03 | -6.4544E-03 | 1.3206E-02
4 | 7.1002E+00 | -8.7421E+00 | 4.5004E+00 | 1.5672E+01 | 3.8645E+01 | 5.6178E-03 | -8.6993E-03 | 3.9165E-02
5 | 2.3480E+00 | ~1.3081E-02 | 1.8818E+00 | 2.7175E+00 | 4.4164E+00 | ~1.6261E-06 | -6.0638E-03 | 6.8854E-03
6 | 5.9399E+00 | 1.0428E-01 | -3.7958E+00 | 3.7181E+01 | 2.4725E+01 | 5.4357E-08 | -1.3195E-04 | 2.7736E-04
7 | 1.3313E+01 | -1.1463E+01 | -8.6227E+00 | 2.9295E+01 | 5.0328E+01 | 4.9920E-04 | -1.9461E-03 | 2.1551E-03
8 | 1.3365E+01 | ~1.5295E+01 | -8.2479E+00 | 2.9358E+01 | 4.4394E+01 | 2.2762E-03 | -4.9394E-03 | 1.3311E-02
9 | 1.3705E+01 | ~1.6133E+01 | -9.5248E+00 | 2.3107E+01 | 4.8479E+01 | 5.4764E-03 | -8.7521E-03 | 3.8978E-02
10 | 3.5762E+00 | -1.2823E-02 | -9.5732E-01 | 2.7931E+00 | 6.1826E+00 | ~1.4374E-06 | ~6.0808E-03 | 6.1970E-03
11 | 1.2303E+01 | 2.8397E-02 | -1.3322E+01 | 4.7610E+01 | 2.6387E+01 | 1.2475E-08 | 1.1319E-04 | 2.0904E-04
12 | 2.6692E+01 | ~2.7416E+01 | ~2.5009E+01 | 5.0548E+01 | 4.9916E+01 | 2.8904E-04 | -1.1868E-03 | 3.2573E-03
13 | 2.5675E+01 | -2.4653E+01 | ~2.2495E+01 | 4.2360E+01 | 4.2258E+01 | 2.1067E-03 | -3.8829E-03 | 1.2764E-02
14 | 2.6628E+01 | -3.1568E+01 | -2.1866E+01 | 3.9045E+01 | 4.5592E+01 | 5.2922E-03 | -7.7689E-03 | 3.7928E-02
15 | 5.0326E+00 | ~2.2061E-03 | ~2.0707E+00 | 1.8191E+00 | 4.5301E+00 | -2.4914E~07 | -4.8861E-03 | -7.8456E-04
16 | 2.3331E+01 | 1.0301E-02 | -1.5263E+01 | 5.3070E+01 | 1.6681E+01 | 3.7223E-09 | -2.7635E-04 | 3.3697E-04
17 | 5.5646E+01 | -5.1410E+01 | -4.1560E+01 | 7.5062E+01 | 3.4610E+01 | 2.2886E-04 | -9.7914E-04 | 3.3199E-03
18 | 5.0514E+01 | -3.4526E+01 | ~3.3436E+01 | 5.3560E+01 | 2.5770E+01 | 1.9039E-03 | -3.5312E-03 | 1.1937E-02
19 | 5.3845E+01 | -6.4023E+01 | -2.6761E+01 | 6.8816E+01 | 2.3994E+01 | 4.9226E-03 | -6.1446E-03 | 3.5205E-02
20 | 6.88B8E+00 | ~2.4215E-03 | ~1.1471E+00 | 1.8465E+00 | 1.5542E+00 | -2.9898E-07 | -4.5689E-03 | -1.1427E-03
21 | 4.7071E+01 | 5.8029E-03 | -3.2819E+Q1 | 7.4034E+01 | 1.7468E+01 | 1.4102E-09 | -6.9768E-05 | 3.9715E-04
22 | 1.1247E+02 | ~8.3174E+01 | -8.8636E+01 | 1.0724E+02 | 3.7704E+01 | 2.0484E-04 | ~7.6289E-04 | 3.1103E-03
23 | 9.5430E+01 | -5.6063E+01 | -6.2554E+01 | 7.5641E+01 | 2.1665E+01 | 1.7331E-03 | -2.7115E-03 | 1.1029E-02
24 | 1.1346E+01 | -1.6451E+00 | 3.5469E-02 | 3.4797E-01 | 8.4000E-01 | -3.5739E-03 | -1.5827E-03 | -4.7178E-02
25 | 8.7718E+00 | -2.7792E-03 | -5.2748E-01 | 1.8021E+00 | 1.1619E-01 | -3.0762E-07 | ~4.3690E-03 | -1.6735E-03

Table 4.9 Coefficients of approximate equations of tooth deflection
(Model B, B¢=20° Counterclockwise)

i a; 3 3y Ay a5 3 ay Qs

1 | 2.8989E+00 | 1.2507E-02 | 2.2026E+00 | 1.9414E+01 | 1.6956E+01 | 1.5133E-08 | -8.4108E-04 | 1.0388E-03
2 | 6.4413E+00 | 1.8834E+00 | 6.7777E+00 | 1.4309E+01 | 3.4756E+01 | 1.1109E-03 | -1.6950E-03 | -3.6853E-03
3 | 6.2414E+00 | 7.8590E-01 | 7.1131E+00 | 1.3492E+01 | 3.1250E+01 | 1.8268E-03 | -7.5443E-03 | 9.2606E-03
4 | 5.5378E+00 | -1.3329E+00 | 6.1512E+00 | 8.8302E+00 | 2.6587E+01 | 2.8293E-03 | -1.2582E-03 | 1.6834E-02
5 | 2.3528E+00 | -5.3672E-02 | 2.8969E+00 | 2.5935E+00 | 6.5247E+00 | -5.5709E-06 | -3.5710E-03 | 1.0418E-03
6 | 4.8352E+00 | 1.1866E-03 | -2.9991E+00 | 3.6482E+01 | 1.9610E+01 | 1.3072E-09 | -1.2208E-03 | 1.8494E-03
7 | 1.1461E+01 | 3.5289E+00 | -4.5039E+00 | 1.9666E+01 | 4.2651E+01 | 8.3423E-04 | -1.5146E-03 | -1.9394E-03
8 | 1.0623E+01 | 8.2709E-01 | -2.5100E+00 | 1.8059E+01 | 3.6997E+01 | 1.5603E-03 | -6.2057E-03 | 8.0822E-03
9 | 9.2870E+00 | ~1.6111E+00 | -1.4785E+00 | 1.2404E+01 | 3.4783E+01 | 2.8758E-03 | -4.8445E-03 | 1.9305E-02
10 | 3.5980E+00 | ~3.7849E-02 | 1.0944E-01 | 3.1385E+00 | 9.5356E+00 | -2.7031E-06 | -2.7798E-03 | 1.3040E-03
11 | 9.5361E+00 | ~3.1183E-03 | ~1.0204E+01 | 5.6225E+01 | 2.0305E+01 | ~1.0834E-09 | -2.7068E-04 | 1.7418E-03
12 | 2.1630E+01 | 4.9010E+00 | ~1.6046E+01 | 2.9462E+01 | 4.1279E+01 | 5.6642E-04 | -9.8740E-04 | -4.6053E-04
13 | 1.8741E+01 | 3.2603E-01 | -1.0860E+01 | 2.4605E+01 | 3.3992E+01 | 1.3009E-03 | -4.2420E-03 | 6.6652E-03
14 | 1.5998E+01 | —1.3393E+00 | -7.2545E+00 | 1.7492E+01 | 3.2544E+01 | 2.5927E-03 | -5.2554E-03 | 1.8306E-02
15 | 5.6887E+00 | -2.1131E-02 | -2.1309E+00 | 3.2555E+00 | 9.9098E+00 | -1.2719E-06 | -1.9453E-03 | —1.3378E-05
16 | 1.7594E+01 | ~4.0116E-03 | ~1.2413E+01 | 8.8188E+01 | 1.4065E+01 | 1.4813E-10 | 8.8267E-05 | 1.6327E-03
17 | 4.1980E+01 | 8.4986E+00 | -2.3714E+01 | 3.9133E+01 | 2.6063E+01 | 4.3857E-04 | -8.4386E-04 | 5.0501E-05
18 | 3.3835E+01 | -2.2736E-01 | -1.4028E+01 | 3.0613E+01 | 1.9933E+01 | 1.0199E-03 | -2.8834E-03 | 5.1160E-03
19 | 2.7591E+01 | ~1.6919E+00 | -6.5464E+00 | 2.3680E+01 | 1.8821E+01 | 2.0070E-03 | -3.2893E-03 | 1.4260E-02
20 | 9.1741E+00 | -9.8022E-03 | ~1.9030E+00 | 3.6760E+00 | 7.0193E+00 | -3.9582E-07 | -1.4695E-03 | -4.0451E~04
21 | 3.5097E+01 | -5.9857E-03 | -2.6689E+01 | 1.5303E+02 | 1.6564E+01 | 7.7084E-10 | 2.4817E-04 | 1.5522E-03
22 | 7.9113E+01 | 1.2935E+01 | -4.3267E+01 | 5.3654E+01 | 1.8571E+01 | 3.2467E-04 | -8.4566E-04 | 6.0146E-04
23 | 5.6993E+01 | ~2.3609E-01 | -1.7804E+01 | 3.6081E+01 | 7.6530E+00 | 7.9637E-04 | -2.2313E-03 | 4.0367E-03
24 | 4.2488E+01 | 2.2851E+00 | -1.2128E+00 | 2.5990E+01 | 4.7192E+00 | 1.4511E-03 | -2.6255E-03 | 1.0591E-02
25 | 1.4185E+01 | =7.7263E-03 | -8.0499E-01 | 3.9837E+00 | 4.603%E+00 | -2.1111E-07 | -1.0033E-03 | -7.3312E-04
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