LR L B S s B L 5

Investigation onsFransmission Errors

of a Loaded Spur Gear Pair



e O AR )k SEEILS S

Investigation on Transmission Errors
of a Loaded Spur Gear Pair

opoALm oK Iz Student : Yee-Ren Chen
Jf% Wiy = 8 8 Advisor : Chung-Biau Tsay

|
o
g‘;;
S
m\.u\-
S
I
T
s
o
2
3%
-13\3

A Thesis
Submitted to Degree Program of' Automation and Precision Engineering
College of Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Automation and Precision Engineering
June 2005
Hsinchu, Taiwan, Republic of China

dEARE 4 Le & A



e A R sl A S S

Friimais R ELh L
Rd ~F1HFmfFpepdit 1 /g amLls

i .

AT PR GUR %R EFEHI SR WL e p s f P
AWM ARPFE FABBEEL 2 RN A S HE AR FE
PR DR BEOBEELREEA T A Y SR TR B R R
ZPREAPTE F Ph &2 F S HE B ® L PRES 4T o

FrE - #22 % R GRIEBEFE - B2 ZPEaPIEFE 2

PoRAn sz ARBE R 3L el d B 24T R T i 4. 88x10 PR A v pR
Bolp2 #Pid BT EF 5 1800 5 0 g% diREYS S A G seipldy 0 3
10N-m z a‘l*‘ A ® A EL o P RS A2 E R VEH TR
ARARAT FE LD ﬁ%ﬂ’m ¢ﬂ‘1wwmi?4§$7ﬁ@%
wis AM$’»¢m S EY ) A R
j};i%%,%wlﬁg— 2 —%;‘z._k{‘ial%*z e AR < e ﬂ\x;ﬂ;g;, /n\"vljxﬁ_f'—r"l
AR CEHA RO R BETRE AR EHABOR L B
FRE o IMEE AL R BT
(1) DREGBEBFL2 P EEARd § T FREM G BhRLgn
ClEH SRR SR LG M BIg S RIS
ﬁﬁvg—;}_m%xhﬂ@ cARR A T SRIEEg < 0 RS

10 T AL BEEL R R g
SECHEFTAIHBIHEL LS HhT A2 W @< o

(w,

%»
ﬁc__

g S

(2)

r

B 457 %wﬁﬁ%#a 5 L iRl s L A miRlE s~ &)
FA >~ RS IEEAL C R S EERA



Investigation on Transmission Errors of a Loaded Spur Gear Pair
Student: Yee-Ren Chen Advisors: Dr. Chung-Biau Tsay

Degree Program of Automation and Precision Engineering
College of Engineering
National Chiao Tung University

ABSTRACT

The target of this thesis is to investigate the relationship between the
transmission errors and applied torques of the spur gear by experiments. The
main content includes the development of the gear transmission error test
facility and its test planning. The transmission error tests and analyses under
different loads, center distance.and the axial crossed angle on spur gear pairs are
also investigated.

Via two years of the universal gear tester design and manufacture, as well
as one year of its performance testing-development, the correlative problems to
the testing and machine have: been resolved successfully. The gear angular
position resolution can reach 4.88x10 ° degrees, and the data acquisition speed
can reach 1800 Hz. The developed universal gear test facility is capable of the
gear transmission error test for 0~10N-m loaded to the testing gear pair and has
good repeatability. After completing many times of tests on fifteen gear pairs
with different specifications or combinations of gears under 0~10N-m loads,
some clear trends and experimental results of the relationship between the
transmission errors and loads are obtained in this study. It is really a great
improvement on gear noise for industry. In this research, transmission error tests
and analyses under center distance variations and different gear crossed angle
for spur gear pairs are also performed and received substantial results. The main
conclusions are as follows:

(1)  The relationship between the variation of gear transmission error and its
load is near lineal. The variation of gear transmission error is related with

gear tooth stiffness and the pitch diameter. Higher stiffness will get



smaller variation of gear transmission errors. For same torque, larger pitch
diameter will get lower tooth normal force and get smaller variation of

transmission error.
(2)  The experiment result has proved that the gear transmission error will be

increased due to the gear crossed angle increased.

Keywords: loaded gear transmission error, single flank gear tester, universal
gear tester, tooth profile error, adjacent pitch error, accumulated

pitch error
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FZd RBOBEL 2 RBEA SR RIS
3.1 A hthiplRip 2L EH
AL AR ERRERB S 0 P AR R T T it s 2

(e A hHE ) & el & BRI REY > 2 T lh*éﬁ-a% 2_ 7%
FOPIERE O > (Rt P ey 90 £ 8V AR AL E B T A2 L AW iR iR
=
3.1.1 % £+ 2 R il

P 7 phd 2Rl T FUBRES R G A 23 ko RIE R
’ﬁ fhE Y fhe W EH Y SFEE fhe 2 F 9 f;_g_r':‘!r:? ° ;T}c,ébi' 7 fho 5 ¥
Z_oRIER T o FURPRES BT & ﬂérﬁé—a”‘ T %] s H AR B2 §E
WE A RIvE L a2 Xgha Yphot o o T Uphtciplid 2 ph 2 B 2
PR FF 2 R dhi PR imdh L & 2 \z’%ﬁ/ o ¥ L ERREA B E FZFR
&tﬁh PIG T 2 fhindhy B Lehadbiesd 5 - b > A 5 o &L 7

BB T L XV Zfr US4 @iz B SUF 1 2 R $h2 RN
1 TF G Al 31 40T B TS 0 R £ B it d2 4 g R B (Torque
Sensor) ~ #i# 3+ ~ & & %48 B(Encoder ) fridod L F g > FEL H
LRGSR AR A S A S R S SRS S A
HMLESPZEFARBPABAFRNE RGBT B 24 2R R
WEPER U RERP A B I XL HERLRTR CHETR 2
PER A s AT 25 AR RRIERE L R R T

(D/”ﬁ“ﬁ Bk (TAR

o X #h : 210mm
o Y ih ¢ 210mm
o 7 #h : 160mm
o [ #h : 165mm
oR#h:90 &
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(A)AL iR B ¥
o« &t 1 1-1/5
o ¥ WEE I E % 150mm
e H BT E ¢ B~ 1Dkg

(D) Fn ~ gy » # 5 = 2kW

(6)3 3 ﬁ%lt'i#’ég 1800rpm » F]=< >3 f §* % ¥ (Loading Device » 4rke
BRAE A )AL T M (200rpm 12T )2
FE @ F T 3 #E (1800rpm 14 b ) i HHRE o

(DB A BREEF o AP S 2 R4 B K2 30N-m 2424 f 3
P ﬁﬁyﬂ m PR E2 B4 gl ﬁﬁ;;u 2o A
WpAEpLies 1AL EL > Pl L p P Az 4 30N-m 2 $= +
S F o kp iRt 2 kW B E 4t £ E ﬁ%ﬁlriﬁ‘é Fots 2 * ] o
B R 0T .
o BT 247 X B3 é? 20N
« 1800rpm % i& B 2 3 e &ﬁﬁ#gﬁwm
o Orpm 4 i# PF2_ 57 T % P Féé%ﬁ 12N-m
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3.1.2 AR~ B el 2 FHE

(1) 8~ 5 i& 14 * SANYO A% 2 P60B13200BXSA3 I % i (AC) PR § it -
# et POAOSOAOPI2S01 A& 4B » T 3 A » PR o PRS2
Wi @ S4c®] 3.2 1 0 B Rt deT

o ¥ & 1 2Kw

o i T d& i : 2000rpm

% #:%  3000rpm

© FF g PE2 g gy iz 4 9. 0N

PR E % g i 4 30N

o A g (Orpm) P 2 i@ F & @A~ gy a4 12N
o & B R K :0~40°C

o BEIRE R R :-20~65°C

b
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30 M i
95 W rEE
= Lﬁi%]ﬂﬁéfi
£ 90 | 3
A 15 |
& 10 —= 2 g

5 ﬂ\T 4

O |

0 1000 2000 3000
ﬁi;f]ﬂ:ﬁii(rpm)

B 3.2 ;2% A dhip iRtz B A B

(2) 45 » %2 By dish2 42 4 3+ (Torque Transducer) : 4% * STAIGER MOHILO
B 2o 0170/01 414 4 2+ 2 MS20RA A4z 4 22+ B o
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e o424 1 20N-m
o 5.8 ¥ 1 12,000rpm
o fx 4 A 1 40.5%
o By~ 3UEL 5V
‘ﬁaﬂ]» MEL L 0~HV
(3) 83 » 4% By 142 & & %% % 1 4 * HEIDENHEIN e 2 RON 255 31(
ZADERBBE > AW 3.2 90 0 A AR

{55)
47+1.5
4 x 90°
! [#[@05]C]
=] |
B | i
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— H o
1A Q
J kt b 1
— Bl — 1
T % i

@ 857 ®

[J92+0.5

_ D1=¢20H7
Pl 11+£0.4
—I 52

B13.3 iL* AR HhpREP2L 4 R DB ERALIR T B

o 7% B 18, 000 %k /#& (Pulse/Revolution) » HEIDENHEIN &g 4% 2.
RPN80O 3] % H IR & & ¥ BB "Rk ez & R %8 %+ £ 90,000 *%
A/ RHARMB SRS 0 5 ¢200mm ‘i x ¢60mm P FE x40mm & > E
Rt 250 A1 ® #K oo

e 247 A 10.02° (d-f feé H IK220 #chpgp+ & 2" 2 4 &+ i > 7
BE B L A RS 4096 E A4 o plfRds R T E 4.88x10° AR
=0. 0176 3% & ~#7)

o &g & : 3000rpm

. ﬁ%l ~ 7 B 1BV 5%

. ﬁisa] ~ g om t 150mA

. ﬁ%] A ) 77N
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(4)

e g ® B R 1 -20~70°C

o REFHEAE 1 -30~80°C

e 1 E 1 60x10 Kg-m’

#ehyp fgP~+ (Counter Card): ¥ * HEIDENHEIN g #g 2 1K220 | #icdp g
Pt (dr@] 3.4) 0 HARRAcR 3.1 o PlES 2 #id 1A% U g g
B""{:\Z}Jﬁx H:F'—p 7 S U5 i}i%;%ﬂ? A 24 %k (Pulse) #k &
18,000 #% /4 » » fdpHpe~—+ ¢ Hi%] AR B N 11 pA,, 2 B F B
< #E & L 33KHzo Pl%iE % A& fhP A S B & 2 L P2 A 7F F
<~ #i# 5 110rpm (=33, 000x60/ 18, 000rpm) » 7 T & Bl iR 58 42
W BIR B TP A T B s I L 4 o E O B
T FREFTRZARRIED 407

o ?ﬁ;f])xz‘m%{z;(ﬁm SBcE R RS

o MELA Bla 4 (GUELA BFHHEO)

o FHTE 2 TG B m(B1t)

o N FMTIHRYZ 4 " =i

I (= \
o TRE AT\ &2 W1ndows ﬁiﬂ%ﬁ% 5 = ﬁ’lc»

O O TR Y

-~
=
-

.

-
=
-y

Bl 3.4 2% ) Bl 2 Bedhaee+ o) gL
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Z 3.1 2% A8 Pl FES 2 dp i+ R £

7P HEIDENHEIN Rx % 2_ 1K220 7]

1. %?, »ELEE A 1 pA,, 11uA,, [EnDat |SSI

2. 31%] > A ELHCE 2 i

3. g » A F (Bt ) 500KHz |33KHz

4, AFRE R (B ) 60m 10m

5. "% (pulse) » %] #c 4096

6. By B % £ 48bits

T.prIERs € 8192 =% % &

8. i PCI bus

9. g # 42 5" Windows NT/95/98

10. 7 #* 247583 % VISUAL, C++, VISUAL Basic,
BORLAND DELPHI

11. & £ 190mm %' 1 00mm

(5)%?]5 HE AR 4 MITSUBISHI ot 2o ZKB-2. 5XN Alg#s 54 &r 2 &
2 2 LD-100W Al4r 41 % - gg s d 4 2 26N-m (4riE 8 £~ 1 5L2 3f
S MIEFE R EE 4 5 O0N-m) - eV &0 B2 frd 4 + ]+ IK%J
ERRTEELE At VI ;V ® kg (0 2 1,800 rpm) i * o HEE 4 iy
RACF 3.5 o 0 B R AT
o JE T F L AH 4 1 25N-m
o BRflf B £ @ 4 1 34N-m
e B x Run i 1.24 %5
o B 4 % 1 30W
o & x #&:E 1 1800rpm
e LT 2 T HFE f 30g U p

o ¥4 ¢ 180mm *F i x155mm & A&
e £ . 14.5Kg
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(D14
e B * 19vt 1 Ex 200 588 > ko fF o
« TRMEBE ST 220V 2 20A- 4k LS B LS < B BT DR
o HMAIE A BV T s s B dr N2 Ead 2 3Ty
B fY TR A R IFET AR SR |2
2 A FEEIA -
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2 BE b ol 5 E =
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#ih % 3% 3+ (Layout)
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ﬁﬁﬁmwuﬂ it o KGRI A 4 2 NS TR i @ B
%%% il dh B4 Bd PIRFESE S RN o BB L
Bt A - pmEREAR > B FEPRIESAI -
BphE Ak OGP L K BEE TR - A RGBT 1Y
P i 2 AR AR 2 B
W mERRE 71 1223 I
B 5 pn
i&%ﬁ%% ;E__J‘_‘_;‘L
£ & ETRpK 53 i
& B

I RIR G iE

\Elfj

(2)# 85 & % £k %3+ (Layout)
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EE EEE__;: "#JJ T ) {}hl_d
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ﬂ&%ﬁﬁﬁfﬁé%ﬁ%QSSwﬁoﬂﬁXW~NZ§4%%{%
P A R B A AR i HRCE0 11 b o R phFH i ds LA

Flotgisg » TERX2ZHCFHRT T > PR HENA S e HEA
iﬁ%~%U§3%%w EED 0 L - EIE U REAS L2 F M
EAR TR MAEZER T AR S 0.0Imm 2 (FAEE M
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MAFD TR ZSHBETER Sy WRZER T RLAE G
0.0Imm 2z FA2= % 2 fced o R $h s 8 Sgdddh > FIH k3 - iRimeR it
MIERPhZ EH AR T 2 o 0 Rt gy 2 ARZER > ¥ 0,02
B b R o XY~ e ] B (A fode

o X (i d1 o A & 7 4%) ¢ 210mm
OY%(ﬁﬁ%‘;#é“ﬁ s 742) © 210mm
(i~ T F4A%) ¢ +80mm
. U%(ﬁ] Jixdan {8 7 42) ¢ 165mm

ﬁﬁlﬂ',:#,l Fo @ Rphifa b iap-10 %R % 120 ™R FFIP 2 p d
oo AR R 2T S REREY > B R AT

o TR I IDAR-F)

s EMMAE DR AR-F

115909mm

Y?(ZlOmﬂl)
-
-
= H i H £
— | ip
B R e O — TN T
\
45959mMm
160mm
Uth(165mm)| <€ || G ?
X#n(210mm) - LV zeCe80mm)
4 i *AH‘ 7 ¢' &
L
£ ‘ L E
i 0
aN o

3.8 i 2% Rrlia b2 45 5 LW
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3. LA4RFEBHUTE B2

R o AR At 20 ZFp PRl REAFERE 2 B2
{6 2 BEIVRIEE S B AR 3.9 #rm o HEACR] 3. 10 A1 0 & TR R B
FA W2 MR ORI 0 ¥ he- WA T MG RE 0 o] 311 4
& o

1155mm
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|
\\
)

—
1030mm

8l1omm

119mm

:ng:
X#0(210mm) ¢— |4

Z#h(+80mm)

=
=

M\ alldl

985mm
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3. 1o RIS 2 % KX

2 R IR 2 B Bl 2 T R IOR T A b Ao ] 3. 12 #F
T MEREERZ A2 AR A F A TR RS i (Adapter) -
R Rl 2 & B ET R 2 ho 3. 13 1 0 Bl B2 %
P E 5 620mm “h S x36mm & 0 B S £ 5 +0~-0. 005mm e

3.2 % B H F L B HEAIER
A AR RE B LB A L - BERRBE -
v A4 18,000 Bk o £ 4441&j§(HEIDENHEIN)z.IKZZOE&ygﬁﬁB~4-,Er
FoRE B AE A B 2208 A4 (7 1-4096 B4 )EFEH 0 L LR KB E
- BZEe(Home)™ s & R2 BRI A BE 385 2 @ﬁééﬁ—ifﬁ‘léﬁ’ﬁ
“Rz Az R R R AR o ZEGREEF G 9 T[%;It%r,i@?])\ﬁ_gﬁ TS
*Alh ERRIES 2 G B et 2 b RGBSR B0 A
F L REBBGP S AL 2 42584 e & > doF] 3.14 2 B 3.15 #5F
% @R L PR AN IR E B 2 PR T
(D7 % oI P-2. 7 Feiesidficr
(D7 X T & RGBBLEFHER LGS - 3 SN2 B TEFETE L

= =t

«—

A

wH- Ao
(3)731?\;{' ; ‘%7 ;;jlﬁrl"/{:l—( Y E,?_—,_)’ '1;}:‘7%" Iﬁfn’i‘}i\’y‘ig\ F}iﬁlﬂ
(um)

(4)7 37 e d e & 2 pFR o p B 4EBs 20,000 L #9311, 1
Fyo 29 0.000555 45 > 7 WE £ - 1800 L #e o & 10rpm 2 &
P RRACE 22T % 2 A T BT A 400 2 dy 0 el
3mmX18 # 2 M 7 > F & 7 B~ 600 2 ey o

DL #pmbdgs Bz f§rd ﬁﬂ&p—rﬁ fe 0 U YRR R AT 2T e
TR SR L R -

BB B iR P2 a2 24258 § v Visual basic 3# 5 #8054 1

B 8 2 BchpAh 0 £ 1% Excel #2582 # & @ﬁﬁﬁ*“’%fi’é 2d2 LA

BB L RSk L B doB] 4.2 A o ABREER S AT fE Y

ﬂ%%p@¥ﬂm\@@#i@ ﬁ*&%ﬁ%m*l%ﬁﬁﬁﬁﬁﬁﬁ

%&ﬁ%wﬁ% Yk et B & B AR 0 STHER 2 Bicdhded B AT
BT 2 B L RY 28 o

By
’11
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{# HEIDENHAIN IK = x|
About IK3204pp

Test Program for K 220

I Axis 1 I
v Axis 2 |

delay catch (sec) i

12

=
%éﬂ 2 et showy 4086
gear dialmm) IT
counts £ ch IW

period (sec) 13641

Start(ref) Save
—'l et
Start Dratus

e | @ S [ || BcuemnyEs SEA finn IERAS, b0
B 3. 14 & &5 & 22 RlAG 2 % ﬁ‘ﬁié?] »~F m

==l

H-andisfond -deg) 59081370
Textl
T TS
13967
TR Ii —

File
description

20000 I—Lﬂhelﬁ o
13.84085  sec Labelll  mmdia Exit

30000 y

26000

20000

15000

10000

5000

-5000

detta-(secicrtiimu)
o
i

-10000

-16000

-20000

-25000

-30000C 1 1 1 t t t ; t ; t T T T T T frrr il
50 00 180 20 #0300 350 400 480 SO0 G0 BO0 EGD 7O0 TR0 8O0

cnl[deq]
HEIDENHAIN K220 | )50 - Minowoft Wod [y Fomms DFE2% rFowH
B 3.10 @ L PIEGTMZ PIREEEET 5
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3.3 $ @A 2 PlEL RG]

B SR L 2 RIRE A T BT RURE A AT N F 2 ORI A A
Kﬁﬁ: ’ ‘J Ao & zE‘-f‘r,P é %7 f"""“}i fgllf ’ ll—r/n\f]’ %1%@@7‘@%—2{\;‘]
TN E R L A A SR T RIS R e T

3.3. 1 BB d L2 PIBATPRF
#, ﬁ%@;ﬁ%?ﬁiii?‘ﬁ#/}ﬁi AT R AT

(D R84 ff2mmbd gzl pEsin ég;c § S s
R %7 Pﬁ-\w%@ﬁv#é‘/?' AT TR F A F R R AR
Bl By~ S A B B A AL G B~ Sk A B B R A H AL B
BmEI RSB TR SHBEIFFIRFAITE R L L A
/\"I’H 2.E B R A IR 2 PR AT PR A 3R e o IR 3
N P edmBe Lz MG

(2) I P s pE2 & 3 B F2E A RI2E A 47

(3) 7 b & 20 1 & 8% B Fa38 2 pl s

3.3.2 RFEHL A AR L BR T
BORGPIES AT H BT RERREL S T A 2R

(1) A dd 2 & 2 & WASF R L BIoR 70 ke o

() ® B~ tgh2® 40,10 Bid) BorFR2Z&TF 2 #0.80 &
Bl M MEBEASF (93 1) RRANMPLEH L FF L ES
B oo A S S 2 BREL AT bR T VL FIEAE N e
AR Z pidgE 0 @ A4 LEf o

(3) A ulgx® W2 s RSB BE RSB S §P
8o AEIT %}3 PAz 8L 8 > wuhkgHd x4} ?‘T
2. @R i 9@; BE o

(4) & ?ifwﬂmﬁw Pz S ERE RS PR
;L'%ih > B8R o

H

<5>a¢€*ifwﬁ&&z Foiidics o 0 ERH R 4 f PER B
By E

(6) FIAAT L ATB 4 2 % AR hRlFE B2 78275 0 & niplF
12N-m » A2 1@ M ;:gfi B Wps o 5% 2420 > A7 R 10N-m
Sd A plaEz

o
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3.3.3PlEER M2 K2 HiT
Yotk TON-m 5424 PIz& b ' ML T B 2 PG i Sl @

Pl 2 S B IE AT

(1) # Hash A : ubamemf#*éﬁ’w%ﬁ%?ﬁé@*iﬁéﬁ
BNLEFL > MWL HAKRBRELZ BT

(2) B4 &F* 20 B2 42 B4 &> FIH L P wﬁx%’:‘ﬁl" B4 & PR
PHIIMAZET o FEEXRERPIRF FIZF AR Flt 0 F
B (TR 4 @guif’\%w‘q@J & o

(3) b AP PRk <l 4s i 0/ -

(4) #7332 Kz $VBE7RET > SBEE TR TG
Pl b L b E R AL F P I ER2BEFLLH o F
i 7 ﬁhgikaﬁfw%’uwiﬁﬁ»&Jﬁ?”gﬂ@@#
EX LR O B

(5) %o F:5 REhd 4 RA2EHBED LFINEEEREHD
ﬁi’ %’ﬂw’wm%%ﬁ@+’@ﬁ1ﬁwﬂg%~ ¥

Bl AdF 2 FEEO RN ER 0 L2 R &
2% 2 5 10mm e

(6) 45 : 4+ fh3opx *CAIST 41403 B* 1 HRC27-32 2 M & » &5 40 %
WA PHAR T N REEAGEL ES > 1R E

B gmo* Nylon MC 1 AR M FAAE R AR 2 P -

(7 wﬁ%#{%ﬁizub#sﬁ“&h‘%"ﬁyﬁ%*—”L’ré‘E T2 A2 R 37 T 4 M & 2 o
BEBE TS AGMA L0 & > & FIH AR L > e 1 pFd g3
Fpt oo N TG AGMA8%~°

(8) #2518 B 3¢ % M RE A, > 3 iz P g B o

(9) #Hsm03k. f;&ﬁ“¥7 Fg-_w(l‘g-_w,_ 0.006~0. 010mm) > 1 F# & 5 2_vd &
&&gﬂ@a%%iﬁgio

s

SRR T S AR S 0 0 2 3 2 Amn o F A8 HCH
AU PR RN E - S B H S s S ek
P HAEACA 3.2 3 4 3.4 4w o Ed 2 Ao 3,16 FrT 0 Rtk BT

4B 317 #rom oo
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% 3.2 AFEY T2 RE S W lchy & (HE#k 2mm)

75 B & 1 E LR
5 5L SM2-27T | PM2-27T | PM2-36T | PM2-45T
F-#(mm) 2 2 2 2
# B 27 27 36 45
B4 E(R) 20 20 20 20
Wik (R) 0 0 0 0
2 & FE S (mm) 54 54 2 90
A F 2 i< (mm) 50. 744 50. 744 67. 658 84.573
k7% (mm) 58 58 76 94
>#% % (mm) 4.5 4.5 4.5 4.5
® 5 % (mm) 10 10 10 10
L 0 0 0 0
# 78 ) & (mm) 0.3£0.1 | 0.3x0.1 | 0.3+£0.1 | 0.340.1
& 5 B e 4 4 5 6
¥4 5 (mm) 214217} 21.421/ | 27.578/ | 33.734/
21. 391 212391 27.548 33. 704
£ 40/ (mm) 3.456 3. 456 3. 456 3. 456
B4 & (mm) b8 LT/ 58. 717/ | 76.836/ | 94.796/
58. 642 58. 642 76. 758 94. 717
2% ¢ o gE(mm) b4 54 2 90
7 4 & 2 2 (nm) 0.5 0.5 0.5 0.5
B A4 F 2 75 (mm) 50. 8 50. 8 67.7 84.6
BliEE HH 2 M (mm) |0.05/0.10]0. 05/0.10(0. 05/0. 10 (0. 05/0. 10
24 & (mm) 0.006/ 0.006/ 0.006/ 0.006/
0.010 0.010 0.010 0.010
HRE R AGMA 10 ‘& AGMA 8 & | AGMA 8 & | AGMA 8 &
S N ibE2 B B B VB
B ivEcE (B) 3 3 3 3
AISIT 4140
7 R Nylon MC
HRC27~32
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=1

# 3.3 AT TG

[

B384 Bchh 2 (08K 3m)

7 P & 1 & B TR &R
w5 SM3-18T | PM3-18T | PM3-24T | PM3-30T
B (mm) 3 3 3 3
# #c 18 18 24 30
B4 E(R) 20 20 20 20
W E(B) 0 0 0 0
138 5 2 /< (mm) 54 54 72 90
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(R) 10N-m 0.013Lp 0.0097;. 0.0306] 0.0220{ 0.0341
A B ON-m 3.0786[1 9. 1377 " =1.8606] 1.7089] 7.5544
B 2N-m 3.3918] 9.0607  1.8029| 1.5352| 7.4809
& 1 AN-m 3.1583| .. 8.9548 1.7275 1.3064] 7.3408
2k & 6N-m 2.9070f “8.81250 1.6304| 1.0464] 7.2369
[hass -3 8N-m 2.6589[ “8.6971] 1.5631| 0.7665 7.0743
(&) 10N-m 2.3633] 8.5458] 1.4900{ 0.5014] 6.9504
-2 ON-m 3.5670[ 9.1360[ 1.8345| 1.7027 T.5523
2L P 2N-m 3.3691| 9.0345] 1.7721| 1.5048| 7T.4528
(a3 AN-m 3.1448| 8.9183] 1.7004| 1.2692 7T.3369
(&) 6N-m 2.8934| 8.7968| 1.6278| 1.0198 7.2030
8N-m 2.6332] 8.6621| 1.5433| 0.7423| 7.0499
10N-m 2.3502| 8.5361| 1.4595| 0.4794| 6.9163
-2 ON-m 0 0 0 0 0
2L P 2N-m 0.1978] 0.1016] 0.0624] 0.1979] 0.0994
(a3 AN-m 0.4222| 0.2178] 0.1340[ 0.4335 0.2154
2% 6N-m 0.6736] 0.3393] 0.2067 0.6829 0.3492
il 8N-m 0.9338] 0.4740[ 0.2912] 0.9604] 0.5024
(& 10N-m 1.2167) 0.5999 0.3750] 1.2233] 0.6359

-63-
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E
E
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# #c 18 24 30 18 18
B4 E(R) 20
4 (R) 0
# m B (mm) 10
a2 FlE /= (mm) H4 2 90 H4 H4
PR R PPM3-18T | PPM3-24T | PPM3-30T | SPM3-18T | SSM3-18T
I AEE | L L &+ &+
S a0 T g R L & 11
a @ ON-m 0.0321 0.0217 0.0113] 0.0068] 0.0303
w1 2N-m 0.0373| 0.0264| 0.0267 0.0354] 0.0242
P2 AN-m 0.0205[ 0.0203] 0.0307 0.0290[ 0.0265
2k & 6N-m 0.0100{ 0.0020{ 0.0215 0.0387 0.0323
[hasy- 8N-m 0.0323|..:0::0021| 0.0018f 0.0091] 0.0269
(R) 10N-m 0.0393[ 0.0035~ 0.0215 0.0296] 0.0049
AR H ON-m 19. 0829 13.4959 ' -4.8174| 13.8633] 3.0413
w1 2N-m 18. 84201 13:4069| -4.7708| 13.7166] 2.9371
i AN-m 18. 5807} 132925 = 4. 7064| 13.5166] 2.8138
23 6N-m 18. 3116} :13.1709] 4.6272| 13.3083] 2.678b
[hasy- 1 8N-m 18.0491| 13.0518 4.5378| 13.0588] 2.5248
(R) 10N-m 17.7690] 12.9410f 4.4787 12.8481] 2.3584
L8 ON-m 19.0509 13.4742 4.8061| 13.8b564| 3.0110
ZLAR 2N-m 18.8047 13.38050] 4.7441] 13.6813] 2.9128
4 AN-m 18.5602| 13.2722| 4.6757 13.4876] 2.7873
(&) 6N-m 18.3016] 13.1689 4.6057 13.2696] 2.6462
8N-m 18. 0168 13.0496] 4.5360f 13.0498 2.4980
10N-m 17.7298 12.9375 4.4573| 12.8185] 2.3535
251 ON-m 0 0 0 0 0
ZEAR 2N-m 0.2461| 0.0937 0.0620{ 0.1752] 0.0982
fhadl 3 AN-m 0.4906| 0.2020 0.1304f 0.3688] 0.2237
Z_ 5 6N-m 0.7492] 0.3053] 0.2004] 0.5868] 0.3648
Ligh s 8N-m 1.0340{ 0.4245] 0.2700] 0.8067 0.5130
(&) 10N-m 1.3211] 0.5367 0.3488] 1.0380f 0.6575
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249 44 f N2 e dmm T s en gl gl i & g0

E
E

e (mm) 4
# #ic 18 24 30 18 18
B4 E(R) 20
e s (R) 0
#® % (mm) 10
24 F 2 /2 (mm) 72 96 120 2 72
LR R SRR PPM4-18T |PPM4-24T |PPM4-30T | SPM4-18T | SSM4-18T
7 EIS 08 1 L 2R 4% 1 4% 1
A B W L L R 4% +1
a# ON-m 0.0128 0.0070] 0.0218 0.0358] 0.0106
i 2N-m 0.0302( 0.0217 0.0017 0.0197 0.0231
i 4AN-m 0.0228] 0.0363] 0.0366] 0.0057 0.0345
2k & 6N-m 0.0357 0.0290{ 0.0401] 0.0168] 0.0327
[hady: 8N-m 0.0149] 0.0326] 0.0264| 0.0323] 0.0171
(R) 10N-m 0.0392 0.0290{. 0.0038 0.0190{ 0.0305
A B ON-m 8. 5750 114215/~ 9.9026/ 13.1283| 4.6665
i 2N-m 8.4325| 11.3731] =9.8395 13.0039] 4.6183
% AN-m 8. 2999113207 ~=9.8307 12.8729| 4.5593
2 & 6N-m 8. 1115} "11. 24561 9.7892| 12.7679| 4.4786
[hasy -} 8N-m 7.9387 T1.1829] 9.7292| 12.6776] 4.3771
(R) 10N-m 7.8019] 11.1094] 9.6606] 12.5569| 4.2969
b3 ON-m 8.5622| 11.4145] 9.8807 13.0926| 4.6559
2h4p 2N-m 8.4023| 11.3b14] 9.8378| 12.9842| 4.5952
[hadl & AN-m 8.2371| 11.2844| 9.7941| 12.8673| 4.5248
(&) 6N-m 8.0758| 11.2166] 9.7491 12.7511| 4. 4459
8N-m 7.9238| 11.1503] 9.7028| 12.6454] 4.3600
10N-m 7.7627) 11.0804| 9.6568] 12.5379] 4.2664
s ON-m 0 0 0 0 0
24P 2N-m 0.1599] 0.0631| 0.0430[ 0.1084] 0.0607
> & AN-m 0.3251| 0.1301} 0.0866] 0.2253] 0.1310
Z_ % 6N-m 0.4864| 0.1980f 0.1317 0.3414] 0.2100
il 8N-m 0.6384| 0.2643] 0.1779] 0.4472| 0.2959
(R) 10N-m 0.7996] 0.3342] 0.2239] 0.5b546] 0.3895
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