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1. Download the Software

Download and install the Flight Stand Software on your computer.

Steps:
1.Visit tytorobotics.com/download
2.Locate the "Flight Stand Software" section and click the "download" button.

— — v
I Y 1 () b'd Products Software v Testing Applications v Build your System
ROBOTICS M

Software Download
Instructions

March 10, 2025

Download the software for RCbenchmark products or for Flight Stand products.

Flight Stand software RCbenchmark software
The official software for the Flight The official software for the
Stand family of products. RCbenchmark Series 1520, Series

1580, Series 1585 and Series 1780
test stands.

Version: 2.3.0 Version: 1.2.]
Released: February 10th, 2025 Released: May 3rd, 2022

Windows installer: download Windows installer: download

3. After the download is complete, run the installer.

If you encounter any issues installing the software, try performing the installation in

administrator mode.
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2. Setup the Simulated Board (optional)

The software includes a simulated board that users can use to simulate a test and
explore the software before purchasing a thrust stand. Connecting a simulated board is
optional but a great way to become familiar with the platform, no purchase necessary.

The data output from the simulation is based on tests with a real motor, which were used
to create a performance model.

Video Tutorial: https://www.youtube.com/watch?v=0szJTbkftbE

Steps:
1. Open the Flight Stand Software and navigate to the Hardware tab.

2. Click "Connect Simulated Board". In the left panel, simulated data will be displayed.

Flight Stand Software v1.9.5 — O X
YT0
TYTO N S Q
ROBOTICS
Hardware Connect simulated board
@ Simulated hardware
Powertrains @ Simulated hardware
Status: connected
ESC throttle: off
Identification
Current: 0.0129 A
Voltage: 8.085 Vv Path: simulated 1
Force Fz (thrust): -0.0002 kgf Model number: Sim2000
ISR I s “Llw Serial number: itSMe7xKDe
Rotation speed: 0 rpm
Electrical power: 0.0758 W
Mechanical power: 0w
Motor & ESC efficiency: 0%
Propeller efficiency: 0 gf/w
Powertrain efficiency: 2.734 gffw

3. To simulate a dual or multi-motor system, return to the Hardware tab and click

"Connect Simulated Board" again, adding another simulated powertrain.

Once the simulated board is connected, you can proceed as if it were a real thrust stand

and perform the setup, tests, and data visualization described in the next sections.

Tyto Robotics sales@tytorobotics.com
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3. Software Configuration

Configure the software before beginning your tests to ensure optimal performance and

safety. Here we will cover the settings in the first four options of the drop-down menu.

Flight Stand Software v1.9.5 — O X
YT0
AL R | e a
ROBOTICS
Setup
Hardware Hardware by
@ Force measurement unit 1 @ o H:F
@ Electrical measurement unit 1 Safety limits
Powertrains Powertrain Mappings

Manual Control

1

Eng

Automatic Control
ESC throttle: off

Tests

Video tutorial: https://youtu.be/JUSKIMnsOTA?si=jojtv8rcm57Np1vZ&t=27

Steps:

1.0pen the Flight Stand software.

2.Connect your Flight Stand to the USB port of your computer. In the left panel, the
Force Measurement Unit and Electrical Measurement Unit will appear.

3.Click on 'Setup’: customize your units of measurement.

4.Click on ‘Hardware’: see details about the Flight Stand(s) connected, including serial
number, firmware, and which additional systems are active, such as servo controllers
and probes.

5.Click on ‘Safety limits’: set safety cut-off values that will limit how high or low your
thrust, torque, voltage, current, RPM, and other parameters can go.

6.Click on ‘Powertrains’: map your powertrains by assigning names to your motor,
propeller, ESC, and power source. Ensure that the powertrains are associated with the

correct force and electrical measurement units.

Tyto Robotics sales@tytorobotics.com /
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4. Manual Testing

Perform manual control tests using the ESC throttle slider.

Video tutorial: https://youtu.be/FzfvaZogpwQ?si=6XANU7NCvHOAaHju

Steps:
1.Connect and configure your Flight Stand.
2.Select ‘Manual Control’ in the main drop-down menu.
3.Name your test.
4.Select how you would like to record data: continuously by clicking ‘Record’ or with
snapshots using the ‘Take sample’ button.
5.Activate your ESC by checking the box next to the throttle slider.
6.Drag the throttle slider to start the test or enter a throttle value in the text box. The

Incoming data is visible on the real-time plots.

Flight Stand Software v1.9.5 - = -
TYTO X% N
i [ Manual Control @ Tare sensors
ROBOTICS
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Simulated hardware
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7.When you are finished, deactivate your ESC by unchecking the box next to the slider.

8.Stop continuous recording by again clicking on the ‘Record’ button

9.Click ‘Save and new’ to save your test.

10.View your results in the ‘Test’ tab where you can also export your data.
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5. Automated Testing

Set up and program automated tests using one of several methods:
a. Values table
b. CSV Upload/ Flight Replay
c. Python AP

d. Prepared test scripts

a. Values table

Video tutorial: https://youtu.be/0RqCtd3gnwc?si=[4416je)Qab18dnr

Steps:
1.1n the ‘Manual Control’ tab, activate the ESC.
2.In the ‘Automatic Control’ tab, select a type of test (Step or Ramp).

Flight Stand Software v1.9.5 = O 5

TYTO 7 o o

¢ Automatic Control
ROBOTICS e

Hardware . .
Automatic control wizards

Choose the type of automatic control to perform:

@ Simulated hardware

Powertrains

Steps
ESC throttle: 1335 ps Generate a sequence of output signal steps, either in a regular, or irregular pattern. Steps can be manually defined, or imported from a
spreadsheet.
B T urance tests, step response, powertrain charactensation, ESC reaction time,
urrent: 7072/
Voltage: 8337V
Force Fz (thrust): 0.0415 kgf
Torque MZ (torque): 0.0038 N-m Ramp
Rotation speed: 8395 rpm ) . .
Perform a smooth ramp pattern while continuously recording data.
L Use cases: powertrain characterisation, throttle curve Em’-'}'ﬂi. observe putput signal alias ng effects, constant acceleration torgue.
Electrical power: 6.608 W
Mechanical power: 3.788 W
Motor & ESC efficiency: 57.32 %
Propeller efficiency: 11.59 gf/W 001 Python API
Powertrain efficiency: 6.644 gf/W [;::” g - ) . .
: APl programming lets you control the hardware with any external code.
SSSSSSS el) Use cases: CANbus ESCs, advanced control scenarios, factory integration, remote control, interact with other tools

3.Under ‘Controlled outputs’ check the box next to the powertrain(s) you'd like to test.

4.Under ‘Sequence form’, use the ‘Add Row’ box to enter the time points at which you'd
like to make a change in the throttle.

5.In the ‘Powertrain throttle’ column, add the throttle values you'd like to correspond

with the time points in the ‘Time’ column.

Tyto Robotics
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5. Automated Testing

Flight Stand Software v1.9.5

TYTO

ROBOTICS et :

Hardware '
@ Simulated hardware StEPS wizard

Powertrains

Automatic Control »

Sequence editor

ESC throttle: 1335 pis Controlled outputs
Powertrain 1 ESC throttle

Current: 0.6929 A Sequence form
Voltage: 8211V
Force Fz (thrust): 0.0406 kgf Time (s) Take Sample] Powertrain 1 ESC throttle (ps)
Ti MZ (i ; 0.0038 N-
org u_e (torque) m 0 1300 »
Rotation speed: 8224 rpm

2 1600 X
Electrical power: 5.146 W . 18“'[1 o
Mechanical power: 2456 W N
Motor & ESC efficiency: 47.74 % 5 5
Propeller efficiency: 14.39 gf/W
Powertrain efficiency: 0.87 gf/W g x

Add time:  Time (s)

6.Choose how you would like to collect data:

a.To take a sample at each time point, check the ‘Take sample’ box in the table.
b.To continuously record data, scroll down to ‘Sequence runner’ and toggle on
‘Continuous recording”.
7.Scroll down to the ‘Sequence Preview’ to see how your test looks.
8.To loop your test, enter the number of repeats in the ‘Loop sequence’ box.
9.Name the test in the ‘Title’ box.
10.Click ‘Execute sequence’ to run the test.
11.0nce the test is complete, a yellow box will appear in the left panel where you can
Save or Discard your data.

Tyto Robotics
B1 - 80 rue Adrien Robert « Gatineau, QC, Canada J8Y 352
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5. Automated Testing

b. CSV Upload/ Flight Replay

Video tutorial: https://youtu.be/FroCYgVIPgQ?si=3QrXeoAZ26-11jBM

Steps:

1.After selecting a type of automated test, under ‘Sequence editor’, click the ‘Tools’
drop-down and select ‘Load demo example’'.

2.Again under the ‘Tools’ drop-down, select ‘Export sequence from CSV'.

3.Use the exported CSV file as a template and add your desired time and throttle
points.

4.0nce your file is ready, return to the ‘Tools’ drop-down, select ‘Import sequence from
CSV' and upload the edited CSV file from your computer.

Sequence editor

Controlled outputs
Powertrain 1 ESC throttle

Sequence form

Time (s) Take Sample Powertrain 1 ESC throttle (ps)

The sequence is empty. Use the form below to add a time.

Add time:  Time (s) | |

Load demo example

SEC'UE nce pl‘EUiEW Export the current sequence to

use as a template for editing in an

Preview not available due to a I - : =y external spreadsheet software.
The imported file must have the

same format and column headers
as the exported file.

SE‘qUE‘ﬂCE Frunner

5.Scroll down to preview and execute the sequence. Once the test is complete, a yellow

box will appear in the left panel where you can Save or Discard your data.

Tyto Robotics sales@tytorobotics.com
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5. Automated Testing

c. Python API

Video tutorial: https://youtu.be/GkfOodAnATw4?si=nV3WNBGPCv49miR8

Steps:
1.Before starting, ensure you have the latest version of the Flight Stand software
installed on your computer as well as a text editor with a Python compiler.
2.In the ‘Hardware’ tab of the Flight Stand software, connect your Flight Stand.
3.Navigate to the ‘Automatic Control’ tab and select ‘Python API' from the test options.
4.0pen the repository at: https://gitlab.com/TytoRobotics/flightstand-api and read the
‘README’ file.

Project
main v  flightstand-api / README.md Find file Blame History Permalink
F Flightstand API
f3 Manage d % Updated documentation el o
- e : £
5 Plan i Dominic Robillard authored 1 month ago
<[> Code
‘= v ~+ README.md [ 10.22KiB <> Edit v ! v
Merge requests 0 - 0 2B
Repository
Branaboe Flight Stand Software API
Commits
Introduction
Tags
Repository graph This project contains the APl definition used by the Tyto Robotics Flight Stand Software.
Compare revisions In this project we provide examples and compiled libraries to communicate with the Flight Stand Software using Python, Javascript, and Golang.
Snippets The APl uses the gRPC framework. More programming languages are supported by the gRPC framework, such as C++, Java, Ruby, but you will need to compile
the .proto in your target language, which we cannot offer support.
¢ Build p y g guag pp
@ Deploy > Getting started

5.0pen your preferred text editor (i.e. PyCharm).
6.In PyCharm you will need to configure a virtual environment.
a.If you are using another text editor such as VS Code you will have to install
Python or the Python extension.
7.In PyCharm, open the Python folder in the repository.
8.0pen up a terminal in the folder and run the following command: py -m pip install

grpcio grpcio-tools

Tyto Robotics sales@tytorobotics.com 9
B1 - 80 rue Adrien Robert « Gatineau, QC, Canada J8Y 352 tytorobotics.com - 1-844-722-8378
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5. Automated Testing

W example.py

P example2_data_streamina_10hz.py

w2 example3_data_polling.py

P exampled_PID_constani_thrust,py

e exampleS_external_hardware_interfac

w2 flight_stand_apl_vi_pb2.py

e flightstand_apl_v1_pbZ_grpc.py

M4 README. mdl Search Everywhere

W+ README, md ;
Go to File
> [El proto
@ .gltignore Recent Files
Mi README, md

> MhExdernal Libraries
F Scratches and Consoles Drop files here to open them

vy -m pip install grpcio grpcio-tools

Mavigation Bar

Terminal  Local AP

SuvccessTully uninstalled grpclo-1.54.2
Found existing instellstion: grpcic-tools 1.54.2
Uninstalling grpclo-tools-1.54.2.
Would remove:
c:\users\shijie\appdata\local\prograns\python\python3e\lib\site-packages\grpc_tools\*
c:\users\shijie\appaata\local\prograns\pythonipython3g\lib\site-packages\grpcio_tools-1.54.2.dist-1info\*

@ @ V

Proceed (Y/n)?'y

Successfully vninstalled grpcio-tools-1.54.2
PS C:\Users\Shijie\Downloads\flightstand-api-main> py pip install grpcio grpcio-tools
Collecting grpcio

Using cached grpcio-1.54.2-cp39-cpd9-win_amdd4.mhl (4.1 HB)

T O E ©

9.To verify your connection, open the Flight Stand software and make the real-time
plots visible. Then in Python, run example.py.
a.In PyCharm, the terminal will output all available boards, automatically connect

the simulated board, and list all available inputs and outputs for that board.

§ fightstand-api-main ~  Version control ~ Currant File v

Projact @ exampla.py

v [3flightstand-apl-main output_mask = fleld_nask.FieldMask()
v B languages ovtput_mask.From)sonString('outputTarget')
> Ego
> Es
v [ pythen
W example.py
e ¢xample2_data_streaming.10hz. py _istSamplesResponse = stub.LlistSamples(fs.ListSamplesRequest())
e example3_data_poling.py for listedSample in ListSanplesResponse.cample_group.sanples:
2 exampled_PlD_constani_thrust.py if listedSample.signal_nane == thrust_signal_name:

lpch[cflJig"JtR!rL;l:er:t = fs.UpdateOutputRequest( =ESC_putput, =oUtput_mask)
ESC_output = stub.UpdateQuiput(UpdateQuipuiRequest)

tine.sleep(1.0)

P exampleS_external hardvare_interfac int(*Thrust: + str(listedSample.filtered_value) +
e flight_stand_api_vi_pb2.py
e flight_stand_api_v1_pbZ_grpc. py
M4 README. med
Mi README.md
» E proto
@ .gitignore
M+ README, md
> [hExternal Librarkes

t("Setting ESC to 1500%)
ESC_output.output_target.target_value = 15(
UpdateQutputRequest = T'S.UIJHQU_ZE_U'JT.DUT??QUP?SU =ESC_output, =utput_mask)
ESC_output stub.Updatelutput (UpdateOutputRequest)
tine.sleep(1.0) f

I Scratches and Consoles ListSamplesResponse = stub.lListSamples(fs.listSamplesRequest())
for listedSample in ListSamplesResponse.sample_group.samples:
if listedSample.signal_name thrust_signal_name:
(“Thrust: + str(listedSample.filterad_value) +

Run r‘exarnpla

e
[
L

%

Listing avallable outputs:
fboards/simulated_1/ovtputs/1: type=l displayNane:

© @

ESC output name: fboards/simulated_1/outputs/1
Current output target: 1000.0
fboards/simulated_1/outputs/2: type=2 displayNane
fboards/sinulated_1/outputs/3: type=2 displayNane=
fboards/sinulated_1/outputs/a: type=2 displayMane=
Activating ESC at 1000

Thrust: 1.692132900643628e-05 N

Setting ESC To 1500

T 0B @

Tyto Robotics sales@tytorobotics.com 10
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5. Automated Testing

d. Prepared test scripts

This Google sheet:
https://docs.google.com/spreadsheets/d/1XvXoo7h2 0t1s1L2px2kDtGj2X2kDnwxDqttWxKE

Fus/edit?usp=sharing contains the templates for the Sine wave, Chirp signal, and

Sawtooth tests. Add a copy to your Google Drive by clicking ‘File’ - ‘Make a copy'.

1. Sine wave

Video tutorial: https://youtu.be/0pu8)YgnV80

Steps:
1. Open your copy of the Google sheet and navigate to the ‘Sine/Chirp Generation’ tab.
2.Adjust the # of lines, speedup, frequency, amplitude, and offset values in row 2 to
design your sine wave. This will adjust the preview in the ‘Throttle vs. Time' graph.
3.Copy the ‘Time’ and ‘Throttle - Sine’ data into the ‘Sine Wave Data for Export’ tab.
4.Download the file as a CSV file (File -» Download - .csv).

Periodic Tests ¢ (& O
File Edit View Insert Format Data Tools Extensions Help
A 6 ¢ & F 1006 ~ $ % O 00 23 Defau. ~ —[10]+ B I = A & M = Jl-vpR-A o @B @ Y
N8 d
A B [ (B E F G H | J K L
1 |T(me (s) Throttle - Sine | Throttle - Chirp #of Lines | Time Interval Frequency of Sine Amplitude‘ Offset | Speedup of Chirp‘
2 0 0 1250 1250 1000 1 1 50 1250 1.8
3 1 0.01745329252 1251 1250
4 2 0.03490658504 1252 1250 Instructions - Click Me
5 3 0.05235987756 1253 1250 h b
6 4 0.06981317008 1253 1250
7 5 0.0872664626 1254 1251
8 6 0.1047197551 1255 1251
9 T 0.1221730476 1256 1251 .
10 8 0.1396263402 1257 1251 Throttle VS. Time (s)
1" g 0.1570796327 1258 1252 2000
12 10 0.1745329252 1259 1252
13 1 0.1919862177 1260 1253
14 12 0.2094395102 1260 1253 1750
15 13 0.2268928028 1261 1253
16 14 0.2443460953 1262 1254 &
17 15 0.2617993878 1263 1254 s 1500
18 16 0.2792526803 1264 1255 =
19 17 0.2967059728 1265 1256
20 18 0.3141592654 1265 1256 1250 /\//\//\
21 19 0.3316125579 1266 1257
22 20 0.3480658504 1267 1257
23 21 0.3665191429 1268 1258 o0, 500 pre 550 S50
24 22 0.3839724354 1269 1259
25 23 0.401425728 1270 1260 Time (s)
26 24 0.41887390205 1270 1260
27 25 0.436332313 1271 1261
+ = Sine/Chirp Generation ~ | Chirp Data for Export ~ | Sine Wave Data for Export ~
[ ] [ )
Tyto Robotics sales@tytorobotics.com
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5. Automated Testing

5.0pen the Flight Stand software and navigate to the ‘Automated Control’ tab, click on
‘Step test'.

6.Under ‘Tools’, select ‘Import sequence from CSV'.

7.Select and import the CSV file that you downloaded from the Google sheet.

8.The sine wave data points will be displayed in the table and a preview of the wave
will be shown in the Sequence preview window.

9.Click ‘Execute sequence’ to run the test.

10.0nce the test is complete, a yellow box will appear in the left panel where you can

Save or Discard your data.

ii. Chirp signal

Video tutorial: https://youtu.be/0pu8)YqnV80?si=GQYjKerpszKwch5q&t=129

Steps:

1.0pen your copy of the Google sheet and navigate to the ‘Sine/Chirp Generation’ tab.

2. Adjust the # of lines, speedup, frequency, amplitude, and offset values in row 2 to
design your wave. This will adjust the preview in the ‘Throttle vs. Time’ graph.

3.Adjust the ‘Speedup of chirp’ value.

4.Copy the data from the ‘Time’ and ‘Throttle - Chirp’ columns into the ‘Chirp Data for
Export’ tab.

5.0nce you have added the data to the appropriate columns, download the file as a
CSV file (File » Download = .csv).

6.0pen the Flight Stand software and navigate to the ‘Automated Control’ tab, click on
‘Step test'.

7.Under ‘Tools’, select ‘Import sequence from CSV'.

8.Select and import the CSV file that you downloaded from the Google sheet.

Tyto Robotics sales@tytorobotics.com
B1 - 80 rue Adrien Robert « Gatineau, QC, Canada J8Y 352 tytorobotics.com - 1-844-722-8378
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9.The chirp test data points will be displayed in the table and a preview of the wave

with increasing frequency will be shown in the Sequence preview window.

10.Click ‘Execute sequence’ to run the test.
11.0nce the test is complete, a yellow box will appear in the left panel where you can

Save or Discard your data.

Flight Stand Software v1.9.5 - a X
TYTO %
4 ] Automatic Control
ROBOTICS
=
Hardware . s
) SEC]I.IEI"ICE preview |
@ Simulated hardware
) ) 1,300 4
Automatic sequence running
minutes, 19.2 seconds
1,200 4
Title: Untitled
Continuous recording: 4 minutes, 47.75 seconds
1,100 -
Powertrains
1,000 <
ESC throttle: 1200 ps
T T T T T T T
100 200 300 400 500 600 700
Current: 03143 A h
\.!oltag—e-: | . 8327V Real-time plots | 7
Force Fz (thrust): 0.0209 kaf
Torgue MZ (torque): 0.0021 N-m
—_— i Y Timespan: 1 minute
Rotation speed: 126 rpm F = ; A
: g e % Layout Pause Show unfiltered C'F) Powertrain 1
Electrical power: 3635W
Mechanical power: 1.847 W ESC throttle output Force Fz (thrust) Torque MZ (torque) Voltage
Motor & ESC efficiency: 50.8 % = 1,400 0.06 _
D rr 5 £ . &
.DerE'"E'r.E' ﬂfcrl.e.ﬂcy. 2 g._,:: 1 200 - L 0004 10
Powertrain efficiency: AW ===
oy § L 1,000 L 0.003 I
800 L L 0.002 | &
- 600 0.02 i
L 0.00 |,
L 400
’ 0.0 - 0.000
- 200
T 0 ] T T T I] I:]El I I _-EI I]-:I‘] I T I ] I G
10:52 15 3 4 10:52 15 30 45 10:52 15 30 4 10:52 15 30 45
[ X X J h
11. Sawtoot

Video tutorial: https://youtu.be/0pu8)YgnV802si=c1WeU3UYjajHE6BuU&t=204

Steps:

1.0pen the Flight Stand software and navigate to the ‘Automated Control’ tab.

2.Click on ‘Ramp test’.

3.In the ‘Sequence editor’ table, enter 2 lines of data for time, throttle and rate of change.

4. A preview of a simple up/down pattern (sawtooth) will appear in the ‘Sequence

preview window below.

Tyto Robotics

B1 - 80 rue Adrien Robert « Gatineau, QC, Canada J8Y 352
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5. Automated Testing

Sequence form
Powertrain 1 ESC throttle
Time (s) Take Sample Target (ps) Rate (ps/s)
] 1500 250 X
2 1000 250 X

4 N/A N/A N/A X
Add time: = Time (s)

Sequence preview

1.5DD:
1,400 S
1,300
1,200 —
1,100

1,000

5.Enter the number of repeats you would like in the ‘Loop sequence’ box and click
‘Execute sequence’.
6.0nce the test is complete, a yellow box will appear in the left panel where you can

Save or Discard your data.

iv. PID tuning
Note: we highly recommend watching the video tutorial for this section (link on page 15).

A PID controller is a special algorithm that aims to maintain a specific value for a sensor.
For propulsion systems, the PID controller achieves this by continuously adjusting the

throttle output required to make your propulsion system converge on the desired value.

Before completing this tutorial, you will need to be able to successfully run the first
example.py file in the repository. If you have not yet done so, go to section 5c of this user

manual to learn how to do so.

Tyto Robotics sales@tytorobotics.com
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5. Automated Testing

Video tutorial: https://youtu.be/8HSNoONR3yg

Steps:
1.Assuming you were able to successfully run the example.py file (section 5c), open the
Flight Stand software.
2.0pen your Python compiler and open a console to ensure you have simple-pid
installed. You can check by running the command: py -m pip install simple-pid
3.Find the number corresponding to the signal of the variable you would like to target
by opening the .proto file (we will use thrust as an example), then scroll until you see

the list of input signals. Thrust (FZ) corresponds to number 11, note the number.

<] = flightstand-api-main ~ Version contr

[(3 Project -

2 ~ [3 flightstand-api-main
~ [@languages
> Bgo
> Bjs

@ FlightStand.py
M+ README.md
M4 README.md
v [Eproto
= flight_stand_api_v1.proto
Mi README.md

> [lh External Libraries

=0 -
= Scratches and Consoles

©w @

}

.__,_tg'@El@

4.0pen example 4. Change the input and output signals to match the powertrains in the
software. You can find this information in the Flight Stand software’s ‘Hardware’ tab.

Click on your powertrain and highlight the first line of text in the ‘Identification’ tab.

Tyto Robotics sales@tytorobotics.com
B1 - 80 rue Adrien Robert « Gatineau, QC, Canada J8Y 352 tytorobotics.com - 1-844-722-8378
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5. Automated Testing

E Flight Stand Software v1.9.2

T\’T (] b'd ¢ Hardware >

ROBOTICS H

. Status: connected
Hardware
@ Flight Stand 15 Standard - Force Measurement Unit

@ Flight Stand 15 Standard - Electrical Measurement Unit dentificatior

[pancond]
Model number: FS155-FMU

Serial number: 835034F7
Identify | Disconnect

5.Paste this information into the input/output board information in the Python file.

6.Run the Python file. The terminal will output a list of available inputs.

7.Find the input corresponding to your target variable’s signal number (#11 for thrust)
and enter it in example_PID_constant_thrust.py after the target input board.

8.Scroll down to ‘Target value’ and enter the value you would like to target in Sl units

Powertrains

ESC throttle: off

(Newtons for thrust).

= flightstand-api-main fersion control

Project ~

2 ~ [ flightstand-api-main
~ [3languages
» CDgo

> @ijs
~ [3 python

Mi README.md
M4 README.md

~ [ proto

= flight_stand_api_v1.proto

Run ¢ example_PID_constant_thrus

sales@tytorobotics.com 16
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9.Check your settings for the length of the period, and set starting values for your PID
parameters, Ki, Kd, and Kp.
a.The Ki term (integral term) is a constant that is multiplied by the integral of the
error. The product is then added to offset the error.
b.The Kd term (derivative term) is a constant that is multiplied by the derivative of
the error.
c.The Kp term (proportional term) is similar to the integral and derivative terms but
It's the product of the error and the constant.
10.Run the script and observe the Flight Stand react accordingly.
11.Adjust your Ki, Kd and Kp values as needed until you have a PID response that you

are satisfied with.

= flightstand-api-main ~¥ Version control

Project ~ README.md - ¢ example_PID_constant_thrust.py proto\README.md

v [ flightstand-api-main
- [Olanguages
> O go
> Dijs
v [ python
e example.py
¢ example_data_polling.py
¢ example_data_recording.py
¢ example_external_hardware_interface.py
¢ example_PID_constant_thrust.py
¢ flight_stand_api_v1_pb2.py
@ flight_stand_api_v1_pb2_grpc.py
¢ FlightStand.py
M4+ README.md
M+ README.md
v [Oproto
= flight_stand_api_v1.proto
mi README.md

@ .gitignore
1+ README.md

> [h External Libraries

== Scratches and Consoles

core = Fs.FlightStand()

example_PID_constant_thrust

Tyto Robotics sales@tytorobotics.com
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6. Test Settings and Data Handling

a. Motor rate limiter

Video tutorial: https://youtu.be/JRjxpPYXfaA?si=08jKjLdUQGINKL5b

Control the acceleration rate to protect your motor from torque or current overloading.

Steps (manual test):
1.Before activating your ESC, click the gear icon to the left of the throttle slider.
2.1n the ‘Rate limiter’ text box, enter a maximum acceleration value in ps/s.
a.For example, with a rate of 500 ps/s it will take 2 seconds to reach the maximum
throttle of 2000 ps.
3.Activate the ESC and increase your throttle. An orange bar will show you the status of

the throttle with the rate limiter applied.

Data recorder

Title:  Manual Control 1

Output control

A Danger! Activating outputs may cause the motor to spin. Experiment without a propeller installed to get familiar with the operation. Mever approach energized equipment while in software cutoff mode. Read the product
_f_'\._

user manual for more safety directives.

EPowerTr'aim: ESC throttle () 1338

Steps (automated test):

1.1f you leave the rate limiter on in the manual control tab, it will apply the limit to
automated control tests as well. This is the best option if you would like to apply the
same rate limit to the entire test.

2.You can also configure unique rate limits to different stages of the test within the
automated control tab. Navigate to the ‘Automated Control’ tab to start.

3.Select a type of test and input your sequence steps in the ‘Sequence form’ table.

4.The fourth column is the rate limiter. Enter your desired limit for each step.

5.Scroll down to the Sequence preview to see how this will look when the test is run.

6.Click ‘Execute sequence’ to run the test with the rate limiter.

sales@tytorobotics.com
tytorobotics.com - 1-844-722-8378
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b. Customize live data plots

Video tutorial: https://youtu.be/apKQZ2ikblA?si=jY44hlL1aK1W8Z03a

Customize how data is displayed in the real-time plots during your test.

Steps:
1.Enlarge the real-time data plots window by using the drag feature to pull them up or
use the arrows on the right side of the ‘Real-time plots’ window to have them pop-up.
2.1f you have multiple powertrains, you can select which one(s) you want to display in

the plots by checking the box next to each powertrain in the top right corner.

Y10 5%
TYTO S o conr o Q
ROBOTICS
Hardware Data recorder
® Simulated hardware (45nwKQOB1rD) ~ - -
Title: | Manual Control 1 Reco
@ Simulated hardware (QsCHzVSNVj) e pany s ® rd Take sample
Dowertraing Qutput control -
Danger! A ing outputs may cause the motor to spin. Experiment without a propeller installed to get familiar with the cperation. Never approach energized equipment while in software cutoff mode. Read the
1 2 produc | for safety directives,
ESC throttle: 1365 s 1596 | £ Powertrain1: ESC throttle @ 1365
£3 Powertrain2: ESC throttle ) 159
Current: 0.7908 A 1913 A
Voltage: 8127V 8.029 v =
Force Fz (thrust): 0.0452 kgf 0.0884 kgf g
Torque MZ (torque): 0.0042 N-m  0.0078 N-m Real-time plots G
Rotation speed: B399 rpm 11504 rpm
Timespan: 30 seconds ﬁ
out Pause Show unfiltered (¥ Powertrain 1 Powertrain 2
Electrical power: 9.809 W 1403 W Lay ™ ‘ )
Mechanical power: 5704 W a854W
Motor & ESC efficiency: 58.15 % 60.86 % beot h I
Prarelics et 9785gFW 989 gf/W ESC throttle output Force Fz (thrust) Torque MZ (torque) Voltage
Powertrain efficiency: 5.69 gf/W 6.019 gffW 2,000 E12
I " L0 .;_|I|a|'|!||.||nj__1n
1,500
I T GG | g
1,000 et I|.!|||--6
L4
500 05
-2
T T T T T T 0 m T T T T T = 0.00 T T T T T m T T T T T 0
20 25 30 35 40 46 20 25 30 35 40 45 2 25 30 35 40 45 20 26 30 35 40 45
1596 ps 0.0846 kgf 0.0074 N-m 7.689V

3.Next, use the Timespan slider in the middle to control how much time is displayed on

the x-axis. The default is 30 seconds but you can view more or less time as desired.

4.The ‘Layout’ button to the right of the slider opens a window with options to

configure the plot display. The order and size of plots can be adjusted, as well as the

number of columns displayed.

Tyto Robotics
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Real-time plots .

Mumber of columns: 3 #

Drag lines to change the plots order

ESC throttle output = Force Fz (thrust) = Torque MZ (torque)

Voltage = Current = Rotation speed

= Electrical power = Mechanical power = Motor & ESC efficiency

= Propeller efficiency = Powertrain efficiency

5.The ‘Pause’ toggle switch freezes the data display at a specific time snapshot. When it
Is toggled off, the charts will return to displaying live data.
6.The ‘Show unfiltered’ toggle switch controls whether displayed data is filtered or

unfiltered. By default, a 1 Hz low pass filter is applied to smooth out readings.

c. Noise removal

Video tutorial: https://youtu.be/avy0mis2gX0?si=DM2XTDYIilkrDIHh

Control the noise filter that is applied to your data. To control the noise filter on the real-

time data plots, see point 6 in the previous section.

Note: data is recorded without a noise filter. This feature implements a post-test low

pass filter with a selectable cutoff frequency.

Steps:
1.Navigate to the ‘Tests’ tab and open the test you would like to adjust.
2.Go to the ‘Plots’ tab and use the ‘Noise filter’ slider to adjust the level of noise
removal.
a.A 1 Hz filter is automatically applied, but you can turn that off or apply a higher or

lower filter.

Tyto Robotics sales@tytorobotics.com
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Y10 %
I I ' ¢ Test
ROBOTICS
Hardware el Manual Control 1
@ Simulated hardware (45nwKOB1r0)
@ Simulated hardware (QsCHzV5NV))
Plots
Powertrains
1 2 : . g
Powertrains Noise filter
Powertrain 1 05Hz @
ESC throttle: 1000 ps 1000 ps Powertrain 2
ESC throttle (us):
Current: 00132 A 0.013 A B
Voltage: 8274V 8112V 3,000
Force Fz (thrust): -0.0002 kgf  -0.0002 kgf 2,500
Torque MZ (torque): ~0 N-m ~0 N-m 2 000 -
Rotation speed: ~0 rpm ~0 rpm
1,600—
1,000
Electrical power: 0.1181TW 0.1294 W 00
Mechanical power: 0w 0w )
Motor & ESC efficiency: 0 % 0 % 05 : : - : :
Propeller efficiency: 0 gf/W 0 gf/W 10 15 -20 25 30
Powertrain efficiency: 2.191 gffWw  2.093 gf/W Vol‘tage (V):
90—
854
804
754
70+
I 1 I 1 I 1
10 15 2 25 30

d. Resample data

Video tutorial: https://youtu.be/Mc9S9Y9fUxo?si=bzWJC6vo5SsKjMGk

Export your data at a custom sampling rate after your test.

Steps:
1.After completing your test, go to the ‘Tests’ tab and click on your test.

2.Go to the export tab, where you'll see a table with all your data points.

Tyto Robotics
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3.Under ‘Time resolution’, check the option next to ‘Resample’ and type in your desired
resolution in the text box that appears. The number you enter is how often you’d like
a sample to be given in seconds.
a.The default resampling rate is 0.1 seconds or 10 samples per second.
b.The only limitation is that you cannot increase the sampling rate above the limits
of your thrust stand (100 samples/ second for Standard Flight Stands and 1000

samples/ second for Pro).

Preview and Export to CSV

Data source: Time resolution: Noise filter:
@ Continuous data ® Resample @ 05Hz ©®
0.05 second

) Full resolution

Powertrain1 Powertrain1 Powertrain1 Powertrain1 Powertraini Powertraini Powertrain1 Powertraini
Time (s) ESC throttle (us) Voltage (V) Current (A) Force Fz (thrust) (kgf) Torque MZ (torque) (N-m) Rotation speed (rpm) Electrical power (W) Mechanical |

0 8.154 0.0129 -0.0002 ={} ={} 0.1053 ={}
0.05 8.078 0.0128 -0.0002 ~0 ~0 0.1035 ~0
Q.1 8.16 0.013 -0.0002 ~0 ~0 0.1057 ~0
Q.15 8.179 0.013 -0.0002 ~0 ~0 0.1063 ~0
0.2 8.082 0.0129 -0.0002 ~0 ~0 0.1039 ~0
0.25 8.201 0.0131 -0.0002 ~0 ~0 0.107 ~0
0.3 8.221 0.0131 -0.0002 ~0 ~0 0.1076 ~0
0.35 8.154 0.013 -0.0002 ~0 ~0 0.1059 ~0
0.4 8.23 0.0131 -0.0002 ={} ={} 0.1079 ={}
0.45 8.7 0.013 -0.0002 ~0 ~0 0.1064 ~0

4.Click 'Export to CSV' to save the test to your computer at the desired sampling rate.
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7. Connect a CAN ESC

Our Flight Stands support most ESC protocols. These additional steps are required for
CAN ESC protocols.

In our example, we are using the Yukon software which works specifically with Zubax

devices. Other CAN products may use other third-party software.

Video tutorial: https://youtu.be/BiZuCrVONnU?si=V2gVWdD7fGljeMeZ

Steps:
1.Download and open the Flight Stand software.
2.Download the repository at https://gitlab.com/TytoRobotics/flightstand-api and

extract the repository on your computer.
3.Download the latest version of Python as well as PyCharm Community edition.
4.0pen Pycharm and open the downloaded repository.
5.In the downloaded folder, go to ‘languages’ - ‘python’ - ‘examples’ = ‘canbus-cyphal’

a.This is where you'll find the examples that we will be running.

— B flightstand-api-main ~ Version control Current File
v k T . v .
Project « 1 B - S M4 README.md

- ~ [Dflightstand-api-main
°° v Dlanguages Flight Stand Software API
o > Ogo
> BDjs
e Introduction
v [2) examples
~ [ canbus_cyphal This project contains the AP definition used by the Tyto Robotics Flight Stand Software.
> [ public_regulated_data_types
> @8 zubax_dsdl In this project we provide examples and compiled libraries to communicate with the Flight Stand Software using Python, Javascript, and Golang.
e _init_py The AFI uses the gRPC framework. More programming languages are supported by the gRPC framework, such as C++, Java, Ruby, but you will need
¢ example_1_main.py to compile the .proto in your target language, which we cannot offer support.
e example_1_plant.py
@ example_2_airspeed_sensor.py
example_2_hardware.png Gel‘ting started
example_3_hardware.png
¢ example_3_telega_ESC.py Safety warnings
Mé README.md
¥ _init__.py

@ advanced_grpc_data_streaming.py

When developing a new script, always test without a propeller installed. Only install the propeller on the motor when you are confident the script has
no bugs and works as intended.

' data_polling.py Always follow the user guide provided with the product.
w data_recording.py

i external_hardware_interface.py YouTube channel
e PID_constant_thrust.py

D

. /! DOK YouTube channel to see usage exa S orials fo is L
& simulated_hardware.py Have a look at our YouTube channel to see usage examples and tutorials for this API

# _init__py
¢ flight_stand_api_v1_pb2.py

@ «

Using the correct version

¢ flight_stand_api_v1_pb2.pyi At this time no backward compatibility is guaranteed between versions. Make sure you are using the correct version of the API.
i flight_stand_api_v1_pbZ2_grpc.py

o
.

¢ flight_stand_api_v1_pb2_grpc.pyi For most users, it is recommended to use the latest version of this API which is compatible with the Iatest version of the Flight Stand Software.

e flightstand.py ; . = - s . ;
For earlier releases of the Flight Stand Software, use the tags to find the comect version of the API.
M+ README.md

s © O
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7. Connect a CAN ESC

6.Configure your Python interpreter by going to ‘File’ & ‘Settings’ = ‘Project’ - ‘Python
Interpreter’ and in the pop-up click ‘Add interpreter’ - ‘Add local interpreter’.
7.Click ‘Apply’ and Pycharm will automatically set up the virtual environment.
a.To confirm that you have the virtual environment set up correctly, you can either
find it in the virtual environment path or open the terminal where you will see the
virtual environment before the command line.
8.0pen the ‘README’ file under ‘examples’.
9.Run the three commands listed in the README file, which will install the proper
packages in order for you to run the Python API.
a.To verify that the connection is working, open the Flight Stand software. Confirm
that a simulated board has been connected under “Hardware” and that it has an
ESC throttle input.

= |F flightstand-api-main ~ Version control ~

Project Mi languages)\...\README.md

~ [3flightstand-api-main
~ [DJlanguages
> ODgo
> Dijs
~ [5 python

Setup to run the example.py file

This example was written in PyCharm with a venv configured, using Python v3.10. From the PyCharm terminal install the required python packages by
running the command:
> [E] examples

e _init__py
¢ flight_stand_api_v1_pb2.py

¢ flight_stand_api_v1_pb2.pyi
You will also need to install the local python packages. Assuming the terminal is run from this folder, type:

[ 3

¢ flight_stand_api_v1_pb2_grpc.py
# flight_stand_api_v1_pb2_grpc.pyl
¢ flightstand.py A Pl Lk et
m+ README.md
¢ setup.py The simulated hardware example should run normally by typing in the terminal:
Mi: README.md
~ [ proto § python ./examples/simulated_hardware.py
= flight_stand_api_v1.proto
M+ README.md
> venv
@ giignore Compile Python files from the .proto
M4 README.md

» [hExternal Libraries

Note, the instructions below are for Tyto Robotics employees. Users of the API don't need to recompile the language files since they are already
=f seratches and Consoles available in this nroiect

Terminal Local RunMarkdown + W

't already satisfied: setuptools in c:\users\tutorials\desktop\flightstand-api-main\v

o, grpcio-tools
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7. Connect a CAN ESC

10.Under ‘examples’, open the canvas.cyphal folder and open example_1_main.
11.Copy and paste the command in line 15 from the code to the console and hit Enter to

Install an additional package.

Terminal Local RunMarkdown 4+
Turning off ESC
Done.

Cleanup

ni-main\languages\python> py pip install

nbus_cyphal > &g example_1_main.py 15:18 UTF-8 4 spaces Python 3.11 (flightstand-api-main)

12.Highlight the environment variables from lines 20 - 24, right click, and select ‘Modify
Run Configuration’.

13.1n the environment variables line, hit Ctrl A then Ctrl V to replace the variables.

= F flightstand-api-main ¥ Version control ~ Current File «
Project ~ README.md e example_1_main.py

+ [3flightstand-api-main
20 ~ [3languages
> Ogo
> Bijs
python [E]l Create Run Configuration: ‘example_1_main'

~ [EJ examples - .
Name: example_1_main Store as project file
~ [ canbus_cyphal
> [3 public_regulated_data_types

> [3 zubax_dsdl Run Modify options v

e _init_py & Project Default (Python 3.11 (flightstand-api-main))

e example_1_main.py

& example_1_plant.py script ~ | -apl-mainflanguages/pythonf/examples/canbus_cyphal/example_1_main.py

xample_1_plant.py

e example_2_airspeed_sensor.py
oy s la 7 A y
example_2_hardware.png Working directory: sktop/flightstand-api-main/languages/python/examples/canbus_cy
example_3_hardware.png

@ example_3_telega_ESC.py Environment variables: | HENT__ID=2346; UAVCAN__PUB__HEATER_VOLTAGE__ID=2347;

Mi README.md
e _init__.py
¢ advanced_grpc_data_streaming.py Open run/debug tool window when started Add content roots to PYTHOMPATH
¢ data_polling.py
X CEEIETREN Add source roots to PYTHONPATH x
ie? external_hardware_interface py

"e* PID_constant_thrust.py

Terminal Local RunMarkdown
(0] 4 Cancel Apply
-metadata, pycyphal, pkg-about, libpcap

alled cobs-1.1.4 importlib-metada 8.0 importlib-resources-6.0.1 libpcap-1.11.0b7 numpy-1.25.2 nunavut-1.9.0 packaging-23.1 pkg-about-1.0.8 pycyphal-1.15.2 pyds

dl-1.20.0 pyserial-3.5 python-can-4.2.2 pywin32-306 pyyaml-6.8.1 tomli-2.08.1 typing-extensions-4.7.1 wrapt-1.15.0 zipp-3.16.2

A\ new release of pip available:

Updating skeletons...

14.Click ‘OK’ then right click and click ‘Run example 1 Main’.
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7. Connect a CAN ESC

15.You need a license key to use this feature = simply email support@tytorobotics.com

to request the license key associated with your Flight Stand.
16.0nce you have the license key, open the Flight Stand software, and on the ‘Setup’ tab

Y L N A Flight Stand Software User Manual
1YTO 55

click ‘License’, enter your license key, and hit Enter.

Flight Stand Software v1.9.3

TYTO % . setup , A

ROBOTICS H

Hardware

@ No boards detected, check USB
License

Use a license key to unlock some features. Contact sales@tytorobotics.com to obtain

a license key.
License key:  key/eyJhY2NvdWS0ljp7in @ License activated

Perpetual license: no expiration date
Works offline until: Thu Sep 14 2023 00:40:11 GMT-0400 (Eastern Daylight Time)

API external hardware feature: enabled @

Real-time plots oS

17.The Flight Stand software will restart and the license key tab will then show that the

license has been activated.
18.Go to Pycharm and click ‘Run example 1 Main’.
19.1n the Flight Stand software, confirm that you've connected a simulated heater.
20.In Pycharm, open example_1_plant.py
21.Copy the environment variables into the runtime configuration and hit run.
a.In the Flight Stand software, you will now see an output control for the heater in

the ‘Manual control’ tab.

Tyto Robotics sales@tytorobotics.com 6
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7. Connect a CAN ESC

Flight Stand Software v1.9.3

I [ ]
TIYTO %
' < Manual Control >
ROBOTICS
Hardware Data recorder
© example_1 simulated plant
Title: Untitled : . rd s::nk:ie

Powertrains

Heater voltage: 0 Output control
Danger! Activating outputs may cause the motor to spin. Experiment
. A without a propeller installed to get familiar with the operation. Never
Room temperature: 15°C - approach energized eguipment while in seftware cutoff mode. Read

the product user manual for more safety directives.

Powertrain;
X) 3.3954

o Heater voltage @

22.Set up the Yukon software, which will allow you to interact with CAN bus Cyphal

devices. Go to www.github.com/opencyphal/yukon then scroll down to GitHub

releases
a.Click the hyperlink then scroll down and click to download the Yukon.exe file.

23.0pen the Yukon file. Here we will set up the DSDL name space.
a.Note that the Zubax DSDL files are specific to Zubax Cyphal CAN devices, and

other manufacturers may have different DSDL files that you need to import.
24.Click on the ‘Settings’ tab and click ‘Add path’ then ‘Browse’. Navigate to the
downloaded Flight Stand API folder. Go to ‘languages’ - ‘python’ - ‘examples’ -

‘canbus_cyphal’ and select ‘public_regulated_data_types'.

sales@tytorobotics.com 57
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7. Connect a CAN ESC

&) Yukon 2023.3.45

File View Help

e expected to reload the page for settings to take effect. Reload the page from View — Reload or press CTRL + |&

UDP interface 127.0.0.0
UDP MTU 1200
Node ID 127

ervice transfer multiplier il

On GNU/Linux systems, for £
Add path Add string packet sniffing permissiona:

25.Click ‘Add path’ - ‘Browse’, then navigate to the same subfolder, but this time select
the ‘zubax_dsdl’ folder. Scroll to the bottom of the page and click ‘Save
configuration’.

26.Close and restart the Cyphal software.

27.1n the ‘UDP interface’ field in the top right panel, change the value to 127.0.0.1

4 Yukon 2023.3.45

File View Help

UDF interface

UDP MTU 1200

Tyto Robotics sales@tytorobotics.com
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7. Connect a CAN ESC

28.Click ‘Start this transport’.

a.lf you get the error ‘Cannot find wcap.dll library’, you will need to download the

Npcap software (free) from www.npcap.com. Scroll down to ‘Downloading and

Installing Npcap Free Edition’, and download the Npcap installer, then complete
the installation process.

29.0nce the installation is complete, go to Yukon and click ‘Start this transport’ again.
30.In Pycharm, ensure only example_1_plant is running, then right click on the line next
to 2346 in Yukon. Click ‘Subscribe to 2346’ then ‘Subscribe’ in the pop-up window. This

will enable the real time simulated temperature in the Flight Stand Software.

&) Yukon 2023.3.45

File View Help

5 1505 2346 | 2347 | 430 |385 |38

Health NOMINAT.
vssc 0
Mode OPERATIONAL

Resatart Jave

Send command

31.Do the same for line 2347, but click ‘Publish to 2347’ and ‘Add number field’. Choose
‘volt’ and in the last text box enter ‘5’ to set the voltage to 5 V.

32.Click ‘Enable’ and you'll see the Kelvin temperature measurement slowly start to
Increase in the window above.

& Yukon 2023.3.45

File View Help

7510 | 7509 2346 | 2347 | 430 | 385 |38

2346:uavcan.si.sample. temperature.Scalar.1.0

= This is an active subseription
10:01:02

Upti U -
te ment *
Health NOMINAL - —— a : {counter: 36, dtype: uavcan,si.sample,temperature.Scalar 1 0, priority: 3;

vssc 0 uave emperature.3calar.1.0 source node id: 43, transfer id: 126, ts monotonic: 506945.031000000, ts system:
Mode OPERATIONAL 750 16592037434.148422800}

kelvin: 288.1495938564844

timestamp: {microsecond: 1692037434643584})

Stream to PlotJuggler

Open logs, when open CTRI+R to reload
ervice transfer multiplier 1
Open latest message, when cpen CIRL4R te relcad
Om GNU/Linux ayatems, for fixing UDP
packet sniffing permissions:
sudo setcap cap net_rawteip & (readlink -f PATH

2347 5 z e 1 L4

volt 0 00 = | || Starc thi= cran SROrT Cepy to Yakut

Add number field Add boolean field
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7. Connect a CAN ESC

33.Terminate the previous two examples in Pycharm and open ‘example_3’
34.Connect your ESC to your computer. For the Zubax ESC, connect one USB cable to
power the ESC, and the other USB cable to connect the Babel device.
35.0pen Yukon and make sure the hardware is set up correctly. Go to ‘Settings’ and
make sure that all the required DSDL files are present, like the Zubax DSDL.
36.1n the right panel, navigate to ‘CAN’ and ‘SL/CAN’, ensure you are using COM3, then
click ‘Start this transport’.
37.Scroll to the ‘Unassigned ports’ table and link the fields to the appropriate ports:
a.Next to ‘zubax.physics.dynamics’ enter “100’.
b.Next to ‘zubax.physics.electronics’ enter “107'.

c.Next to ‘setpoint_rat_torque’ enter “117'.

4@ Yukon 2023.345
File View Help

Monitor W || Registers

m— ———
s e uavcan.node .ExecuteCo '- 435 430 |385 |384
430
Restart Save Estop
- _ uavcan.ncde.GetInfo
Telega docs 285
Cancel SelfTest MotorID uavcan.register.List
384
Cmd Parameters -
uavcan.register.Access
Send command
Choose firmware
Unassigned ports
k - . compact
=t Lol v zubax.telaga,.Compac..
= L " d
o il ayu = zubax.telega.D0.1.0
dynamics
zubax.physics.dynam.
- e . feedbac]
i zubax.service.actua..
) w . powexr
el o haln, s zubax.physics.elect..
L. - ; temperacure
pis Baseahls = zubax.telega.Temper..
i - - low level io
R zubax.low level io...
. s readiness
men SRS = zubax.service.Readi..
) _ _ satpoint dynamics
P Lt Boad s zubax.physics.dynam..
. _ _ setpoint rat torque
Pt (212l e zubax.primitive.rea..
. - _ setpoint rat torque..
plois Blrsafoizan S zubax.primitive.nat..
_ _ : setpoint_ rat veloci..
b=/l L - zubax.primitive.nat..
o _ _ setpoint rat_ voltage
et Ao s zubax.primitive.rea..
. _ setpoint rat wvoltag..
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7. Connect a CAN ESC

38.Click ‘Restart’ in the left panel to restart the connection.

39.1n the ‘Monitor’ tab, right click on the ‘power’ arrow and select ‘Subscribe to 101’ then
right click on the ‘dynamics’ arrow and select ‘Subscribe to 100'. Click ‘Subscribe’
again in both pop-up windows.

40.Right click on ‘setpoint_rat_torque’ and select ‘Publish to 111". In the ‘Publisher’

window, click ‘Add number field’ and select ‘value (0)' then enter 0.05 for torque (in

Nm) in the right-most text box.
41.Click ‘Enable’ and the ESC will cause the motor to spin. If there was a load on the

motor, it would limit the speed to the RPM associated with 0.05 Nm.

4 Yukon 2023.3.45
File View Help

7510 | 7509 [101 100 |22 |111 |435 |430 |385 |384
Name com.zubax.telega
Software Version uavcan " node norE Ll Fublisher
1.0.0x13a787b805ea2320 S zubax.primitive.reall6.Vector31.1.0
Hardware Version 1.3
Node ID 125
Uptime 00:07:15
Health [NOMINATL zubax.physics.electricity.Jowekfs.1 10 value[0]
VS5C i
drive raticmetric torque c zubax.physica.dynamics|. DoF{rdTa Add number field Add boolean field
ontrol mode (B85)
Mode OPERATIONAL

111 135 Hz Disable

101 : zubax.physics.electricity. PowerTs.1.0

Restart Save Estop
This is an active subscription

101:
Cancel SelfTest MotorID — _meta : {counter: 54, dtype: zubax.physics.electricity.PowerTs 1 0, pric
snurce node id: 125, transfer id: 17, ts monoctcnic: 509704. 062000000, tay

1692040193, 1'}'5969300}

uavcan.node.GetInfo timestamp: {microsecond: 0}
Send command value:
- - current: {ampere: 3.0654821395874023}
E fim“ﬂre 5 e R -. .... .- vc,ltage: {volt: 7 942115?83691406}
= Stream to Plotduggler

uavcan Hleter Aoces
Open logs, when open CIRL+R to reload
U d ts
nassigned por Open latest message, when open CIRL+R to reload
S ; compact
ew subject id zubax.telega. Campac
f ¥ \ 1002 zubax.physics.dynamics.DoFardTs. 1.0
i 1\
. N y ¥
{ | 1 .‘ ll'- \
]
i | L

This i3 an active subscription

TENMA  IEEETE EEEEEER

100=
“meta = {counter: 50, dtype: zubax.physics.dynamics.DoF3rdT= 1 (0, priox:
aource node id: 125, transfer id: 14, ta monctonic: 509703.875000000, t= :

1692040152, 999151600}
timestamp: {microsecond: 0}
value:
force: 1.4957061011955375e-06
kinematics:
acceleration: 6.83767843246406
base: {position: 0.1536407470703125, welocity: 1.25523197650090042}

Stream to PlotdJuggler
Open logs, when open CIRL+R to reload

Open latest message, when open CTRL+R to reload

[ ]

¥ Rutoscroll

i . E <4 \ ..:
| 1 AN
: 1 L . D
) | Al \
jl‘- k- ‘
EH i
- — - - " B 5 | \ ..'L LY
i A0 T AR LR \ ' 1
| ! ! L0 | | L . il ¥ :
. n) AWRALY ) AR .‘ 0", "fields":{},"id":"3d64531d-3fdf-4df3-91ac-
L] 1 |"
. i ﬂ . I, :
| ] i (1 ™
| II| 1 B A . § : “\

42.0pen example_3_telega_ESC.py and change the port in line 44 to COM3 as this is the

port the ESC is connected to.
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= F flightstand-api-main ~  Version control ~

Project ~ M+ README.md

~ [Dflightstand-api-main
~ [3 languages
> Bgo
> @ijs
~ [ python
~ [E] examples
~ [ canbus_cyphal
> [3 public_regulated_data_type
> [ zubax_dsdl
e _init__py
e example_1_main.py
¢! example_1_plant.py

L7
re? example_2_airspeed_sensc =L

tSl example_2_hardware.png
e example_3_hardware.png
g example_3_telega_ESC.py
Mi README.md

e _init__py

¢ example_1_main.py

Flight Stand Software User Manual

e example_1_plant

example_3_hardware.png

" example_3_telega_ESC.py *

3

f
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£Q+Q@_

e example_1_plant.py

43.Set up the runtime environment by copy-pasting the runtime variables into the

configuration: right click = ‘Modify Run Configuration’. In the environment variables

line, Ctrl A then Ctrl V to replace the variables = Apply.

44,With the Flight Stand software open, right click on ‘example_3_telega_ESC.py’ and

select ‘Run example_3_telega_ESC.py'.

45.1f the ‘Zubax ESC’ appears in the Flight Stand software under ‘Hardware’, then you've

successfully performed the connection.

Flight Stand Software v1.9.3

Hardware
© Zubax Myxa ESC

Powertrains

TYTO Y

ROBOTICS H

Current: 0A
Voltage: 15.01V
rived r
Electrical power: ow
ESC throttle: off
INPULT
Room temperature: inactive

¢ Hardware >

Connect simulated board

Path: COM: @ Zubax Myxa ESC

Status: connected

Identification _ Built-in

Path: external 1
Model number. MYXA-A1
Serial number: Fdgb

e [

46.Under the ‘Powertrain Mappings’ tab, ensure that the Zubax ESC is mapped correctly.

47.Test the connection by activating the ESC in the ‘Manual Control’ tab.

Tyto Robotics
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8. Connect and Configure Analog Sensors (Input Transformations)

The Input Transformations software tab allows you to connect and configure 3rd party

analog sensors, synching the data with your other Flight Stand measurements.

We will explain how to connect a sound level meter, though these steps can be applied to

any kind of sensor.

Video tutorial: https://www.youtube.com/watch?v=2uMntS8-XE4

Steps:
1.Verify that the Flight Stand hardware is connected via USB.
2.Navigate to the Input Transformations tab.

3.Click “Add new transformation”.

Flight Stand Software v2.0.0 N

_— 7
VIO s—

Hardware Create custom sensor trans [ff.’l11.!||fi".1 which wi | dppcar as New sensors .'l'1'-'-.il2:|!'! them as extra input mappings in powertrains o view them in ":'rII time plots and ini
© FS15P-EMU (1001 Hz) test:
Cham 1

@ Flight Stand 15 Standard - Force Measurement Unit (1002 Hz)
Add new transformation
Powertrains )

4. Under “Name”, enter an alias for the sensor (e.g., “Sound Sensor”).

5.Select the unit type from the drop-down options or select “Custom units” and input
"dB" for decibels.

6.Assign the voltage general analog input to variable “a”.

7.In the “Formula” field, type the conversion formula provided in the sensor’s
datasheet. l.e.: a * 50: Decibel Value (dBA) = Output Voltage (V) x 50

Tyto Robotics sales@tytorobotics.com
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8. Connect and Configure Analog Sensors (Input Transformations)

Flight Stand Software v2.0.0

TYTO X%

ROBOTICS

Hardware
@ FS15P-EMU (1002 Hz)
@ Flight Stand 15 Standard - Force

Powertrains

ESC:

Power Source:

ESC throttle

Current:

Voltage

Force Fz (thrust)
Torque MZ (torque)

Rotation speed:

Electrical power
Mechanical power:
Motor & ESC efficiency
Propeller efficiency.

Powertrain efficiency:

Measurement Unit (1002 Hz)

0.1199 A
215V
0.1744 kgf
0.0685 N-m

0 rpm

. Input transformations »

Mame

Sound Sensor

Unit type: ()

Other (custom unit

Formula inputs:

a: FS15P-EML -_":_.-i'.._|:__||_- general ar |-_!|:_':_; 1
b: Add formula input
Formula:

y*50)

System limits: ()
0 to | 130 I+ | dB

Save

Ak

dk

Current value: 1.062 V

Ak

Current value: 53.09 dB

8.Enter system limits based on the datasheet specifications to trigger an automatic

motor cut-off if the sound level exceeds the defined range.

9.Click “Sav

e"

TYTO X%

ROBOTICS

Hardware
@ FS15P-EMU (1002 Hz)
@ Flight Stand 15 Standard - Force

Powertrains

ESC:

Power Source:
ESC throttle

Current:

Voltage

Force Fz (thrust)
Torque MZ (torque):

Rotation speed:

Electrical power
Mechanical power:
Motor & ESC efficiency:
Propeller efficiency:

Powertrain efficiency:

Tyto Robotics

Measurement Unit (1002 Hz)

‘ safety limits )

The system limits may not be sufficient to fully protect

overloading. All contral outputs will automatically

Stay safe: always respect equipment and component limits

Source

Flight Stand 15 Standard - Force Measurement Unit
Flight Stand 15 Standard - Force Measurement Unit
Flight Stand 15 Standard - Force Measurement Unit
Flight Stand 15 Standard - Force Measurement Unit
Flight Stand 15 Standard - Force Measurement Unit
Flight Stand 15 Standard - Force Measurement Unit

Flight Stand 15 Standard - Force Measurement Unit

F515P-EMU Current
F515P-EMU Voltage
FS15P-EMU Voltage general analog 1
FS15P-EMU Voltage general analog 2

Transformation - Sound sensor

B1 - 80 rue Adrien Robert « Gatineau, QC, Canada J8Y 352

Accelerometer X

Accelerometer Y

Accelerometer 7

Force Fz (thrust)

Rotation speed

Temperature IR

Torque MZ (torque)

vour hardware. Futher
y go the their predefined safety «

adjust the sensor lim

utoff value

Current value Cutoff min

-0.0034 g
1013 g
0.083 g
-0.1745 kgf

0 rpm

0.0685 N-m
0.1465 A
215V
1077V
-0.0015 vV

53.86 dB

when any of these limits are

Cutoff max

ts to protect the equipment from overheating, under voltage, or

weeeded

System limi

Mone

Mone

Mone

-153 to 15.3
0 to 95493 r
-70 to 380 *C
-8to 8 N-m
-150 to 1504
Oto 180V
-10to 10V
-10to 10V

130 0to 130
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8. Connect and Configure Analog Sensors (Input Transformations)

10.Navigate to the Powertrain Mappings tab.
1.Click “Extra mappings” and select “Transformations - Sound Sensor”. Live data from

the sensor can now be viewed in the left panel and in the real-time plots.

Flight tand Software v2.0.0 —

Tult)bﬁ « Powertrain mappin ; are sensors
ROBOTICS »-'4 _ il s

Hardware A powertrain represents a combination of a motor, a propeller, and an ESC. A dual-motor setup would be represented as two powertrains. We currently support up to

& FS15P-EMU (1001 HD)
@ Flight Stand 15 Standard - Force Measurement Unit (1002 Hz)

trair
E a "I|-':|

Maotor: Xl 1
S Assign extra hardware inputs and outputs to powertrain 1. Extra mappings are for display and control purposes :'-|~.i'J and are not used to calculate derived powe
Propeller: X ich = : I
ESC nents
ESC
Power Source:

Transtormation - Sound sensor

Value: 42.64 dB

ESC throttle

Current: 0.1544 A Remaove from powertrain
Violtage 215V

o fal t 0.1747 kgf

rgu barg D683 M- Add extra Input

atah i ) Fpr lect |

Mechamcal power:
Maotar & ESC efficiency

Propeller efficiency:

12.Proceed as you would with a regular test. The sound sensor data will have its own

column in the data file exported to CSV.
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9. Remotely Control the Software

Remotely controlling the software is useful in many situations, such as using the software
on a different operating system or enhancing user safety. This section explains how to set
up a remote connection using two computers on the same network: one connected to the

Flight Stand’s Sync Hub via USB, and a second controlling the software remotely.

Be aware that this feature has some safety implications as anybody in the network can
activate the motor, so ensure there is good communication within the team, the

environment is controlled, and the network is private.

Video tutorial: https://youtu.be/kfvCMsBG8mg

Steps:
1.Ensure the Flight Stand software is closed, then right click on the software’s shortcut.
2.Click on “Properties” and find the ‘Target’ field. At the end of the line, add the
command line argument “--remote”.
a.lf this error appears: “the name is not valid”, add a space before "--remote".

E Flight Stand Software Properties

Security Details Previous Versions
General Shortcut Compatibility

Flight Stand Software

Targettype: Application

Targetlocation: flight-stand-software

Target I ht-stand-software\Flight Stand Software.exe" —-remotd I

Startin: C\Users\Lauren\AppData\Local\Programs\flight-stan

Shortcut key: None

Run: Normal window

Comment This software provides the interface to view and contn

Open File Location Change Icon... Advanced...
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9. Remotely Control the Software

3.When the software is opened, a warning message will appear in the left panel to
Indicate that the software is accepting remote connections from any device on the

network.

Flight Stand Software v1.9.2 N - *

TYTO X% | ) , S—
ROBOTICS &-’4 =l g

Hardware

@ Language / Langue / 1B S1GIE
' Synchronizing hardware time..,
© Flight Stand 15 Standard - Force Measurement Unit

@ Flight Stand 15 Standard - Electrical Measurement Unit

L1

. English L}
Remote mode activated

This software was launched with the --remote command line
argument, It can be remote controlled from another device
on the network. eExercise caution as It can create unsafe

conditions (remote motor activation).

Powertrains

Mo or:
Propeller:
s

Power source:

= =l =k —

ESC throttle:

~ Real-time plots T | 7

4.0n the same computer, find the computer’'s IP address by entering the command
“Ipconfig” in Command Prompt.
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9. Remotely Control the Software

B Command Prompt

Ethernet adapter Ethernet:

Media State

- Media disconnected

Connection-specific DNS S

Wireless LAN adapter Local

Media State

Area Connection* 3: |

: Media disconnected

Connection-specific DNS Suffix

direless LAN adapter Local

Media State

Area Connection* 4:

: Media disconnected

Connection-specific DNS Suffi

direless LAN adapter Wi-Fi:

Connection-specific DNS
Link-local IPv6 Address
IPv4 Address. . . . . .
Subnet Mask

Detault Gateway .

Ethernet adapter Bluetooth

Media State
Connection-specific DNS

\Users\Lauren>

- lan
- fe80::-b26a:783f:61a7:c658%10
. e o+ - » 21192.168.86.57

: 255.255.255.0
. = 192.168.86.1

Suffix

Network Connection:

: Media disconnected
Suffix

5.0n the second computer, right click on the Flight Stand software shortcut.

6.Click on “Properties” then find the “Target” field and at the end of the line, add the
command line argument “--target=192.168.86.57:50051", the number before the colon
being the first computer’s IP address.

7.To test the connection, navigate to the “Manual Control” tab, activate the ESC and try
Increasing the throttle. The first computer and Flight Stand should mirror the input

prompts.
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10. Propeller Balancing

The Propeller Balancing software feature allows you to balance motors and propellers to

G quality grades associated with the 21940-12:2016 I1SO standard.

We will explain how to balance a 2-blade propeller, though these steps can be applied to

propellers with any number of blades as well as motors.

Video tutorial: https://youtu.be/YK-HO4V Ons?si=pxNOgHOLI1XVUleF

Steps:

1.0pen the Balancing tab in the Flight Stand software. Click “New Balancing Session”.

2.Enter the details of the powertrain and test parameters.

3.The correction radius is the distance from the center of the propeller where the
correction weight will be placed. We placed the weight toward the blade tip to
achieve the desired correction with minimal mass. To reduce the effect of the added

weight on lift and thrust generation, add the tape closer to the propeller's base at 1/4

- 1/3 of its radius.

4.Click “Create”.

TYTO 7 - o iz
ROBOTICS >
Hardware . :
New Balancing session
ﬂ:' ght Stand 15 Standard - Electncal Mea ks L
@ Flight Stand 15 Standard - Force Maasurement Unit (1002 Title (optional): Operator (optional):
B rop
Powertrains :
Mot Propeller [optional):
Rotation speed Vibration:
- light 1 v O t i v O
rque
d ESC throttle
ight 1 W
Electrical p
Mechanica
Motor &
Prog Rot s (kg) Operating speed (rpm):
0. 0 0 0]
Correct i Quality grade (ootuonal):
0.3 0
Number of blades:
v ® |
[
Create
[ ] [ )
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10. Propeller Balancing

5.Increase the throttle until the target RPM is reached, then click “Capture” to get a base
reading. The software will indicate how much weight to add for the next trial run.

6.Add the trial weight to the propeller at the correction radius specified in Step 1.
Increase the throttle until the target RPM is reached, then click “Capture” to get a

d L]
reading.
—
TYTO Y R o EEEm P
ROBOTICS
Hardware Trial run:
@ Flight Stand 15 Standard - Electrical Measurement Un This step is used to calibrate the balancing algorithm. Relanence maorkes
A t Lr | weight [

@ Flight Stand 15 Standard - Far
Hz)

Long stop time )
' Important: ensure the reference n
following steps

Actual weight installed:

We ght ::.:;r.ir"'lf_l

0477 e
Powert i
750
-3.611 4
|tage 253V
Force Fz (thrust): 1.933 kgf
« 2000 rem
MZ (torquel: -0.56 N-m Target: 2000 rp
3 ir Rotation speed: 2026 rpm (ok )
o o f A3 TR
cal p 42 W F ght Stand 1
A Mice 1188 Standard - Fo "
0 o9 EE ﬂ (e 5 o I"
& & E CIENCY B3.68 vMieasuremen
ropeher efficiency: 16.27 gf/W ESC throttle
srtrain efficiency 12.62 gf/W
Eqﬁure

7.The software will suggest a permanent correction weight to achieve a passing

balancing grade. Add the weight to the propeller, increase the throttle and click

Capture.
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TYTO % :
ROBOTICS u

Hardware

P 15 T »
& Flight Stand 15 Star
(100

Correction run:
dard - Electrical Measurement Unit Cur soft

= (.2772 grams on blade 2

Flight 5tand 15 Standard - Force Measurement Unit (1002
S Actual weight installed:

. Weight (grams)
Long stop time coAld -

g
itor will take U__ -

Powertrains

ESC throttle: 1052 ps

Target: 2000 rpm
Rotation speed: 0 rpm (too slow &)

Flight Stand 15

tlectrical power .84

Mechanical power ¥ Standard - Force &
) =)

Motor & ES( r ( Measurement Unit

Propeller effi 0 gf ESC throttle

Powertrain effic 08 g

vare determined you should add a perm:

anent correction '.‘.'l:'-'=fJ|'I: of:

Blade

4 ¥

oY

Relerence marker

Capture

8.A green check mark will normally appear next to the Final quality grade, indicating

the propeller is within tolerance. In some cases it may suggest an additional

correction weight to achieve a passing balance. The test summary can be found in

the Report tab.

TYTO X% :
ROBOTICS \'—'(

Hardware

Report

Final quality grade: 1.444 in tolerance

Session information:

Date: Man Oct 07 2024
Operator: Yasmin
Powertrains Motor: AX|
Propeller: 26 inch
EBlades count: 2

ESi™ & Has 100 W = =
ESC throtte: ] Rotor mass: 0.5 kg
Operating speed: 2000 rpm
T 02677 A Target quality grace: 6.3
Voltage: 2537V Permissible unbalance: (L0153 g-mm

Force Fz (thrust): Correction radius; 0,32 m

-0.1244 kgf

0.0094 M-m Contrel cutput: Flight 5tand 15 Standard

Torque MZ (tarque):

Balancing: Balancing 26 inch prop

14:20:46 GMT-0400 (Eastern Daylight Time)

Force Measurement Linit

Farce Measurement Uit

Rotation speed: 0 rpm Rotation speed sensor: Flight Stand 15 5tandard - Force Measurement L
Vibration sensor: Flight Stand 15 Standard

Electrical power 6,793 W

Mechanical power: 0w

Rafarance marker

ESC throttle
nit - rotation speed

- accelerometer X
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10. Propeller Balancing

9.When balancing a motor without a propeller, select Disk Mode under the "Number of
Blades" section. When balancing a propeller with more than two blades, ensure you

select the correct blade count.

Refer to the conventions below for marking your added weights:

Reference marker Reference marker
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11. Gas Engine Testing

1.0pen the Flight Stand software. Users should be familiar with the software before

beginning. Use the previous sections of this document as a reference.

2.Verify that the latest version of the software is installed.

3.In the left-hand panel, ensure the FMU and DAQ are connected, indicated by a green
check mark.

4.Navigate to the Powertrain Mapping tab and click on “Extra mappings”. Map the

throttle control to the servo port where the throttle device is connected.

Flight Stand Software 2.1.0 — O X
— -
ROBOTICS =
Hardware Data recorder
@ Force Measurement Unit (FMU) . )
itle:  Manual test 1 ® Record Take sample Save and new
@ Flight Stand DAQ
Powertrains
Output control
. Canger! Activating outputs may cause the motor to spin. Experiment without a propeller installed to get familiar with the operation. Mever approach energized equipment
ESC throttle: 1546 ps " while in software cutoff mode, Read the product user manual for more safety diractives,
Current: 1.649 A Powertrain 1 - ESC .
. o5 () 1546
Voltage: 8145V throttle
Force Fz (thrust): 0.08 kgf -
Torque MZ (torgue): 0.0071 N-m
Rotation speed: 11010 rpm Real-time plots J I A
Electrical power: 1343W Timespan: 30 seconds
- 5 5 WA i = weaert E. 1
e 8163 W E Layout Fause Show unfiltered ﬁ) owertrain
Motor 8 ESC efficiency: 60.78 %
Fropeller efficiency 9.804 gf W
ropefier elicency gt Force Fz (thrust) Torque MZ (torque) Voltage
Powertrain efficiency: 5.958 gf/W
- 020 = 0.014
10
= 0.012
0.15
- 0.010 =
010 - 0.0:038
- 0.006
- 0.05 = 0.004
- 0.002
0.00 , &
10 1 i 2 i B 10 1 i 25 i ] 10 1 i 2 i B
-

5.Navigate to the Manual Control tab. Click to activate the ESC throttle for the
powertrain.

6.Ensure the throttle has full range of motion. Test the throttle servo to confirm that it
can reach full stroke. Use the toggle bar to ensure it can reach full left and right, all
positions.
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11. Gas Engine Testing

8.Click the “Tare sensors” button in the top right of the software window.
9.Establish a safe test environment and prepare to start the engine. This guide
assumes that gas has already been pumped to the carburetor.
10.Toggle the throttle bar to low speed.
11.Confirm the choke position and turn on the ignition unit. The ignition safety button
should now be turned on.
12.Use a starter to ignite the engine and let it idle.
13.Keep the engine at medium speed if it is not yet broken in and check the colour of
the smoke to see if the mixture is too lean or too rich.
14.Start the test - use the throttle slider in the Manual Control tab to control the

throttle.
Flight Stand Software 2.1.0 — O X
— LY -~
ROBOTICS :
R Data recorder
Force Measurement Unit (FMU) .
itle:  Manual test 1 ® Record Take sample Save and new
Flight Stand DAQ
Powertrains
Output control
. Canger! Activating outputs may cause the motor to spin. Experiment without a propeller installed to get familiar with the operation. Never approach energized eguipment
ESC throttle: 1546 ps " while in software cutoff mode, Read the product user manual for more safety directives.
Current: 1649 A Powertrain 1 - ESC o
; Y @ 1344
\Voltage: 8145V throttle
Force Fz (thrust): 0.08 kgf
Torque MZ (torque): 0.0071 N-m
Rotation speed: 11010 rpm Real-time plots J I =
Electrical power: 1343 W Timespan: 30 seconds
. ChA : Dy Sl
Mechanical power: 8163 W E Layout Fausze Show unfiltered l:‘?} owertrain
Motor & ESC efficiency: 60.78 %
Propeller efficiency: 09,804 gf/W
ropeler sticiency gt Force Fz (thrust) Torque MZ (torque) Voltage
Powertrain efficiency: 5.959 gf/W
0.20 = 0.014
10
= 0.012
0.15
- 0.010 =g
010 - 0.003
- 0.006
0.05 ~ 0.004
- 0.002
i 0.00 | i i g
10 1 i 25 0 ] 10 1 220 2 i il 210 1 il 25 i i}
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