
PELCOWHITEPAPER ::

Optimizing HVAC System 
Efficiency & Reliability with 
Time Delay Relays
www.pelcocaz.com



Time delay relays (TDRs) are essential safety components in HVAC systems that prevent 
compressor damage and stabilize power loads. By actively delaying the startup or shutdown 
of equipment, they mitigate short-cycling, allow refrigerant pressures to equalize, and 
protect the system from damaging electrical surges.

TIME DELAY RELAYS IN HVAC

In HVAC systems, short cycling occurs when a compressor turns off and rapidly restarts before the internal pressures 
can equalize.If a compressor attempts to start against a high head pressure, it faces an immense mechanical load. 
This causes the motor to draw locked-rotor amperage (LRA), leading to extreme overheating, tripped breakers, and 
eventual motor burnout. 

THE CORE OPERATING PRINCIPLE

In modern heating, ventilation, air conditioning, and refrigeration (HVACR) systems, maintaining equipment reliability 
and extending system lifespan are paramount. Because HVAC compressors act as the “heart” of the system, they are 
exposed to significant mechanical and electrical stress. Time delay relays serve as the primary defensive mechanism 
for these components, ensuring that electrical loads are sequenced properly and that mechanical wear is heavily 
minimized.

HOW TDRs PROTECT THE HVAC SYSTEM

Time delay relays provide three critical layers of protection to HVAC systems:

1. Preventing Short-Cycling (Anti-Short Cycle Protection)

If an air conditioning compressor shuts down due to a momentary power outage or a brief fluctuation in the 
thermostat, a massive pressure imbalance occurs within the refrigerant lines. The high-pressure side and low-pressure 
side of the system need a few minutes to equalize before the compressor can restart.

The Problem: If the compressor tries to start against an unequalized load, the motor stalls, pulling locked-rotor amps 
(LRA). This causes severe motor overheating, trips internal overloads, and can quickly burn out the compressor.

The TDR Solution: A delay-on-make relay forces the system to wait. This 3-to-5-minute waiting period gives the 
refrigerant pressures time to balance out, allowing the compressor to start smoothly without undergoing excessive 
electrical and mechanical stress.

Time Delay Relays protect HVAC 
equipment, improve energy efficiency, 
and automate routines
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PRIMARY TDR TYPES IN HVAC

HVAC systems rely on two primary modes of operation to manage 
different system cycles.

Delay-On-Make (DOM) / On-Delay:  When voltage is applied to the relay, 
the timing mechanism starts its countdown. The output contacts remain 
unchanged. Once the delay (usually 3 to 5 minutes) is completed, the 
contacts close and the load is energized. 

HVAC Application: Primarily used to protect compressors. If a power 
outage occurs or a thermostat briefly flickers, the DOM timer holds the  
compressor off. This allows high and low refrigerant pressures inside the 
system to equalize, preventing the compressor motor from stalling or 
burning out against extreme pressure.

Delay-On-Break (DOB) / Off-Delay: The relay’s contacts change state 
instantly when power is supplied. When power is removed from the 
circuit or a control signal drops, the timer initiates its countdown. The 
load continues to operate during the delay and only shuts off when the 
timing cycle is complete.

HVAC Application: Used primarily for blower fan management. When 
a cooling or heating cycle ends, the DOB relay keeps the indoor fan 
running for an additional 30 to 60 seconds. This purges leftover 
conditioned air from the ducts, increasing overall system efficiency 
and preventing moisture build-up on evaporator coils.

KEY DIFFERENCES AT A GLANCE

Benefits of TDRs in HVAC

Incorporating Time Delay Relays 
into HVAC systems offers multiple 
vital operational advantages:

Prevents Short Cycling: Stops 
compressors from rapidly turning on 
and off in quick succession, greatly 
extending equipment lifespan.

Energy Management: Allows 
systems to sequence loads, reducing 
peak electrical demand.

Component Protection: Defends 
expensive compressors and 
contactors against voltage spikes 
and damaging inrush currents.

Feature Delay-on-Make (DOM) Delay-on-Break (DOB)

Alternative Names On-delay, delay on 
energization

Off-delay, delay on release

Timing Start Begins when power is 
applied

Begins when power is 
removed

Load Behavior Stays OFF during the delay Stays ON during the delay

Common Use Compressor delay, motor 
staging

Exhaust fans, timed industrial 
shutdowns

2. Staggering Electrical Loads (Inrush Current Mitigation)

During a power restoration after an outage, thousands of HVAC units 
in a localized grid may attempt to restart simultaneously. This creates 
a massive, aggregate inrush current that can cause grid instability and 
brownouts.

The TDR Solution: By incorporating random start delays or staggered 
delay-on-make timers across multiple system components, the initial 
start currents are spread out over time. This protects both the main 
power grid and the building’s internal circuit breakers from overloading.

3. Enhancing Energy Efficiency & Component Longevity

When a compressor shuts down, a significant amount of residual 
conditioned air remains inside the ductwork or evaporator coils.

The TDR Solution: A delay-on-break timer can keep the indoor blower 
fan running for 30 to 90 seconds after the compressor has stopped. This 
pushes the remaining cooling or heating into the conditioned space, 
maximizing thermal efficiency while gradually normalizing system 
pressures.



Pelco Solutions for HVAC

AIROTRONICS THAC  
ANTI-SHORT CYCLE SOLID STATE TIMERS

Airotronics THAC time delay relays act as anti-short-cycle protectors in the 
HVAC industry. They prevent compressors from rapidly restarting after a power 
interruption or thermostat flutter, safeguarding equipment from burnout and 
nuisance tripping by enforcing a strict Delay on Break before restarting.

OPTIMIZING HVAC SYSTEM RELIABILITY WITH AIROTRONICS THAC RELAYS

In modern HVAC and refrigeration systems, compressor reliability and energy 
efficiency are paramount. Sudden power dips, thermostat cycling, or rapid equipment 
restarts can cause severe mechanical damage, high electrical surges, and tripped 
circuit breakers. Airotronics THAC relays provide a compact, reliable, and cost-
effective solution, ensuring systemic longevity by managing anti-short-cycle lockouts. 

HOW AIROTRONICS THAC RELAYS WORK

The Airotronics THAC is specifically engineered as a Delay on Break (also known as Anti-Short-Cycle) timer. Here is 
the operational sequence:

Power Application (System Start):  When the thermostat calls for cooling, voltage is applied to the THAC timer. 

Normal Operation:  The output relay energizes immediately, allowing the compressor to run normally. 

Power Interruption (Delay Initiation):  If power is lost (brownout, grid fluctuation) or the thermostat opens, the 
voltage is removed from the timer. 

Lockout Period:  The THAC initiates its timing cycle (ranging from seconds to up to 5 minutes). During this period, the 
compressor remains locked out and cannot restart, even if the thermostat calls for cooling. 

Cycle Completion:  Once the preset time delay expires, the relay resets, permitting the compressor to safely restart on 
the next call. 

KEY TECHNICAL FEATURES & BENEFITS

THAC relays are typically wired in-line with the compressor contactor coil or between the thermostat and the control 
board. By inserting this delay, you seamlessly integrate equipment protection into both commercial rooftop units and 
residential split systems, meeting strict manufacturer warranty requirements. 

Universal Versatility:  The THAC handles multiple operating voltages (e.g., 24, 120, or 230 VAC) in single, robust 
models. 

Solid-State Reliability:  Utilizing digital CMOS timing, the THAC features 1 amp solid-state load handling with high 
surge tolerance (up to 10 amps). 

Harsh Environment Encapsulation:  The compact 2-inch by 2-inch square cube is fully encapsulated, protecting 
internal circuitry from the high humidity, temperature fluctuations, and vibrations inherent in HVAC units. 

Easy Installation:  Features simple inline, 2-terminal or 3-terminal connections using standard 0.25’’ quick-connects, 
making it a standard replacement part across the industry. 

Learn more about THAC Timers at: www.airotronics.com



AIROTRONICS THCU  
DELAY-ON-MAKE SOLID STATE TIMERS

The Airotronics THCU-E Series is a universal AC/DC voltage solid-state delay-on-
make timer engineered for precise motor and compressor protection in HVAC 
applications. Housed in a compact cube configuration and fully encapsulated, it 
prevents short-cycling, eliminates contactor chatter, and handles wide operating 
voltages from 19 to 265 VAC and 10 to 120 VDC.

OPERATIONAL ANALYSIS OF THE THCU TIME DELAY RELAY

SOLID-STATE DIGITAL TIMING:
Universal Voltage Input:  Accepts a wide range of voltages (19–265 VAC / 10–120 VDC), allowing seamless integration 
into diverse commercial and residential HVAC control panels without voltage-specific matching. 

Binary Programming:  Employs a 10-position binary dipswitch for accurate, repeatable time-delay configuration across 
multiple programmable ranges (e.g., 0.1 to 10,230 seconds). 

Digital Accuracy:  Delivers timing accuracy within ±5% and repeat accuracy of ±0.1%, minimizing environmental drift 
compared to traditional analog thermal timers. 

DELAY-ON-MAKE FUNCTIONALITY:
Power Application:  Energizing the circuit via the thermostat signal initiates the internal digital countdown rather than 
immediately firing the compressor contactor. 

Pressure Equalization:  Holding the output load off allows refrigerant pressures inside the system to equalize fully, 
preventing motor stall under high head pressure. 

State Reset:  Removing input voltage resets the timing cycle instantly, preparing the relay for the next operational call. 

HVAC INDUSTRY APPLICATIONS

COMPRESSOR SHORT-CYCLING PROTECTION:

Thermal Preservation:  Prevents rapid on-off compressor cycling caused by power interruptions, brief brownouts, or 
rapid thermostat adjustments. 

Inrush Current Management:  Reduces cumulative thermal stress on compressor windings and contactor contact 
points. 

STAGED SYSTEM SEQUENCING:

Load Shedding Recovery:  Manages sequential startup of multiple compressors or large fan arrays after a grid failure, 
preventing whole-building peak power spikes. 

Blower Off-Delay Support:  Coordinates with air handlers to purge residual thermal energy from the evaporator or 
heat exchanger coils. 

ENVIRONMENTAL AND MECHANICAL RESILIENCE:

Moisture and Dust Defense:  Units are heavily potted/encapsulated to resist condensation, airborne dust, and corrosive 
salts common in rooftop package units. 

Vibration Resistance:  Solid-state architecture lacks movable armatures, eliminating contactor hum and failure due to 
mechanical shock or compressor vibration. 

Learn more about THCU Timers at: www.airotronics.com
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PELTEC 191  
MULTIFUNCTION TIME RELAY

The PELTEC 191 is a 10-function, 16A SPDT modular time delay relay engineered 
for DIN-rail mounting. It optimizes HVAC performance by providing precise delay, 
cycling, and sequencing control for compressors, fans, and pumps, preventing 
short-cycling, reducing wear, and accepting universal AC/DC 12–240V power.

OPTIMIZING HVAC SYSTEM EFFICIENCY & RELIABILITY

Modern HVAC systems face harsh operational demands. Frequent power fluctuations, 
rapid thermostat toggling, and continuous mechanical stress lead to premature 
equipment failure. 

Without precise timing and logic control, components like compressors and blower 
fans suffer from short-cycling. This causes overheating, high energy draw, and 
mechanical breakdown. Installers need adaptable, precise control devices that fit 
tight spaces. 

APPLICATION IN HVAC SYSTEMS

Compressor Protection (Delay-on-Break/Make):  Prevents a compressor from restarting  
immediately after a power loss or shutdown. Equalizes refrigerant pressures to protect  
the motor from stalled-rotor stress. 

Ventilation and Exhaust Fan Overrun:  Keeps exhaust fans or post-heating blowers running for a set duration after the 
main trigger turns off. Clears residual humidity or heat from ductwork. 

Multi-Stage Staged Sequencing:  Uses interval and cycling modes to stagger the startup of multiple chillers or heaters. 
Reduces peak electrical inrush current surges on building mains. 

OPERATIONAL BENEFITS

Extended Equipment Life:  Eliminates harmful short-cycling behavior. 

Simplified Inventory:  One compact 1-module device replaces multiple single-purpose timers. 

Visual Diagnostics:  Clear front-facing red LED status indicators show current relay and timing state. 

KEY TECHNICAL FEATURES & BENEFITS

The PELTEC 191 provides robust features tailored for heavy-duty HVAC and building automation tasks:. 

10 Selectable Functions:  Includes delay-on-make, delay-on-break, single shot, and asymmetric cycling. 

Wide Time Range:  Adjustable from 0.1 seconds to 10 days across 10 distinct, easily set ranges. 

Universal Voltage:  Operates on AC/DC 12V to 240V or direct AC 230V options. 

High Switching Capacity:  Equipped with a 16A SPDT output contact to handle inductive loads like fan motors and 
contactors. 

Learn more about the Peltec 191 here: www.peltectimers.com



CORE PROTECTION MECHANISMS FOR HVAC SYSTEMS

True RMS Measurement:  Evaluates true root mean square voltage waveforms,  
preventing false triggering or missed trips caused by distorted power shapes from  
harmonics or dirty power supplies. 

Overvoltage (Umax) Defense:  Shuts down the HVAC control circuit if voltage spikes exceed the preset ceiling 
(adjustable 160–276V AC/DC), protecting onboard transformers and logic boards from frying.

Undervoltage (Umin) Defense:  Intervenes when supply voltage drops below a calibrated percentage of (Umax) 
(30–95%). Low voltage forces compressor motors to draw excessive current, causing rapid overheating and winding 
breakdown.

Adjustable Time Delay:  Filters out momentary, harmless grid blips (0.1 to 10 seconds) to eliminate nuisance trips while 
maintaining strict safety standards. 

High-Capacity Output:  Features a robust 16A / 4000VA change-over (CO) output contact capable of directly 
switching HVAC contactors or safety chains. 

KEY TECHNICAL FEATURES & BENEFITS

Comprehensive Protection:  Prevents equipment malfunctions or permanent damage caused by unexpected grid 
spikes or sagging voltage. 

False-Trip Elimination:  Adjustable time delays stop nuisance tripping from momentary line noise or micro-
interruptions.

Flexible Operation:  Handles both AC and DC systems with easy fine-tuning limits relative to your upper voltage 
preference.

Space-Saving Installation:  Standard 1-module width fits neatly into standard distribution boards and control panels 
on a DIN rail. 

Learn more about Peltec 239 Timers at: www.peltectimers.com

PELTEC 239  
MULTIFUNCTION VOLTAGE MONITORING RELAY

The PELTEC 239 is a single-phase AC/DC (48–276V) True RMS voltage 
monitoring relay. It protects HVAC equipment by continuously tracking upper 
(Umax) and lower (Umin) voltage thresholds, using an adjustable time delay 
(0.1–10 s) to filter out transient spikes and safely tripping the 16A output 
contacts during critical power faults.

OPTIMIZING COMMERCIAL & RESIDENTIAL HVAC SYSTEMS

HVAC systems rely on sensitive electronic controls, variable-speed drives, 
and compressor motors. Unstable grid power, severe sags, and high-voltage 
surges degrade these components prematurely. The 239 Multifunction Voltage 
Monitoring Relay offers precise, compact (1-module) surveillance to disconnect 
loads before catastrophic failure occurs. 

Indication of supply/monitored 
voltage

Control input terminal (R)

Function settings Upper level setting 
(Umax)

Time delay setting

Lower level setting
(Umin)

Output contact 1 (15-16-18)

Supply/monitored voltage terminals
(A1-A2)

Indication of operating states
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