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Abstract

In addition to mating conjugately with most involute type of gears such as spur
gears, helical gears, worms and racks, conical involute gears can serve the motion
transmission between parallel, intersected and crossed axes. Owing to its tapered
tooth thickness, the backlash of a conical involute gear set can be adjusted by
shifting the mating gear along it’s axial direction. Moreover, under non-parallel axes
meshing, the beveloid gear is not sensitive to assembly errors. Therefore, conical
involute gear set is suitable to be applied to the motion transmission of high
precision requirements. In contrast to bevel gears and hypoid gears, beveloid gears
can be produced easily and economically by using general CNC hobbing machines
without the need of special machines and complex tool settings. Therefore, it is
worth doing advanced researches on the development of this type of gearing for
industrial applications.

The proposed research project is a three-year project. In the first year, applying
the theory of gear meshing and differential geometry, the mathematical model of the
conventional conical involute gear was developed according to the taper hobbing
mechanism. Due to the negative profile-shifting, undercutting may occur on the
tooth surface near the toe of a conical involute gear. The undercutting conditions of
the conventional conical involute gear has also been investigated. According to the
undercutting conditions, the undercutting phenomenon can be avoided by properly
choosing appropriate design and manufacturing parameters. In addition, the design
and manufacture of the universal gear rolling test machine for the experimental part
of this project has also put into practice including the master planning, functional
design, drawing for parts and devices, and making a contract with MIRL for
manufacturing the test machine.

In the second year of the research project, referring to and improving the infeed
grinding method proposed by Mitome, the mathematical model of the concave
conical involute gear has been developed. The concave conical involute gear pairs
provide larger contact ellipses than conventional conical involute gear pairs under
non-parallel axes meshing. Meanwhile, a general meshing model for the conical

involute gear pair has been developed. Combining the developed mathematical
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models of the conventional and concave conical involute gears, computer
simulations involving tooth contact analysis, curvature analysis and contact ellipse
simulation were performed. The simulation results reflect the contact nature of
conical involute gear pairs under parallel, intersected and crossed axes meshing. The
influences of design parameters on the dimension of contact ellipses has also been
investigated, and the superiority of the concave conical involute gear pairs can be
proved. Meanwhile, the fabrication and testing of the universal gear rolling test
machine have been accomplished in this year.

In the third year of the research project, the main purpose is the manufacture
and the rolling test of the developed conical involute gear pairs. The mathematical
model of conical involute gears was transformed into cutting conditions of the CNC
hobbing machine, thus, the designed conical involute gear can be produced by the
Kashifuji KN150 CNC hobbing machine. Applying the universal gear rolling test
machine, experiments including contact pattern test and the single flank test have
been performed. The results of experiments show the contact characteristics of
conical involute gear pairs under various mounting conditions. Comparing the
experimental results with the simulation results, the accuracy of theoretical
derivation can be verified.

Keywords : Conical Involute Gear, Undercutting, Backlash, Theory of Gear Meshing,
Taper Hobbing, Infeed Grinding, Tooth Contact Analysis, Curvature
Analysis, Contact Ellipses, Single Flank Test.
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¥ F o b R4S B2 BF N

2.1 123 e A S0 G B ST B

LT (T bz A AFAS 0 o R O R R R 2 k0 B
A E T o S - 4% > p A2 Mitome 424 D 4e B 2.1
“Ton 2. 8 i # B2 (Infeed Grinding Method) & £] = w0 G i B 4 [ 46 %
(Concave Conical Involute Gear) > I %’g d R SRS G bR R4 ke B
oS 2 P HER] o 0 2t Mitome #7320 B B2 T A = LT b AR S i
Prg 3 A2 ER L2 428 AT R - e AN R B PR - A
B 4off] 22 6 o AT ik Fh Mitome 73k 412 BB EGE 1 E AR AT
2 e AN E R A WA E S AW g b R4S 2 S o BF B 1]
Fiwidoo B AT 2 BRI & Rt Ry o

=

). 23R
#
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¥

X;ﬁﬁﬁﬁﬂﬁﬁ Tﬁ}fﬁﬁﬁﬁf@

(k)
P COSY

re
(Mitome2 7 7#)

5
W
=
e
=

Bl 22 23RN ER

2.2 Mitome 2 E BB 27| & 2 W G bR ARF4LS

4eB2.357 0 EFIEA S AR k2 B#E e e (T iF R T KA

WG bR RIS TR L B AR 2 HE 2 e R AT AR kS 40T
( ) ) ) )
/ cost, (¢ ;cosa,” —a )+(r,” -1, cost;)
RY = yiv’) = ¢;sina!’ —a tana!’ +b 2.1)
() _ ) _ ()
z) smrj(éjcosa a )+rn,/ sinz;
(j) )
n sina,”’ cosz,
D |, | = )
n =|n, |=| -—cosa, (2.2)
) )
n; —sina,” sinz,

B 212 B 2297722 8B T LB > 2 A F BB S WG brE R

&

9
4 2 Bk % 7 LB 4 7 4@ 2.4 o &35 Mitome #7311 2. B i€ i
EFS MG g & RS Bihd RAZ SO R AHE T S0 R o Jr B EE

Bz e BT S R KT

b

_1

;}‘ff: ’ fé’, A ¥
)

cosS, nl)) —sing; siny; n\)) +sin, cosy; nf
n! = cosy; nl)) +siny; nl) (2.3)
—sind; n)) —cos S, siny, nl)) +cosd; cosy, n)
®rz2 ARV RT S
0
of =2 o (2.4)

b at
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23 B 7 L F

—_—

X(j) XM(,;)
w1 j

() A~
OOy

=5
/) (i7)
V’XWO

—_
()~
OO

= goos

@) LD

ZWI’ZWZ

(a)

(b)

Bl 2.4 EiEdmBiE Rk k5T R B
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BIE BT B S e 2 £ RE ) B E A B AT AN A 5

0
VP = -1 @, (2.5)
0
A
cos ) v
v, +s1n(// z,) =1 @,
V;i):a) oSS, x(j)+Sln5j SlIll//jy —sln5 cosy/ ;z, z¥ - (2.6)
0

T Al B A R S e B s RN T AT
VP =)V V) =0 )
F1* R EAVEERZ - e BT S AR AdoT

X, —(cos¢ COSO; ) v (sin¢[ cosy/; +cosg, sind; sim//j) y

—(sin(,/ﬁi siny; —cosg, siné, COS!//j) 2P+ 4,

o ) ( o ; : ) )
v —(s1n¢i cosﬁj) x,” +\cosg, cosy; —sing, sind; siny; |y’

+(cos¢l. siny/; +sing, sino, COS!//j) zV+ B,

()

z, =—sind; x/) —cosd, siny, )\ +cosd; cosy, 2z +C, . (2.8)

He A =r ¢ sing, +r, cosg,

B, =—r, ¢, cosg, +r, sing,

C,=0 (2.9)
B A2 Q272 Q28T > T A, ARk b ¥ F 2 Mitome 2 B B2 YTE]
= 2w g bR AR i m B B0 o

23 AN D EWEE A S 2 WG B R AT
57 #d Mitome ¥z 2 b’“rf,' | = 2 AR5 G BT R4S e B 5 1D
BRL B AR - AT AN R BRI TR S e T
2 Brihir s LB G S e T M 4oB 2247 o HRle 2 B A AT
g g &R BB RAZ SO BRSBTS B o gt PEF RS
®m 2 h R o EHRES 2B RSN ET S
sind; siny ; cosy;

v, =1 0 —cos”y, (2.10)
Cosd; siny; cosy;
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) : (@) 2
cosy, y,/ +siny; z,) —r, §, cos" y,;
_ 0 4 g ; 0 _gj 0
fe VO — (=cosd; x,” +sind; siny; y,”’ —sind; cosy, z, 2.11)
b T

=1, ¢ sing; siny, cosy;, —r; )
0

B 2N (2.10) 2 (2.11) 7% ~ 3 42N (2.7) ) T Dl AN L 2w & B ARSN o B
P - A2 5N (2.8) ¢ 2 Sl RAe T o T E BT e AR B AT A 2 2 W G B
P A 44 2 B s

A =r (sin¢i cosy ; +cosg, sing, siny/j) CoSy , +1; COsg,

B =r¢ (—cos¢i cosy/; +sing, sino, sint//j) cosy; +1, sing,

C, =1, ¢ coso, siny ; cosy, (2.12)
Bl 2.5 777 5 BES B STAI 2 B ATE ATAS R D B ek
EATRl R 2 G B M AS L SV RE o S AR e g 2 ¢ LA

oo fkm od Al IR E REINERRZ VR RPRBE RS E T SR TR
PV AR I G bR AR 2 g REIINLE BN gk 2 RAE o
- MR HET RIS RS G 2 T er L AT bR AR FI4 S RS B

]
) i 787 B &% 1% 4 a1
B £ %5 [B] 4k 5

B 2.5 0 G bR AR R 4o T 18 SR AR R4 B2 d 5 Lt R
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$z3 HBEARNESEHEL &6 B4 2 £ R R

3R RFAA S ez S EHTZ2 S KL
I B RS E2 S5 B8 B0 0 AP TR R ARG TR
Sph AP phL 2 T Fhhz AT o B G R 44T~ F F A7 R R
Flo g E - 472 B H A 178 T Ntk > M7 fRbrR M4 S it 2 v & 35
Moo TaEdm kBRI E Tz kg o B 3.0 4TT AR ARFALS it &
AT LR A& S X MZE A X, ZEEFALS YMERARR

A RIET @R 2R e 2 nABL ) RKRE A KZEFLEE S &R

G RS SR GE A TERE T LIRSS S

.#nggw;¢&%u£<&mﬁ%ﬁ S Ak o g B g A E

2R B R - b 6T bR AU BT B
THhiL AR LT Eh e R 2o & HOER o

AREEHT,
Z AR 78 6] 44

’J‘ﬁ%zl
Z 5 H

B X,
Z {H A E

(8L B R AR

Bl 3.1 o S fh st 2 v & B4R 4 37 R

Fo o BRI AL ERFLT 2N AP

o Bl 32 ¢ oz B B & S(X,,Y.,Z) - S,(X,.Y,.Z,) %
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S,(X,,Y,,Z,) - B¢ gtk kS, featk kS, > gk > @3 ikl R gL 2 E
30,0, =Ad =(Ax,, Ay, ,Az,) BRI %47 4 &5 T, 2 =% e EEa o :
BHES, S, RIAHY A EH X, L kI e mind b Ay,
A LR e dhindd Ay TR AP AL S FLAEK T, 2
AL R AP AP AT RS - SRS f A, Ay, 112
Ay, ¥ ERFLT 2o £ 1A

Ad=Ax, i +Ay, j, +Az &

B 3.2 b A4 i 2 Hpei A i et ARk ST R

SRV EASL S S e B E TR S ARl & & e
®A BB S E e o Q) RREE AN AT HETAER LS,
dtA Sz So AT RAR Bl e BRI e BN E M T

=

B G 2 e EY R

"lb-

W
7

R.(fl) _ R.(/”Z) 3.1
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v M _ 42
= n, _J_rnf (3-2)

BB BD)A NE: K2, TP RE A LS5 2 g AR BT - A3t
Y2 BE A o d 2T ﬁ.%iﬁiﬁﬂuﬁwﬁgég g, L) -&.%ﬁ%)\%%@
LR g chSd P A SRR LR g T LEAT L J(4) o RS
R ARERET > ~SmOEs LR 4 BIRHmOER LR 4 o

IR TCERE T EE SEST RIDEE T R S SV € S

A¢;(¢;)=¢;(¢;)—Vl¢; (3.3)

\‘w"v

He NS diphz dlic Ny Z A& S & Ag(g) & pF > pl& 70—

HHE T BEEL -

3.2 W F A7 AR AR B
d b SRS i b T el & T 2 BRI 5 B S

G g d WX P f P BHRPETE AL A G ¥ %:m#«?ﬁ%?%%
o dhd I OREAG ZPS “ﬁ&jéﬁ,ﬁ’ﬁ“ﬁ’{fﬁ%?— WRA 2 %E =i i}
oz 5 B R - s R G WS RN PREY A A G 2 3 dh
WU E D oo TiE - ] ﬁ%‘ér 2 Bihd FM G T RESES G &
#%Wi%“ﬁ*‘r’ FE L g & oo ﬁ'ﬁ%giﬁf—! FPWFI < [ 82w o B
Afparg pl e d0E 7 fosk gl d e BFH A dhd F o> % (Principal Curvatures and
Directions ) 2_ i % > ’Ffl:b‘i Litvin #74 h2 A » ¥ % <& fiiv b - FPige 0 Xy
20X, Aunlf AR g S 2 AR D, 27 B 7 B2 3 ph Y
% 3 gh w ¥ d Rodrigues = 425% £ ¢

KV, = _." (3.4)

r

He g 27 B2 2 phd S0y SRMEBERG BH2HER A B 5 L
oo IR 2 E 2 e R X2 ER o NT NI Y = pr =120 A Y
Ao BEREE? T ez, 12 HEAr A S 2 R o ddh, B b F
B ko 7 Ex fladilm 3 50 1% 7 By 2 SEEFR S SR F

1

%> ¥ d Rodrigues > A28 RiF=2H]7 B2 % - ok = 2 dhd F (O fex) 2 H
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2 A dhS 2 040 o A RE&E7 3 2 A i g
d TR RN R A G 2_,.ii$rhd/ FE At e
)
tan 20" = 2F
(l) K.;;) +G(j) ?
) o0 (M) 0) )
k,” +x,] =x," +x,; +S§,
(0 Q) )
) e K1 Ky +G
1 17 i >
cos2c P
W)
FO as)'as)
b(/)+(V(l/) (l))a(/)+(V(z/) (l))a(/)
0
) _ (a3 ) (a3£))
b(”+(V(’” iNall + (V. (’))a“)
U (a /)) +(a(/)
b</)+(V<u> i0)al) + (VO (‘))a“)
) PG (z) @) (v @) ()
a;l =[n"o 1-x," (VY -1

() — 1@ @3 (@) @) @)
ayp =[S0y —x (VY -iy),

vz b(J)_[n(l)m(l)V(l)] [Il Q)(])V(l)]

He K(j)ff'l(”'ja l(;)fmu < ?}’tﬁ.

FE N L b = ST

7 ey, feX, b2
i kR R G D ot S G D,
P I R RN T
if“frif“ﬁu %k oo X d G T ol 2 A b
f,, 9_?‘3]: '31’ s ;]

%’Wz’ﬁlﬁlﬁe‘v\fb

LL

7 £ # @

Y
=

s AT )

NEA
=

2 L
g a

w3 AR N A B R G AR TE Y

SR AH &G R TG b2 B R
1
ol2
a=|—
A
1
ool
B
;t;!:‘
_1 (1) (2) 2 2N\1/2
A=—|xs’ — k5’ — (g, —2g,2,c0820 +g;) ,

24

igh e i) B2 %4
Baph> o Hixe
2 Aph el e
e Bt e

2 ERl-E P &R oo™ s w]

| %

B
gl
5

(3.5)

(3.6)
(3.7)

(3.8)
(3.9)
(3.10)

(3.11)

(3.12)
(3.13)

(3.14)
T-ER "R RPN
o (} '_'— ii‘-_i'3

+(F)
N g

£ il el
RS
i 4o i 12

a ;)

g i RGN

o P

W gen 125 o foxd 7

o FHRT e i

&

=0

=
g e 1,2]

(3.15)

(3.16)

(3.17)



1
B ZZ[KS’ ~x® +(g} ~2g,8, cos20 +g2)"?], (3.18)

k0 =k k), (3.19)

k? =@ 452, (3.20)

g =K -k, (3.21)

g, =Kk Ky, (3.22)

tan2g = — 828120 (3.23)
g, —g,co820

oc=c"-c". (3.24)

PP LR R g A

Deformation) » &7 5| G347 » 2 A B P RsEdi g B K TR Y 2 A2 F
2000632 mm : 5o a ¥ b SRMEFML EME R apl® kT
fEhz S o RETIZ £ R 5 A Al SR 2 B A et 2 4k
B % o] 3.4 957 o

# & jF % 2 #%iT € (Approach of

B 3.4 B4 (FrF) 23 pho 2 B %
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33 %I,;IJ

B 3.5 #777 5 brB SUF4 S G4 T (Thh A L LR A e )T el
L2 T AW T TR 2 b2 4R RS e 7 G YA 450 2
B 2 bt TR B L SRR < ) 2 B e T g 2 4
¥t 2 A B flded 3.1 0T o

(a) 48 X 4 (b) 583 (c) 478

%31 B AR HE A

%
T L | A L,
N

# Hc N, =30 , =40
AR R a, =20°
PERCER S - 3 m, =5 (mm/teeth)

bl- EHBEAFNASHE LA IHE TS
4o Bl 35 ()T 2 dhE & E A4S HE 0 HFl4 G
6,=6,=30"» T2 r14p 2 £ 60° e & o Case 1 1 Case3 7 H3¢ 1 jd sc g B
GL T, RAFHFIER A P 2 R B2 R % o e R 3.6 A1 o F ERL LR
A PE(r, =0) 0 7R - SRR S BB IR 7 A 2 B Supr B RUF] 4 i
o BN S5 A PT PR FIEF EBY SR BRI £
EH AL opth g P2 JRIBETE B RPIRERST T R ERE T2
BA e X BRI R B - SRR 2 | T ks ]
G b SIS B L AR B B 3.7 5 I 2T =50 mm 2 R
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Boerh] % 2 A0 B G B bR TS > B b L T 8 2 T
Ho Case 42 KfeF4 i Ay,=Ay, =0~ Ax, =Ay, =Az, =0.3 mm - Case 5
2 EREAL G Ay, =05, Ay, =-02° ~ Ax, = Ay, = Az, = 0.3 mm - FRFHHEAT
W2 8% A PLERFLTE BB FL LT R F 2 L RFHR P

BRI RTHR R P k2 RIS o FT UEP - RGO EREL R R -

Casel (r'=)
Case 2 (7)=50 mm)

Case 3 (7,)=45 mm)

Enlargement 1:5

L
0 1 (mm)

Contact points trace
along the line of
coincidence

(TF= 0 )

»xx Case 2 (error free)
aa4 Case 4
ooeo Case 5 0 5 (mm)

Bl 3.7 KR FAHWAp D &g b SFISA S e & frz 258
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B]= 4 Mitome s Bid A% 2 W3 %00 5 iR R4S i 2 BT b 4
Yo Bl 3.5(b) 4 2 2 ap TR R AR I AL S 5=0,=2028
w, =y, =159 o et 8 # - A]* Mitome 2 #5802 £] = > d B 3.8 #7172 R
BEVHEREEFEGL LRl RAPRZE RGP SR o e L
FeffRbiE 2 R RS R S R e T D AR 2 KA

Wi X Ao 3.9 Afom 2 AR E G IR A o F]t Mitome 2 $ B T4 G H ’v?i@gﬂv
W0 G B AR AL Bt A o

Case 8 (=100 mm)

Case 7 (7'=200 mm)

Case 6 (/=)

Enlargement 1:5

L |
0 1 (mm)

Path of contact

‘l'n‘\&:» $=-9
/~——— Line of coincidence

Bl 3.8 Mitome #s B2 74| = 2. 2 45 il 00 b B ARFI AL g e 2 R & B

i # 3% £ (arc-sec)

75 - Case 6 Tw =
————— Case 7 rm= 200 mm
50 — Case 8 I‘U_IOO mm
25
0
25 ! I I l |

TR AR ¢ (deg.)
Bl 3.9 Mitome # B2 #7 4] = 2. 2 45 fhbd 5500 G b RFl4L & G e 2 FHiE L
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Pz o AN HREE AR 2 RN G R RS M A T
TAF G- 2 4> B AT i D 2 s AN BB A S 2 & e B
Mitome #; /% £ = 2_ # #5%e o 4o @) 3.10 777 > EF EHEL ISR o BRI~
b N T R E R R BRRALE 7 g2 SR o B 311 9Tr 2 Case 12
2 Case 137 48R b LT ot - Sfhit2 b & 57 o 0¥ Case 122
KL s Ay, =Ay, =0°~ Ax, = Ay, =Az, =03 mm » @ Case 13 2 %fieif i
PS5 A7, =0.5°,Ay,==02° ~ Ax, =Ay, =Az, =03 mm = } -~ $fhie & G ik
Wz FRFHTFEAIEFBFL TR A P2 ERFLT L 2 B0 L
CT R LR ABRAFRI A G LTSS P L R o WL SR
R E L RS Qﬂ%@t%?”ﬁ s o 1% Mitome = 2 974 = 2 8 ¥

Case 11 (7= 45 mm)

L |
1 (mm)

Contact points trace
along the line of
coincidence

(T-=0)

Bl 300 A7 F ordk 2 s U Bk ST AL S 2 2 g8 il 6 bt S 4
Whle 2 gy e

s Case 10 (error free)
a4 Case 12
oeo Case 13 0 5 (mm)

Bl 301 AL T S R ST AR 2 g T 5 R AT B
PR
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B R4S 2 B W el &R

o VR R AT = T e E Ve S CRR R A S CR L b
Fdh iz F R R L fEed &R LB RIS B2 ® 6 BoF RO
» CNC &z 7 dix i » LA * AFHFRG 2 CNC B g7 4] o
WhHA TS REET > DR RFAS ST TR N (Toe)2 $ 5 7 52 84 B> R
%o e CNC RS 2 2 i > 7 W 117 P47 & 2 b R4 & 5 o
u%ﬁﬁ@@@ﬁ@%@v@iaﬁoﬁw@@ﬁ@%£1@QM$mﬂ*”
ERFR S g SR SRR FREFS SRR NREFLHIEEL D
P d ek & RERL N B e HEH B RE S H & L BB A PR o

4.1 518 RS 2 > ¥

AR E AT 2 KN-150 57 #h CNC & > 2k 525 k& irdl 5k
EFood U w RS SH I TPREEZFDPREAKRIFPRECTEG IR 2 A
Bk E AR AIE B FTRAc T H o o Bac g A2 Bk RS 150mm;t #
Befe 5 44 2 1000 % > @ g 7 (HOB)2 3 ghep (AL & & 5 £45 & 12 KN-150
s R B RIS Hh o B L T bR SAFIAL S M2 K S S RS
W2 CNCAZ:Y » RSP RRES 7 2 1A E ARG 7 2K L5 1T
& KN-150 i & 7 W50 S48 B2 ) %
I FE e & dn2 il 08~ B4 & 2 4070 & B3 Sodic P d a2 o
JEoo A 2o K3 Sl 4 2 ONC 4258 P adp ¥ S8k -
fi PR ARG A H 5 CNC 4 1 4230 2 JF 7 401 4250 o
FEER 7 TR TR Tk ? %92 0 4o 4.1 #Fow o
Lo 7 240 € 5 30mm °

s 2 BN T A p R P RT GRT E# PRO & o
BTHEDKEZ 7 ikt
B m P T4 T R hnde o
BZphw R REEEE o ARCER G ZRE B E D A=l o F Y B
ﬁC%ﬁﬁ’fi%W%?ﬁﬁ%T%%ﬁﬁﬁo
9. 45 91 MACRO 500-504 %:.2_ % #ikc o

S A o
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10, #pd 8 TR N LT ¥ LB E X hE Z et 1 % o £
REE 7 AT R A N R R R SRR T 08
PR 7 de 1 AN 2 U S 82 V Sk

11. % OFFSET 3% #_5 30mm sk fi ™ fade 1 & (T cFg sl » 4ol 4.2 #7oF o

12. # OFFSET :t= D+F trped » B F gL firF > it S8z 354 £ F 0
FE 0 4oB 4.3 5T o

13. £ #- OFFSET #2 & 03 T 241 5k EAKIFTE o

14. § #z OFFSET %fic2 #icid » £ Fl4ed I 1 e B

Bl 4.2 4e1 # (7 REsn
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Bl 4.3 F g b

W ARFlAL S B2 K3 S lche & 4.1 41 o @ Bl 4.4 3 B 411 5 R SRl 4
® A ekt felicz. T o H b 3%(Toe)£? 1338 (Heel)2 7+ & B o v 3B 4.4
B 4.6 2 B 4.10 7 P BE3 3 SR G Ap e ek 3t Sl T o BT R MR 2 AT 4
ARA S H R TRz G ARE E ALy > U 2 RGBS A fTpre & o d
PG E D R G RN A e R AR S s D 2487 4 5 15
BB M2 A fvd R Biod o 2308 aE W > @ AR IR e 2 Er R

B BE o Aol 4.12 Aror o

3 4.1 bR ST, W Sk

ik A # #% B # 45 C # % D
# B 27 27 27 27
ERCAR T (S 4mm 4mm 4mm 4mm
R 20 & 20 B 20 & 20 &
W 4 () 0 0 10(+ *2) 0
447 & 8 & 12 & 10 & 15 &
® o B 25mm 25mm 25mm 25mm
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> —3&

o, ¥ 3

ém

“- i

Bl 4.4 %8 A ehpt 3%

B 4.5 & #5 A g n
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B] 4.6 % # B eptk 30

B 4.7 % #% B (IR
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B] 4.8 # i C ek 30

B] 4.9 ¥ # C v
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B 4.10 % # D chjk 3%

Bl 4.11 & #5 D g2 $n
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Bl 4.12 &8 D 2 E*”

42 HHE SRR RS E

Fld e WA E A BT ET LA R A Krad @i s BT
(Transmission Error) o #$ & fAH 5E 4 2 E Ry A2 2 FF RS HIH
2 iRy m BEGEL A RBRE L BEAELIZ AF S Flet H A LR
%% (Single Flank Gear Testing) ¢ = 2 # @ #221 F Rz 1 & 3 2o B H L1

BRITUEF A fPRAF P2 RRTREF T UFEER AL TR -
FRMERE T fPRAORET ERD AR TRBFLLFIRRT T RG
BRFLE Bhpht X7 A T REER R RE R E TG K
H & ERIETEE L @A gy 0 T LA 47 % B i Au(Runout) ~ #5354
(Profile Error) ~ ¥ - & jE3¥% % (Individual Pitch Error)% % # & §E3% 4 (Cumulative
Pitch Error) % € |3 3 » e & ;2 &~ 37 #4238 4 (Lead Error) °

BRI G - b A2 Rt T 5 - BERREL Gk & -
4 1R & #h(Master Gear) » — 52 Fp|&fh o ¥ H % %E*v:“}ﬁlfﬁéli ® P
FEHE HY - RS e nd B SRE > T AR L m L T SRS G R
H& [ »Ta@dogad  Smed f§5 0T H TR n’lﬁ?} » & @?Jﬂi B #
fht A& - B R R 2 %45 B(Encoder) ¥ 5 %ﬁ%} Mz MBS LA B2 LR

-H“‘Y
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AT EDLBMETAEZ SN L SR TV D B AT G
BeEEE ALY 0 IR S R 2 2 A

B4R e iy~ 2 A B P b BB FR L E S g v 2 3
BT R e R TR k0 A d 2 SRS BB 2 g &
,ﬁ@@ig%ﬁﬁ@,%§W%@zﬁmﬁ VR & T R 0

TEEF SR WA RS R SR AL B E KA

{
L

SO L2 FRHA R DY A B2 247 A ] A S B2 8
5735 AT B+ (A/D Card)f 4k & iU 5L » 1T A 4525 o Sl B 2
RV BCEREEG 2 RPRAR E FF RIS IR R AEYFR I LR - H

s

%;ﬁrﬁii‘v\ .\ J(\"&‘T'T :

‘ﬂ\r

Mo = M x1000x 60 (rpm) (4.1)
z
= 1296000 (Arc-Second) (4.2)
zx IP

N FofB B2 BB F3FHEE
Sonax %Lﬁiﬁiﬁx-&ﬁg])\gggc
z  nAE R 24 R Hc
A db F 2Rt
IP i E2 LAk

AR b B B2 A Bl 18000 PHCE L BB A F 5
33KHz » 3+ 8 B2 A~ #Hics 4096 o F]p v (8 %hm B2 247 R 5 ¢

1296000

=— " -0.01758 (Arc-Second) (4.3)
18000 x 4096
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33
n =
18000

x1000x60=110 (RPM) (4.4)

— A B PR B SR A BRI d N ABF RG] T L e
NERE AP RERIA G L 2 BRI A ﬁ,%@@jﬁ_ixf TR
% (Arc-Second) k % 7% b > A E kAP R FE A o HHEAELRE 2 (um)>
H A jpdgde o N deT o

_ (arc —sec) y

d 45
1296 " (45)

He d ZAARSHZSRET E>5 mmeo

Ael £PIGAS T T T hhRk Bl AR Pk B e A phdh iR B B3R A R
W2 o B R Ed XYZ1FS ~AMTHIITS SREEHL TS 3
BPENBBES PREN ERRBE A B4 PIREE BEEKE -2
BEHHE « L A2 TH AT o A B RF T

LA e v 2 o 5 1~1/58 % ¢ S BE 150mmyit Bl % #idk = £ & 15kg
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