Adaptive Control: The Future of HVAC Systems

Adaptive Photonic Controller: Electronic Commutation of AC
Induction Motors with adaptive control features (ACC-ECM+)
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Smart Heating and Cooling: Adaptive Control
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New Concepts for Smart Innovative Heating and Cooling;
Advantageous for new construction and renovation of apartments, condominiums,
hotels, senior living facilities, dormitories and office buildings.

Adaptive Control: The Future of HVAC Systems



Traditional Heating/Cooling and Air Flow: Variety

IVI u Itl p I e M Od e | S Component l Dimensional Data: 4 Plpe Fan Coil

— Model A B H Filter Size
HI _.._ _I EHRIEIEEEIREEEE ™ o v e o

e 450 20" 20" 82" 24"x 20" x 1"

o - 93 ey 150 10 (230 650 20" 20" 82" 24" x 20" x 1"
EER (BthW) 130 138 138 16.1 145 131 800 20" 20" 82" 24" x20"x 1"
Entering 1000 20" 20" 82" 24"x 20" x 1"

Wat?'«F'l;emp 86 86 86 86 86 86 1200 20" 20" 8" 24" x 20" x 1"

Water Flow

(GPM) 15 25 33 39 45 6.0 AIR VOLUME THERMAL PERFORMANCE
/ - - FAN COIL: 350-1200 CFM @ 0.5 ESP FAN COIL: NORMAL 3 TO 3-TON COOLING
Rated CFM 280 340 420 540 630 830 e
- . ™ - = ERV: 50-120 CFM UP TO 1.0 ESP NORMAL: 15 MBH TO 84 MBH HEATING
: 1 g : - R.':wm I e I e -mnnu-mu
= - ype
Waldes
S s 26.0 253 335 350 380 aov 0.5 rec1zmue e
charge (0z)
W PSC120VAC 147 1bs B74a)
HEATING PERFORMANCE HESOAF-N T35 CPM v Rurirun FanEshaust  PSCT20VAC 683500 1471be 87 ka)
Capacity 8.0 15 145 182 216 0.0 30.0 359 HBS0-F-EC-N 880 CFM HAV Polypropylenn FanExhast  EC208-230VAC 683800 147 s (67 kg)
(MBTUH) HESOAF—ECN es0cAM v Rarirum FanBxhast  EC208230VAC 683300 147 e 67 ka)
COoP 50 52 50 55 50 50 50 50 EBSOL-FIN 845CPM v Highlatent transfer (HLT)  Fan Exhauet PSC120VAC 683200 147 1be 7 kg)
Entering 8 68 68 8 &8 8 68 68 EBSOLFHEC-N s75CPM ERV  Highisteottansier(MT)  FanBxhaust  EC208-230VAC 683300 147 e 67 ka)
) WterTomo R T e
Multlple Manufacturers :;;M)w’ 15 25 33 39 45 60 6.0 75 HI100AF-N 1245CPM WAV Auminum Fan Exhaust PSC120VAC 883050 204 1bs 83kg)
DIMEN s i ) HI00F-P-N 1245CFM WV Polypopyiens FanBshaust  PSCT20VAC 653650 204 e 83ka)
HIOOFECN 1170CAM v Pelypropyions FanBxhast  EC208230VAC 683350 204 e 83ka)
Width (in.) 16 16 16 18 18 18 20 20 HHOOAF-ECN 170cAM v Aumieuem Fanbxhaust  EC208230VAC 68350 204e 3ka)
E GREENHECK Depth (in.) 17 17 17 20 20 20 2 2 ET100L-F-N 1100CcFAM ERV Mighlstent transfer (HLT)  Fan Exhauet PSC120VAC 883050 204 1bs 83kg)
A Height (in) 88 o8 o8 8 88 8 88 88 E100L-F-EC-N 1000CFAM RV Vighlstonttransfor (MLT)  FanExhaust  EC208-230VAC 683650 2041bs 93 Kg)
H1800-FN 1580CFAM v Pelypropyions FanExhast  PSCT20VAC 683060 2451ba(111kg)
OPERATING WEIGHT (Ibs.) HIB0O-F-P-N 1580CFAM WV Polypropyiens FanEshaust  PSCT20VAC 683660 2451ba(111kg)
- Chassis 79 81 83 122 123 132 180 165 (L t) Emony (i G20 (ol | BEs () CLH)
5“ : H1B00AFIN 1580CFAM v Ramirum FanEshast  PSCT20VAC 683260 2451s (111 kg)
Cabinet 133 133 133 153 153 153 173 173
HIBOOAF-ECN 21000 WV Rurirun FanEshast  EC208230VAC 2451ba (111 kg)
DAIKIN — —
Chassis 85 87 89 128 129 138 186 m Sl TreON Ll L) ] Doy o) L L)

F r I E Ec Cabinet 145 145 145 165 165 165 185 185

AMERICAN Multiple Models
The Many varieties of types, sizes, efficiency, capacit
we  Haldes y f types, sizes, efficiency, capacity
Company VENTILATION CORPORATION CFM, tonnage, refrigeration type, etc.

- Need simplification or fewer models?

Adaptive Control: The Future of HVAC Systems
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Heating and Cooling: Key Objectives

Main Goals:

Thermal Comfort
* Temperature
Maintain Good Indoor Air Quality
 Humidity, Moisture, Filtration
Adequate Ventilation
* (Clean, Fresh Air*
Efficiency
* Less Energy

Satisfy Room Occupant : Comfort Needs of End User

*Clean, Fresh Air is not always Outside Air

Adaptive Control: The Future of HVAC Systems
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Heating and Cooling: Water Source Heat Pumps

Traditional Single Riser Integral Pump Applications
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Air Vent

Unit Circulating
o Pump

Single Riser Loop

Whalen Senes VI Chassis

The primary distribution system features a single main
loop with a decoupled secondary distribution loop for
each heat pump unit.

Upon demand, a circulator pump provides the
specified flow to each terminal unit.

There are no limits on the number of units on a loop.
Pipe size is determined by the total load and flow
requirements of the loops.

Loops can be split if loading becomes elevated and
smaller pipe sizes are preferred. Splitting loops can
reduce installation costs, save energy, and decrease
pump horsepower requirements.

e Primary loops require only a standard head loss calculation by the designer.
¢ No special sizing techniques are required for boilers, towers and terminal units.

Adaptive Control: The Future of HVAC Systems
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Heating and Cooling: Water Source Heat Pumps

SupplyGrille/
- Hiy

Refrigeration Chassis

\

|

Water Hoses|

Drain Pan

Flush Acoustical Panel

SupdyMetun Riser

Traditional Single Riser units work flexibly with
all building types. One loop connected to each
separate riser is fully sufficient for most
designs. A common configuration is grouping
several risers together on low rise projects.

(Unit GPM X LFT) +
Mixed Water (Loop GPM — Unit GPM) x EFT
Temperature Loop GPM
T1:84°F T1: 82°F T1: 80°F
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Understanding Mixed Water
Temperature

[~ Return Air Grille

Challenge: “Changing temperatures and conditions”

Adaptive Control: The Future of HVAC Systems

A circulating pump contained
in each unit is matched to the
factory-design flow rate,
ensuring adequate flow for
each heat pump independent
of the mixed water
temperature it encounters.



Single Unit WSHPs — Changing Temperatures, Conditions

Heating Mode

In the heating mode, hot refrigerant flows through the air coil. The heat
pump supplies warm air to the conditioned space. The heat added to the
room air is removed from the water flowing through the coil, plus the

Cooling Mode

In the cooling mode, cold refrigerant flows through the air coil. The
heat pump supplies cool air to the conditioned space. The heat
removed from the room air is transferred to the water flowing

rejected compressor heat. (See Figure 1) through the water coil. (See Figure 2) eer
o Riser approach has remaining issues: 2 |
5  Many complex variables
i  Temperature change is dynamic
! !
5 5 However, H
% i  Unit operations are fixed I
§ =, * Fans, pumps are fixed speed o
- Could benefit significantly with “smart”
siorts adaptive control ey
Figure 1 Figure 2

The complex variables and changing temperatures can be easily measured,
tracked and used to direct the “Adaptive Controller” to optimize the Fan(s),
pumps, valves, electric powered devices to change and improve performance.




Vertical Fan Coils with Energy Recovery (1Q by ALDES)

Return Air
Fresh Ai Condensate Riser . . .
A / * 1Q by ALDES is an intelligent ERV/HRV-

il Supply & Retum Riser integrated vertical fan coil (VFC) for high-

Vet e rise apartments, condominiums, assisted
> Flectcal Heater Suppy Alr Opening living, and hotels.
L ERV/HRV Filter
f, Supply Air Grille ) L
E Fpreeng  Combines two traditionally separate
[72] . .
= ERV/HRV Core , systems into one compact and fully
5 Quick Access _ . )

pper Pane
< - upper Parel mteg.rat-ed heatlr\g, cooling, and
= ECM Motor ventilation solution.
o Quick Access Panel
= Hinged & ramovable
(V) 3
> e A Fier * Decentralized System
TR Shut-off Ball Val . .
e * More Efficient
Water Col * Less Complexity
2 pipe or 4 pipe Control Valve .
2wy 3 vy e Easier to Install and Operate
. * Less Cost
Drain Pan

Retumn Arr Grille
Uit mountad cne plec:

Adaptive Control: The Future of HVAC Systems
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Adaptive Photonic Controller (ACC-ECM+)

Introduction:

= Over 40,000 units in operation*.
= Used in Retrofit and New Construction Projects.
= Used in Original EQuipment Manufacturer

Tg (OEM) Products (Carrier Corp).
§ = Utility Incentives through Performance
o Measures in California, New York,
"é_ The Technology: Massachusetts, Vermont, Connecticut (in
. process).
= Adaptive Climate Controller (ACC) or Adaptive Photonic = Multiple units integrated in:
Controller is a proven “smart control” technology with key = Hospitality Industry (Hotels/Motels).
features being cost effective, high efficiency, quiet and = Multi Family Housing Complexes.
clean control of air-flow and other load bearing " Assisted Living Facilities.
applications. = Schools.
= Managing these features creates high value products. * Universities.
= Electronic Commutation of AC Induction Motors with * Museums

adaptive control features (ACC-ECM+)
* Failures: <0.025%
Adaptive Control: The Future of HVAC Systems




Control System: Photonic/Analog System Programming

(ACC-ECM+): AC ECMs with adaptive control
Uses Analog Control Method

. OGD OP
W(l:n:nl;%(l‘.i) : Encoder
_ [pe=sesccccp=as . No conversion from Analog to
AC Line 1 ACLine 2 a0 . e
3 L—A | ' Digital -> Digital to Analog
J l i 1 Power Electronics
e ——" *4b T
= e & e oofpvc;"g';’v' i 2401277 Direct Sensor(s) Input*:
$ L f, &, W[ VAC
£ Detect&|;: |  *4f | OrORS. F Temperature
o Recover|!! | v, vi#2)v(fin) | e , compraasors, idi
9 sac || sy e, | ol dampers, vaves, &c. Humidity
Y N | A o | 4RV, wiv), wid). [ r- rl1--.7.°% 0,. CO
o Molor Sartup | | 1 “'[f-""‘w)'( '“z')t)' ' Orl; ‘;)- ; —4 Bi-directional - 2
Pl —————u: TR | pto D B BE—
48- Bioun-oik i ) 2'09"3'“‘“"’) o Control VDC, IDC, VAC
Naotor Anti-Stal |1  Control =4 r : AC Power
(&) o _h_' — : A:‘ Using Passage ol Input / Output JOP Controlled
Limis Set |+ andorActive |, | Vector Control [+ AC Power Status etc.
————— ' Optical Devices | 1 4
AC Line PF | P + Bidociona *4e ,j_.} o 10vOC BMS Ready
Correction N . T ontrol | _ _ __ = ool Voltage *| mplemented
SR N Filters |
“Contral |+ ! Integrates and [+~ wm?\rnol;ge
}::m s) | Generates |
| _Transler | 10 ") 0-40mA
Functionie) ' Signals using “:_.CWCWG“
4e&4g |; OP Control  |eie, 4o oma
! Coentrol Current

Adaptive Control: The Future of HVAC Systems



Adaptive Control of HVAC-R Unit: Fan Coil Unit

- (ACC-ECM+): AC ECMs with adaptive control “patent Drawings”

Discharge (Supply) Ar 1o Occuped

e QU AT
| g e |/ ' et siszamVa
o e——— = One Size System:
s Q\ ﬁj Program to vary CFM
E;Q uze 3 over wide range (ex.
° FAN S 200— 2000 CFM)
=
> \ /
.2 110a ‘ 120 S~ /102
- BMS
-§ Acqu L 100
< 1 .
~108
R
gilrnsll\l‘)?a 104 :f_lm
]E
Retrofit Application Updated Configuration

Fan Coil Unit: Measure and track changing conditions to control, operate, optimize and “adapt”

Adaptive Control: The Future of HVAC Systems
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Adaptive Control of HVAC-R System: PTAC Unit

(ACC-ECM+): AC ECMs with adaptive control

Indoor: __ . ,
Thin Lines: Air _—_‘_’_/‘//j
__ Movement 4 -
7 o
¥ pmm—— L |
-
T |
]
' »
| | = =
1 A o |
A
| =2
A\ @
/1| Fan
a \,» IL
- ?1
-
e "-’-
\
S — —yll -
Thick Lines: Electrical | -
Connections ‘
J

The adaptive controller runs the
internal fan(s) in continuous but
“Adaptive Control” mode that
intelligently adapts air flow to
match mixed temps of the
discharge air with the room,
return air.

Improvement of both indoor and
outdoor fan motors, compressor
and heating element occurs
utilizing this continuously
dynamic, adaptive smart
controller.

HVAC-R - PTAC Unit: Measure and track changing conditions to control, operate, optimize and “adapt”

Adaptive Control: The Future of HVAC Systems



Sequence of Operation: Traditional vs. Adaptive Control

HEATING MODE: Traditional (ACC-ECM+): AC ECMs with adaptive control ,
To: Thermostat Set Point Temperature
T,: Room Temperature
Set T-sfe;t ;o set HEATING MODE: With Adaptive Controller T4-air: Discharge Air Temperature (ACC only)
point, Ty,

Yes
optimize BTU output.

>
ﬂcc: Dynamic and Adaptive Control to\

Valves/Compressor
and Fans on

!

Heating of Fan Coils

i

Discharge Air Heats
over Fan coils

A 4

Measure Ty_,ir <

v
Discharge Air Heats ’— Increase Speed of Decrease Speed of Adaptive ContrO”er prOVides

Room Fan and Air Flow Fan and Air Flow
true “smarts” to match Air

s 0 Flow to BTU output.

No
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Valves/Compressor
and Fans off* (on) *Fan at Idle Speed

Measures and tracks therms

K | / dynamically to power fans
= Yes and optimize in real time.

Adaptive Control: The Future of HVAC Systems
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Tighter Set-Poin

t Control for Better Occupant Comfort

Satisfy Room Occupant : Comfort Needs of End User

80

78’

76
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Thermngostat

Without ACC: 10-‘On’ Cvcle
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Since tighter control of room temperature is maintained and stratification effects are reduced, compressor
and heating element demand of the packaged heat pump are significantly reduced.

1 2 3 4 5 6 7 8
Hour #

Improved Indoor User Climate Comfort — key end goal!

Adaptive Control: The Future of HVAC Systems
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Reduced Energy Usage Through Smarter HVAC Operation

Cycle Plot at 72* Set Point:
Reduces Total HVAC Energy use of Watts:
* Always reduces total HVAC run time at same

{

temperature! Rl Ao ]
* Increases the HVAC Off Cycle time! . | _ B I I T
* Usually reduces the number of HVAC on/off
>
& cycles!
_L.E * The demand power and energy used is less 111 |std bas 1 New obs
9 with the ACC. , Acq aff %} ACC
S ) ) ) N 9|0n|Gycleg 5 On Cygles
12l ° When climate data is factored in the results get
= even better!
* Adaptive, ramps-up, ramps-down, sensing,
tracking, optimizing cycle run times for most
HVAC-R system:s. U ULy Ui
i, = AL NS | e | e |

30 - 42% Energy Savings with the ACC control
2.2 - 5.4% Demand Power improvement

Adaptive Control: The Future of HVAC Systems



Potential Air Flow Applications with Adaptive Control

Fan Coils

ERVs

Water Source

Lab Exhaust Heat Pumps

Fans

(72}
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Vertical Fan Coils

Adaptive Control: The Future of HVAC Systems Fan Filter Units



Energy Saving Calculations

Method for Calculating Annual Energy and Peak Where:
. . . AKWh = Annual electric energy savings
COI“CIdent Demand Savmgs AKW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program

Annual Electric Energy Sawngs: AKWheooling = Annual electric energy savings during the cooling season

ARKWhpeqting = Annual electric energy savings during the heating season

%)

c

O

&

= AkWh = AkWhHeating + AkWhCooling Whgaseline = Baseline HVAC System Wattage; Measured “OR” Calculated Below

% WBaseline = WEvaporator + WCondenser + WCompressor

o (WBaselineXESFCoolin ) Wepa t =Vn lateX Ay late X PF

_ i g porator ameplate ameplate

léb AkWhCooling = unitsx 1,000 XLFXEFLHCX(l + HVACC) Weondenser = VNameplate>< ANameplate X PF

% WCompressor = VNameplate>< ANameplate X PF

(7] ( WB y XESFH . ) ESF = Energy Savings Factor

T AkWhyearing = unitsx ————— S XLFXEFLHhx(1 — HVAC,) PF = Motor Power Factor

P 1,000 LF = Motor load factor

u=J hrs = Operating hours
EFLHc = Equivalent Full Load Hours for Cooling from TRM

Summer Peak Coincident Demand Saving5' EFLHf = Equivalent Full Load Hours for Heating from TRM
HVACc = HVAC interaction factor for annual electric energy consumption
HVACd = HVAC interaction factor at utility summer peak hour
( Whasetine ><ESFCooling) HVACg = HVAC interaction factor for annual natural gas consumption

ARKW = units X

XLFX(1+ HVAC,)XCF

1,000 CF = Coincidence factor

Adaptive Control: The Future of HVAC Systems



Benefits: Energy Savings - Multiple Applications

Applications with Motor Driven Equipment and Savings Results:

*  15% to > 30% Electricity Savings.
= Compressors — rotary, reciprocating, scroll.
*  12% to 50% Electricity Savings.
= Electric - stoves, fans, lights, coils.
* 12% to > 60% Electricity Savings.
= A/C’s - central, window, split, PTACs.
*  14% to >44% System Electric Savings, fans, compressor,
heater.

= Fan Coils - steam, hot water, chilled, both. di ’ r | ll ‘ =
v *  20% to > 50% Savings Electricity and Fuel Source. | "
& = Hot Air Furnaces — oil, gas, electric. | " | ‘ : /
%’_ *  17% to >35% savings *Fuel & Electricity. | NL_ > N
= = Pumps - well, pool, sump, others. iy A‘
s
E
=

Adaptive Control: The Future of HVAC Systems
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Roof Top Unit with Fan Coils and Adaptive Control

Cooling < i
| Hea

ing
ypical Roof Top Fan Coil System
Fan Coils an Coils
=FCs =FCs

Typical RTU HVAC system with fan coils using
1/15 to 1/3 hp motors

Improvements made by upgrading performance
of individual Fan Coil Units (FCU)

Provides net reduction in power consumption for
each FCU fan use and valve open/run time.

Reduction in run time ripples directly to a
dramatic reduction of refrigeration loading the
chiller or heater components.

Other connecting FCU system losses are reduced

Achieves system wide improvement in
performance for better thermal comfort, indoor
air quality, quiet, energy savings and lowered
construction costs: could reduce boiler capacity!

Adaptive Control: The Future of HVAC Systems



Validation References

Adaptive Climate Control Selected Experts and
Customers with Documented Savings:

Labs, Experts, Universities, Customers who did independent
tests:

=  U.S. DOE, NYSERDA, ETL, NYPA, NYS OGS.

= S.U, Clarkson, Texas A&M, MIT, SUNY.

= Carrier, JCI, Air Products, Air Therm, McQuay, Enalysis.
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Locations and Building Types with Savings Results:

= Hotels, Hospitals, Motels, Restaurants.

=  Pre-to High schools, Universities, College Dorms.

m Museumes, Libraries, Court Rooms, U.S. Congress.

= Residences - Homes, Condos, Multi-Family Housing,
Mobile Courts.

=  Factories, Office Buildings, Garages, Stores, Bowling
Alleys.

Adaptive Control: The Future of HVAC Systems



Core Technology Overview

(ACC-ECM+). AC ECMs with adaptive control OPTION TO DRIVE A TYPICAL:(;‘OZI:,CEMOTORAPPLICATIONUSING: PrTICALLY PROGRAMMED FOWER | oAb powER DEMAND
. ya 1000 W R e e T e o S
* Patented® Photonic Programmer Encoder (PPE) i : ZoFE
Technology to run at adaptive speeds determined by T = A= 3‘\\&
sensors. MOTOR jlaeh G
) ) AC,DC, SRorother || ( FAN ) e
9| © Uses Photonic Transducers and Graphical Apertures Single or mutti-phase MOTOR SHAFT POSION
3 Integrated into Intelligent, Signal and Vector Processors T ADATIVE SPEED
> :
o used as Analog Power Controllers. N Power  LOAD POWER DEMAND
2 * Improved Speed Control of AC motors - continuously 1000 W= pre- oo e o b
1) ) ) i e S
o adapts to end-user requirements compared to fixed o A= =
o S = <
c speed systems. = |2 e e e e
S . . . . VAC | VDC Out Achetamoie) o s fom OPE. : L L e L e L et
i © Simple, low cost solution that offers adaptive airflow LA in | Pwrsup A e, e S e T
= . OGD Driver= 0° MOTOR SHAFT POSITION 360°
v that tracks/follows air temperature. ‘
S o FIXED SPEED
o S
muul ; v/ji-:'_" ___—__-1_—
T AT (@ )
i }/ﬁ,ﬁ_ L --1- Il |
_/ * 18+ Patents
Zii_q_-___- * 300+ Claims
i et e ! * 30,000 units deployed
Standard Fan & Motor Dual 2D Fan / Motor PPP FULL 3D Fan / Motor *By OGD Inc.
2D Torque Plot 60 Hz Dual Torque slip / Hz Speed Torque Control Plot @ )

Adaptive Control: The Future of HVAC Systems



(V]
[T}
©
i
{
()
>
©
<
(V]
2
)
©
S
(5°)
Q
£
(@]
o

Comparison with VSD and ECM

Adaptive Photonic
Controller

Uses photonic wave
programming

Variable Speed Drives

Uses digital software
programming

EC Motors

(permanent magnet)
Uses digital software
programming

Analog vector output power

Inverter high frequency,
digital switching output power

Digital conversion using
opposite magnetic field for

switching
Multiple analog/digital, e
Reduced control and power . P B/dig Rectifier coverts AC/DC -
. digital/analog control and .
conversion steps - external internal

power conversion - external

Lower losses, heat, waste

Losses generate heat, waste
(requires heat sinks)

Lower losses, heat

Reduced harmonics

Creates harmonics

Creates harmonics

No special materials

Specialty semiconductors

Rare earth materials and
semiconductors

Less complex, compact

High complexity, bulky

High complexity, bulky

Lower cost, low
maintenance

High cost, high maintenance

High cost, high maintenance

Adaptive Photonic Controller: Electronic Commutation of AC
Induction Motors with adaptive control features (ACC-ECM+)

Adaptive Control: The Future of HVAC Systems

Variable Speed

Sine Wave Variable Speed Mechanical
Power Power Power

........... e
/\/ Variable | | I—] .... L 1

Frequency Ij—._
aagd

Controller
aao Power Conversion

AC Motor
Power Conversion

Operator
Interface

ACC Technology: 3 Wire Install (+ Ground)

200 to 240 VAC / PSC Fan Motor

System Controls
7.
240V -
L2

= 4
/ / Earth
120V Ground

Dual Multi 2D
Fan / Motor
Variable Torque
Multi Hz.

101G 148 18,

AR O )



Features: Reduced Harmonics

120 Adaptive Climate Control (ACC-ECM+)
BmACC mECM mDigital .
100 Reduces Harmonics from Current and
o\:° Voltage Distortion:
S 80
o I o = ACC Keeps AC Grid and AC Motor
4 S Cleaner than ECM and VSDs.
=
§ g 40 = Variable speed drives and ECMs are well
% S 20 known for reducing power consumption
S I of an electric motor, but....
5 O - _ [ .
& 0 = ECM and other Digital PWM (Pulse
st~ 3rd  5th  7th  13th  29th  49th Width Module) products create Noise
Harmonics o
and Interference Harmonics in current
Current Harmonics for powering a FAN VAV with and voltage in motor that can reflect
different variable speed drives: Adaptive Climate power issues back into the AC Grid and
Control (ACC), Electronically Commuted Motor (ECM) can cause additional challenges.

and Variable Digital Drive (Digital)

Adaptive Control: The Future of HVAC Systems



Issues with Pulsed Width Modulation

Typical PWM Voltage overshoot (Both High & Low “Ringing”) Typical PWM High Speed Switched Current
(Note @ VI=460; Vhi=800v; Vlo=237v) (When motor windings can manage overshoot Voltages)
4 . . Pulse Width Modulation
T Cht zoom: T.oXVert 001X Horz ¢ 0% Duty Cycle - analogWrite(0)
ot 0.0lxHorz | , .
] S 2 ov
] e P, A
| A a 25% Duty Cycle - analogWrite(64)
2 | N 7 sv
‘; 10 i 5 ﬂ"lu ov —I —I —I —I —I
- c1 High @ ’JH i\ rr“‘ ) )
Q 00V £ 0 J : : : I, 50% Duty Cycle — analogWrite(127)
> : ® f 0.005 }E1 0.015 r’f 0.02 Sv
< | cuon " f ov
f
; 20 Y ¥ 75% Duty Cycle - analogWrite(191)
3 ” — U U UL
: MSUDV MSUD}lsChIJ’SEOV 20 Sep 19¢ 40 Ov
fd 07:38:11 ToK AT 00 wee e Ae . 100% Duty Cycle - analogWrite(255)
— PWM Voltage overshoot “Ringing” & “Harmonics” .
(J] . v
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AC line Power vs. ACC Smart Vector Control Power

Voltage and Current Overlay for AC Induction
Fan Motor

1] AC fan Motor Voltage / Current plot = Full AC Line Power
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AC Line Power (Note Significant MOTOR current Lag)

Poor Power Factor (PF), Power, Efficiency, etc.

2] AC fan Motor Voltage / Current plot = Full ACC High Power

uuuuuu

Full ACC Control Power (NO MOTOR Current Lag)
Less PF distortion, Less Power Wasted, Braking effect, etc.

3] AC fan Motor Voltage / Current plot = ACC Low Power

ACC High to Low Power Control (MOTOR Volts /Current always In sync)
Reduced Harmonics, Noise, Heat, Power Waste at all outputs

Adaptive Control: The Future of HVAC Systems (ACC-ECM+)
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Features: Improved Soft Start

Soft Start achieved by Adaptive Climate Control
(ACC-ECM+)

* |nnovative method that controls motor
current and acceleration.

= Allows the user to select between early,
constant or late acceleration/deceleration
depending upon the application
requirements.

= Adaptive control monitors motor
performance by analyzing each start and
adjusting accordingly to maintain optimum
control.

= ACC lowers overall power usage.

Three examples of fan motor power loads with and
without ACC showing in-rush start-up energy (kWD) as
well as run energy use (kWh)

Adaptive Control: The Future of HVAC Systems
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Horse Power, RPM and Torque

Rated 1200 t
Capacity-Ho6-

900 RN
Max h.p.
Capacty 22 I
/
/

780rpm < 700
& 600
500 /
400 P >
300 /' Maximum
200 ~ h.p. capacity
e approx 0.85HP

100
0

0 025 0.5 0.75 1

13h HP Max hp Capacity
P- >8hp @ <800 rpms

Horse Power vs. RPM:
*  Maximum HP capacity for this 0.3HP motor is 0.85HP
e 2Xrated capacity

* Motor’s maximum HP capacity is not at higher motor speeds or rated
speed (1070 RPM).

* Point of maximum HP is motors most efficient operating point.

* What if anintelligent motor controller could operate and hold a
motor at its optimum operating point across its entire operating
range? = maximum efficiency system!

* Setting and maintaining this maximum torque point would produce
constant maximum efficiency.

** This hp profile is w/o a start winding

1200 }
Rated
Capacity—100 \‘\l\
1070rpm 1000 T —
= 90 BN N
=
ez 800 \
700
Max torque
Capacity 666 }‘
approx 500
600rpm /
400 /
300 /
200 /
100 /
. 0 17.5 T 35 it * lb52.5 64
orque ( s) Max tor
que
About 20 ft*lbs of Capacnty, 60+ ft*lbs

torque at rated 1/3 h.p.

Torque vs. RPM:

The 1/3HP motor, at its rated 1070RPM, produces a torque of
~20 ft*Ib: only 1/3 of its actual torque capacity!

Point of maximum torque is the motors point of highest
conversion from electrical to mechanical force.

Maximum torque and maximum horse power is in range of
600 to 780 RPM.

Provides maximum efficiency and/or maximum power delivery
capacity.

The same can be applied to 1/4 up to 1/2 HP motor
applications.

Adaptive Control: The Future of HVAC Systems



Core Technology Overview

Graphics showing AC torque control approach is more than simple 2D plots.
Note plot migration to determine Vector structure.

Standard 2D Torque Plot ACC Map of 2D Torque Plot Full 3D surface Map of
S LR e multi-vector options for
; o1 Kﬁ.““hﬁ 0 .
S o RSN AT T T T T T this motor
S o3 \
] . )
> 535 04 /
(@) sl osf— | . | /
> ) LY ; ; ; :
b 07 i i i /////
ko) sl | | _
g 1 U_T | | | / |
: 0 14 28 42 56 7 84 98 112 126 14
U 0167, \ (s) \ 13457,
lﬂ_) Torgue (R-bs)
Q 2D Torq @ 30Hz
S
o
Pt L]
\\ ‘. J%g\ l' \ ‘. ‘] _‘ \. 1200 t 1 fCs)opﬁii;:ally Variable

[ ‘- \' ] \ l- \' | \l 960

'- \ T \ | : Optical Mix

| ‘ LT '. | 720 — of 30Hz / 60Hz

- \ ‘ \I \ \, 600 ‘ T
S

{ i~ Optically Variable
J‘ 30Hz
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Adaptive Controller:

Standard Fan & Motor Multi 2D Fan / Motor Dual Multi 2D Fan / Motor
2D Torque Plot 60 hz Torque Plot Multi Hz Variable Torque Multi Hz
1800 BLOWER, ~r — MOTOR E ) J— "
600 gl codes = g Z Blas? 5
1400 /yé‘—“‘ == '—;, @ % ////24 %:
E1200 ‘} (SR SN R N AR N l] il S - g % gil d := .
;- et e S e Sy S g ik = * 2D Torque Options
O g::_’/"“h""""-" - ! > g TN for Fan & Motor
% U0 7 A S S S SR [ A T~ | 4 = j 18 % B
[ e e e e oy ~~ / : : s Power Control w/
g R b = oPpP
GJ TORQUE AVAILABLE AT MOTOR SHAFT LB.FT. S = & = .
2 ‘g "~
8 ° * Map to 3D Torque
ks Dual 2D Fan / Motor OPP AC Motor Equation for OPP FULL 3D Fan / Motor P q
< Dual Torque slip vs Hz Variable Continuous Torque Torque Control Plot Control:
Commutation &
Optimization
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Adaptive Controller: Programming Options 3D

Dual-Temperature Input Example
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Heat

This complex surface represents an example of the 3 dimensional (3d) Optically
Programmable (OP) capability of OGD’s A1Unit-CU’s... As illustrated the Power / RPM
output response is /can be a result of multiple concurrent inputs.

In this specific example RPM is shown as a function of Air Temperature (x) along with
say Ambient / Outdoor or any “_« " Parameter (z).

Any number of 3d surfaces / curves can be mapped / profiled in the above domain for
the A1Unit if properly Op'd...
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Adaptive Controller: Profiles

115 ‘\ 115
110 \ / 110
105 \ // 105
100 \ / 100
95 \ / 95
920 \ / 90
85 \ , 85
° 80 80
H \ / 5
8 75 S 75
2 / 2
70 / 70
65 \ / 65
60 \ / 60
55 55
50 -—%4 50
45 45
40 40
35 T T T T T T T T T T 35
35° 45° 55° 65° 75° 85° 95° 105° 115° 125° 135° 145°

Temperature

Standard Coil Profile

\
X\ Y
\ 7
\ 7
\ 7
\ 7
\ /
\ /
\ /
X /
\ /
N 7
_—

Temperature

Cool Profile
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Adaptive Controller: Temp Profile Programming Options 2D

|£ig 1 Programmable Heating Only Profile
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lFig 4 Programmed Heating Profile with Interim State
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Flg 1 Shows simple “Heatng Only temperature responss profile”. As the
Eemperature increases, the fan spesd changes/fincreases acoording to the ilustrated
pre programmed graph. The multipee lines indicate a wide range of programma bility.
Furthermuaore, the siope of these curves are also fully programmaide.

Fig 4 Shows complex “Hesting tempe rature response profile”. As input =mperature
imcresses, the fan speed changeafincresses scconding o the ilustrated pre
programmed graph. This configuraton supports an nienm speed, for steam
systems or other unique preferences new profiles can be used and sst to maintain
filtration air fiows, desd bands, multi-states etc...

IEig 2 Programmable Cooling Only Profile

307 407 B0Y 607 70T &07 @07 1007 110

l ig 5| Programmed Cooling Profile with Interim State

e ﬁ?ﬁo“iﬂ“?a&fl“ﬁ“&?ﬁ:\"!

Fig 2 Shows smpls “Cooling O nly iemperature response profile”. As e
Emperstune deoresses, the fan speed changesfincresses acoording 1o e
ilustrated pre programmed graph. The multiple lines indicate a8 wide range of
programma iy, Furthermaore, the slope of the se curves ane programmable.

Fig 5 Shows complex “Cooling iemperature response profile”. As e input
tempersure decresses, e fan speed changes fincresses acoonding 1o e
ilustrated pre programmed graph. This configuration supports an interim speed
and can be used and set to maintain filtraton air fows, refrigeration profiles, desd
bands, buffer zones, eic.. . MNote the otally different Temp va RPM range ...

g WiPBTWSTRT1DT11D°13?13T14£P1:U“

Fig I Programmed Inverted Heat/Cool Profile

¥ o sn‘ i rn‘ a m‘-m‘ﬂn‘*ﬂn"au‘*m"m'-ﬁf‘m_'m”

Fig 3 Shows a pre programmed superposibon of the “Heatng and Cooling pro files”
from Fig's 1 & 2. This is the current type of profile implemented in a standard
AlUnit-CU. This profile serve s to accomm odate most typical Hot /Chilled
water HVAC heating and mdhu systems. Slopes and ranges of these

ble.

Fig 6 Shows an invered of the Heat / Cool profile. In some applications conatant
apeed &t or near set point is prefemed and a5 fhwe temp drifis from swch the fan
may be throtied back to sofien such ... Other methods of confrol are also possible;
this helps illustrate the flexibdity and advantsge and of OG0"s propnetany Optical
Programming with multi dimensional input control... .

curves are fully prog

Adaptive Control: The Future of HVAC Systems




Adaptive Controller: Temp Profile Programming Options 2D

% of “Line” @ PTACCooling = PTAC Heating Hot Air Furnace Refrigeration Freezer Hot Water/ Other items/
RPM!CF M Temperature Temperature Temperature Temperature Temperature Steam Programmable
Parameters
105% 35° 120° 140° 20° 0° 200° HUMIDITY
S
é’ 95% 40° D 2 2 2 2 PRESSURE
o
S
=)
C
o 90% 45° SPEED
o &
(<))
2
] 85% 50° ~d coz2
Q
(C ™
< N
75% 55° ~ o2
20% 60° \) \7 @ o-10v
25% 65° ? ? ? 2 2 4-20mA
0-20% “Bmbient” 72° 72° 72° 38° 10° 72°

Current Programming Options
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Basic Photonic (OPP) Programming

DC volts + Graphical Disc OP Light + OP Mask 1;
into Ptx = A Graphical/Analog (Flg- 1b)

DC volts into LED Elec Signal 1 out

= Fixed light Out

V+ (
;.m»m)»)))))))))))) \ >3))) ))m) >>>>)) )mnl
= Disc Opto Programmed(OP’d) Mask 1 OP’d to

E with graphic equations match disc

E Not just Hz; 1,2, 3.4 = OP’s

2 Three Basic Encoder Components:

§ 1. Emitter — Input: Converts DC volts to light waves

§ 2. Detector — Output: Cf)nverts light to‘elect.rluty./ In addition to Feed Back of

e 3. Shutter — I/O*: Rotating disk alters fixed light into “Wave Data” “What Happened” now can:

S Create, Instruct, Control ....

The three elements become a Opto (Photonic) Program: “Opto Program”

- Disk Now becomes a Light Wave (LW) Opto Program (OP1) “Feed forward ----> What should
- Mask also becomes complementary (LW) Opto Program (OP2) happen”

Adaptive Control: The Future of HVAC Systems



Basic Photonic Programming

Basic way to change the output electric signal is to change the “Fixed OP2-Mask” vector / graphic Program:

DC volts + GraphicalDisc OP Light + OP Mask 1;

into Ptx = A Graphical/Analog (Flg 1b)

Elec Signal 1 out

DC volts into LED
= Fixed light Out

V+ \ ,
4]33»))))))))))))))))» \ 39))) ))m) >> 93) ))> n)l
- Disc Opto Programmed(OP'd) Mask 1 OP’d to M _OP “Sine”
with graphic equations match disc

All other OPP elements are kept the same but just changing the “Mask” changes the light wave which
completely changes the computed output!

DC volts + Same Graphical Disc OP Light + New OP Mask 2=
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= into Ptx = A New Graphical/Analog

(Fig. 1¢)

DC volts into LED
= Fixed light Out

V+
N
= Disc Opto Programmed(OP’d)

with graphic equations Mask2 OP’d to
match disc

Same Input and Disk but new Analog Computing Path

Adaptive Control: The Future of HVAC Systems



Basic Photonic Programming
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OWS 12 O’clock

90* displace
Yields Full 3D

Adaptive Control: The Future of HVAC Systems

Two identical OPP paths at 90* create Sine and Cosine 2D vectors that map a 3D Function:

Two OPP paths at a physical angular displacement using the same disk are signal and vector phased linked
such that they form a linked coordinate space = 3D Surface

Parallel 2D Vectors create
3D Photonic Computing
and Control




Summary

Patented Photonic Operation provides:

Electronic Commutation: of AC Induction Motors (AC-ECM+)
Power Performance: Smart “Adaptive Approach”
Uses: Analog Control Methods
Enables: Direct Analog Power-Commutation!
Optimized and Enhanced Machines, Units, Systems with Power Operations

No: AC to DC to AC Power Switching
No: Harmonics, EMI, Poor Power Factor, Filters, Chokes, Heat Sinks, etc.

Adaptive Control: The Future of HVAC Systems



Adaptive Control: Animation and Test Results

Video: Introduction to ACC (Animation).

Test Results when Integrated with:
* Unit Ventilators.
* Fan Coils.
* Variable Air Volume Units.

https://www.youtube.com/watch?v=HrPloLC 0L4
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https://www.youtube.com/watch?v=HrPloLC_0L4

Adaptive Control: Intro to Comfort Pulse (CA Model)
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https://youtu.be/7cAHa 2Rog

Adaptive Control: The Future of HVAC Systems


https://youtu.be/7cAHa__2Rog
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Contacts

Art Durham (OGD3): (315)-858-1002 | ArtDurham@OGD3.com
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