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— 2%, FEbEBICEESER 215G O D REN ) & LT, sk, PEERRR, FKER
EDf 2 BT S, A& DNENTRIBEZRAETRZ LD DITEL> TS, LnL,
LD E 2D ENEGLT-DI, ALaREIZROL, BT DafHL, ThinRER
RERMEE LT, AXENEOHIBNSHESEROILEREIZ > TNWDHZ &iE, WHIET
H7aUN,

FHIPEERMOT—2 PNHET 2E @13 <, EROBIEERD 30~40%% HHTE
D, WEBHIORZWHRL, KT — 2 2I3hRICBET 26123, FEh, mFtsiiTn
H1[2] 3] NMEE—ZIE—EDOHEEEBNID/NE L, ZORGUTI > TORWA, FEED
MOEET H/NEE—2 DB EHEHT 5L, BBERED 03~04 %22 53] 4. Zhx

BICHE T2 L, K940 77 kWh, [HROFAF—RE0ORERITHE L, /NS0T
D/NEE—Z THRETHRIUL, L THROVETIIARV.

BTN —THRT D0 ML, e TIXEBNHEEEODROHBIZHITY, Zhb
RS LT CREZERMIRA TRERDRA T ZENHEETH D, £0HI2iE, K 1.1
T, INEXY— RE—F O X ) Ifllx OIEBEBEINT NSV, FEERTHEERHS
BB OBRIANEIT O Z &1, REREREFFOI LIRS,

(a) Parallel shaft type (b) Right angle type

Fig. 1.1 Small-sized geared motor [5] [7]

W4 DB =R NXF—OEEMICEDLE T, EIHEEOKR X WEEMT—XITILIEC (H
BREERUEMERTR) 12XV, BB LOEEHI RSN T A[1]. BIRERIZBWT A 4
7 va =4 ORI E, 17 0.75~375kW B35 TH Y, FIZIE =S 27 v a v
E—HDOHII750 W TIE, R LLISRT LI, BEENRNG T L ITLRRICTH &
2k 0, e 8~10 %M EXHDZ LT d. ZOREHI b 5%, KER 2010 4,
EU 78 2011 4, HAARD 2015 0 LIERHI A FZHiT 5. S DI ¥ 7 v a e —X



DHFI120~750 W & HEHET—Z 128 [EC 1, $hROFEHOMFZED TEBY, /NE
HLEDTE—HXIZEL T, ZhhbEdREPEFRICETEEZHND.

Table 1.1 Efficiency guideline by IEC, three phase 750 W induction motor [1]

Power frequency | Standard efficiency High efficiency Premium efficiency
50Hz 72.1% 79.6% 82.5%
60Hz 78.0% 82.5% 85.5%

AVEY v a s B— 2 OFEIT, EREEEEHE CRbEL, PMEE—Z TN
1200~1700 r/min [ZFRE SN TN 5. ZOF—HF OREROBWEEOFKAIL, X 12187
£ 912, EREEHSEE T O EIR T, < ORi% CIXRMIIK T 5. Z0-o@miE
DEF—HEHNTYH, Z O CElE LT uE, BRne b,

0.5 100
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g 03 r 60
Z :
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Rotational speed (r/min)

Fig. 1.2 Output torque and efficiency vs. rotational speed, three phase 25 W induction motor [6]

L7 UEBRIC RS O ] S D R 1, Hl 2 1E-~0 b= X753 10~200 r/min,
AGV(Automated guided vehicle)?® 15~100 r/min &, E—4% OO LB L DKW\
ME. ZDT, K13 1RT, HEEWS AT ABNELRD.

Z OMEZEHIY, TP TTT o, —RANZRIBOR IR 3~240 72D T, E—H DELH
B 1500 r/min O¥5E, 6~500 r/min OFIPHICEZ HID. £ L THREHRFORHEDHEEE O
FHEEL LA =2 WD, A A= X IR T 04~1.6 [FOEE /2 DT, JHok
o H i o [Al#E FE 100 t/min DA, 40~160 r/min OFPH CTHEZ Lz S b.



Power source |:> Inverter |:> Induction motor |:> Gear reducer

Power frequency Power frequency Rotational speed Reduction ratio
50 or 60 Hz 20to 80 Hz 600 to 2400 r/min 3 to 240

Fig. 1.3 Speed change system of induction motor

ZIT, BE—H LA UN—ZOMETIZ L DHELBOEKROMEE, X 1.4 1TR7T
A N—Z B D JEMERIC L AR, RN, b bEESEEA S LT
REIDBENDIRNTZD, HEMELS 2D L, EPMETTL. 61, —F bRk
WKL 2% &, EREIRRRHEE & 72 DI 72 D720, MK T 5.

AL HE T a =S A N2 TEEEI L, ER RV, RIEESEEE D 25 %0
375 r/min TEREN L72 & &, X 141 TRT LIS, BERORIT 34 %llrd. ZOZ Ln
5HE—X ORI, HoEME WD, IROBWI L2k b, ZOo/NEE—
20X, R E LA S DR — RE—X & LTEDbND Z %L, ZOEIEHN 70~

90%ToHo.
100
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Fig. 1.4 Total efficiency of speed change by three phase 120 W induction motor and inverter [6]
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BRI LE L 72 5.

ZZTRIERIE, AR MV Ko T L, O ER FL s BRE L pfudm B
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Al Z b TE D, AL LTHRV Y, BIMEEEEEL 5.

AL TO/NEX ¥ — FE—X 1, T—XHTS0WLLFET 5.

g§ 00 WY PN N N
g NN NN NN NN
g QL fi
5 8 F B/ =y, oo —— S= oss of inverter
g =31.53 2255 =31.52 =22.55
o FFT
8 60 F === 213.5; = % B Loss of motor
" N N
L‘g 40 | ff% 7 7. Loss of reducer
‘%D 46.8 o4 %] Output power
g 20r ' 35.1 40.5 P
o}
(=W
0
Motor class Normal Premium Normal Premium
Reducer type Parallel shaft Right angle

Fig. 1.5 Proportion of power consumption, three phase 90 W induction motor [5] [6]
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DENEA R SR, BOESIC R E N A MEREIL, D Lo TRz, BilRIE, ERRER
BECIIdmtt, 7V — RBETCIIZ U —ADRNWZ &, BiED 2 )7 MuZxbis
T DO DEAREE R ETH S.

- Oil seal
Needle bearing —__|| :SL Output
——
Ball bearing 1._'“?_ =
T Spur gear
NEREC
N l;\gf
\SE==E Helical
mput L : elical gear
 —

Fig. 1.6  Structure of small-sized gear reducer, parallel shaft type [7]

Output
Oil seal
\ Hollow output shaft
p— R - RN ) =
— — ]
[ \ ]
| I =
Input - '
?—\J. -'

Hypoid gear Ball bearing Helical gear

Fig. 1.7 Structure of small-sized gear reducer, right angle type [7]

ZZT, B SN TV ARENZIE XY — RE— X OSFATHlE BBoEE OIS %,
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B0 A A NCxhG U, BEEE 2 RS FELT 2720, DML/ ) — A TiThh,
P ELOD JAIE LT 0.001~2 m/s DRV CHEM S D, izid, EIC7 V) —A 2 LZE
HlS2 TIT DL, TS A A Vo — AR EE STV D, ) 1T 1, FIBHC A RA ¥
YA i U7 A ORIl hZE SIS o TV D,

B — 4 FOWGEM O E e HAREE L, 2 O A TleGa & E A sipGs oo R T
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H5.

AN RO DAL D T LU, ok, SRE, WIAMEOREAMERRIIINZ, E 2 OfHN
RERH Y, b SRR, 18 IR T L 2Ig, KT DI &EnEw. flxix, £
— & DOEEEALD J 2 3H g OSSN D 7201, WHEOMEA 7 ) — AR
THLEEONEEPERERY, 7Y —=ZARWIUI VEEICT 572012, BETERO R
WAA V=V a ) &, AU K DEEEIRAHINL, EAEHEIZ T 5720103, 2
FORNRAL YT 4 — AF P 2RUE LR T IUIR 570,

Basic structure

[ Reduction ratio ]

[ Right angle ] [ Hollow output shaft ]

Gear, Bearing, Grease Oil seal, Bearing

High-strength =
Sa
—>
T

r'd
High-input speed Gear, Grease
\ Gear, Bearing, Grease / No leaking of grease

Oil seal, Grease

Fig. 1.8 Required-performance for small-sized gear reducer
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Fig. 2.1 Loss measurement device
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Input

1st pinion st gear ..
\ | 2nd pinion
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— — =i Output
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2nd gear Oil seal

Fig. 2.2 Test geared motor, Reducer A

2nd pinion

Ist gear ~ Ist gear —_

|~ 2nd gear

Ist pinion Ist pinion —_|

™~ 3rd pinion

AN

(a) Reducer A (2 stage) (b) Reducer B (3 stage)

2nd gear — 2nd pinion ™ 3rd gear

Fig. 2.3 Layout of gear

Profile
10um

Active length |

Fig. 2.4 Tooth profile, 1st gear of Reducer A
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Fig. 2.5 Example of surface roughness of gear tooth along widthwise line,

Ist pinion of Reducer A
Table 2.1 Dimension of gear, Reducer A
Ist stage 2nd stage

Pinion Gear | Pinion | Gear
Normal module (mm) 0.8 0.8
Normal pressure angle(” ) 20 20
Helix angle ) 30 20
Number of teeth 10 36 20 50
Rack shift coefficient +0.3 -0.3 +0.4 +0.3
Center distance (mm) 21.37 30.49
Effective tooth width (mm) 7 13

Table 2.2 Dimension of gear, Reducer B

Ist stage 2nd stage 3rd stage

Pinion Gear | Pinion | Gear | Pinion | Gear
Normal module (mm) 0.8 1.0 1.25
Normal pressure angle(” ) 20 20 20
Helix angle ¢ ) 30 0 0
Number of teeth 10 30 12 36 16 32
Rack shift coefficient +0.3 0 +0.3 -0.3 +0.5 -0.2
Center distance (mm) 18.84 24.1 30.49
Effective tooth width (mm) 7 8 13
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2:2+3 {#HE7Y—RA

INEXY— RE—Z L, BIEEEZRSICERT LD, brdEES 2 SREOMN
) — X T L B2 2T % 2 L%V, KRR S, S Sz o, 4
THIIHIERZT2~35DT Y —ATIToTWAD., ¥¥ 7Y — A Ik dOMiE AT, iz
8~10g B LTWD. X7 UL I 7 ) —R ATE—ZEOMZH, X7V 771 —2ZB
IXIBCERE S OB T, & BTSRRI LTV D, K7 U — A & il R O o
PR Z 2 2.3, FIMOBREE L REORGRZ X 2.6, SBBGHEEEO W ~D 7Y — X DA
WREZ X1 2.7, FRERIFO[AIERERE COMEDFEE % FK 2.4 (TRT.

FLh O EREEE LR ORIRIE, BLIIERD 40 C & 100 COEREE &, LQ.1HTHESND
EEIREIZ IS T 2B OHEE LRI KV Red 7.

log log Z = A—B~10g(273.15+t) (2.1)

DT, AES G ERTIE), BIEK (ORI, R,

v IZERKSE, Z =(v+0.7) 9 5.

Table 2.3 Properties of grease and oil

Bearing Bearing
Gear grease Oil
grease A grease B
Thickener Lithium soap Urea Lithium soap —
Base oil type Mineral Mineral Mineral Mineral
Kinematic viscosity 114 at40 C 100 at40 C 26 at40 C 32.7at40 C
(mm’s) | 10at100 °C | 11at100 °C | 5at100 °C | 5.7at100 C
Additive EP additive - Non additive —
Dropping point (‘C) 185 241 190 —
Cone penetration 285 250 266 —
NLGI grade 2 25t03.0 2 —
Ambient
-30to 130 -20to 150 — —
temperature ("C)
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Kinematic viscosity (mm?/s)

/ Bearing grease A

2000

1000

/

— Gear grease
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200
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NN
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50

RN
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20

10
10

20 30 40
Temperature (‘C)

50

Fig. 2.6 Kinematic viscosity of base oil and oil

Fig. 2.7 State of gear grease

Table 2.4 Peripheral velocity of gears

Peripheral velocity (m/s)
Input speed
Reducer A Reducer B
(t/min)
Iststage | 2ndstage | Iststage | 2ndstage | 3rd stage

1000 0.48 0.25 0.48 0.21 0.17
2000 0.97 0.50 0.97 0.42 0.35
3000 1.45 0.74 1.45 0.63 0.52
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224 FEBRTE

FEERAAT O BNC, RERBEREITH 150 2078 UAEE A T o 72, FEBRET, A
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B2, WoEHE A T5Nm, BB T 10 Nm F CHRARHLEMAIC LT ootz &
ERTONI) MVT LI M2, A bV Y 2285 L TH B 10 4riEis LT, ok
PRI LK MLy ORE LT Z 2R LT, FHllL7z. FERPOEIRIE, 22~
24 CITAEHE L 7=

EERF OWEORENL, WHEICNE 2T TRKEDONHEWES GHILEL P)Z HUFHEE
FECEHIL, ZhEAHEEEONREME Lz, S5HI, ok & L TE—& Ok
Moo g BAEE IERS), 2 8l BT — 2 OB (REFGS (IER R), HIJEES o
HEONE UESRQ), AA /N —/VEORE L L CTHAHAlOM A GIESRT) 4
M, BAEEXCRHAILT-.

Fig. 2.8 Measurement points of temperature

225 HEROFEITE

AFwCTIE, v — N E— % ORI B8K %4 s C Rz ML CRMliT 22 & & L,
JoH L CTH 2 b D BRI ) vy RS v oEERK VY EERL, Q22)T
F=9. EFRIIXQI)TERIND.

Loyr =Ty i —Toyr (2.2)
n= TOUT/(T]N 'i) (2.3)

ZITC, Lour T CTOREE SV, Ty 1ZFEATI VD, TourlZFEHE T v,
DGR, p 13%h=RE IR,
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HANC AR R L2 Z A 72U RRE C b BN R ORI LY, T—2 bR 5 &
HENRARTR D> TS, L LI oM EFL44 L TERT 50T, ZoREZLL
e CITMEART LIS L I2T 5.

AABRIHER Y, 7V — A THEIBL WD, hilEE L& GO 7Y — 20
A —EICHET 5 2 EAREETH D, EIRE RS D &R A RO L Y NEROIR
ERER LT, 7V —2AOMMEMETT 5 Z L ICK VAP ELTS. £vr—Fe—4Z
EREEAT 25 & OR[N HEHLEEIC/RDHOT, sHllT HIEEHEE & A hLVY T,
SN OIREE NN L7 & X OB KE AW, MV Z 3o bV eI, AT
0.001 Nm, /)75 0.01 Nm T o7z,

23 FEERER

231 HIEDHIME

HIE O FHUE 2 e85 7212, Jsi A [k L, AJJEHREEEE 1000 t/min, A bV
7 ARG 8 Nm £C, 3FEHIE L7z, JEIL, Fl—OREEAZ SN L T, HEZZE X T
1To7c. HHMEE, K291R-T L1, A bV 8Nm DL EDEEK ML DITHHOX
25 0.01 Nm ( ML 27 3OS RAEF) TH D DT, KRFIEBRITH L, 47 m 8N dH 5 L of)
Wicx5.

0.6
0.5 F Input speed 1000r/min ,\/:
g 0.4 /’4
2
g 03 r
2 » —O— 1Ist
3 02 r /
PHA —/— 2nd
0.1 F& 3rd
O 1 1 1
0 2 4 6 8
Output torque (Nm)

Fig. 2.9 Repeatability measurement of loss torque, Reducer A
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232 72 CHIEERFOBEIDOEAL

ARBRIBOHEE L, ST 25D T UAEIR A Felie L T DL DOEREZIT o7, 72 LAD
B A MR T 2 720IT,  AAEFH OPidib 2-8is L CHEK L7 ORI K 52 b &FHEl L
7o, R, EosEE A & A RS 1000 r/min, ARF R/ 8 Nm TfT-7-. %k hL
70, K210 1R T LIS, EEBAEAICEML, Z0% 10 0a%&RT 5 LK T &4
D, 150 BITITEL L ooz, EERBRAATR 150 /3R LI Ot B OIRE &80 b Ly
PIEE B> TNDZ ENLUHIZR UANK T LIzt B2 N5, B, #Ilk Ui
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0.70 40
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’é 0.65 | Output torque 8 Nm —— Gear temperature 4 35 08
] )
5 30 3
g 3
@ 2
3 25§
P ©

0.50 : : : : : 20
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Examination time (min)

Fig. 2.10 Change in loss torque and gear temperature while running-in
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211, X2121z, &K ML 2K 213, K214 (2R7.

HEATTRFORIROME L V71X, HoERE A A30.13 Nm, JH5EH B 23 0.16~0.18 Nm 72>
7o HECAR A2 D LKL P20, IRIEERAICHEML TV ERO LS. T
RO BAR M7 IZHE LTI DA%, AR RV 2 ITHRAE LR WEGICEE LT
5. 213, K214 68602 K912, WTNOBEEKIZIEN TS, BRIIATEFSE
JEIZ L SRNWLHTE 5.

—IRENTHRR ML 2L, 7Y — AOREEE EFN TONFRIZ LY, BEESHEEIC K-
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TET D, LUK L, REBRTIE, FESEEIC K HRK MLy OETIT E A L7
STDT, TOBRIIONTT2 -4+ 1 HTEETS.

.

100
: i 3B
90 2 -
5
> 80 B
g
g Input speed
%ﬂ 70 —6— 1000 r/min
—B— 2000
60 1 3000
50 | | | |
0 1 2 3 4 5
Output torque (Nm)
Fig. 2.11 Total efficiency vs. output torque, Reducer A
100
2 W g—a—&—&—+H
g} 80 B A
é / Input speed
RS 0
E 70 O —o— 1000 r/min
—=— 2000
60 r 3000
50 | | | |
0 2 4 6 8 10
Output torque (Nm)

Fig. 2.12 Total efficiency vs. output torque, Reducer B
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g ‘/E ‘/EI
< 03¢ =1
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*E 02 + ;‘/U//v Input speed
3 1 a2 —— 1000 r/min
0.1 | —5— 2000
3000
0 | | | |
0 1 2 3 4 5
Output torque (Nm)
Fig. 2.13 Total loss torque vs. output torque, Reducer A
1
/ g
08 B o
=
é 0 6 B / o
[}
-3 4
g A = Input speed
[72) 04 B .
2 e —o— 1000 U/min
- 52
0.2 B —=— 2000
3000
0 | | | |
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Fig. 2.14 Total loss torque vs. output torque, Reducer B
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T 31°C, 2000 r/min T 35 °C, 3000 r/min C 38 C & [BlfimsfE & A L7 IR EBI L C

EL o TWA, JBERE A

DB IR A AN FL2Z 5 Nm O L X DOIREE AT, 2

il H sz (HE S R 9.2°C, E—# ol QUERS) 28 5.2C, sk yihoifhsz
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Output torque (Nm)

Fig. 2.15 Gear temperature, Reducer A

B —&— R
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Input speed 3000 r/min

Output torque (Nm)

Fig. 2.16 Bearing and oil seal temperature, Reducer A
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U—1%, EiRE D5 & IS E, AR RIS Lo, AJ RS
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2nd pinion Ist gear

4 o - “‘ ’
’ 1st pini
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Fig. 2.18 Tooth flank of 2nd gear after driving
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70— ZETIE, < ERNR L THIEMORMIC X A EHINRAET . AABRIBIHIE
THEMAREINELS 78 d &, ORI VT HML, BRI BRRELRDLE
Z6N5. —J, EBRFER TR 2.13, K214 1R LIz & 91T, 8%k by ORI
IFERO LR, D & X[ASHE AR ML BHINT S &, REOREN B LT
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Fig. 2.19 Input speed and loss torque under constant gear temperature condition
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Fig. 2.20 Gear temperature and loss torque vs. examination time
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Fig. 2.21 Loss torque under grease and oil lubrication
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Fig. 2.22 Change in loss torque under grease and oil lubrication

-20 -



ZhuE, 7V — A CIREREZ T S L, i &S OB DRI — A
EHEBRT DD OEK bV T BRET DN, D% T — RIXREIED D 72T D Ky
DHERR SN ZHRFF SN OTHRE MLy NME T T 5. ZhUckt UG, b
(IR S 523, i &0 D & PRENE & KRR I3 o 5728, HE<CHI: DR
RS, bbb 7 ) — XM T, Bl AR 5 Sk ML BMET L2l
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AR ML IZHBI DA, i & s OB L B2 b, £72K 213, [X2.14
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Table 2.5 Kinematic viscosity of grease used at gear mesh and bearing, and that of alternative oil

Gear grease Bearing grease A | Bearing grease B Oil

Kinematic viscosity

at26°C  (mm%s)

293 263 48 62

25 HREROSHITE
7Y — AT S5 AT HRGEBE ORI, ARTREO IR K & A RTIRFOHE K
235 ERQ4), QSDEIICETILENTED.
K NV (L)X, BAMREOEIE MV Y (Lo) (AT MV 7 ITEATFT DAk T 2 il
OB N VT (Lp) L, WHONHAEWVOEERI MLV Y (Ly) ZMATETHS.
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NI EWETHZ LIk kDD,

Fig. 2.23  Place of losses
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Fig. 2.24 Loss torque of oil seal friction vs. output torque, Reducer A
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Fig. 2.25 Bearing loss measurement method at no loading
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Fig. 2.26 Loss torque of bearing grease of 2nd axis at no loading
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Fig. 2.27 Loss torque of bearing grease converted into each axis at no loading
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Fig. 2.28 Analysis result of loss torque at no loading, Reducer A
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Fig. 2.30 Measurement device of bearing rolling friction
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Fig. 2.31 Comparison of experimental and calculated of bearing friction torque

-39 .-



0.003
%" Bearing
g —o— 608
S 0002 | —5— 6003
5 >
9
i
2 0001 F
(&)
o
S
3
= 0.000 ! ! ! !

0 200 400 600 800 1000

Rotational speed (1/min)

Fig. 2.32  Friction coefficient of bearing, Bearing 608 and 6003
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Fig. 2.33  Friction coefficient of bearing, Bearing 6000 and 6201
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Fig. 2.34 Loss torque of bearing rolling friction, Reducer A
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Fig. 2.35 Loss torque of bearing rolling friction converted into each axis at rated torque
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Fig. 2.36 Comparison of total loss torque by gear temperature, Reducer A

-41 -



ZOEEERD DO, ERE MV RROEEOIRE T, MOARF ~L 7 REOHER k
N HRET D T L AR AT, Wk A O AJJEHREE 1000r/min TOER bV 2 REOH
HOWBEENE, 2-3-4 HOWET 31 ClZe D T ENDho TS, TDT- DI A % ER
Vo T ERFEERR ATV, HHEOBEN 3T CTEEL TWVD I LML L ThD, A
fif MV AR A NS LTHRE MV ZJIE LTz, £ORE, 2-3:3 HORHEK MLy
EHBLOIRE 31 ‘CTOEKE V7 OFENE, X236 17T L 912, MARRET0.02 Nm
ol ZOZ &I, EM MLVIRHZZ U — A KX DK 0.02 Nm K 55 2 & 2 Ek
T4, FREBERIMZE, FRTEEEROICENL THhL0T, DBEOSH T, &
BRI BHC S Y =R L B L7 8 002 Nm KT L, ZOZ(LEL, EAFRNG

[ER Rt/ [ e RN (B e

2:6-6 WIHIOEERK NV (Ly )

2:6°1 NG 2:6°5 TT, AMRFOUHE DOEEIRK ML 7 LSO ZIATEIZOT, =
NODHEK MV 20 M V7 D BIEE Lz, RQRADIC X O RE DA, o fEERE
KM ZIZR0, T bW OVBEEREAHET 5.

2661 BEOEEHLOH R
i OPFEERZIERIT, Niemann[8]IC L 2 & H(2.16) TE SN, il DEEEHRL L7 13k
QRINTRDBILD.

no =11, fcos B,)-(1/2, +1/2,)- (1= 2, + £, +2,,°) (2.16)
T, =(=15)T,., (2.17)

Z I T, nolIHRIDINAHFE VIR, e | X OFEIEEEGREL, f 1 3EAEM Ea T,
Z T INE RO, Z I REHEOEE, &, 1TDHFEVER, g (TLHF D DHEVER, g, 1T
BEDZINHEVER, Ty [ THEOREERK VY, T (I TOHS MV 7 277

2662 WD FIEELRIBOHEE
AREBIZB T AL ML2IE, K213, K214 1R L7X 21, Aff b2 Iizxt LTE
EARANCHEIN L TS, RS ML 7 IRAFT 248000, Tlse OB & il OB
BRI TH DN, ZOFOGZ OEEE kLo M 2-6-4 THOEGHER» DRI TE 572
BT ORI bV BART L7 ICH U TCRIZ BHIINT 5, e b imm O R

-42 -



PRt A, DA VBICE T B TE D B 2 T

AT E TR T A ORXQIDICE VR L, Wi OBEEBLR Vs %X 237
(Z, OERE B IZXf LT 20601 THDND 2465 O M 2 [FERICATWE B Lo fE R %, X1 2.38
(R, ENERVTE QBRI V7 O EICK LT, b SREAEA LR E
WAL ZITV, T OEMROMEE ZRDT-.

0.5

0.4

0.3

0.2

Loss torque (Nm)

0.1

0.0

Input speed 1000r/min

A Experiment

— Linear approximation \
M= | | | |
0 1 2 3 4 5
Output torque (Nm)

Fig. 2.37 Experiment and linear approximation of loss torque of gear mesh friction, Reducer A
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Fig. 2.38 Experiment and linear approximation of loss torque of gear mesh friction, Reducer B
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Fig. 2.39 Mean friction coefficient of tooth flank vs. slope of line by calculation and experiment
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Fig. 2.40 Comparison of experimental and calculated of total loss torque, Reducer A
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Fig. 2.42 Comparison of experimental and calculated of total loss torque, 1st stage of Reducer A
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EEZD.

- 46 -



Table 2.6 Mean sliding velocity

Mean sliding velocity (m/s)
Stage
at 1000 r/min at 2000 r/min at 3000 r/min

Ist 0.10 0.21 0.31
Reducer A

2nd 0.03 0.07 0.10

Ist 0.11 0.21 0.32
Reducer B 2nd 0.05 0.10 0.15

3rd 0.02 0.05 0.07

27 FHEIEROFL

PRBERODPTRE R 2 243, K2.4412, HEROFHEREZK 245, K246 (T, HE
TR, FA N — NV OBEEIRA L 7Y — R L5 EEOEIG &L, Al LY 2z
5 L WIRDOBEFERAOEIGRm 2D, M OFEERIOZEIT/ NI N E N5,
AROHTIE, EREHTI90W OF—F & Wikt 9 & 18 OWHEDOMHEE TIT o7, £ —
2 OWIIRWOEEOWOEILANE D &, HARBERORE R L. =2 MO/ SWEE
R0, WOELO/NSWEEE, R MVY MEL e BT, BATRROEK, ThebbAA
N —VOEEERK L 7Y — A LA RO EREIZR D, ot —2 HIDREND
AW DO R EVGEAIL, R MV BEL 25700, ARREOERK TH 5 i DOFE
BEHRIOEIHEE 72 5.
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0.1 |
EW—W ©
0 &= ' ’ ' i
0 1 2 3 4 5
Output torque (Nm)
Fig. 2.43  Analysis result of total loss torque, Reducer A
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Input speed 1000r/min
0.8 ]
—6—Oilseal —&— Mesh
0.6 Bearing —¢— Grease
0.4
0.2
g >
0 »
0 2 4 6 8 10

Output torque (Nm)
Fig. 2.44 Analysis result of total loss torque, Reducer B
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Percentage of loss torque

Percentage of loss torque
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Bearing —— Glease

Output torque (Nm)

Fig. 2.45 Proportion of loss factor, Reducer A

Input speed 1000r/min

—6— Qil seal

—=— Mesh

—o— Grease

Output torque (Nm)

Fig. 2.46 Proportion of loss factor, Reducer B
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FEHLNTIN TR, 61T, TEROMEEONIFERE R[13] [14]& 720, FiET
B O LTk 91T, RO PRI, R & ARHERTEENIFEE A ERO B
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RE—ZI1L, Ba RO AT HICHIGE L, £ BEE 2 RO RIS 57207 ) —2
T ESIND Z ENEL, BRERBO-O1IZIE, 07 ) —AOREEMIAT 5 2 E3E
HThD.

RETHE, 7V —2A0L x5 E, FKMOBKE X ZOREN RIS 2 5 8% RN
(R 5.

3.2 #ABRI7U—A

AERBROHR L, WL S 107 ) — A CHEEE T TWNA. ARETIE, 22 fHi
WoR LT 0EE A 126 LT, WO 7Y —RAOREE 2 T, BKICH 2 5855
fli L7=.

321 /NEBEHEEOREFEEHZ U — 220\ T

7 —Z208AGRIL, WEMTICZ ) — 2 28 5 EEBAA TN E, HiRgEk S )
WY =2 %% EANL, WEIZZ Y —ZABENFICHERESNDE 7Y —ZANZHFRARH 5.
WM ORI ANIIRD D OR, T OWATET, WEEm I T IUISEHE S 2 g
FFHIZ T, 7Y —2ARRCTHUEH372 7 ) — RARNKER DS GEE L 70 . b B
W BAROREIED, ZOBMERIC Lo TEDD Z LTk 5.

INERGERED 7 ) — 2 DBARTERUT, HANTD X O FEHF T 2~1 5O AR 7 ) —
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ZNHITMA, M TROBRYFOWNERICR 570 E, Z2<OFERS 5.

L LI SEAT O 7 U — AT, WEOEHENELS 2o 255850, B oRkE
RV RT 4+ — AXYOGEIL, TAMZHE TCERNWI EBnbD. ZOLH70L
X, B X O EFEEN 0~000 5OWMENEDH D7) —AEHHAL, 7V —A T
THZEBZ.

INEGERE OB BEIEH & L CHIRESN TV D7 U — R, 5 X 9FIBN Y F U L6105
AT, FEASLHORE N RN TH S, #HH X 2N FU LA TFAZERT 2D,
FEPED BWIRIIFIOFEREDZ WD T, FaliE= 2 F2MEWO T, I Tns. Hho
R (vl %, FRBRAYIC v, =100~200 mm?/s (40 “C)3 %< flibin 5.

322 HEBRTU—RDMER
RER 7 ) — A%, RO — A7 EHEEEH O 7 ) — R & FAEI TR HEE LT,

F31IRY, THREHLE L.

Table 3.1 Properties of grease

Grease type MA-2 | MA-1 | MA-O MB-1 MC-000 S-2 S-1
Lithium Lithium Aluminum
Thickener Lithium soap
soap soap complex soap
Base oil type Mineral Mineral Mineral Synthetic
Kinematic viscosity 156 at40 °C 400 at40 °C | 296 at40 C | 17.5at40 C
(mm?/s) 14.2 at 100 C 32at100 C | 18at 100 C | 3.2at 100 C
Additive EP additive EP additive | EP additive | EP additive
NLGI grade 2 1 0 1 000 2 1
Cone penetration 274 320 373 328 457 285 322
Dropping point (*C) 198 196 190 194 - 248 | 241
Ambient
-15~130 -15~130 -15~130 -40~200
temperature (‘C)

MA-2, MA-1, MA-0 7'V — A%, BB O < &5 FIm OB Y 156 mm’/s
(40 C)T, b x oELSMIFEI UMK TH D, MB-1 7'V — R I8k T, Sl Eks
FE7S 400 mm?/s (40 “C) &, ATl B O T A=V . MC-000 77V — A 1%, 78
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ZIEWREME A FEO D X 9 R 000 5T, EILTV—ANRATHEHINS. ZnbD
5 HHEO 7Y=L, by o EEEMOBREENR 53, IIEID Ry O T 3%
ELTND.S2,8-1 7' U —A1L, FlARY a4 L7 4 > OARIMT, BIREEA 17.5 mm?s
(40 C) LK<, —fRANTAEHRL 7 ) — R LRI TV D,

RLEERD 40 °C & 100 ‘COIRIHOEREE & K(2.1) TR, Kk U — 2D Fh @)
R SR OBRRAE, X311

5000 Grease type
1000
E 100 W A1 Moo
= ‘H""-... i -
z 50 '\\ “\.,:- P MA-0, MA-1, MA-2
N e ~y ‘““‘é
=
f:% 10 o
S S1,S2
g \ _— >
£ 5
2 H<;x
3
20 40 60 80 100

Temperature (‘C)

Fig. 3.1 Kinematic viscosity of base oil

3.2-3 7 U—20Oi#ikE

REDFERTORER Y Y — AOEANEE, B ERAA D B O & o B4 70 7Y
—ABSFE L, OBEPICHET O ) —AOBENEELRVEL L, U —ANX
DME I U7 RBEC 2 #ilf H O M BN 7 U — A IIRN 0, A oidEiliE | T ~EE A 7 )
—ANE SO EE L.

WA TO, MA-2, MA-1, MA-0 7'V —A® A S [EREE 1000 r/min TO, &z o
TV —ZADWRREE, X 32 (TR T. 7 U —RE, eI Clm B8 A L7eny, EiR
HHRD D EFTICHHEOWIZ L VLS4, B 32(0)DRFIO T~ 1T IE R H DD
HEVICE O BEIL, tEEEhE HEOMEICTE L. b HIERE2BDOMA2 7 —
ATIL, BWIEIZEAMA L7 Y —ADIE L A L) e il &ty g S8 L7es, Bx )
Tl 05D LERH 230 MA-0 77U — R0, 130102 L0 b Hil & iy i 12/ & - T
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DT ENTEY, —HAHERICAE L.

KR ) — AT, HbOLNNE & 9 EEFS 000 500 MC-000 7Y —AD 7Y — AN
A CilkR LT RiEA, 33 IR, MNOEESHE SEA LY U —ZAO&IIF U Th
L. AN DT OEREICME 727 ) — AL, WEOREERICENEEIL, 2 BEHO
DBAVERTREY ERSTWS. 7 U —Z A CTOFMEREEL, TSR ERh DS
MOFEE RELZITDHZERND5.

2nd gear 1st pinion Moving direction of grease

(a) MA-2 (b) MA-1 (c) MA-0
Fig. 3.2 State of grease while driving, application on tooth flank, input speed 1000r/min

2nd gear Ist pinion
(a) at 1000 r/min (b) at 2000 1/min (c) at 3000 r/min

Fig. 3.3 State of grease while driving, MC-000, submerging in grease
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3.3 A% by ORIER R
HEHEA TITETORR S U —R, 7 —ZNZ2TlE MA-0, MC-000 7'J — 2%, AJJ
[Pl T & A MV 7 228 S8, 2L MY ZHE L.
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B 3.4 127”9, BAKREOBRK ML 2L, B HEIKFEL, AR L2 2Nz 5L, %
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(IR OEREEEIZ KX 2 REZEWVIE, B S0,

HrOEET 1 5D MA-1 7 ) —ADANEHGHEZ X DK ML7 OEFENE, 3.7
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332 JU—ANRDOYE

T Y —=ANRATOEL L IEFRF0FDMA0 7Y —A L, 5 x 9 RS 000 50 MC-000
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7Y —REHIEHREE IR E LS 2o TEY, ZOMMICH X H EIZXHREEN
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2R L CART R V7 2NmBL FCTHRE ML BRREL A>T 2 LT 7 7D E I
ANNERSEE D ER DIV S K 2o TR Y, MR HETE 5.

X 3.10 12, EM MV RO NV &, FEDTOURT. T2 TR U — A4 DR
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0.1 Input speed 1000r/min
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Output torque (Nm)

Fig. 3.4 Difference of total loss torque by cone penetration, application on tooth flank
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0.1 | :

Input speed 1000r/min
O | | | |
0 1 2 3 4 5

Output torque (Nm)

Fig. 3.5 Difference of total loss torque by cone penetration, application on tooth flank
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Loss torque (Nm)

0.5

04

Grease type
—6— MB-1
—=— MA-1
S-1

Input speed 1000 r/min

1 2 3 4 5
Output torque (Nm)

Fig. 3.6 Difference of total loss torque by kinematic viscosity of base oil, application on tooth flank

Loss torque (Nm)

0.5

0.4

0.3

Input speed
—©— 1000 1/min
—=—
2000 /@/g
3000 / 5
| | | |
1 2 3 4 5

Output torque (Nm)

Fig. 3.7 Difference of total loss torque by input speed, MA-1, application on tooth flank
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fE\ A— D
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g
2 0.2 1 Input speed
Q
- q —6— 1000 t/min
0.1 | —&— 2000
3000
O | | | |
0 1 2 3 4 5
Output torque (Nm)

Fig. 3.8 Difference of total loss torque by input speed, MA-0, submerging in grease
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Z 03+
(0}
5
g i
» 02 Input speed
3 q —6— 1000 r/min
0.1 F —E— 2000
3000
O 1 1 1 1
0 1 2 3 4 5

Output torque (Nm)

Fig. 3.9 Difference of total loss torque by input speed, MC-000, submerging in grease
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Fig. 3.10 Total loss torque at rated torque for various rating of NLGI grade

3:3:3 FY— RNE—XOIREEE(LIHE5ER

7V — A%, BEEZX 0 IGHOEMREE & BT X 9 ENE(LTH. £ CTRI—DIY
— AT, ZTIODOERA~DORBLPFRDT0, BN, 772057 ) —2ADIREEZE
b ELFEREIT oI

3331 WEEZEMIELFEHITE

FEREE L, KI3ART LI, X MEWREME O — ANy P T OREICE
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ANVEEEZELSETRE L.

FRIE, R v — FE— X A WET HIREE THIE L, 2 OIRE T 30 2RFFL T,
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Test geared motor Sheet heater Variable AC power source

N/
VAW ’/

/; /\ 5
I

Fig. 3.11 Variable thermo-device on test geared motor

3.3-3-2 KNI OREICEDEND

HroEES 1 5DOMB-1 7 —ATOREDIRE, 720057 —ZADIREIZKHHE
I b T OENE, X312

EARTRF ORI ML 7 ITRED EFICH VNS R Y, Al MV IRIFT 20 & %
T 7OMEEITT Y —ADREICED LT, IZERCICR> TN,

CZTREL 7D —AOIEMOBREE L BT b O EORRE RS, LMo Bk,
25 °CC v 5~1068 mm?/s, 40 °CC v =400 mm */s, 60 “CC v z=141 mm’/s, 80 °C T v ;=62 mm’/s
Lo TN,

0.5
Gear temperature
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— —=—-40C
= ]
z i 60
5 03 —— 80
&
g
Q
=
0
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Input speed 1000 r/min
0 | | | |
0 1 2 3 4 5

Output torque (Nm)
Fig. 3.12 Difference of total loss torque by temperature, MB-1, application on tooth flank
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=77, ZUV—=20b r5E (rdHxoE) LIREORRIE, X313 177 MA-1 2
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THE, SOCTHEHANTIBLLIEITT D0 FE/RD. ZhuE, MBZ U —RIZBWTHIHE
ROBRICD B2 b5,
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Fig. 3.13 Temperature vs. cone penetration, MA-1
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Gear temperature
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Fig. 3.14 Difference of total loss torque by temperature, MC-000, submerging in grease

-62 -



34 HBREROGHTHER

KRRV —ATORBER MV %, 26 HiOFETHEHEIERICHE L. 22T,
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HNDHROT.

ZOREHIE LT, MA-1 7Y —ROWHEHEAM TOSNHRERZ, K315 (7. HALA
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Input speed 1000 r/min
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—E— Grease Oil seal
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0 1 2 3 4 5
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Fig. 3.15 Decomposed result of total loss torque, MA-1, application on tooth flank
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Fig. 3.16 Loss torque of grease stirring between gears at no loading for various rating of NLGI
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Fig. 3.17 Loss torque of grease stirring at no loading, same kinematic viscosity of base oil
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Fig. 3.18 Loss torque of grease stirring at no loading, difference of kinematic viscosity and NLGI

354 HROFAEED

W AT COWED 7Y — R X DBROFAEMEINL, NAEWREY D7) —ADiE
B L DKL, K319 T L 91T, ARBRIEOHIE OIS I Bl & o B DRI
) 1mm ORERH Y, ZORBTRET 2N HICL2EBELRH 5.

Stirring
2nd pinion

2nd gear

Fig. 3.19 State of tooth flank and grease after driving, MA-1, application on tooth flank
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g 02 T A Experiment A
3 — Linear approximation
]
é 0.1 r X
< A
A
00 A A % | | |
0 1 2 3 4 5
Output torque (Nm)

Fig. 3.20 Experimental and liner approximation of gear mesh friction, MA-1,

application on tooth flank
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2 o2 |
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38 — Linear approximation A
g 01 t
A
s A
00 A=A A A 1 1 1 1
0 1 2 3 4 5
Output torque (Nm)

Fig. 3.21 Experimental and liner approximation of the tooth flank friction, MC-000,

submerging in grease
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Fig. 3.22 Difference of Loss torque by temperature, MC-000, submerging in grease
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Fig. 3.23 Mean friction coefficient between tooth flanks

Table 3.2 Mean sliding velocity

Mean sliding velocity (m/s)
Stage
at 1000 r/min at 2000 r/min at 3000 r/min
Ist 0.10 0.21 0.31
2nd 0.03 0.07 0.10
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v, =35 mm?%/s & ATHD EBRFERITEVETH S Z LD, BIEO W O R OE
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i —S— Mean friction coefficient of tooth flank @
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Fig. 3.24 Gear temperature vs. mean friction coefficient of tooth flank, MB-1
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MEDTAARIT L0 BEER BN LT D L IE SN TV D, 2D enb, HEOEFHRAAY
BT E 28D X 9 FIOMRPIAET D L HEHIT 5.
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Input speed 1000 r/min
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g 02y —— MA-2

Q

% —&— MA-1
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—

0 1 2 3 4 5
Output torque (Nm)

Fig. 3.25 Loss torque of gear mesh friction for MA-2, MA-1, MA-0 grease
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£ AFEDIERE LT 5.

FT AABHERBE DTAR DOEE R, ATHG O i O BRI, K& EEL T
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(a) MA-2 grease (b) MA-1 grease

(c) MA-0 grease (d) MB-1 grease

(e) MC-000 grease (f) S-2 grease

lum

Sum

(g) S-1 grease
Fig. 3.26 Electron microscope photograph of thickener
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No meshing area

Meshing area

Fig. 3.27 Meshing area of 1st pinion after running in
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Fig. 3.28 State of grease after driving at loading, 1st pinion
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Collected grease on bottom land

Moved grease at mesh interval
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O of meshing area
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/
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Fig. 3.29 Imaginary sketch of grease lubrication on tooth flank
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Fig. 4.1 Loss torque of each factor at no loading
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Fig. 4.2 Loss torque of each factor at rated torque
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Fig. 43 Method for reducing loss torque in gear lubricating grease
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Fig. 4.4 Difference of total loss torque due to grease through experiment, Reducer A
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Fig. 4.5 Difference in rate of loss factor by gear mesh lubricating grease

-83 -



I CHES L7 U — A, MB-1, MA-2 7' ) —2Z0, #H L H5FINY F o LAIFAT
LT, S-1 7V —ART NI = AEEA T A EERIAOEAEHETHS.
AR OREOEL V71X, KHOEREICEKFE L, MB-1 77U —2Z, v =400
mm%/s(40 ‘C)75 0.19 Nm, MA-2 7' U —Z, v =156 mm%s (40 ‘C)7¥0.15 Nm, S-1 7' U —
A, v 5=1.5mmY/s(40 C)728 0.12Nm CTH 5. EHRAMEEORKROEL Fv 71X, Fihod)
FEEE LA 1 9 FIOFEFEIC K 2 thifi O VR EEELREL (1 e« EBRCOHEEM) DIk
7L, MB-1 7' U—2, 1,6=0.101 73040 Nm, MA-2 7'V —A, 1,5=0.104 73 0.35 Nm,
S-1 77U —A, 11,0079 73028 Nm THDH. ZDOZLIZLY, 77U —ADOMIRICE D #
AR L BRIEE HIZ, AREZRTE 2 2 EAEECTE 2

433 HIHDERRDXY— FE—X~O5uH etk
T — ZADOMARIC L DI LD T 2% %, T—4 /), HEO~VYIRTE
W HOD JE L TRt 5.

4331 HEIONLVYIGT) & HHEO EHE

IEARIRED 7Y — 22 X DHEKIE, AR M7 ICBfRR <, HEOEHEIZOMRITT
%[8]. T O VEEEAREUT, ARBRSAFE ORI T, [FHEE & AR b7 IZBb D
FTEEIERITE 7228, RO OWFZERER[13] [14]TIX, SO JEERE & i
M B~V IEINARAFT D72, ZOWG THET 5. Ry vr— NE— 2 OFBEOH
HOFHE L, T bV BOHEE O~V IS EX 4.6, X 4.7 (87T, HERIO~VYIG
1%, IGMA(H At H T 32Ot iR S R34 L v k7.

AN D~V IETNTDONTE Z D, IR D 2 & D TE HFFRISIIE, M8
BULER L, RICJEHE L I OEHLE KT T 57 ) — AOMIERREBIC L > TikED. #
bkl ClE, EELRDITRISNRHY, ZOME Y EHm O~V SN2 5 L9
2, BV a—/b, WL RS EOWBEEITARO D, ZIUIAT MV, Tl b
AOLEINDE—ZDOHINK LT, ZOMEIOFRIG I OFBMNT, Bz /MY, B
2T 572D ThD. ZOTDE—X NN > THEEIIND D~V IR EE L
WZEITe D, Lo T, REBRSMTOHRODO~VY ST O TH S, K 1100 N/mm®
FTIE, E—ZHNORRLBEETHHEATE L2 L1225,

WITH D JEHEIZDOWTE 2D, JEIEE (v) 1%, BodkE A, B & HITHIBD v. =048,
097, 145m/s D3FMHTHY, 2BEHURIE, oS T, &HIRWEEHKB O3 BEAN
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TR S RSB D b TIRE—EDETH Y, 7V —ASZ R EMARE I EOHN
T5. LLZEOKNE, K316 ITRLTEL DI, 7V —RAOFEHENEL>THITEALE
L. £V — AL AEEPFIRAET 2l mMO 7 ) —2AOiERE, 51
JRENELS 25T, ZOEBIIREBRBMNRNEBZBND. ZDTd, AT
BONTZWED 7 ) — 2 L AE L 7 U —ZDOMEROBIRIT, EBRCORKDOYIB
DJEEE, v.=145m/s LF THIUTHEATEX 552 5.
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Fig. 4.6 Hertzian contact stress vs. circumferential speed, Reducer A
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Fig. 4.7 Hertzian contact stress vs. circumferential speed, Reducer B
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WA T O RS & AT TRSEE OBIRIL, B 4.9 [T X918, HEICEAE
FIRE—EDHEEL o> TS, T, 38HTER LI L OIT, ARSI TOWF D/
U—ZIC X 5L, FITHD x5 FITIThiL, B X DM AEEERNIZE A 834
LW B2 D, -5 T, RBREMTORKOEFHEL FThHIUL, SEREIEOHE
WL D DT, WO VFEEERBICRE REKIT RN &2 5.

INHMNG, REBRTORKOFEE, v.=1.45m/s LLFOFEK CTHIUEZ, AL TEHD
iz, WEOZ ) —RC L L8k, WiaOVLEEREE L 7 ) — ZAOMIROBIURIE, AR
ThdEEZD.
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%’ —&— MC-000-S h
& 01 f
8
S 0.05¢ 0__\_7

0 |

1000 2000 3000

Input speed (r/min)

Fig. 4.8 Loss torque of grease stirring vs. input speed
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Fig. 4.9 Mean friction coefficient of tooth flank vs. input speed
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4+3+3-2 E—XHJ]EEEOEHRED MR

T EEL D JE R A FLYEI

a B — 4 ORKHZRER T, TEREEIERR
FEO SN D WOFBE D W/ L OFE L OREHE &, B — & OEIEEE 50 Hz |2
HE 1500 r/min COYBCH B O JE L 2 3K 4.2 12T

FT—Z OHNDER > T ERKEERE
BT H DN KRELRDITHD, WHEOEY
BRI THD. I
%, ENE/L20

EES] GG
T A1 PO MBH LI,

— HRGEEDFE T, £ 42 {TRT XL DI,
JEF1f4, R UNA,
—HREIIZ

2 —VIIRE LR B0,
D DEGHEIRINIHFEVERH D,

EBIL CTEY 2= VOB S TR 5.
REL BT 2DIFWEDEHEEDIRE 72 5.

, WHTE 28 —4 M) ORI Z BT 5.
HIE L TERS PV 2R 411,

\—:E"’_‘&Hjjj
INBIZkY, =R ERLR-TY,

=FAE T
FDE—HF L

BIFD

I, IFEFRCTHS.

Table 4.1 Rated power, rated speed and rated torque of induction motor

3, BRSO
LT,

E3ES

Rated motor power 25W 40 W IAY 200 W 400 W

50 Hz 1300 1300 1300 1250 1410
Rated speed (1/min)

60 Hz 1550 1550 1550 1500 1680

50 Hz 0.19 0.30 0.69 1.45 2.71
Rated torque (Nm)

60 Hz 0.16 0.26 0.57 1.25 2.27

Table 4.2 Gear dimensions and circumferential speed of 1st pinion
Rated motor power 25W 40 W 90w 200 W 400 W
Normal module (mm) 0.5 0.6 0.8 1.0 1.25
Normal pressure angle(°) 20 20 20 20 20
Helix angle ©) 30 30 30 30 30
Number of teeth 10 10 10 10 10
Pitch circle diameter (mm) 5.77 6.93 9.24 11.55 14.43
Circumferential speed (m/s)
) 0.45 0.54 0.73 0.91 1.13

Input speed 1500r/min
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AWFFEOERRIZ, EMHTI 90 W OF ¥ — RE—% %, SNROE—4 THREIL, AJHE
HAEEE A 1000, 2000, 3000 r/min @ 3 A TIT 7. ZDKREDO ATJEHARE &, & 4.2 1R
L7z, 25, 40, 200, 400 W DE—% LA S 412 80dE 0O 9]t #1.0D JE R 2 bhi U 7
DN, X410 THS.

AVE TV a T —FOMEOBVEESEEL, RS ICTOER, —RAICE
JEJE 45 50 Hz C 1200~1400 r/min, 60 Hz T 1550~1700 r/min CT& 5. AakBfks OB
WHEOFEE TR &, =& 1) 25~400 W DIZIFETDE—F DNERD B BlfizHE
12, XIELTND.

OISO FAM 22 g AR E, A D E—F OHANEE L THRE RN
W, b5 2 B H LMo EOEEREY, T4 NIRRT, PIBEFFEORT
EobZ Lllind. 0O, HIBCHRE LR OFEEE ORI RN, 2 BHURKIC b
HT&bZEE25.

EBHIT, 4:3:3-1 £ORLIEE DI, HEDZ Y —22 K B85k & i o PR
1%, ARFEBREMFLVIRWEEEIZBNTY, ZOMAORIRENRLNEEZ LS.

INHMND, AR THELNZZ U —ADOMIRIZE D, HEOZ Y —RZXDEREH
T DEEEAR I OARINI S, T—4 11771400 W LR DF— 4 LA S 402t Bsodi 25t
LT, WHMRREEZ LS.

2.5
Motor power
5 L —25W 40W
90W  ——200W

Circumferential speed (m/s)

1000 1500 2000 2500 3000
Input speed (r/min)

Fig. 4.10 Input speed vs. circumferential speed of 1st pinion
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44 7 =R K DB IALD E AR~
7Y =2 X DRIARA A, BpEAh O EASEBOEEI @M LT, £ OIS EZREET 5.

4+4-1 #BR¥v—RNE—X

FERCTHW XY — FE—21L, T—FHDERTTI25W L 0W D =F1 ¥ =
K, BT — A SN R R Y R ELE U AR T, ¥ — R
— & CHNBEHLE 15 TER ML 2 1.5 Nm, ¥v— NE—& D3 EGE S TER hL 7 2.1 Nm
Th5.

RRX v — RE—X OMIEZX 4.11, T—XHOHERE R 43, HHFHLE R 44, 45
IZRT. FY—RE—% C, D & HlZ, NARA RENETHEY D RITRIRIEANLEZITO,
SEATHH S EES AN ) 0 BICEVUEL A T o fe. BRSO TR, 2 TCIRAT Bl T
1TV, AJjih & HENTITRAVNE T L E D LT E0F ANV — LV E2RE LIz, £h
ZThOXY— FE—#L, WHOMEEZ U —ADOARER LT, HEEZFHN L.

Input
2nd drive gear ~ 2nd driven gear

\ x Output
B /

% al"
S

Oil seal 1st hypoid gear

1st hypoid pinion

Oil seal

G
b|_'

Fig. 4.11 Typical construction of a right angle type geared motor
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Table 4.3  Specification of motor at power frequency 50 Hz

Geared motor C Geared motor D
Nominal power (W) 25 90
Rated torque (Nm) 0.215 0.73
Rated speed  (r/min) 1300 1300

Table 4.4 Gear dimensions, Geared motor C

Ist stage 2nd stage
Pinion Gear | Pinion | Gear
Normal module (mm) 1.07 0.8
Normal pressure angle(” ) 20 20
Helix angle ¢) - 30
Number of teeth 3 45 42 42

Table 4.5 Gear dimensions, Geared motor D

Ist stage 2nd stage
Pinion Gear | Pinion | Gear
Normal module (mm) 1.2 1.0
Normal pressure angle(” ) 20 20
Helix angle ) - 30
Number of teeth 8 40 40 40

442 WEOHEET Y —A

XY —KE—%C, DI%, MD-0 7 U—20b, HIGEAZHAE L, ME-00 7' U —X%
AR LT, ENEND T Y —ZADF MR E, R 4.6 \TRT. ZOZLIZXy, o
R (vp) 1, v=506 mm*/s (40 °C) 25 vy=140 mm?/s (40°C), bk 5 EEFRZI 0 S
500 5225, Wb Az LT b ) FULAITACER LIZZ 1L, 77U —ADi
& EOHETHY, IR HI TR,

AL, FICRTOWEICEGIZS ) — 2 BEIMEEESND 7Y — A2 L L,
FRBRX Y — FE—HZ L HITMD-0 7)) —RZ &L ME-00 7' ) — A ClRIL&ZEA LT
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F77, MD-0 7' —2 & ME-00 7' U — 2%, & HITEK ML TOHFHMRBREZIT), 1T
R UMMAMETH D Z &%, 8L TW5D.

Table 4.6 Grease properties

MD-0 grease ME-00 grease

Thickener Urea Lithium soap
Base oil type Mineral Mineral
Kinematic viscosity

. 5 506 140
at40C (mm/s)
Cone penetration 375 408
NLGI grade 0 00

443 FEEBRGIEESHTE
HUROMIE L OPTIE, T b Lo I L AR CZ 2N FOFET T~ 72

44431 TERNLTIEEOBIOMNEITE

TERE NV REOERIT, T— X HRE ¥ — NE—X OEKEHSEE O s h v s
MHRDIZ, ZOFETHEONL I VIR, v — RE—4 0T — X THET 5
72, FEMSETOMEE 5.

FRAEEY, X BERE— R, XY — FE—2 0¥ v — Fe— 2k s H
Wiz, JENE, B—HEK, ¥ — RE—X L LICHEMAER 50 Hz TEEh L, HEhic&
f Vo 2 BEBERIN 2., HY b oD [Elfisss B 2 G L 7.

F¥— RE—FL, EREFITDE, T—FEOBXIIHER & BB ORMRAEKIZ
K0, BENENT D, ZOOEHEEMAEE T 1 RERREEE L, o oK miRE
DIEFE—EIZ2 > T2REE, ¥Y—FE—XC250 C, ¥Y—FKE—XDMN65 CHLZX
(ZHE L7z, BIEFO=REE, 22~26 CTEE L.

B b2 1E, T BIROERKEESEE O & & OHf sy, Bk % U7l
ZHEERHAE L, ¥Yv— REe—XOERKRHREL COH g b vy L ozENS, K@D
FORDL., AR — FE—F LE—XHAT, EHTLE—FEITRRD. LrLE
— X OEFERHSEE TOH I8 R L7 ORI, 1 %RETHS.
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LOUT = TMoter ' l - TGeared (41)

ZZT, Lour FBEREDH TIE TOHEK bV 2, Taoo 1TF—F O8I bV 7, i 138
Ett, TGearedﬂi%:"\?‘_— ]\\:‘E‘\_—&O)Hjjjiﬂﬂ }‘71/7 &‘éﬁé

44 -3 -2 BARKFOELOWEITIE

BAMRFOBEKIT, M412 17T X918, KR 1.5k W ORERZRE—F 9 H D
BN, MVZEEILT, R — Ne—& 254 2 EZEE CHIE Lz, &iho
AL, SRITREET CfThi, M2 IR RO MV 7 5T, [RREE X
R EHAEHCRHAIT 5.

XY —RNE—ZDIREL, T M7 ORIERE R CIZT 5720, T—2 i & o
DI —ADORENI L —F ZHEAITKRYD, ¥Y¥— RE—FEfHTHRE XY — RE—F DR
21X, WA 72 DEVRER DR TR X 5T AMOWREELE Lz, b —¥ O%EEIT
AIERZFERICE W ANEBEEZZ S THE L. £ — RE—X OREHEHONEHSIR
EEE, REIREIZH LT, £ 10 CRELS 2D Z EDBHDOERTHN> TS, ZDID,
TEAS RV ORPERFORIREIZ L, 10 CrR<ERE L.

Drive motor Encoder
\ Sheet heater
/\n
= Txallha
\
Torque meter Test geared motor

Fig. 4.12 Loss measurement device

4-4-+3-3 HERKEFOIBIOSHT
X — NE—X OB LRE, X4.2), @3)TERIND.

L =L,+L, +L, (4.2)

Ly = Los + Logeu + Locse + Loou (4.3)
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ZIT, L3RR MV, Lo XBARREO KDL MV 7, Ly (3 0h 1 OEEEHR
KWV T, Ll 3l ORI MV, LoglIA A VL —/VOBEERR NV, Logay I3E
— ZEOEZ DY) — AT K DK, Logse (TBORBEH Oz D 7Y — 22 X DK, Loou
IHEHEO 7 ) — R L Bk ETS.

IEAGIRFOBILOLGHE, (1) ~ (iv) OFIETIT
(i)%~&%@%§®&UHXKiéﬁ%FW7@mmm,¥?~F%~&®5~Xﬂ
UV T — IO BT TOIRBETHIE L7z,

(i) oM Ol D 7 ) — 22 X D8R (Locse)l L, ¥V — RE—XDr—ANT T
JNZE— 2 HB & PO oD iy B A KL 7O RRECHIIE L724B R bV 7 (LB &, R (4.4)1T
EVRD5.

Locse = LB = Logay (4.4)

(iii) AA N — L OEEEIRE LI, ¥V — REBE—FDr—A U 7\, Wi
A ANV ERMTTRETOEK M7 (L)L, @S5 TRD .

Lys =LC—LB (4.5)

(iv) HHED 7V —RZ K DK M VT Loa)lE, TV — FE—X OFETHIE LI EE
TrRF DR MV 7 (Lo &, @6k VKD D,

Loy =Lo—LC (4.6)

ZITC, B MOz OEKL ML IE, B OBRICEBEINTWDHTLD, Fr—
RE— & ORI E E 2o Tz,

44 -4 PIEREE PR

¥ — FE—% COATEIEHAEE & 8l V7 OBURA K 4.13 (1R T . F 5 EEE
1%, EEFICE > THRAET HEMEFEFUC LY, FEEF2E0 ZE TN BEEEL, A b
NI EMZDE, TOENKELRHOT, [EHEEENNSL 0D, TOFHEEEKROH
JIREMERY, — IS, ZOREREE — ML RKTEIND. MD0 7Y —R|ZHART,
ME-00 7'V — &%, HoEBONEHARMRS/ NS <2, ZOHI v BREL o T
5.
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Fig. 4.13  Output torque vs. rotational speed, Geared motor C

ERGEHREREE ISR Al b vy, TRbLXY—RE—ZDOEKR M7 &, 2Dk
ZOEK MVI BFKATITRT. MD-0 7' U —R5 ME-00 7'V — A IZEETHZ LTk
v, HOE kL 2IE, ¥ — RE—4 CT04Nm, ¥V — RKE—% D T0.25Nm KZ <7
STW5D. B V2L, 0 bV OB L TR Y, ZAUXBeEREN
HOBIINE L oo T2yis, i EieotzizdoTh S, Wil L7 iL, AFEBRTOH
JJCHIE D MLvr D7z, BUELHER & 138 e HEIZZ > T 5.

Table 4.7  Output torque and loss torque at rated speed

Grease type
MD-0 ME-00
Output torque | Geared motor C 2.00 2.40
(Nm) Geared motor D 2.60 2.85
Loss torque Geared motor C 1.23 0.83
(Nm) Geared motor D 1.05 0.80

TERE LT BEOB KRR O SR E, K414 17T, HEOMIBS Y —A2EHET 5
Zlicky, HEOZ V-2 X BEKE, Y — KE—% C 2 0.59 Nm 75 0.18 Nm,
XY —RFE—=Z DN 04 Nm 75 0.18 Nm L/NS <o TS, FIBED NA KA REFY D
JEEEG)NE, T —FE—% C28 v, =022m/s IZH LT, ¥ — FE—F D H v.=0.65 m/s
EHEL o TV D ZHUCH D 59, ME-00 7' U — A TOWHED 7 ) — A2 L D KN,
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¥¥— FE—% C, D TIHIFR LEZRDOIL, #HBREFOF ¥ — FE—Z ONHIREDZEIC X
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B Mesh and bearing friction
@ Gear grease stirring
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3 05 | o e 3 05 - FZz 77/
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RN\ RN\ \
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(a) Geared motor C (b) Geared motor D

Fig. 4.14 Difference in rate of loss factor by gear lubricating grease at rated speed
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HIT LA ERBD IR, FIHE ORI @l X, —EMED 10,,6=0.12 24K
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L2 OO G 2 258 % ERICHET LT, LFOmMRER.
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