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Gearboxes used in the drivetrain of intelligent robots are key mechanical components that play a significant role in
determining the performance of modern robotic systems. Gearboxes employing the planetary gear mechanism, known
to achieve a wide range of reduction ratios while remaining relatively cost-effective, have recently been adopted in
robot drivetrains. In this paper, we utilize domestic technology to fabricate a gearbox using a compound planetary
gear mechanism and conduct an evaluation of eight performance aspects of the developed gearbox through the
fabrication of a dynamometer and a jig. The dynamometer comprised of the gearbox, input motor, input-output torque
sensors, and a powder brake. By driving the input motor and applying braking force with the powder brake, we
compare input torque sensor values with output torque sensor values to derive results. A test jig is created,
consisting of an input motor, gearbox, and encoder sensor, for the measurement of inverse operation characteristics
and backlash. By conducting a performance evaluation of the developed high-strength, high-reduction-ratio compact
planetary gearbox, we validate the potential of the testing system and extend the scope of domestic gearbox
technology development.
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NOMENCLATURE Gpor oupe = Weight per Output [g/W]

S = Input Shaft Sun Gear Toupwe = Ouput Torque Value [N m]

P = Planetary Gear towards Input Tinpus = Input Torque Value [N m]

R = Fixed First Ring Gear 0 = Gearbox Transmission [arc min]

P, — Planetary Gear towards Output Oupu(t) = Rotation of the Gearbox Input Shaft [rad]
R, = Output Shaft Rotary Ring Gear Bouipu(t) = Rotation of the Gearbox Output Shaft [rad]
14 = Gearbox Volume [mm’] Trverse = Reverse Drive Torque [N m]

G = Gearbox Weight [g] B = Backlash [arc sec]

Ver oupus = Volume per Output [mm*/W] Biegee = Output Shaft Encoder Data [deg]
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Fig. 1 Compound planetary gearbox diagram

Table 1 Specification of compound planetary gearbox teeth

Division S P, R P, R, Module (TGhZfrg‘;ZD
Model I 14 28 70 23 65 1 52
Model2 16 80 176 64 160 05 100
Model3 19 50 119 46 115 08 151

2. #4571 R SEHA A YA

WA T 20 P47 A 91 f4710lek B 7]
o7k 5 A7} Gl B3 4710 w7] Pl AL st
Sk, Fig. 1 98 94710) #4719 AER $47]012 P,
3} P HSHLE T]0l2 147t e ¥ Yol Adstel A%
shgich. g PRR F 3ERO AR 2 gule 74718
At om Table 1€ S 3R] B3k §47]0] 147)
of Algolct. ol &4} W4l (1) Bgdto] Austgon
e FRNA L FEUIE 1 5 YRS RE A)E &
gob Bastom weaga 74 1EG Y AR AE
stol 83 £4710] 44718 At Fig. 26 B3 £47]
of A4719] AAHQ TEE HelFm glom 8 FHe| ¢

de A7jol(9)R et A4E &9 B SEe on 97

Z
ol(R,) o2 lo] 2 Al LolalEE A5}
. R xP, ) i
Gear Ratio = (I—szpl) T(l +?) (1)
22 4sAgE A # X3 7= 2

U47] s BAE AASY) FANE Hee BEel %
T Ue BEHE SIS Aofste] EAE AT 4 2= Beo
A7} BQsit). B =Foxe AR 2E(Servo Motor)2} IH$-
t] B#o|F (Powder Break)S A}-8-3to] T84 A|lAES 1=



a

ZHLUISEX M41HE M3E

March 2024 / 165

Output gear
Ring gear 2 (Rz)

Ring gear 1 (Ry)

/

Input gear
Sun gear 1 (S)

Planetary gear 2 (P3)

Fig. 2 Structure of compound planetary gearbox

Input torque
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Output torque

Powder break sensor Gearbox Input motor

Fig. 3 Assembly diagram of dynamometer

Fig. 4 Actual dynamometer model
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Fig. 5 Assembly diagram of jig

Table 2 Specification of dynamometer and jig

Test equipment Model name Quantity
Servo motor MSMF042L1S2 400 W By
FMACNO04-AB00
BLDC motor EC-i ®40 mm brushless 100 W 1
Torque meter SNC-50 kgf-cm, TRA-5K (Input shaft) 4
4 SA-50 kgf'm, TRA-10K (Output shaft)
Powder break PRB-20Y4 Type, NRT-PBY 100 N 2
Encoder sensor INC-15-100-171001-SSI1-ACI1-12AN, 1
oder senso ERN 120 5000 (25pi, 38pi)
Noise meter SV971A, 378B02 2
Data acquisition NI USB-6210, LMS SCADAS Mobile, 3
device RASdeltaFEOS
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Fig. 6 Actual test jig model
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Table 3 Gearbox dynamometer measurement results

Division Gear ratio Result Advanced gearbox
(Theoretical) (Japan/HDS)
52 1,306.66
Volume per
output [mm?/W] 100 663.14 1,425
151 902.34
52 423
Weight per
output [¢/W] 100 3.79 2.55
151 5.00
52 73.3
Efficiency [%] 100 83.2 80
151 50.1
52 52
Gear ratio [ratio] 100 100 50-200 : 1
151 154
52 -
Noise [dB] 100 61.5 75
151 75.1
Table 4 Gearbox measurement results using jig
. Advanced
L Gear ratio
Division (Theoretical) Result gearbox
(Japan/HDS)
52 6.11
Gearbox tran.smlssmn 100 429 12
[arc min]
151 0.10
52 432
Backlash [arc sec] 100 298.8 5-60
151 15.6
52 1
Reverse drive
100 1 11
[N'm]
151 8
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