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Abstract

The study of bipedal gait is a research field that is important for the improvement of
anthropomorphic robots as well as to gain insight into human walking. Various biped robots
have been developed, each of which aims to model and study different characteristics of
human gait.
This study modifies a biped robot that performs stable passive walking on an inclined
plane, to obtain a passivity-inspired active biped robot. For this reason, actuators are placed
on the hips of the biped, and an extra counterweight link is added to counter the difference
bet ween t he t wo Thaactive expldits thegpassjve dysamics of its design and
walks on various different slopes, while minimizing the energetic cost. A mathematical model
for this robot is defined analytically.
Furthermore, walking dynamics simulations are conducted in the commercial softwares
MATLAB and MSC Adams in order to test the validity of the developed mathematical model.
Through these simulations the final values of t
order to achieve stable walking while maximizingtherobot 6 s r obust ness.
Following the simulations, the counterweight link is constructed and the original biped is
modified. Additionally, the actuation scheme is selected and an electronics subsystem is
developed to sample the experimental dataandtoappl y the contr ol |l aw. T
manufacture and assembly are performed in NTUAGS
Finally, the exeperiments are conducted in a custom ramp due to the absence of knees
on the biped robot studied. Through these experiments the acti ve r obot ds wal ki ng
monitored and compared to the simulationsdé resul
biped robots and their gait.
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Motor Power Consumption
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DETAILS
A-max 16 @16 mm, Precious Metal Brushes CLL, 2 Watt, with terminals

PRICE SCALES Quantity Price per unit
€40.27
€36.82

€33.64

On request

Add to cart

0o
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DC-max22S GB KL 12V

Product detail

Commutation Graphite brushes
Nominal voltage 12V
Motor bearings Ball bearings
Elec. connection, motor Cable
Cable length 200 mm
GPX26 A 111:1
Product detail
Gearhead type Standard version
Reduction 111:1
Number of stages 3

ENX10 EASY 1024IMP

Product detail
Counts per turn 1024

FoeadB0: gy shUU; U U UalUdyotlUseayY Usg GgGUeeUUsd U Usyy:
gU 293 9hUU0U; U Uy UaUdystUsayY Usg as3dqUey; U UasUs

Yas UdbBg Uy UaUd) stGUsay¥Y o@sa3dqUey U

Nominal Voltage 12v
Nominal torque (max. continuous torque) 12.5 mNm
Stall torque 49.4 mNm
Max. efficiency 7%
Max transmittable power (continuous) 104 W
Weight 479
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Reduction

Max continuous torque

Max intermittent torque

Max. efficiency

Max transmittable power (continuous)

Max transmittable power (intermittent)

Max continuous input speed

Weight

111:1

4.5

6.2

Nm

Nm

75 %

12w

15W

10000 rpm

10

Yas Ud8dg Uy Usa Ud} enddders ¥

Counts per turn

Number of channels

Line driver

Weight
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T-n for stance leg
55 T T T T T T

4.5 - T

T [Nm]

0 5 10 15 20 25 30 35 40
n [rpm]
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Microcontroller ARM Cortex i M4 120MHz
Operating Voltage 5V
Digital 1/0 Pins 64
PWM Digital 1/0 Pins 20
Analog Input Pins 27
DC Current per I/O Pin 20 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 512 KB
RAM 256 7B
Clock Speed 120 MHz
Weight 109
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e O 3 & Saooud 2 b QO Teensy 3.5 pins with digital /0 are 5 volt 3V coin cell
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~ S o A0 ALY AL R3S RS Ave e
dg g é S%" ;orogra}n orReset. '
o Al digital pins have
Interrupt capability.
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4.4.2 Motor Drive AZBDC10A4
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Specifications

Current Continuous 5A
Current Peak 10 A
DC Supply Voltage 10-36 V
Network Communication None
Size 38.1 x38.1x7.34 mm
Weight 8540
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(U sU0Ucgs3tosheUU; 8 FXAS2aAMOL3)( oggy=s t8B396 3 Uzh3¥:
Gg3tgUuleyssgews ctbd) GgloUgle =ylgdadé@Utlarg ~j e U3 UUs &
eU 9 bUdeai Ji Weesl gutfdrs Widlig 346 3 UUs UU UUc3saY Uy Usa U

Yas Udlng Uy UsaUdyB8t88B8¥g3tiohelUjeg .aUs ogjelioh
Specifications

Supply Voltage 27 36V
Acceleration range 29/ 4g / 89 (adjustable)
Gyroscope range 250/ 500/ 1000 / 2000
°/s(adjustable)
Magnetic sensor range 1200¢ ¢
Resolution 16-bit ADC
Output data rates up to 800 Hz
Size 28.3x20.5x 3.0 mm
Weight 2.1g
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Fcead8: z  UUU LipoUrattu R-Line 850mAh.

FUd GgsycUsU " UjegloayYsealUUs aUs Yaoal UUcssea¥Y o
YasUdlgj Uy UpBdgUsoay e lipldUj alUgd
Specifications

Supply Voltage 148V
Number of Cells 4
Capacity 850 mAh
Discharge rate 95C
Size 58 x 30 x 33 mm
Weight 108 g
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Specifications

Supply Voltage 9-35V

Output Voltage 5V

Output Current 5A

Output Power 25W
446 FisuUad deaUaUyessaesi GgGUeeUUsd
U UgUfR GdeUae o} al0ddiea WhsdUoBdd UG ids U qg hovs
UsUj; UdeyUxys3s, (800U 30 U sUUaylaegs V’;f] Uo Ud
UddyYaUsU UU usyYilGey U eyy3dq Ueg QaUaU;Gsee(N dgadU
GdgebeagalgUUa UU @i odatibheat)UB gt @ gl B0 hzsU); Uee UUcsd. EI
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dqaUaUj 39013 "6g 6 duses eoseddoalUs.
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P1 - Signal Connector
Pin Name Description / Notes 1/0

1 DIRECTION Direction Input (+5V |
2 PWM / IN 1U—Mz pulse width modulated digital Input comman . Input duty cycle |

commands the output current.

3 SIGNAL GND Signal Ground (Common With Power Ground). GND
TTL level (+5 V) OUIpUE Becomes high when power devices are disabled due 1o af least one
4 FAULT OUT of the following conditions: invalid Hall state, output short circuit, over voltage, over o
temperature, power-up reset.
5 NRIBTIN T'I_'L Ievel_(-f-s V) inhibit/enable inpull. Leave open to enable drive. Pull to ground to inhibit |
drive. Inhibit turns off all power devices.
Current Monitor. Analog output signal proportional to the actual current output. Polarity is
& CURRENT MONITOR reversed from commangd voI?age.gScalipng'ijs 2 ATV, Measure relative to sign';\ ground. Y o
7 HALL 3 |
8 HALL 2* Single-ended Hall/Commutation Sensor Inputs (+5 V logic level) |
9 HALL 1 |
10 +V HALL OUT tﬁ::fu;::g\:-v;rezgz?\y For Hall Sensors (+5V @ 30 mA). Referenced to signal ground. Short o
1 SIGNAL GND Signal Ground (Common With Power Ground). GND
12 RESERVED Reserved -
P2 - Power Connector
Pin Name Description / Notes I/0
1 MOTOR A [¢)
2 MOTOR A o
3 MOTOR B Motor Phase Outputs. Current output distributed equally across 2 pins per motor phase, 3A o]
4 MCOTOR B continuous current carrying capacity per pin. o
3 MOTOR ¢ ]
6 MOTORC o
7 NC_LKEY] No Connection. Keyed pin. -
g gmg gzg Power Ground (Common With Signal Ground). 3A Continuous Current Rating Per Pin g:g
10 HV IN DC Power Input. 3A Continuous Current Rating Per Pin. Requires a minimum of 47 uF I
11 HY IN external capacitance between HV IN and PWR GND pins. |
12 RESERVED Reserved
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it unused in the application. A pull-up el :::J 0.1 yF 1.0 pF
resistor may be also used if desired. 8 :RSVD GND GND3 ! 147
_d - g o .
== 535 3 5 8 L
7 IRSVD_GND 5 p @ g SAOMISO } 13 0 SA0 =
-t o é § g 2 -
,_i1 ______________ L Note: The logic level on SAD sets the
Vooio RHE | 110 H Rl H [RF H Tbit 12C slave address as follows:
el bl SAD=GND - 0x20
SA0 = Vppio -> 0x21
4.7 k0
VpDIo
SCL * 47Kk0
SDA
o o . P o , P o o ,
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Figure 14 ENX 10 EASY - Cable Plug
Pin Color Signal Description
1 |rot do not connect —
2 | gray Vee Power supply voltage
3 |gray GND Ground
4 | gray do not connect —
5 | gray ChAJ Channel A complement
6 | gray ChA Channel A
7 | gray ChB/ Channel B complement
8 | gray ChB Channel B
9 | gray Chl/ Channel | (index) complement
10 | gray Chl Channel | (Index)
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SV - Red Cable
GND - Black Cable
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