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Symbionte UN

Low-cost IIOT device for
troubleshooting HVACR compressors

Proposal justification
A Contextual framework

Food Loss and Food Waste - Overview
WHY THE INITIATIVE WAS BORN

A 1,300 millions of tons of food are lost or
wasted per year (1/3 global production)

A The number of losses worldwide could feed
a population close to the number in
Colombia, and loss food in Colombia can
feed the equivalent of population that lives
in La Guajira.

A Not only are energy resources associated
with the cold chain downtime, but it also
involves non-renewable resources such as
farmland (1,400 million hectares) and
directly affects the water footprint
(250km3).

=& > 5 A The cost of food waste according to producer
i - prices in 2009 was 750,000 million dollars.

1. Creator: Liz Martin, Credit: Sourcemedia Group News
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Symbionte UN

Low-cost IIOT device for
troubleshooting HVACR compressors

Proposal justification
A Contextual framework

Cold Chain Monitoring

WHY THE
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The adequate instrumentation allows the organization to obtain key performance indicators of the refrigeration
process and in this way align the production process to the organizational objectives and additionally generate an
environmental approach.
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Low-cost IIOT device for
troubleshooting HVACR compressors

Proposal justification
A Contextual framework

Food Loss and Food Waste - Statistics

WHY THE
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INITIATIVE WAS BORN
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Symbionte UN
Low-cost IIOT device for
troubleshooting HVACR compressors

Proposal justification
A Contextual framework

Objectives
VIABILITY OF THE DEVICE

Specific M easurable

Transmit and Analyze
signals from physical
Electrical (V, 1),
Thermal (T, P) and
Mechanical (CO2 level
and Vibration)
Variables

Generate an [IOT
device to measure and
diagnose Air-
Conditioning and
Refrigeration
Compressors

1. Based on Hill Phoenix Manual Images

Facultad de Ingenieria
Sede Bogotd

Realistic

Relevant for the
Industry with specific
functionalities in the

RAC sector, supporting
market needs

PROYECTO CULTURAL, CIENTIFICO Y COLECTIVO DE NACION

Time

Develop and
experiment in RAC
applications from
assembly to the
achievement of
relevant results




Theoterical Framework
KIND OF SYSTEMS TO MEASURE
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Symbionte UN

. TRANSCRITICAL
Low-cost IIOT device for COMPRESSORS
troubleshooting HVACR compressors p 1 S ,
Pressure : Critical Point HIGH
: Tsar =88°F/31°C ® CiﬁiURE
Proposal justification T Heat Rejection
HR [ 1200psig - e | ! Tsar = 105°F/41°C 4 -
A Theotel’ical framework ....................................... Sveess g ................... . .......................... s ........... FL}ESAHS F5ADS
ﬁ g i < BYPASS
a2 > VALVE ® ® ® EXPANSION
S 8 & VALVES
= &
T o e, 3 — » / &
HPE Tﬂ) Tsar = 38°F/3,0°C g 7
T b " gﬂ Evaporation MT y b
E1 o £ - s 7 SUBCRITICAL
) -~ -~ Sy COMPRESSORS
Oe q?‘o U~ U
Evaporation LT 3
2 [sis 7 s
R Y
h
Enthalpy T
LOADS
EXPANSION
VALVES
1. Based on Hill Phoenix Manual Images
s e,
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WHY TO MEASURE THOSE SIGNALS?

¥ Pressures/Temps (Suct/Disch)
C NN
oLO
The compressor increases the pressure
(due to the reduction in volume) in order
to transport a refrigerant gas through the

Symbionte UN

Low-cost IIOT device for Sue
troubleshooting HVACR compressors pipeline.
A Since a pressure/temperature drop

Proposal justification across the TXV/EXV is essential to the

system

A Theoterical framework A Measurement of superheat and avoid
liquid returns or migrations to the
compressor

A Know the efficiency of the compressor
based on the COP/EER (Coefficent of
Performance/ Energy Efficiency Ratio)

Low-cost centralized instrumentation and
algorithms attached to them allow
technicians to obtain key performance
indicators of the refrigeration system and
improve troubleshooting skills

Facultad de Ingenieria

Voltages and Currents

It is coupled to an electric motor
cooled (many times) by the refrigerant
substance.

A Power supply parameters (Voltage)
A Consumption parameters (Current)
A Efficiency measurement (Power and
power factor)

® scp

®pLT
< ® vi,Vv2,V3
. & A1, A2, A3

Vibration & CO2 level

This approach seeks to measure
signs of excessive vibration and
levels of displacement of the CO2
level to estimate the possibility of
refrigerant leakage in the compressor

ax, ay,az @ o--7 or surrounding systems.
CO2_ppm @

S
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Operational Modules Development
PROOF OF CONCEPT
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Symbionte UN

Low-cost IIOT device for

troubleshooting HVACR compressors

Module Development

Module Development

INPUTS/OUTPUTS DIAGRAM (GENERAL MODULES)

@® suction Line Temperature (SLT) ———»
@ saturated Suction Pressure (SSP) ———»

@  Saturated Condensing Pressure (SSP) >
@ Discharge Line Temperature (DLT) >
—

v

Voltage Levels

v

Nominal Horsepower

Amps Phase1 (A1)
Amps Phase2 (A2)
Amps Phase3 (A3)

vy

v

v

@ Acceleration rotation x-axis (ax)

@ Acceleration rotation y-axis (ay)

v

@ Acceleration rotation z-axis (az)
@ (02 particles per million (CO2_ppm)

v

v

Application Temp (APP)

Facultad de Ingenieria
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SH module

Discharge/ Suction Temp

[float]

Discharge/ Suction Pressure

[float]

FUNCTION BLOCK FUNCTION BLOCK

Fails
CBM [int x9] iloT

y
y

FUNCTION BLOCK

Energy
Meter

Superheat
[float]

Voltage
[float x3]
Amps
[float x3]
Power
[float]

PF

[float]

FUNCTION BLOCK

Vibration &
Leakage
Module

Histogram Analysis
[floatx2]

CO2 ppm

float]

FUNCTION BLOCK

Envelope
Protection

Application
[char]

FUNCTION BLOCK
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Module Module

Compressor RO

Alarm RO

e ® vi,v2,Vv3
Mt A1, A2, A3

ax, ay, az @
CcOo2_ppm @
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7 Module Development
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Low-cost IIOT device for Fizton hermetic oS — — )5s
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Module Development 2. Imeerial (F)

Unit for Pressure
1. Internat (bR
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Module Development
ENVELOPE PROTECTION
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High Discharge and Low Evaporation

¥

CoLo W® {i L L Low Evaporation
;’ Low Discharge and Low Evaporation
Symbionte UN = High Discharge
Low-cost IIOT device for = @ Compressor Operation Point )
troubleshooting HVACR compressors i [SEP, SCP] Normal Operation
§ Low Discharge
% P 1 High Discharge and High Evaporation
ﬁ High Evaporation
Saturated Evaporation Pressure [bAr] Low Discharge and High Evaporation
Module Development
A Envelope and Superheat
Identifier Code Nominal RTOS_code Description
0 ENVO 10 Normal Operation
1 ENV1 11 Low Evaporation and High Condensation Pressures
2 ENV2 12 High Condensation Pressure
3 ENV3 13 High Evaporation and High Condensation Pressures
ENV 4 ENV4 14 High Evaporation Pressure
5 ENV5 15 High Evaporation and Low Condensation Pressures
6 ENV6 16 Low Condensation Pressures
7 ENV7 17 Low Evaporation and Low Condensation Pressures
8 ENV8 18 Low Evaporation Pressure

Facultad de Ingenieria . ; Jg‘@ﬂ UNIVERSIDAD
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Low-cost IIOT device for
troubleshooting HVACR compressors

Module Development
A Envelope and Superheat

Module Development
SUPERHEAT PROTECTION

Temperature [°C]

SLT ———»
SSP —

SCP —M

DLT —m»

Ampl

SH measurement

SH

\4

FUNCTION BLOCK

DLT SH Enabler

FUNCTION BLOCK

40.00

20.00

0.00

-20.00

-40.00

-60.00

-80.00

-100.00

Facultad de Ingenieria
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0.0

1.0

2.0

DLT EN —»

Ir

TIME DELAY

SH Protector EN

> SH EN

3.0 4.0
Pressure [bArg]

5.0

6.0

7.0

PROYECTO CULTURAL, CIENTIFICO Y COLECTIVO DE NACION

R22

R410A
R134A
R404A
R507A

R449A

Propane

R407A

R407C

R407F
R422D
R422A
R438A

R513A
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Symbionte UN

Low-cost IIOT device for
troubleshooting HVACR compressors

Module Development
A Envelope and Superheat

Module Development
SUPERHEAT PROTECTION

SLT ———>» >
SH measurement SH .I.T
SSP —
FUNCTION BLOCK TIME DELAY
—
_ >
scp —__ DLT SH Enabler ML_. SH Protector EN ——» SH_EN
DLT ———» >
FUNCTION BLOCK
Amp1
p (5)
SH — Tyeo — Toar Ty~ DLT T, ( 1;)
1
Identifier Code Nominal RTOS_code Description
0 SHO 30 Normal Superheat
SH 1 SH1 31 High Superheat
2 SH2 32 Low Superheat

Facultad de Ingenieria UNIVERSIDAD
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& Module Development
-~
o
z ENERGY MONITORING
b=
= V1 > Zero Cross N Power Factor
N3 V2 — Detection Estimator
C NN
oLO V3 CIRCUIT IMPLEMENTATION FUNCTION BLOCK
Symbionte UN 4 Voltage — V_EN
Low-cost IIOT device for Protector \_>
troubleshooting HVACR compressors FUNCTION BLOCK »| Instant Power
Calculator
Al > Amps N
A2 5 Protector > A _EN FUNCTION BLOCK
A3 ﬂ- J FUNCTION BLOCK

Module Development

TIME DELAY
A Energy Monitoring

Identifier Code Nominal RTOS_code Description

0 VOLTO 40 Normal Voltage

VOLT 1 VOLT1 41 Missing Phase
2 VOLT2 42 Voltage Unbalance
0 AMPO 50 Normal Amps

AMP 1 AMP1 51 High Amps Draw
2 AMP2 52 Amps Unbalance

L
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Module Development

(&
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= ENERGY MONITORING
- CurrentComsumption[Semihermeti¢
~
90.0
> —_
> < g00
Co LO N 5 ® ®  Copeland Discus
g_ 70.0 ° ® ° Bitzer
= ° y =1.2499x + 1.9847 _
. S 60.0 ® Re-09774 ®  Dorin
S mblonte UN a ’ ®  Frascold
2 500 ° °
Low-cost I1OT device for g ‘ e b Lineal
troubleshooting HVACR compressors O 400 o 8 o Linear (Lineal)
T 300 o o o8
S (]
3 200 o o .8 3
R
< 100 ge8e
0.0 ot
0 10 20 30 40 50 60
Module Development Nominal Horse Power [HP]
A Energy Monitorin . .
24 3 CurrentComsumption[Hermetid
30.0
<
S 250 s ®  Danfoss MTZ - MT
B e  Copeland ZB
£ 200 ° . _
] Tecumseh Hermetic
2 s ® y = 1.2499x + 1.9847 R )
£ 15.0 ° R2= 09774 opeland Hermetic
8 ps ® Lineal
= 10.0 ] ® Linear (Lineal)
S o o
% 5.0 3 >0 o® v L ®
O ° .
&E) 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

Nominal Horse Power [HP]

*CurrentConsumptionEstimationbasedon AHR$540
fl\@
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& Module Development
o
z VIBRATION AND LEAKAGE
=
& | Histogram u Vibration . Failure Test
CoLon® ax " Analysis g Analysis Predictor
= ' FUNCTION BLOCK FUNCTION BLOCK FUNCTION BLOCK
— e

Symbionte UN az
Low-cost IIOT device for CO2
troubleshooting HVACR compressors

50
40

20

1y W\/\ AR S ——————

) A \' X Y \_/\/\ 2%
sW TV
-40

-50

Module Development

Acceleration [m/s2]
(@]

A vibrati6n and Leakage

Frequency

4.62 8.50 12.37 16.25 20.13 24.01 27.88 31.76 35.64 39.51
Average Acceleration [m/sH

Facultad de Ingenieria
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& Module Development
C; VIBRATION AND LEAKAGE
=
& | Histogram u Vibration »|  Failure Test
CoLon® ax " Analysis g Analysis Predictor
ay — ¢
FUNCTION BLOCK FUNCTION BLOCK FUNCTION BLOCK

Symbionte UN 2z °

Low-cost IIOT device for CO2
troubleshooting HVACR compressors

Identifier Code Nominal RTOS_code Description
0 LEAKO 70 Normal Leakage Module
JEAK 1 LEAK1 71 Low Vibration with CO2 increase
Module Development 2 | LEAK2 72 |High Vibration without CO2 increase
3 LEAKS3 73 High Vibration with CO2 increase

A vibrati6n and Leakage

e _ Frame
¢ 1
(top)
Cylinder
(lateral)
Cylinder
(rod)
Foundation
e,
Facultad de Ingenieria . ; 0 UNIVERSIDAD
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Construction and Testing
VIABILITY ANALYSIS
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Symbionte UN

Low-cost IIOT device for
troubleshooting HVACR compressors

Construction
A Assembly

Prototype Equipment Assembly

CIRCUIT MODULE DESCRIPTION

ZMPT101b
Voltage

[

MPU6050
Vibration

Circuit Overview I

\/() .\’\..
Module \

c , }  MODBUS
— e .7 4 { 5 (Future)

-
o,
- \\ -

ADS1115
ADC 16bits

Relay
Module 5V

CO2 sensor
installed at box

Before assembling any component, please
ensure that all systems are calibrated

Facultad de Ingenieria . ; UNIVERSIDAD
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Prototype Equipment Assembly

c
C; CIRCUIT AND BOX ASSEMBLY
>

N3
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Symbionte UN

Low-cost IIOT device for
troubleshooting HVACR compressors

Prototype (Render)
Construction

A Assembly

CT and Temp Sensors I

A Assembly Time: 1-2 hours, not SMD components. Including
connections and mechanical assembly

A calibration Time: 40 minutes. Depending on the viability of
the pattern and reference signal.

A Installation Time: 40 minutes. Depending on Technician
Capabilities

Pressure transduccer | Voltage Input |

Facultad de Ingenieria

i ’ wg UNIVERSIDAD
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> 1 Device Installation and Commisioning

DOMESTIC REFRIGERATOR BELOW 2HP

R134a

c
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=
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% oY iy | ; | |
CoLo N £ : - - Piston Hermetic
. 1HP

i g g Dual Temperatur
Symblonte UN : = ual Te ﬁﬁg\t/i(ez
Low-cost IIOT device for y : % Single Phase
; 60Hz

troubleshooting HVACR compressors

On-top Installation

Construction

A Installation

Compressor Location Overview

79
o
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P Device Installation and Commisioning
C; COMMERCIAL EQUIPMENT MORE THAN 2HP
=

0 \s
¢ 3 : _ .
oo '7 | SRR SRV e

. ] T TTTRO T T . .

- ' Sl | 1 u;r""nimm Semihermetic
. 4 [ | | ‘ | S 1 St Lt 2 10HP
Symblonte g | ; A - | - i - - g - gl Dual Temperature
: it e e 220VAC

Low-cost IIOT device for X T [ Laa ] : :
troubleshooting HVACR compressors : \ sy , & .’ Three Phases

o

DLT Installation

Construction

A Installation
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Device Installation and Commisioning

c
C; ITOT AZURE COMMISIONING
>

@ [ Dashboard | Symbionte UN, Syn X | =
N\ & (@) K t symbionteun2020.azureiotcentral.com,

©
CoLowW
Lo & Symbionte UN

. & Connect @, Manage template ™ (2 Manage device
Symbionte UN

Low-cost IIOT device for
troubleshooting HVACR compressors : {EE: Symbionte UN

© Connected | Last data received: 11/18/2022, 6:57:05 PM | Status: Provisioned | Organization: Symbionte UN / UN users test

Devices > Espressif ESP32 Azure loT > Symbionte UN

-
-

About Dashboard Commands Rawdata Mapped aliases  Files
‘ e - |
NeoLcl Temperatures & Pressures Suction Values

¥ Suction Temp ® Discharge Temp ® Suction Pressure ® Discharge Pressu Sucti Pressu 471
on re ‘av... 3

lobe 3 arhea R Suction Temp (avg) ~ 3,08

Construction Discharge Values
] ~ I\ A \
VoG A

\

2524
A 110T Azure r \M/\WM Discharge Temp (avg) 56,42

- 1 ]
social Media ’
06:27 PM 06:5:
Average, Past 12 hours 117182022 11/1812022

A
O\ \// Discharge Pressure ... 11,71

l— Power, Voltages and Currents 7

Dom
®vi o\ ® Power Fa

<

***This is a video

1
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9 Device Installation and Commisioning
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INSTANT MESSAGING (END CUSTOMER REQUEST)

?;

. . +1 (415) 523-8886
N & ThingesP Hello, nasierras 9 < @ ( )

CO LO \\i\% Help 7.5 pm v/
Lk Home Console / Project / SymbionteUN
Your query is invalid. Commands are:

- Properties for nominal characteristics

- Envelope for suction line pressure and
temperature, discharge line pressure and
temperature, and superheat

- Electrical for voltages, currents, average
power and power factor :

o KX Projects
Symbionte UN
Low-cost IIOT device for
troubleshooting HVACR compressors

« Account

Endpoint URL for Twilio WhatsApp ©
https://thingesp.siddhesh.me/api/vi/user/nasierras/proje
ct/SymbionteUN/endpoint?token=I69zsoaV

B Documentation

B8 Contact Me 7
Properties

© Privacy Policy

Properties:
- Compressor Type: Scroll
- Nominal Power: 3.00 HP
- Refrigerant: R22
- Application: LT

®® Server Status

® Logout

Rate Limits

& Recently Called On Envelope ;.55 0y o/

5

DEVICE
CALL

API CALL Envelope:

- Suction/Discharge Pressures:
59.74 psig/ 134.42 psig

- Suction/Discharge Temps:
2.06 R22 /51.50 R22

- Superheat: 0.00 MT

Construction

Electrical .o

Electrical:
- Nominal Properties:

208-240V/ 3Ph/ 60Hz

- Volts: 226.60 V/ 218.36 V/ 223.51V
v -Amps: 9.27 A/ 11.33 A/ 13.39 A

- Power average: 2567.38 kW

- Power factor: 0.86

A Social Media

@ Message > O §F

|

Facultad de Ingenieria . ; % UNIVERSIDAD
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Results
OUTCOMES ANALYSIS
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¢ Installation and Commisioning Results

c
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= COMMERCIAL EQUIPMENT BELOW 2HP
>
.
- Pressures )
i C N\Q’\ 7.00 Suction
oLO Pressure
6.00 : ,
Symbionte UN < 5.00 )
Low-cost IIOT device for > Discharge
troubleshooting HVACR compressors 5 4.00 Pressure
(%]
d 3.00
o
2.00 yooo -l ol | ) ' 20
o o t A " " S MovAvg
1.00 (Suction
Pressure)
0.00
250 222 215
200
3
2 150
(9]
= 100
: 50
© 0 0 0 0 0 0
0
= (= c c cC cC = =
.8 S .0 .2 S .0 RS S .0 .0 S .0
=] b B n " » " -2 un B B >35S Y "W
s L 2 o coE L 5 52RO 2 52m % 5
jelis STi7 g czig ¥ 257 53 22s ¥
A Domestic DT8P S 9 =il o @ DT Y 59 @eT g o @
;mon. 0o c ®5a - c " 5a O a = c = gﬂ-
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