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el UCLAAMNEAARTEMIS LS

Assembled hip yaw actuator Assembled knee actuator

Table 2.4: Actuator Specifications

Hip roll Hip and  Apkle
and yaw ankle pitch pitch Arms Head

Approximate weight (g) 850 3000 350 300 250
Gear reduction 14.5 5.9 50.3 19.2 9
Peak torque (Nm) 85 250 25 32 12
Continuous torque (Nm) 30 80 8 8 3
Velocity (rad/s) 25 23 30 30 50
Reflected inertia (kgm?) 0.049 0.088 0.020  0.008 0.001

(a) custom planetary gearbox (b) assembled rotor and gearbox

38
&R Design of a Highly Dynamic Humanoid Robot, #rfiESRFr



Joint DoF
Head 3
Shoulder 2
Elbow 1
Pelvis 2
Hip 3
Knee 1
Ankle 2
Toe 1
Total 25

R LIV KF ARHIZRALOLA

Incremental encoder

Cross roller bearing
Harmonic Drive gear

Stator winding

Motor shaft

Limit switch Absolute angular encoder

(a) Yaw axis of hip joint with cross roller bearing

GEAR SIZES AND REDUCTION RATIOS FOR THE LEG JOINTS

Gear

Torque [Nm]

Max. speed

Used for

Joint type  (R=roll, P=pitch, Y=yaw)
I Hip (P) RS
7 Hip (R&Y)
3 Knee .
4 Ankle (R&P) ~ RPRZZAL
S Toe
6 Waist (R&Y), Shoulder (P)
7 Shoulder (R), Elbow

Type
Harmonic Drive
Harmonic Drive

Ballscrew

Ballscrew
Harmonic¢ Drive
Harmonic Drive
Harmonic Drive

Ratio N cont. peak [rad/sec] Weight [kg]
50 125 370 14.45 2.85
100 85 157 5.34 1.25

20...52 120 390 13.9 2.54

<80 105 286 12.7 0.85
100 11 54 8.9 0.26
100 49 147 5.92 1.10
100 39 110 8.8 0.79

HFIER: Modular Joint Design for Performance Enhanced Humanoid Robot LOLA, #EiEESHFFr

Hi B UE 32 IR 40 PR 23 A
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Absolute angular encoder
Incremental encoder Thrust bearing
Harmonic Drive gear

Limit switch

Motor shaft " Stator winding
Four-point contact bearing

(b) Pitch axis of hip joint with four-point contact bearing and additional
thrust bearing

Incremental encoder
Stator winding

Cardan joint
Motor shaft
Ballscrew shaft

Ballscrew nut

39



el AFHNEEAWalkman

Hi B UE 32 IR 40 PR 23 A

ZHESHANG SECURITIES CO.LTD

Harmonic 19-Bit
Reduction Drive Absolute
Encoders

High Power BLDC

Qutput shaft Actuator
Position sensor

Harmonic Drive
Actuator Position Sensor

OutputShan

é Integrated Motor
Torsional Elastic Control Boards

Transmission

A | B | C |

Continues Power (W) @ 120C rise

900 500 222

Intermediate Mechanical Power, (G=80:1, eff=70%)

112Nm @

11.7rad/s 1300W

89Nm @ 11.7rad/s 1040W | 30Nm @ 10.2rad/s 305W

Dynamic Peak Mechanical Power, (G=80:1, eff=70%)

220Nm @ 10.4rad/s 2280W

140Nm @ 11.2rad/s 1560W | 56Nm @ 8.2rad/s 460W

Peak Torque (Nm), (G=80:1, eff=90%) 270 140 56
No load speed (rpm) 14 16.7 11.3
Weight (kg) 2.0 1.5 0.7
Stiffness (Nm/rad) 2300 1200 500
Overall dimensions DxL (mm) 110x150 100x140 60x100

TABLE I: WALK-MAN Actuation Units: specifications

40

HRIEE: A Modular Compliant Actuator for Emerging High Performance and Fall-Resilient Humanoids, #iiESHREr
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End-to-end manipulation
Images — Joint angles

e

HH%E20Nm, =0.55kg 1*2

hEehiTes HE110Nm, EE1.62kg 3*2
H%E180Nm, E2.26kg 1%2+2%2

BEIRIE: TeslaAl Day, FSIESFASTET
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Strain Wave Gearing

Cross Roller Bearing

R FEFHR

¢

20Nm | 0.55kg 110Nm | 1.62kg

B ——— ~ Kll £

S00N | 0.36kg 3900N | 0.93kg 8000N | 2.20kg

41



B UE 33 AR PR 23

ZHESHANG SECURITIES CO.LTD
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03

200 SADAE AR ST (o) oY RO s | ARMBAFEES | AMMBAFEES | AMMEAFEEX
200 ERTHIA shH&AT 1005 &0 5005 &R
150 0
60% ERHEZE (1) 14 14 14
100
. 40% 18 (5T) 1214 924 731
>0 l I . I 20%  mRE (FA) 70 1400 7000
0 | == mm W - 0% hi5EEE 8.5 129.3 511.7
20224 20234 20245 20254 20264 20274 20284 20294 2030+ (1Z7T) ' ' '
2022E 2023E 2024E 2025E 2026E 2027E 2028E 2029E 2030E
HREADT (TA) 80 80 81 82 83 83 84 85 85
YOY 1.0% 1.0% 1.0% 0.9% 0.9% 0.9% 0.9% 0.9% 0.8%
0-14% A v ik 25% 25% 25% 25% 25% 25% 25% 24% 24%
Toc B Fl AT b 10% 10% 10% 10% 11% 11% 11% 11% 12%
15-64% A0 kb 65% 65% 65% 65% 64% 64% 64% 64% 64%
BATBABRR: AT Bk 1.1% 1.3% 1.7% 2.3% 3.1% 4.1% 5.0% 5.9% 6.8%
B AR kit & 0.1% 0.2% 0.2% 0.3% 0.4% 0.5% 0.6% 0.8% 0.9%
TO CHAFBMBAELE (FE) 1.7 2.8 5.3 9.5 15.7 25.8 34.1 43.9 54.8
AR T kst AS (fTA) 7.6 7.7 7.7 7.8 7.9 7.9 8.0 8.1 8.2
ToB AR Sk 3k b ASE (fTA) 16.7 17.0 17.3 17.7 18.0 18.3 18.7 19.0 19.4
XTSI X 0.002% 0.004% 0.01% 0.01% 0.02% 0.04% 0.06% 0.09% 0.13%
TOB#BAFMBEAERSE (F4E) 2.5 4.3 6.7 14.3 22.5 40.3 60.2 89.3 122.4
NTEMBAFIEERE (ZE) 4.2 7.1 12.0 23.7 38.2 66.0 94.4 133.1 177.2
Rk BENAE () 14 14 14 14 14 14 14 14 14
At REEEN (T/A) 1214 1134 1059 989 924 863 806 752 731
TR BE BT (LT, AKRT) 7.1 11.3 17.8 32.9 49.4 79.8 106.5 140.2 181.3
YOY - 59% 58% 85% 50% 61% 33% 32% 29%
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0N FERSZOATRY: SRETER. WIMED), RRDEF R i

2023/10/19 EPS PE PB (2022) ROE (2022)
A E] ANEIZR B#H G BHE (L) 2022A 2023E  2024E  2025E 2022A 2023E  2024E  2025E
603728 S5 64.6 271.3 0.59 0.63 0.98 1.42 109 102 66 45 53 96
300124 SCIFEA 63.6 1,695.6 1.64 1.93 2.47 3.12 39 33 26 20 0.0 24.2
B 4] 300660 STHEF 26.3 83.4 0.99 112 1.47 1.81 27 23 18 15 0.0 9.1
688698 FRIER 333 70.0 0.78 0.99 1.37 1.81 43 34 24 18 0.0 15.1
688160 SRR 55.6 46.7 1.08 1.27 1.55 1.94 51 44 36 29 19.2 13.3
688320 KRS 343 51.8 0.65 0.90 1.31 1.75 53 38 26 20 46 8.3
601100 1B RIE 56.5 757.0 1.79 2.01 2.40 2.90 32 28 24 19 0.0 215
300580 DU 24.0 81.3 1.14 0.79 1.00 1.25 21 30 24 19 4.2 11.2
603667 NFE 17.3 63.7 0.48 0.53 0.74 1.00 36 33 23 17 36 6.9
23T 873593 SRR 28.2 27.1 3.05 1.27 1.70 2.20 9 22 17 13 6.5 53.1
002520 HA& B 55 443 -1.82 0.00 0.00 0.00 -3 - - - 0.0 -535
000837 =LK 10.8 109.5 031 0.29 0.39 0.52 35 38 28 21 0.0 8.2
300718 KRR 16.2 48.3 0.34 0.81 1.03 1.32 48 20 16 12 0.0 75
688017 FHIEE 108.0 182.2 092 0.96 1.40 178 117 113 77 61 10.7 8.2
002472 PVEZN i3] 25.9 2212 0.73 093 1.23 1.58 36 28 21 16 13.6 95
002896 FRNE 35.8 54.1 047 0.53 0.67 0.89 76 67 54 40 45 73
600835 LiEHE 13.3 136.2 0.96 1.18 1.27 1.36 14 11 11 10 0.0 78
TR B 603915 Bl diidns 16.3 108.1 0.63 0.73 0.92 1.11 26 22 18 15 0.0 13.3
300403 XFEER 73 44.1 0.34 0.39 0.44 0.52 22 19 16 14 0.0 11.6
002008 RIERIE 22.0 2315 1.15 1.18 1.62 2.00 19 19 14 11 336 9.4
300503 SENE 155 474 0.07 0.00 0.00 0.00 221 = = = 2.4 1.7
300258 R 14.1 68.0 0.52 0.60 0.75 0.94 27 24 19 15 0.0 76
688071 LR 396 335 0.50 1.26 2.14 3.27 79 31 18 12 0.0 75
603662 ] J1 %Rk 27.7 78.2 0.92 1.14 1.40 1.73 30 24 20 16 3.2 11.9
23 688322 ﬁtgj‘i/jb' 29.2 116.7 -0.77 -053 -0.16 0.17 -38 -55 -186 167 0.0 105
002338 RESER 36.1 86.5 0.34 0.78 111 1.54 106 46 33 23 0.0 79
002456 FRIEK 10.6 344.4 -159 0.00 0.00 0.00 -7 - - - 0.0 -88.9
5 002050 —n8/E 26.9 1,003.3 0.72 0.85 1.06 1.30 37 32 25 21 0.0 21.4
601689 HhEER 64.1 706.1 1.54 2.14 2.96 397 42 30 22 16 6.5 15.0
002747 RHTIR 19.8 172.2 0.19 0.32 0.52 0.79 104 62 38 25 0.0 6.2
.58 A B4 300024 YA 11.4 176.7 0.03 0.01 0.09 0.19 396 1,676 121 61 14.3 11
002698 SR 14.1 1438 0.44 0.66 0.87 1.08 32 21 16 13 0.0 14.7
002009 RITBA 12.2 46.4 0.53 0.74 1.32 1.64 23 16 9 7 10.1 9.3 44

HREE: Wind, 3SR (BFIFONSRBEWInd—EFhlE, #iEEZ2023F10819H)
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1. BFIFE
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7926, 21, 1718, 455 "EN" 1T,
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1) i518: RHOSMMEEESFESERMERATRNMERESEHNE. FeRERMPTEERHSEE: MR AERSE BN,
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