






































































































































































FEATURES

PT-15 15 mm Carbon
Potentiometer

www.piher.net

MECHANICAL SPECIFICATIONS ELECTRICAL SPECIFICATIONS

– Equivalent Noise Resistance:

– Operating temperature**: –25°C + 70°C (–13°F + 158°F)
* Others: check availability.

– Life*: Up to 100K cycles

223

Value

H01

Mounting
Method

H01 H2.5
H05 H5
H25 HC5
H06 B
H02 H2.5P
H10 H5P
V02 V12.5
V12 VA
V15 V15
V17 V17.5
V18 D
V24 VD15
V21 V12.5P
V22 VAP
V23 V15P

504 = 500 K

L

Rotors

C
F
G
L
M
N
R
T
X
W
Y
Z

PT15

Series

A

Taper

A = Lin.
B = Log.
C = Alog.

(See note 4)

2020

Tolerance

0505 = ± 5%
0707 = ± 7%
1010 = ± 10%
2020 = ± 20%
3030 = ± 30%505 = 5 M

223 = 22 K

Code

(See note 1)
(See note 2) (See note 3)

HOW TO ORDER

(See note 7)

Shaft/rotor colour

RO=Red
NE=Black
VE=Green
AM=Yellow
AZ=Blue
MA=Brown
GR=Grey
NA=Orange
CR=Cream

Magazine

T

Torque

– = Standard

L = Low torque

(See note 8)

Cut track

PCI = Initial

PCF= Final

(See note 6)

Wiper position

PM = 50%
PF  = Final

I= non flammable

Detents
PAI
PAM
PAF
P1I
P1F
P02...
P38

Shaft/Thum.

01 –  Fig. 1

28 –  Fig. 28
(See note 10)

Life

E= Long life

(See note 5)

U= Extra Long life

- - -

NOTE: The information contained here should be used for reference purposes only.

NOTES:

(1) "Z" adjustment only available on "H" versions. Standard colour for the “T” rotor: Orange.

(2) Terminal styles: "P" are crimped terminals. V24 terminals material: brass. V=Vertical adjust; H=Horizontal Adjust

(8)

(4) Non standard tolerance: check availability.
(5) Life

(6) Non flammable: housing, rotor and shaft. According to UL 94V-0

(9)

(10) If you wish to use your own custom plastic shaft/knob/actuator please contact Piher for advice about compatible materials.

(3) Value:

.

51

– Range of values*:

– Max. Voltage: 250 VDC (lin) 125 VDC (no lin)

– Nominal Power 50°C (122°F) (see power rating curve)
0.25 W (lin) 0.12 W (no lin)

– Tolerance*: ± 20%
± 30%

– Taper*: (Log. & Alog. only Rn   1K) Lin ; Log; Alog.

(See note 9)

Flammability

Example: 10 1
Numb of zeros.
First two digits of the value.

Code: Example: +7%
                 -5%

07 05
negative tolerance
positive tolerance

Code:

Standard:  1K cycles.
Long life:  10K cycles.

Cream colour  only available in standard plastic.
(7) Colour shaft/ rotor: Potentiometer without shaft: only rotor Potentiometer with shaft: only shaft

Extra long life:  100K cycles (Only for low torque versions. To be studied case by case.)

** Up to 85°C depending on application.

– Stop torque: > 10 Ncm. ( >14 in-oz)

– Torque: 0.5  to  2.5 Ncm.
(0.7  to  3.4  in-oz)

– Electrical rotation angle: 240° ± 20°

– Mechanical rotation angle: 265° ± 5°
240º ± 5º available under drawing (blue housing only)

Magazines (35 pcs/mag): available for VA (12.5), V (12.5), V (12.5P), V (15), V15 (P) and H models.
For more information please contact your nearest Piher supplier.

– Residual resistance*:

S

- Carbon resistive element.
- IP54 protection according to IEC 60529.
- Polyester substrate.
- Also upon request:

•  Long life model for low cost control pot. applications
•  Low torque option
•  Supplied in magazines for automatic insertion.
•  Wiper positioned at initial, 50% or fully clockwise.
•  Self extinguishable plastic UL 94V-0.
•  Cut track option.
•  Special Tapers.
•  Mechanical detents.

OPTIONAL EXTRAS
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PRECISION TIMERS
Check for Samples: NA555, NE555, SA555, SE555

1FEATURES
• Timing From Microseconds to Hours • Adjustable Duty Cycle

• Astable or Monostable Operation • TTL-Compatible Output Can Sink or Source up
to 200 mA

DESCRIPTION/ORDERING INFORMATION

These devices are precision timing circuits capable of producing accurate time delays or oscillation. In the
time-delay or monostable mode of operation, the timed interval is controlled by a single external resistor and
capacitor network. In the astable mode of operation, the frequency and duty cycle can be controlled
independently with two external resistors and a single external capacitor.

The threshold and trigger levels normally are two-thirds and one-third, respectively, of VCC. These levels can be
altered by use of the control-voltage terminal. When the trigger input falls below the trigger level, the flip-flop is
set, and the output goes high. If the trigger input is above the trigger level and the threshold input is above the
threshold level, the flip-flop is reset and the output is low. The reset (RESET) input can override all other inputs
and can be used to initiate a new timing cycle. When RESET goes low, the flip-flop is reset, and the output goes
low. When the output is low, a low-impedance path is provided between discharge (DISCH) and ground.

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5 V to 15 V. With a 5-V supply, output levels are compatible with TTL inputs.

1

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 1973–2010, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas On products compliant to MIL-PRF-38535, all parameters areInstruments standard warranty. Production processing does not tested unless otherwise noted. On all other products, productionnecessarily include testing of all parameters. processing does not necessarily include testing of all parameters.
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Electrical Characteristics
VCC = 5 V to 15 V, TA = 25°C (unless otherwise noted)

NA555
SE555 NE555

PARAMETER TEST CONDITIONS UNITSA555

MIN TYP MAX MIN TYP MAX

VCC = 15 V 9.4 10 10.6 8.8 10 11.2
THRES voltage level V

VCC = 5 V 2.7 3.3 4 2.4 3.3 4.2

THRES current (1) 30 250 30 250 nA

4.8 5 5.2 4.5 5 5.6
VCC = 15 V

TA = –55°C to 125°C 3 6
TRIG voltage level V

1.45 1.67 1.9 1.1 1.67 2.2
VCC = 5 V

TA = –55°C to 125°C 1.9

TRIG current TRIG at 0 V 0.5 0.9 0.5 2 A

0.3 0.7 1 0.3 0.7 1
RESET voltage level V

TA = –55°C to 125°C 1.1

RESET at VCC 0.1 0.4 0.1 0.4
RESET current mA

RESET at 0 V –0.4 –1 –0.4 –1.5

DISCH switch off-state 20 100 20 100 nAcurrent

9.6 10 10.4 9 10 11
VCC = 15 V

TA = –55°C to 125°C 9.6 10.4CONT voltage V
(open circuit) 2.9 3.3 3.8 2.6 3.3 4

VCC = 5 V
TA = –55°C to 125°C 2.9 3.8

0.1 0.15 0.1 0.25
VCC = 15 V, IOL = 10 mA

TA = –55°C to 125°C 0.2

0.4 0.5 0.4 0.75
VCC = 15 V, IOL = 50 mA

TA = –55°C to 125°C 1

2 2.2 2 2.5
VCC = 15 V, IOL = 100 mA

Low-level output voltage TA = –55°C to 125°C 2.7 V

VCC = 15 V, IOL = 200 mA 2.5 2.5

VCC = 5 V, IOL = 3.5 mA TA = –55°C to 125°C 0.35

0.1 0.2 0.1 0.35
VCC = 5 V, IOL = 5 mA

TA = –55°C to 125°C 0.8

VCC = 5 V, IOL = 8 mA 0.15 0.25 0.15 0.4

13 13.3 12.75 13.3
VCC = 15 V, IOL = –100 mA

TA = –55°C to 125°C 12

High-level output voltage VCC = 15 V, IOH = –200 mA 12.5 12.5 V

3 3.3 2.75 3.3
VCC = 5 V, IOL = –100 mA

TA = –55°C to 125°C 2

VCC = 15 V 10 12 10 15
Output low, No load

VCC = 5 V 3 5 3 6
Supply current mA

VCC = 15 V 9 10 9 13
Output high, No load

VCC = 5 V 2 4 2 5

(1) This parameter influences the maximum value of the timing resistors RA and RB in the circuit of Figure 12. For example,
when VCC = 5 V, the maximum value is R = RA + RB 3.4 M , and for VCC = 15 V, the maximum value is 10 M .

Copyright © 1973–2010, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Link(s): NA555 NE555 SA555 SE555
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Operating Characteristics
VCC = 5 V to 15 V, TA = 25°C (unless otherwise noted)

NA555
SE555 NE555TESTPARAMETER UNITSA555CONDITIONS (1)

MIN TYP MAX MIN TYP MAX

Each timer, monostable (3) TA = 25°C 0.5 1.5 (4) 1 3Initial error of timing %
interval (2)

Each timer, astable (5) 1.5 2.25

Each timer, monostable(3) TA = MIN to MAX 30 100 (4) 50Temperature coefficient of ppm/
timing interval °CEach timer, astable (5) 90 150

Each timer, monostable(3) TA = 25°C 0.05 0.2 (4) 0.1 0.5Supply-voltage sensitivity of
%/Vtiming interval Each timer, astable (5) 0.15 0.3

CL = 15 pF,
Output-pulse rise time 100 200 (4) 100 300 nsTA = 25°C

CL = 15 pF,
Output-pulse fall time 100 200 (4) 100 300 nsTA = 25°C

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(2) Timing interval error is defined as the difference between the measured value and the average value of a random sample from each

process run.
(3) Values specified are for a device in a monostable circuit similar to Figure 9, with the following component values: RA = 2 k to 100 k ,

C = 0.1 F.
(4) On products compliant to MIL-PRF-38535, this parameter is not production tested.
(5) Values specified are for a device in an astable circuit similar to Figure 12, with the following component values: RA = 1 k to 100 k ,

C = 0.1 F.

6 Submit Documentation Feedback Copyright © 1973–2010, Texas Instruments Incorporated
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Batería LIPO_8000 mAh 
 

Zeee 2S Lipo batería 7,4 V 100C 8000mAh Hardcase RC 
cargador de batería Deans enchufe para RC coche camión 

barco helicóptero FPV RACING 
  
  
Características: 

 
1. Materias primas superiores de polímero de litio de Japón y Corea 
2. Tecnología de apilamiento automático, mejor rendimiento 
3. Progreso de coincidencia estricta, excelente consistencia 
4. Densidad de energía de hasta 200Wh/kg y larga vida útil. 
5 certificado: CE ROHS MSDS... UN38.3 UL 
  
  
Especificación: 

 
Marca: Zeee 
Química de la batería: polímero de litio 
Voltaje: 7,4 V 
Capacidad: 8000mAh 
Tasa de descarga (C): 100C 
Configuración: 2S2P 
Tipo de conector: enchufe Deans 
Conector de equilibrador tipo: JST-XH 
Longitud: 138mm/5,43 pulgadas 
Ancho: 47mm/1,85 pulgadas 
Altura: 25mm/0,98 pulgadas 
Peso de la batería (dev.10g): 320g/11,3 onzas/unid 

Aplicación: 
 

Zeee 7,4 V 100C batería de 8000mAh Lipo diseñado especialmente para 1/8 y 
1/10 RC modelo de coche como Losi... Traxxas Slash automodelismo Strada XB 
1/10 RTR eléctrico Buggy equipo asociado ElectrixRC... Emaxx... Bandit, versión 
Rustler, etc.-también se puede utilizar para Avión RC, helicóptero RC, barco RC, 
¡Drone FPV! -Para la batería RC, solo si el voltaje, la dimensión y el enchufe 
coinciden, entonces encajará. 
Las notas de seguridad: 

 
1. Para garantizar la seguridad, comprueba y confirma que la superficie y el 
voltaje de la batería lipo son normales antes de usarla. 
2. Si la nueva batería lipo no tiene una carga completa o pierde la carga muy 
rápidamente en poco tiempo, utiliza un cargador de batería lipo profesional 
para cargar y reciclar varias veces primero. Para la mayoría de las baterías lipo, 
la tasa de carga más segura es 1C. 



3. nunca carga o descarga de la batería lipo. Nunca cargue por encima de 4,2 V 
por celda y descargue por debajo de 3,0 V por celda. (El voltaje Normal de la 
celda es entre 3,7 V ~ 4,2 V) 
4. Nunca cargue la batería de polímero de litio sin supervisión. 
5. Si la batería lipo tiene algún problema, no dude en contactarnos a través 
deAliexpressMensaje la primera vez, Le ofreceremos la solución adecuada. 
Crisol de grafito mini horno de oro de la antorcha de fusión del metal: 

 
1 funda dura de batería Zeee 7,4 V 100C 2S 8000mAh RC LiPo con enchufe 
Deans 
 

 
 

























































Low-cost, Compact USB Data Acquisition Starter Kit

Eight ±10 V Differential Analog Inputs

Analog Inputs Protected to ±150V

10-bit Resolution

Up to 10 kHz Sample Rate

4 Digital Inputs incl. 2 Counter/Timers

Provided with WINDAQ/Lite Software

Optional WINDAQ/HS Software for turnkey high speed 

sampling

DI-149 USB Data Acquisition Starter Kit



DI-149 Close-up

LED Indication
Power LED indicates power is applied.
Active LED indicates the device is recording to disk.
Remote LED indicates use of a digital input.

Bulkhead 
Mounting Ears

Analog In Channels 1-4
±10VFS, ±150V transient, max.

Digital In Channels
DI0 and DI1 can be used for Remote Start/Stop using WINDAQ
DI2 and DI3 can be used for Counter/Timer applications

All inputs may be programmed to operate as a 4-bit digital 
input port.

Mini-B USB connection

Bulkhead 
Mounting Ears

Remote Event push-button
Trigger events either from the remote event inputs 
(through WINDAQ software) or by pushing this button.

DI-149 Description

www.dataq.com 2 330-668-1444

Analog In Channels 5-8
±10VFS, ±150V transient, max.

Digital Out Channels
30 VDC max., 0.5 A sink current max.

The DI-149 is a new product for general-purpose data acquisition applications in a long line of low-cost starter kits from DATAQ Instru-

WINDAQ software allows real time 

The DI-149 offers eight analog inputs and four each discrete (digital) input and output channels. Two of the digital inputs (bits D2 and 

WINDAQ

the number of enabled channels) are supported. Included WINDAQ

WINDAQ software. WINDAQ

The DI-149 is supplied with WINDAQ WINDAQ -



330-668-1444 3 www.dataq.com

1.612"

5.500"

4.750"

4.250"

0.750"

2.625"

Ø 0.200"
(2 places)

Eight Analog Input Channels

10-bit ADC resolution
-

ment range.

Ruggedized Inputs

common mode noise so often encountered in industrial measure-

ments. 

Built-in USB interface
The DI-149 is provided with a built-in USB interface. Connect 

supplies.

Four Digital Inputs

with WINDAQ

Wide OS support
Signed drivers are provided with the DI-149 that allow trouble-

of Windows Vista and Windows 7.

Included WINDAQ/Lite software
WINDAQ -

-

with WINDAQ

programs in the foreground — even WINDAQ

-

WINDAQ

WINDAQ -

rial WINDAQ

DI-149 Features

DI-149 Dimensional Drawing

















- - -
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1 Objetive 
Test the engine D60-1 (Inox. Steel. 60 mm diameter) with two long grains (131 y 156mm), equivalent to 4 short ones, 
52% of the maximum propellant load to get the real data, compare them with the previous test and be able to 
calculate the time to open the parachute. It is also intended to compare the data with other tests to see the 
influence of the long grains, as well as verify the theoretical calculations and the apogee foreseen, as previous step 
to perform the initial launching, at low height, of NAOS rocket. With this initial launching is intended to test that all 
the systems work properly (parachute . 

2 Antecedents 
2.1 Test Log 

See annex VI 

2.2 Engine 
D60-1 engine made of stainless steel. Detailed dimensions of the engine are shown in annex IV. 

The four O-rings (two at the nozzle and two at the forward bulkhead) are greased. 

Nozzle exit is covered with a membrane build with two paper layers (see membrane tests) to get an initial pressure 
peak, improve the grains ignition and the engine start up. The objective is to improve the efficiency of the engine 
through the improvement of the Trust vs t curve and the total impulse avoiding the initial propellant combustion 
without diving enough thrust to lift the rocket. 

2.3 Propellant 
KDX (65% KNO3-35% Dextrose) 

The engine is loaded with 2 long grains, being at 52% of the maximum propellant load. 

1. Grain 1: 07/12/20 

Long: 147,75 mm 

Diameter: 58,3 mm (see note 1) 

Mass: 595,3 g (see note 1) 

Inner Hole Diameter of the grain: 16 mm 

Manufacturing date: 07/12/20 

2. Grain 2: 08/12/20 

Long: 147 mm 

Diameter: 58,71 mm (see note 1) 

Mass: 591,2 g (see note 1) 

Inner Hole Diameter of the grain: 16 mm 

Manufacturing date: 08/12/20 

Figure 1: Grain 1 

Figure 2: Grain 2 
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Note 1: Grain measures does not include the inhibitor 

See annex VI for grains density calculation 

Inner hole is not covered with black powder (made with alcohol). 

2.4 Grain and ignitor position in the chamber 
The grains are positions close to the forward engine bulkhead. 

Grain 1 (147,75 mm, 07/12/20) is placed close to the nozzle and grain 2 (147 mm, 08/12/20) close to the forward 
engine bulkhead. 

The ignitor is placed at the end of the chamber, 4 cm (aprox.) up to the forward engine bulkhead. 

2.5 Grain inhibition 
Outer surface of the grains are inhibited with 3 layers of board in the grain closer to the bulkhead, batch 08/12/20, 
and 3 layer of board plus 1 layer of paper in the grain closer to the nozzle, batch 07/12/20. 

The core and ends surfaces are not inhibited. 

It is not inserted additional liner made by plastic layer as did it in previous test. 

Board thickness (inhibitor) = 0,22 mm.  

Board weight = 5000 mm2/g (0,0002 g/mm2). Every layer of the board weights 4,9 g 

2.6 Ignitor 
Electrical ignitor with Ni-Cr resistor and Amonium Perclorate (AP) and Al powder. 

It is used fuse paper (the one used in the handmade cigarettes), without cover of KNO3, instead of the previously 
used (muffins paper moulds) thicker that it was covered with dissolved KNO3. It is evidenced the new fuse paper 
disappear with the ignitor combustion and leave no pieces of paper that could block the nozzle. 

2.7 Manufacturing and assembly of the grains 
manually. 

The grain 1 (147,75 mm, 07/12/20, closer to the nozzle) is difficult to take it out of the mould and is hit it with a 
wood dowel. It is possible that have been broken or made internal cracks. The grain 2 (147 mm, 08/12/20, closer to 
the engine bulkhead) is also difficult to take it out of the mould, although not as much as the grain 1, and the engine 
bulkhead is used to take it out more gently and it is been extracted better than the previous grain. 

The grain 1 (closer to the nozzle) is inhibited with an additional paper layer (compared with the grain 2) in order to 
adjust it better in the chamber. 

Both grains go into the chamber very fit and have to be pushed slightly with the hand to place them. 

It is not inserted a spacer from nozzle to the grain (closer to nozzle) end surface to reduce the risk of internal 
movement of the grains during combustion. 

2.8 Load cell 
In the data acquisition system is used the load cell with a nominal force = 200 kg 
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The calibration is made for 67 kg with reference weight (see sheet "calibración célula de carga" and pictures in the 
folder).  

With the engine on the load cell, it is done an offset to put the zero value. This, obviously, modify the initial values 
inserted, but not the calibration curve slope. Later it is checked that the load cell is measuring correctly with a 
reference weight of 19,1 kg getting a reading 6% lower than the real value. 

The test bench is built with the usual PVC tube (grey, see videos). 

3 Results 
Engine explodes: CATO (CATastrOphic failure) 

3.1 Inspection 
Inhibition boards, that initially were placed at the bottom (close to the forward engine bulkhead), are broken in 
pieces which are spread over the terrain. Most of the board pieces are from the grain 2 (closer to the bulkhead) and 
are in good condition observing the three board layers. There are found almost no inhibitor pieces from the grain 1 
(closer to the nozzle) with the paper layer, so they have been burnt or broken in very small pieces due to the 
explosion. 

The rupture of the engine is tensile and circumferential (45°) in the chamber tube, at 34 mm from the tube edge of 
the nozzle part. The rupture coincides with the machining recess in the nozzle part. 

In the separated piece of the tube there is a part (equivalent to two screws) left and not found. The holes of the 
screws in the chamber tube are in good status, being no evidence of tear so the design is acceptable. 

The chamber tube has a bulging area close to the forward bulkhead and the central zone (see pictures). The 
diameters are measured and shown in figure 7. 

The forward bulkhead part of the tube is damaged due to the impact of the load cell and the supporting screw (M12) 
of the wood base. It maintains five screws and the other three have been tearing broken.  

The nozzle screws are also tearing broken or extracted out of the thread drill, except one that is bended and is still 
screwed in the nozzle. 

3.2 Test observation 
The engine does not work at the first time. It is identified a shortcut in one of the connector of the extended harness 
of the ignition system. 

There is a failure in the 240 fps and 1080 video due to the expansive wave, and it is not recorded test video with the 
gopro camera. It is recorded video with the tablet and with the mobile camera.  

An increase of the thrust (pressure) is seen either in the T vs t curve and in the video when ignitor cable is exhausted 
(T = 48 kg, t = 0,18 s). There is not observed over-pressure, due to the exhaust of the ignitor paper which was 
observed in previous test, so the new fuse paper is working properly. 

The effect of the membrane closing initially the nozzle is very small, so it not going to be used anymore. 

Looking at the shape of the gases jet, the nozzle is under expanded as it was expected (See annex V. Figure 3.g). This 
implies that Pe > Pa, being Pe the exit pressure at the nozzle. 



Page 6

3.3 Conclusions
The explosion is due to an overpressure caused by the high gradient of grain surface burnt, due probably to 
manufacturing of the grain, either cracks in the grain when de-moulded or when casting in the mould by creating 
bubbles. Another possible cause is a bad performance of the inhibition of the grain. See paragraph 4.2 for the failure 
analysis.

4 Analysis

Figure 3: Test Thrust (kg) vs time (s) curve

Figure 4: Test Thrust (kg) vs time (s) curve. Cut
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Figure 5: Test Thrust (kg) vs time (s) curve. Enlarged

Figure 6: Test Thrust (kg) vs time (s) curve. Enlarged

4.1 Rupture and deformation of the chamber
Design values:

3. Combustion chamber

Material: Stainless steel AISI 304 (see properties in annex II)

Circumferential strength CHAMBER CASE

Max pressure at rupture (Ftu) that bears the case: 239 atm

Max pressure at deformation (Fty) that bears the case: 102 atm

Tensile axial strength CHAMBER CASE

Max pressure at rupture (Ftu) that bears the case: 426 atm

Max pressure at deformation (Fty) that bears the case: 181 atm

Note: chamber tube wall thickness: 1,34 mm
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Maximum thrust logged with the data acquisition equipment

Max. pressure at Tmax of 455,94 kg (possibly before the cell load breakage) in t=1,5547 s = 112 atm

Max. pressure at Tmax of 400 kg (breakage load according to load cell specifications) in t=1,5538 s = 
98 atm

The tensile rupture of the tube is due to the mechanized recess made in the internal part of the tube from x=0 a 
x=34 mm. At x=34 there is a little groove made with the cut tool when mechanized.

The tube deformation is shown in next figure 7.

There is a narrowing in the rupture zone and a bulging in the rest, although not uniform how it was expected.

Based in the design values, rupture shape and tube deformation, it can be deduced the pressure inside the chamber 
has been over 102 atm (tube circumferential deformation limit, equivalent to a thrust 415 kg) and below 239 atm
(circumferential rupture limit), because it was not circumferential rupture.

According to design calculations tensile rupture had not to be happened because it is much more higher than the 
circumferential rupture strength, even though having in mind the reduced thickness of the tube. 

The circumferential rupture has occurred due to it was a groove line (where the tube has been ruptured) due to the 
mechanizing process of the internal recess of the tube.

Figure 7: Chamber tube bulging

There is no explanation about why the bulging in x = 200 mm is not uniform and continuous from x = 34 mm to x = 
200 mm 

From x= 200 a 550 there is no bulging probably due to in that part of the tube was located the polyester sleeve and 
the PVC tube (PN10) of the test bench, giving an additional strength of more than 10 atm (possibly 15 atm).

Although the bulging is close to the grains ends, it is not believed that this has had any influence.
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Figure 8: Chamber length measuring

Total length of the tube before CATO = 550 mm

Total mean length of the tube after CATO = 546,7 mm

Those values are not reasonable, as the length after explosion should be longer, so the measures taken before and 
after has not to be accurate enough. 

Figure 9: Grain thickness (mm) burnt function of time (s)

Following up it is shown a comparative between the T vs t curves measures in several tests with different propellant 
grains configurations. Those configurations are identified with two digits XY, where:

X = no. of grains

Y = length of the grain (S = short grains. 75 mm length each grain, aprox. L = Long grain. 134 mm, aprox.)

Eg.: 7S = 7 short grains
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Figure 10: Thrust (kg) vs time (s) comparation of several tests

Figure 11: Thrust (kg) vs time (s) comparation of several tests
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Figure 12: Thrust (kg) vs time (s) comparation of several tests. Enlarged

Figure 13: Thrust (kg) vs time (s) comparation of several tests.
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Figure 14: Thrust (kg) vs time (s) comparation of several tests. Enlarged

4.2 Failure modes and causes
According to the annex I equations, the possible failure modes are:

1. increase out of the design values Increase of the grain burning surface out of the design values
Possible causes:

o Rupture or cracks in the grain during manufacturing
Cracks and bubbles in the grains in the casting process due to its long length
Rupture or cracks in the grain during the unmold process.

o Rupture or cracks in the grain during combustion
Sudden displacement and rupture of the grains during combustion due to the chamber 
internal differences of pressures between the forward and rearward part.

o Deficient inhibition of the grains
2. Propellant characteristics out of design values (a y n) Deficient propellant manufacturing.

Possible causes:
o KNO3 particles size too small during grinding process. 
o Deficient mixing of the propellant components (KNO3 y de la Dextrose) in the electrical mixer, 

which rotates with too much rpm and components get stuck on the container wall.
3. Erosive combustion out of the design values

Possible causes:
o Grain initial drill diameter is smaller than the nozzle diameter.

4. Nozzle blockage.
Possible causes:

o Blockage due to a partial or total exhaust of the inhibition board of the grains.

4.3 Corrective actions
Modify the manufacturing process of the grains:

o Change the length of the grain to short ones (75 mm, aprox.) instead the long ones (150 mm, 
aprox.). 

o Do not hit the grain when unmoulding.
Redesign the mould to be open longitudinally in to halves. Manufacture the mold with 3D 
printer and ABS filament. The mould could deform because of the ABS stands up to 104°
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(glass transition temperature) without deformation, but the dextrose melting temperature is 
146 °C. It is estimated that with two inhibition layers in the mould (one or two boards) the 
mould temperature will be under 100 °C. 

Note:  

  

Glass 
transition 

temperature 
(°C) 

Melting 
Temperature 

(°C) 
Tensile strengh 

Ftu (MPa) 

Bending 
strengh 
(MPa) 

Bending 
elastic 

module (GPa) 
Tensile elastic 
module (GPa) 

PLA 60 173 37 55,3 4 3,3 

ABS 104 
N/A 

(Amorphous) 27   2.1 a 7.6   
Dextrose   146         

 

 Improve the grains inhibition of the grains closer to the nozzle to avoid that the inhibitor blocks the nozzle 
when the burning surface arrive to the diametric edge of the grain and drag the board to the nozzle. 

o Two individual board layers per grain and a third one that jointly cover all the grains. 
o Stick the joint cover board with silicone or polyester resin. When it is in gel state (consistent but 

deformable) is put into the chamber to fill the holes due to the chamber tube is not completely 
circular (variation of the order of 1 mm).  

o Assess stick an outer aluminium foil layer to the external inhibition board. 
o Assess to use a plastic liner instead of the joint cover board with external aluminium foil layer. 

 Increase the KNO3 particles size to reduce the burning rate and the effect of the erosive combustion, even 
increase the oxidizer particles size of the grains closer to the nozzle. 

o Measure the time to grind the KNO3: 
 t = 20 s 
 t = 15 s in the grain closer to the nozzle 

o Do not grind the dextrose. 
 Look for an electrical engine which hold a rotation of 30 rpm for the electrical mixer. While it is being found, 

mix the powder with current system and manually. 
 Reduce the effect of the erosive combustion: 

o Increase the grain initial internal drill from 16 mm to 20 mm ( 19 mm, throat nozzle diameter) 
 Insert into the chamber a stainless-steel expansion ring to fix the grains and avoid their movement during 

combustion. Unless initially.  
 Add to all exposed surfaces of the grains a black powder layer to accelerate the initial combustion of all the 

surfaces and in a uniform way.  
 Insert spacer between the grains to ease the ends initial combustion. 

5 Next actions 
1.- Manufacture a new motor.  Done 

2.- Come back to the short grains trying to avoid the thrust peak before and after the maximum thrust. 

3.- Perform test with short grains: initially 3 or 4. 

4.- Keep on using fuse paper (handmade cigarette paper) in the ignitor and increase the ignitor length and black 
powder mass to reduce the motor starting time. 
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ANNEX I: CHAMBER PRESSURE EQUATIONS

CHAMBER PRESSURE EQUATIONS

Ab = área que se quema

At= área de la garganta de la tobera (A*)

p= densidad del propulsante

a = coeficiente de la velocidad de quema (burning rate coeffient)

n = exponente de la velocidad de quema (burning rate exponent)

c*=Velocidad característica 

INFLUENCE OF THE EROSIVE COMBUSTION PARAMETERS IN THE BURNING RATE

This paragraph is a summary of the formulas related to the erosive combustion effects integrated in the R. Nakka
(01_SRM.xls) excel sheet for the solid rocket performances calculation.
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ANNEX II: DESIGN MECHANICAL STRENGH CALCULATION 
 

CIERRE POSTERIOR 
Resistencia corte de los tornillos CIERRE POSTERIOR                   

N (número tornillos) paso rosca d tornillo mm 

As=Área 
resistente 

(mm2) 

Diámetro 
interior cámara, 

Dc (mm) 

Tornillo Resistencia 
de rotura a tracción 
Ftu (MPa=N/mm2) A tornillo mm2 

Fmax tracc N 
tornillos 

Fmax cort 
N tornillos 

Área 
cámara 
mm2 

Presión máx. que 
soportan los 

tornillos (atm) 

Presión máx. elástica 
que soportan los 

tornillos (atm) 

Presión máx. diseño 
(atm) con 1,25 coef 

seguridad 
8 0,5 5 14,56 63,5 800 19,6 93179 55907 3167 177 141 141 
8 0,5 5 14,56 63,5 1000 19,6 116473 58237 3167 184 166 147 
               

Resistencia desgarre CIERRE POSTERIOR (corte longitudinal) agujeros de la carcasa para tornillos. Método LRFD del AISI sección J3.10       

N (número tornillos) 
d tornillo 

mm 

Distancia libre 
mínima al borde de 

la carcasa (mm) 
espesor pared 
carcasa (mm) 

Dc diámetro 
interior cámara 

mm 

Carcasa Resistencia 
a rotura Ftu MPa 

(N/mm2) 

resistencia 
máxima 

desgarro (N) 
Resistencia máx. 
penetración (N) 

resistencia 
(N) 

Presión 
máx. (atm)     

8 5 11 1,9 63,5 505,0 101323,2 121357,56 101323,2 319,9     

                          
                          

CARCASA CÁMARA 
Resistencia circunferencial CARCASA CÁMARA                     

Dc diámetro interior 
cámara mm 

espesor 
carcasa 

mm 

Carcasa Resistencia 
a rotura Ftu MPa 

(N/mm2) coef seguridad 

Presión máx. 
que soporta la 
carcasa (atm) 

Presión de diseño 
carcasa (atm)         

63,5 1,5 505 1,5 239 159         

Dc diámetro interior 
cámara mm 

espesor 
carcasa 

mm 

Carcasa Resistencia 
Límite elástico Fty 

MPa (N/mm2) coef seguridad 

Presión máx. 
que soporta la 
carcasa (atm) 

Presión de diseño 
carcasa (atm)         

63,5 1,5 215 1,5 102 68         
               

Resistencia axial a tracción CARCASA CÁMARA            

Dc diámetro interior 
cámara mm 

espesor 
carcasa 

mm 

Carcasa Resistencia 
a rotura Ftu MPa 

(N/mm2) coef seguridad 

Presión máx. 
que soporta la 
carcasa (atm) 

Presión de diseño 
carcasa (atm)         

63,5 1,34 505 1,5 426 284         

Dc diámetro interior 
cámara mm 

espesor 
carcasa 

mm 

Carcasa Resistencia 
Límite elástico Fty 

MPa (N/mm2) coef seguridad 

Presión máx. 
que soporta la 
carcasa (atm) 

Presión de diseño 
carcasa (atm)         

63,5 1,34 215 1,5 181 121               
                          

TOBERA 
Resistencia corte de los tornillos TOBERA                     

N (número tornillos) paso rosca d tornillo mm 

As=Área 
resistente 

(mm2) 

Diámetro 
interior cámara, 

Dc (mm) 

Tornillo Resistencia 
de rotura a tracción 
Ftu (MPa=N/mm2) A tornillo mm2 

Fmax tracc N 
tornillos 

Fmax cort 
N tornillos 

Área 
cámara 
mm2 

Presión máx. que 
soportan los 

tornillos (atm) 

Presión máx. que 
soportan los tornillos 

(atm) 

Presión máx. diseño 
(atm) con 1,25 coef 

seguridad 
6 0,5 5 14,56 63,5 800 19,6 69884 41930 3167 132 106 106 
6 0,5 5 14,56 63,5 1000 19,6 87355 52413 3167 166 149 132 

               
Resistencia desgarre TOBERA (corte longitudinal) agujeros de la carcasa para tornillos. Método LRFD del AISI sección J3.10       

N (número tornillos) 
d tornillo 

mm 

Distancia libre 
mínima al borde de 

la carcasa (mm) 
espesor pared 
carcasa (mm) 

Dc diámetro 
interior cámara 

mm 

Carcasa Resistencia 
a rotura Ftu MPa 

(N/mm2) 

resistencia 
máxima 

desgarro (N) 
Resistencia máx. 
penetración (N) 

resistencia 
(N) 

Presión 
máx. (atm)     

6 5 12 1,9 63,5 505 82900,8 91018,17 82900,8 261,8       
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CHAMBER CASE CIRCUMFERENTIAL STRENGH AS PER R. NAKKA 

Chamber rupture pressure = 243 atm (aprox) what validate the previous calculation where the result was 239 atm 

Design and Burst Pressures for Rocket Motor Casing   
        
 [ Input data in blue text, English or (SI) units]   
        
 Casing Dimensions and Design Factors    
        
 Do = 63,5 in. (mm) Diameter, outside   
 t = 1,5 in. (mm) wall thickness   

 SD = 1  Design Safety factor   
        
 Material Properties      
        
 Fty = 215 ksi (MPa) Yield Strength   
 Ftu = 505 ksi (MPa) Ultimate Strength   
 E = 196000 Msi (MPa) Modulus of Elasticity   
  = 0,29  Poisson Ratio   
       
 0,426  Fty/Ftu    
 B = 2,394  Burst factor   
        
 Design and Burst Pressures     
        

 PD = 10157 psi (kPa) Design pressure   

 PU = 24317 psi (kPa) Burst pressure   

 SU = 2,39  
Burst Safety 
Factor   

        
 Elastic Deformation under Pressure *    
        

 D = 0,00006 in. (m.) Change in casing diameter, at PD 

 c = 0,00019 in. (m.) Change in casing circumference, at PD 
 

      DILATACIÓN TÉRMICA CÁMARA       

   Coef Dilat Lineal AISI 304 (m/m °C) 1,80E-05 
      

   Diámetro   Longitud axial 

 Di (mm) Df (mm)    Li (mm) Lf (mm)  
200 63,5 63,73 0,23  200 550 551,98 1,98 
400 63,5 63,96 0,46  400 550 553,96 3,96 
600 63,5 64,19 0,69  600 550 555,94 5,94 
800 63,5 64,41 0,91  800 550 557,92 7,92 
1000 63,5 64,64 1,14  1000 550 559,90 9,9 

   Coef Dilat Lineal PVC (m/m °C) 9,00E-05 
      

   Diámetro   Longitud axial 
 Di (mm) Df (mm)    Li (mm) Lf (mm)  

200 63,5 64,64 1,14  200 550 559,90 9,9 
400 63,5 65,79 2,29  400 550 569,80 19,8 
600 63,5 66,93 3,43  600 550 579,70 29,7 
800 63,5 68,07 4,57  800 550 589,60 39,6 
1000 63,5 69,22 5,72  1000 550 599,50 49,5 
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CHAMBER STAINLESS STEEL MECHANICAL PROPERTIES AISI 304

Component    Wt. %
Component

   Wt. %

C
Max 0.08 Ni 8 - 10.5

Cr 18 - 20 P
Max 

0.045
Fe 66.345 - 74 S Max 0.03
Mn Max 2 Si Max 1

Material Notes:

Austenitic Cr-Ni stainless steel. Better corrosion resistance than Type 
302. High ductility, excellent drawing, forming, and spinning properties. 
Essentially non-magnetic, becomes slightly magnetic when cold 
worked. Low carbon content means less carbide precipitation in the 
heat-affected zone during welding and a lower susceptibility to 
intergranular corrosion.

Applications: beer kegs, bellows, chemical equipment, coal hopper 
linings, cooking equipment, cooling coils, cryogenic vessels, dairy 
equipment, evaporators, flatware utensils, feedwater tubing, flexible 
metal hose, food processing equipment, hospital surgical equipment, 
hypodermic needles, kitchen sinks, marine equipment and fasteners, 
nuclear vessels, oil well filter screens, refrigeration equipment, paper 
industry, pots and pans, pressure vessels, sanitary fittings, valves, 
shipping drums, spinning, still tubes, textile dyeing equipment, tubing.

Corrosion Resistance: resists most oxidizing acids and salt spray.

Physical Properties Metric English Comments

Density 8 g/cc 0.289 lb/in³
Mechanical Properties

Hardness, Brinell 123 123 Converted from Rockwell B 
hardness.

Hardness, Knoop 138 138 Converted from Rockwell B 
hardness.

Hardness, Rockwell B 70 70
Hardness, Vickers 129 129 Converted from Rockwell B 

hardness.

Tensile Strength, Ultimate (Mpa) 505 73200 psi
Tensile Strength, Yield (Mpa) 215 31200 psi at 0.2% offset

Elongation at Break 70 % 70 % in 50 mm
Modulus of Elasticity 193 - 200 GPa 28000 - 29000 ksi

Poisson's Ratio 0.29 0.29
Charpy Impact 325 J 240 ft-lb
Shear Modulus 86 GPa 12500 ksi

Electrical Properties

Electrical Resistivity 7.2e-005 ohm-cm 7.2e-005 ohm-cm at 20°C (68°F); 1.16E-04 at 650°C 
(1200°F)

Magnetic Permeability 1.008 1.008 at RT
Thermal Properties

CTE, linear 20°C 17.3 µm/m-°C 9.61 µin/in-°F from 0-100°C
CTE, linear 250°C 17.8 µm/m-°C 9.89 µin/in-°F at 0-315°C (32-600°F)
CTE, linear 500°C 18.7 µm/m-°C 10.4 µin/in-°F at 0-650°C

Specific Heat Capacity 0.5 J/g-°C 0.12 BTU/lb-°F from 0-100°C (32-212°F)
Thermal Conductivity 16.2 W/m-K 112 BTU-in/hr-ft²-

°F
at 0-100°C, 21.5 W/m°C at 500°C

Melting Point 1400 - 1455 °C 2550 - 2650 °F
Solidus 1400 °C 2550 °F

Liquidus 1455 °C 2650 °F

Referencias

Most of the data in MatWeb has been supplied directly by the 
manufacturers. Other data has been taken from similar materials and known 
relationships by the MatWeb staff. For more information about this specific 
material, see the following source(s):
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ANNEX III: TESTS SUMMARY TABLE

Motor Configuration Date BATEs
Grain 
type

Grain 
mean 

diameter
(mm)

Grain 
mean 
length
(mm)

Grain 
mean 

weight (g)

Grain 
total 

length
(mm)

Grain 
total 

weight
(g)

Max 
propellant 

possible 
weight (g)

Motor
load (%)

Burning 
time (s)

Max 
pressure

(atm)
Max Thrust

(kg) It (N·s) Isp (s)

Thrust 
Peaks 

types P/E
P (atm)/E (kg) 

Peaks Comments
D60-1 3S 27/05/2020 3 Short 56,9 71,7 280,7 215,2 842,2 1873,5 45% 3,97 8,4 21,6 557 67 1,2 2: 14,64/38,7

D60-1 4S 25/12/2015 4 Short 57,4 73,1 291,2 292,4 1164,6 1873,5 62% 3,1 19,8 76,6 1419 124 1,2,3

1: 42 kg
2: 88,3 kg
3: 69,7 kg

D60-1 4S 07/12/2015 4 Short 58,5 69,7 287,6 278,9 1150,4 1873,5 61% 2,0
6,2 

(saturated)
20,9 

(saturated)
387,5 

(saturated) 1 1: 20,9 kg Saturated cell

D60-1 5S 07/02/2016 5 Short 57,3 72,5 288,6 362,4 1443,0 1873,5 77% 1,5
40,1 

(Estimated)
160 

(Estimated)
1508 

(Estimated) 107 1,3
1: 16 kg
3: 91 kg Saturated cell

D60-1 7S 26/12/2018 7 Short 57,4 67,1 267,6 469,9 1873,5 1873,5 100% 0,98 63,0 254,4 1882 102 1,3
1: 3,4/9,5 
3: 63/254,4 Saturated cell

D60-1 2L 20/09/2020 2 Long 58,6 143,5 582,6 287,0 1165,1 1873,5 62% 3,95 10,7 39,5 1046 92 1,2
1: 8,4/28,9
2: 7,9/27,9

D60-1 2L 13/12/2020 2 Long 58,5 147,4 593,3 294,8 1186,5 1873,5 63% 0,32 68 270 1 1: 14/52,93
CATO: 126 
atm, 302 kg

Peak 1 Ignitor cables exhaust
Peak 2 Peak in the increasing part of the curve before the maximum
Peak 3 Peak in the decreasing part of the curve after the maximum
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ANNEX IV: ROCKET MOTOR D60-  
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ANNEX V: NOZZLE THEORY 
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ANEXO VI: LOG DE LA PRUEBA 

 

 

Test Propellant 

Outer 
grain 
diam. 
(mm) 

Nozzle 
Diameter 

(mm) 

Grain 
Length 
(mm) 

Core 
hole 

Diam. 
(mm) 

Density 
(g/dm3) 

Rate 
(real/ideal) 

Propellant 
batch 

motor 
wall 

thickness 
(mm) 

Case 
internal 
Diam. 
(mm) 

Propellant 
weight (g) 

motor 
weight 
without 

propellant 
(g) 

motor 
length 
(mm) 

Grain 
inhibition 

Motor 
case 

material Ignition 

Grain 
location 

in the 
Chamber Ignitor location Ignitor 

Motor 
test_1_AC-
D60-1 

KDX (65-
35) 58,51 19 147,75+147 16 1618,5 86,1% 

07/12/20 
;08/12/20 1,5 60,5 1186,5 1834,2 

Total 
length: 
550 
Combust 
chamber: 
483 

3 board 
layers 

Stainless 
Steel Electrical 

Close to 
the 
motor 
forward 
bulkhead 

Close to the 
bottom of the 
chamber. At 4 
cm from the 
motor forward 
bulkhead 

Electrical with Ni-
Cr resistance and 
with Ammonium 
Perchlorate 
Powder (AP) and 
Al 

 

 

 
Ideal Density 

(Kg/m3)       

KNDX anhidrida 
                    
1.879          

        

 

Grain diameter 
(mm) 

Length 
(mm) 

Core Hole 
Diameter 

(mm) 
Grain 

weight (gr) 
volume 
(mm3) 

Density 
(g/dm3) 

Rate 
(real/ideal) 

Grain 1 
                    
58,30    147,75 16 595,30       364.709   1632,3 86,9% 

Grain 2 
                    
58,71    147 16 591,20       368.397   1604,8 85,4% 

 























 

Item Check Acción
Tiempo estimado: 2h 30 min

1 Cargar baterías
2 Batería EMBARCADA en el cohete LIPO 7,4V 8Ah
3 Batería sistema de IGNICIÓN Cohete 12V 18Ah
4 Baerías PORTÁTILES parra localizar por GPS
5 Batería cámara Xiaomi YI
6 Batería cámara GOPRO
7 Batería Dron
8 Móviles
9 Tablet

10 Ajustar y comprobar el tiempo del timer
11 Comprobar con polímetro que ignitor paraca funciona
12 Borrador de tarjetas de memoria
13 Borrar la tarjeta micro SD del módulo electrónico del cohete
14 Insertar la tarjeta micro SD en el módulo electrónico del cohete
15 Borrar la tarjeta micro SD de la cámara Xiaomi YI
16 Insertar la tarjeta micro SD en la cámara Xiaomi YI
17 Ensamblaje motor
18 Cortar cilindro de madera a medida, si procede
19 Recubrir granos con capa de pólvora negra
20 Cargar motor con granos, cilindro de madera
21 Engrasar juntas
22 Cerrar motor 
23 Fabricar ignitores x3
24 Ensamblaje cohete
25 Sección electrónica
26 Reapretar los tornillos de la electrónica

27
Asegurar que el interruptor de la BATERÍA de alimentación principal (LIPO 7,4V 8Ah) está en 
OFF

28

Asegurar que los interruptores del timer están en posición. 
BATTERY POWER: ON
IGNITOR ARMED: ON

29 Introducir cápsula electrónica. Atención a alineamiento
30 Fijar cápsula a carcasa sección con tornillos
31 Fijar cámara YI
32 Fijar conector trigger a carcasa sección
33 Fijar lug a carcasa sección
34 Conectar conector trigger a timer
35 Conectar cables de ignitor a timer con clemas
36 Poner algodón ignífugo aislante entre ignitor y timer
37 Poner algodón ignífugo aislante en el hueco debajo de la batería LIPO 7,4V 8Ah
38 Sección paracaidas
39 Preparar hilo unido al cáncamo con ignitor
40 Montar hilo+ignitor al soporte
41 Tensar el muelle y anclar
42 Recubrir soporte del hilo de nylón con cinta de aluminio adhesiva
43 Doblar paraca 
44 Unir a línea de vida
45 Unir ojiva a línea de vida
46 Sección motor
47 Pasar línea de vida por orificio
48 Introducir motor en la carcasa
49 Fijar motor, anillo aletas y carcasa con tornillos
50 Ensamblaje de secciones
51 Unir línea de vida sección paraca+electrónica
52 Fijar secciones con tornillos

53
Poner algodón ignífugo aislante entre sección electrónica y sección motor. Dejar hueco para que 
pase línea de vida

54 Unir línea de vida sección electrónica+motor
55 Poner tornillos secciones

56
Introducir aletas y fijar con tornillos. Esto se puede hacer el día del lanzamiento para evitar 
roturas durante el transporte





 

Item Check Acción
Tiempo estimado: 1 h 10 min

1 Reportaje audiovisual
2 Comienzo de la grabación del reportaje
3 Rampa
4 Posicionar rampa

5
Montar guía de la rampa con tornillos. Revisar que está colocada la pieza de ajuste de plástico en el tubo 
de la rampa

6 Introducir tornillo de fijación guía en la parte baja de la rampa
7 Introducir el cohete en la guia de la rampa
8 Foto de familia GOPRO/Drone
9 Anclar rampa al suelo con piquetas
10 Alinear barra posterior de la rampa con cohete
11 Fijar y anclar barra posterior de la guía de la rampa
12 Conectar clavija del trigger del timer
13 Fijar cuerda del trigger a la rampa
14 Sistemas de vÍdeo y grabación
15 Posicionar la cámara fija orientada público
16 Posicionar la cámara fija orientada botón lanzamiento
17 Posicionar la GOPRO
18 Posicionar la tablet
19 Posicionar cámaras adicionales
20 Preparar y posicionar el dron
21 Sistema de ignición
22 Desplegar cable sistema de ignición
23 Conectar conector del sistema de ignición a la caja con interruptor de ignición
24 Confirmar que el interruptor de armado de la caja de ignición está en OFF

25
Conectar conector del sistema de ignición a la caja del sistema de ignición de alimentación de la batería 
de ignición (LANZAMIENTO). NO CONECTAR LA BATERÍA DE IGNICIÓN

26 Encender cámara Xiaomi YI introduciendo un alambre a través del orificio del interruptor de encendido

27
Activar bluetooth cámara Xiaomi YI introduciendo un alambre a través del orificio del interruptor del 
bluetooth

28
Comprobar que la cámara Xiaomi YI de a bordo transmite imagen a través de la aplicación (SIN GRABAR)

29 Pegar, si procede, pegatina para tapar orificios de la carcasa de encendido de la cámara
30 Asegurar que la clavija del trigger del timer está conectada
31 Abrir en portátiles aplicación GPS
32 Asegurar que no hay nadie cerca del cohete para que no se desconecte accidentalmente el trigger
33 Interruptor de la BATERÍA de alimentación principal (LIPO 7,4V 8 Ah) está en ON
34 Comprobar que se reciben datos de GPS en las estaciones de localización GPS
35 Conectar cables de la caja del sistema de ignición al ignitor
36 Confirmar que la batería de ignición (12V 18Ah) (LANZAMIENTO) está apagada. Interruptor OFF
37 Conectar cables de la caja del sistema de ignición a la batería de ignición (LANZAMIENTO) (12V 18Ah)
38 Encender, elevar y poner a grabar dron
39 Poner a grabar GOPRO
40 Poner a grabar tablet
41 Poner a grabar la cámara fija orientada público
42 Poner a grabar la cámara fija orientada botón lanzamiento
43 Poner a grabar resto de cámaras
44 Poner a grabar cámara Xiaomi YI  (resolución=  1080 , fps=  120 ) 
45 Confimar que todas las personas están en sitio seguro
46 Asegurar que el responsable de ignición tiene en la mano el interruptor de ignición
47 Visto bueno del responsable de ignición
48 Avisar de que se va a encender las baterías
49 Activar el interruptor de la batería de Ignición (12V 18Ah) (LANZAMIENTO). Interruptor ON
50 Visto bueno del responsable de grabación
51 Visto bueno de los responsables de las estaciones de localización GPS
52 Visto bueno del responsable del personal
53 Cuenta atrás
54 DESPUÉS DE RECUPERAR EL COHETE
55 Apagar batería embarcada LIPO 7,4V 8Ah
56 Apagar YI CAM
































