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Education You Can Build On

Supermarket Refrigeration



Traditional Multi-Plex System
• Medium and Low Temp Rack Systems

– 2 to 5 Compressors per system

– Low Pressure Oil Distribution

– Compressors Cycling On/Off to match load

– Lead Compressor might have unloading

• 3D Moduload?


– Energy Inefficient
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Education You Can Build On

Digital Technology- Theory and Operation
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Capacity Modulation Capabilities

Inverter

50-100%

Blocked 
Suction


50% or 100%

Continuous 
Capacity Control\

Recip          10-100%

Scroll          10-100%

Screw           25-100%

☑
☑
☑

☑
☑
☑

Discus

w/ Blocked Suction

 Scroll™

Digital

 Discus™

Digital

☑



What Is Digital?
● Digital Technology Is Fundamentally Different From The Traditional 

Inverter Technology. 

● The Capacity Modulation Of The Digital Compressor Is Achieved By The 

Time Averaging Of A “Loaded State” And “Unloaded State”. 

● It Is Unique, Reliable And Very Simple To Apply. 

10s 10s

One 20 Second Cycle One 20 Second Cycle

16s 4s
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 Digital Scroll Compressor For Refrigeration
● Scroll That Is Capable Of Capacity 

Modulation


● Modulation Range From 10% - 100% 


● Approved For High, Medium & Low 
Temperature Applications In R404A


● Currently 4 & 6-HP High/Medium & 6-HP 
Low Temperature

Pictorial Only
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Digital Scroll Compressor Nomenclature

Third Letter Is “D” For 
Digital

This Letter Is “V” For Vapor 
Injected
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 Compliant Scrolls
Axial Compliance Radial Compliance

Compliance => Reliability + Performance
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Axial Compliance

• Maintains constant, even 
pressure on Scroll tips


• Floating seal is key

• Optimizes tip loading

• Pressure balanced

• Eliminates leakage

• Patented design

Floating Seal

Upper 
Scroll 
(Fixed)

Lower Scroll 
(Orbiting)

Axial Compliance Key To Digital Modulation



Digital Design Comparison

Piston Modulation

Intermediate Cavity 
Modulation

	 	3-7 Ton Digital Design


•Unloads By Venting Top Of Piston To Pull 
Fixed Scroll Up


•Used On Current 4-6HP Design Over Last 3 
Years

	 	8-15 Ton Digital Design

•Unloads By Venting Intermediate Cavity Allowing Fixed 
Scroll To Move Up


•Tubing Routes Gas From Intermediate Cavity To 
Manifold In Shell


•External Cartridge Valve Controls Gas Flow


•Able To Handle Higher Pressures
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Digital Scroll Cross Section

Scroll Set

Top Cap Thermistor (High 
Temp Cutout)

Digital Valve Connection 

Vapor Injection 
Connection (for 

Ref. Only) 
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Digital Valve

Thermistor For High 
Temperature Cut Out

Suction 
Connection

Discharge 
Connection

 Digital Scroll Compressor

Pictorial Only
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Digital Gas Flow Animation
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External 
Solenoid Coil

Floating Seal Cavity

Seal Cavity Vent                           
and Solenoid

8-17 HP Digital Scroll
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Digital Scroll Modulation – How It Works



How A Digital Scroll Works



Digital Modulation Mechanism

16 Sec

Full Capacity

Zero 
Capacity

Zero 
Capacity

Full Capacity

10 Sec10 Sec

 20% Output 50% Output

	 Loaded (1)	 Unloaded (0) 


	 Full Capacity	 Zero Capacity

4

1.0 mm Scroll

Separation



Emerson Classification: 
Internal

21

Refrigeration Digital Scroll

Load = 0                      OFF                OFF                           OFF                OFF                          0

Capacity 
(kBTU)

Load < 45                   4.5 – 45         OFF                          OFF                 OFF                4.5 – 45

Compressor 
Output (kBTU) 

ZBD45 
Digital

Cooling 
Demand (kBTU)

Capacity 
(kBTU)

Capacity 
(kBTU)

Capacity 
(kBTU)

118.5 < Load < 159    4.5 – 45           38                            38                     38                  118.5 – 159

80.5 < Load < 121        4.5 – 45          38                           38                    OFF                 80.5 – 121
42.5 < Load < 83        4.5 – 45          38                           OFF                  OFF                42.5 – 83

ZB38 
Fixed

ZB38 
Fixed

ZB38 
Fixed

0% 28% 52% 100%76%

Capacity Range (4 Compressor System)

% of System 
Capacity 
Capability

159K BTU 
Med. Temp. 
System



Discus Digital
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 Discus DigitalTM
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Discus Digital Design Comparison
3D Models 10 to 100 % 


Capacity Modulation 
4D Models 50 to 100 % 


Capacity Modulation 

6D Models 33 to 100 % 

Capacity Modulation 


(Currently Only Available With CoreSence Diagnostics)
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1. Enters Compressor

2. Passes Through Body

3. Into Valve Plate

4. Compressed by Pistons

5. Exits Compressor


 Discus Digital Refrigerant Gas Flow

Unloader pistons allow suction 
gas flow into valve plate

Valve assembly routes suction 
gas above unloader pistons

Loaded- De-energized



 Discus Digital Refrigerant Gas Flow

1. Enters Compressor

2. Passes Through Body

3. 4 Unloader Pistons Block 

Gas Before Entering Valve 
Plate

Unloader pistons block suction 
gas flow into valve plate

Valve assembly routes discharge 
gas above unloader pistons

Unloaded- Energized
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DISCUS DigitalTM  Vs Blocked Suction

IDCM

Controller Decides 50% 

or 100% Capacity  


100%: Both banks loaded 

50%: Energize Unloader 


1 Bank Unloaded/1 Bank Loaded

Controller 
Decides 
10-100% 
Capacity

Here is How to Deliver 
20% Capacity Desired by 

System


50%
20%

Compressor 
Capacity

50

100

0

Compressor Capacity

50

100

0

Time (sec)

4

20 40 60

20% Capacity

16 4 16 4 16 4 16

80

Discus Digital uses single & 
multiple bank with variable 

capacity unloading

Blocked Suction unloader 
cycles limited to 10 

cycles per hour
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Discus Digital™ Benefits
• Precise Control Of Suction Pressure And Temperature


– Longer Shelf Life & Less Food Shrink Because Of Minimal Food Temperature Fluctuations

– More Consistent TXV Operation


• Reduced Cycling Of Compressors

– Extends Contactor Life

– Extends Compressor Life


• Reduced Defrost Cycle Time

– Tighter Temperature Control Minimizes Formation Of Frost On Evaporator


• System Efficiency Improvement

– Eliminates Over/Under Shooting Of Suction Pressure Set Point

– Allows Increasing Suction Pressure Set Point

– Reduces Inrush Current / Power Usage


• Paradigm Shift In Parallel System Design

– No Need For Uneven Paralleling For Compressor Staging

– Using Common Compressor Selections Simplifies Replacement Needs

2
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Digital Upgraded  
Supermarket Application Example

Significant & Immediate 

Reduction in Compressor 

Cycling

Digital Discus Activated

72 
psi 8 psi

Digital Retrofit

89% Reduction 

in Suction 

Pressure Range

2D

3D

6D From 900 Starts per day to 
12 Starts in 4 Days
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Discus Digital vs Moduload

Pistons Down – Gas Flow Blocked

Pistons Up – Unrestricted Gas Flow
 Pistons Down – High Volumetric Efficiency


Pistons Up – Reduced Volumetric Efficiency; 
Reduced Capacity

Digital

• Variable Capacity

• Blocked Suction

Moduload

• Fixed Capacity Reduction

• Increased Clearance Volume

	 40 Million Cycle Solenoid and Pistons

Reduced Transition 
Noise
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Integration Center MT Rack

CONVENTIONAL UNLOADING DISCUS DIGITAL
RACK-SUCT-PRS

P
S

I

10

27.5

45

62.5

80

0:00:00 0:00:00 0:00:00 0:00:00 0:05:01 0:05:01 0:05:00 0:05:00

  7/14         7/15       7/16          7/17       7/18         7/19        7/20       7/21

Suction Pressure

Day 1            2            3            4            5            6            7            8    

Day 1             2              3             4            5              6             7           8    



Supporting Literature	

• 2009ECT-62


• 2009ECT-48


• AE-1328

• AE-1355


• AE-1373 




Digital Controller’s
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Digital Controller Options

– Digital Compressor Controller (IDCM)

• Interface Between Digital Compressor And The System Controller.

• Comfort Cooling, Light Commercial A/C Forced Air Systems, Process 

Applications, Chillers, Rack Refrigeration.

• Scroll And Discus Compatible


– EC3-D72 Synchronization Controller

• Automatic synchronization between EEV and Digital Compressor.

• Requires Master Controller

• Used for air conditioning, refrigeration and industrial applications.

• Single Evaporator Only

• Scroll and Discus


– XC643 Stand Alone Digital Controller

• Standalone Controller 

• Single or Multiple Evaporators

• Process Applications, Chillers, Rack Refrigeration and A/C Forced Air 

Systems.

• Scroll And Discus Compatible


– KMC Stand Alone Digital Controller

• Standalone Controller

• Single Evaporator Only

• Comfort Cooling, Light Commercial A/C Forced Air Systems.

• Scroll Only

•

Refrigeration/A.C.

A.C.
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 Digital Compressor Controller - Overview
● Simple Interface Between Digital 

Compressor And System Controller

● Provides Control, Protection  

And Diagnostics

– Detects 9 Fault Codes

– 3 Levels Of Protection  

(Reduced Capacity,  
 Trip, Lockout)


● Same Controller Works On Any Digital Scroll 
Compressor



 Discus Digital TM 

Product Overview

Time (sec)

10

20 40 60

Time

Te
m

pe
ra

tu
re

Tightens Temperature Control

IDCM

50% Capacity

System 
Needs 50% 

Capacity

Here is How to 
Deliver 50% 

Capacity

• Digital Capacity Modulation Concept 
Applied To Discus Compressors


• Compressor loading is accomplished by 
controlling the flow of suction gas entering the 
cylinders


• Continuous Modulation 100% to10%

– 3D, 4D, & 6D Compressors


10 10 10 10 10 10 10

80

Not Needed with

ISD 2.0  Discus

Results  in  Narrow  Operating

Temperature   Range
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Digital Capable Einstein Controller: V2.3

Important!  Select DS For Digital Scroll
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EC3-D72  Synchronization Controller

• Recommend Applications

– Compatible With Digital Scroll and 

Discus Compressors.

– Process Air Dryers, Chillers, 

Refrigeration Racks, Walk-in 
Coolers and Freezers.


• Advantages

– Automatic synchronization 

between EXV and Digital 
Compressor


– Precise Temperature and Humidity 
Control.


– Pump Down Feature

– Freeze Protection

– Single Or Dual Compressor 

Applications Digital & Fixed 
Compressor.


– TCP/IP Web Browser 
Configuration 
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Valve/Controller for Digital Applications 
EC3-D72

 Scroll Compressors

0-10V Cooling Demand

For EC3-D72

Temperature Sensor

10 Volts = Max. Compressor Capacity

  0 Volts = Min. Compressor Capacity

12
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Optional: ECD-002

EC3-D72
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Default Monitoring Page
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XC643 Stand Alone Digital Controller Overview
• Recommend Applications


– Compatible With Digital Scroll and 
Discuss Compressors.


– Process Air Dryers, Chillers, 
Refrigeration Racks, Walk-in Coolers 
and Freezers.


• Advantages

– Standalone, No Master Controller 

Required.

– Controls On Pressure Or 

Temperature.

– Controls Up To Two Condenser Fans 

Separately.

– Reads Pressure Or Temperature 

Inputs.

– Single Or Dual Compressor 

Applications Digital & Fixed 
Compressor.
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Stand Alone Digital Controller Features
deu Control Type Press/Temp

Setc Compressor Set Point 

Setc Fan Set Point  

OA2 Fixed Comp or None

OA3 Fan #1 or None

OA4 Fan #2 or None

FtyP Refrigerant Type

P2C Fan Control – Y/N

CF Temperature Unit 

°F or °C 

PMU Pressure Unit

PSI, Bar or Pa

Pbd Proportional Band For 
Compressor Control

inC Integral Time For Compressor 
Control

don Time Delay Between Starts of 
Loads 

 Pd Proportional Band For Fan 
Control14

1

2

3

4

5

6

7

8

10

11

12

13

9

Set Points

Liquid LineCondenser  Fans

D
is

ch
ar

ge
 L

in
e

Fixed

Compressor

Pressure / Temp 

Sensor For Fan Control Signal To Digital Solenoid

Pressure / Temp 

Sensor For Compressor 

Control

E
vaporator

Digital

Compressor

To Fans

To Comp

MarkRawson
Rectangle

MarkRawson
Rectangle

MarkRawson
Rectangle



Filename dlm  1/23/02 1:32 PM  ‹#›

Digital Modulation Over Larger Capacities

● Digital Can Be Used In Parallel With Fixed 
Capacity Scrolls To Get Even Wider Range 
Of Capacities


● Power Savings Still Follow The Same Line


● Leverages The Cost And Capability Of One 
Digital Over Larger Systems

Fixed

Capacity


#1

Fixed

Capacity


#2

Digital

Digital

Digital

Fixed

Capacity


#1

To
tal

 O
utp

ut

C
ap

ac
ity

 (H
P

)



Retrofit Product Review
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Discus Digital Design Comparison
3D Models 10 to 100 % 


Capacity Modulation 
4D Models 50 to 100 % 


Capacity Modulation 

6D Models 33 to 100 % 

Capacity Modulation 


(Currently Only Available With CoreSence Diagnostics)
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Digital Upgrade Kit – Medium Temperature

Standard Discus Compressors (Non Intelligent Store Discus)

Part Number Description of Items Included

980-3000-00

Head – Service Kit

Plate – Valve Kit

High Cycle Solenoid Coil 120v-50/60Hz

High Cycle Solenoid Coil 220v-50/60Hz

Bracket – Solenoid

Fitting – Knockout Plug

Screw-Hex Head

Digital Compressor Controller (IDCM Board)

Sensor – Temperature Probe

24v Transformer
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Digital Upgrade Kit – Low Temperature

Standard Discus Compressors (Non Intelligent Store Discus)

Part Number Description of Items Included

980-3000-01

Head – Service Kit

Plate – Valve Kit

High Cycle Solenoid Coil 120v-50/60Hz

High Cycle Solenoid Coil 220v-50/60Hz

Bracket – Solenoid (2)

Fitting – Knockout Plug

Screw-Hex Head

Digital Compressor Controller (IDCM Board)

Sensor – Temperature Probe

Bracket – Fan Motor

24v Transformer

Resistor (used on DCC with Demand Cooling)
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Digital Compressor Controller Mounting

 
Digital Compressor Controller
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Education You Can Build On

Variable Frequency Drives 



Variable Frequency Drives

Bulletin AE21-1369



Variable Frequency Drives

Bulletin AE21-1369



Variable Frequency Drives

Bulletin AE21-1369



Education You Can Build On

CO2 Systems 
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Software/ APP Support
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Thank You Very Much!


