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Project Overview

» Currently No Visual for
Inlet Guide Vanes (IGVs)

» Limited Angle Measurement

= Stepper Motor is Used for
Angle Control

= No Feedback

» Problems with IGVs
» |GVs Might Flutter or Vibrate
= Possible IGV Breakdown

Inside Cutout of Turbocor Compressor
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Project Goals

» Danfoss Turbocor Inlet
Guide Vane (IGV)
Monitoring System Goals:

* Provide detailed monitoring
of low and high cycle failures

* Produce a system to detect
position of individual IGVs

= Minimize impact on the fluid

flow Compressor Inlet Cross-Section
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Main Interpreted Needs

Customer Statements Customer Needs

We want a visual of the inlet to Visual monitor allows for
monitor guide vane, slip, qualitative analysis of IGVs’ status
impedance, flutter and vane loss

The compressor inlet flow should The system allows normal flow
not be impacted into compressor

The vanes need to be lit to see

Vanes are all clearly visible
them

Presenter: Travis Carter
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Types of Failure

» High Cycle Failure from
Vibrations of the IGV

» Low Cycle Failure from
Latching

» Low Cycle Failure from IGV
Blade Lock @

Compressor Inlet Guide Vanes

Presenter: Travis Carter




Arnold Schaefer

PROJECT TARGETS AND
INTRODUCTION TO CONCEPT
GENERATION SUBSYSTEMS
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Targets: Resolution and Frame Rate

Minimum View Resolution 720 x 720 pixels

Minimum Sample Rate for Measuring

1H
Vane Low Cycle Failure or Latching ‘
Minimum Sample Rate for Measuring 1 kM7
Vane High Cycle Failure
Minimum Sample Rate for Measuring H
4

Angle

Presenter: Arnold Schaefer
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Design Target Conditions

Minimum Angle Sensor Accuracy
(In terms of percent open)

+10%

Min/Max Absolute Refrigerant Pressure 10 to 110 psi

Min/Max Refrigerant Temperature -10 to 80 °F

Min/Max Mass Flow Rate 0 to 2.5 Kg/s

Presenter: Arnold Schaefer




More Project Targets

Internal Pipe lllumination 1000 lux

Maximum Monitoring System Length 50 cm

Maximum Allowable Pressure Drop

0.02 psi
across Monitoring Device P

Allowable Flow Impact No Detectible Swirl

Presenter: Arnold Schaefer
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Subsystems for Concept Generation

» High Cycle Monitoring » |GV Angle Monitoring
» Low Cycle Monitoring » |GV Lighting

Impeller

Compressor Inlet Cutout

Presenter: Arnold Schaefer
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Travis Carter

CONCEPT GENERATION:

HIGH AND LOW CYCLE MONITORING
SUBSYSTEMS
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High Cycle Detection Subsystem
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High Cycle Detection Subsystem
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Low Cycle Monitoring Subsystem
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Low Cycle Monitoring Subsystem
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Arnold Schaefer

CONCEPT GENERATION:
IGV ANGLE MONITORING AND

LIGHTING SUBSYSTEMS
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IGV Angle Monitoring Subsystem
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IGV Angle Monitoring Subsystem
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Inlet Guide Vane Lighting
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Inlet Guide Vane Lighting

Clear Acrylic Pipe
with Ambient Lighting

Presenter: Arnold Schaefer




Concept Selection Strategy

House Of Quality

Used to determine the Engineering
Constraints and their weight factor

Decision Matrices with Risk Analysis

Subsystem 1: Subsystem 2: Subsystem 3: Subsystem 4:
High Cycle Failure Low Cycle Failure IGV Angle IGV Lighting
Monitoring Monitoring Monitoring

Final Design

Presenter: Arnold Schaefer




Summary

» Types of Failure » Project Subsystems for
= High Cycle Failure Concept Generation
« Vibration = High Cycle Monitoring
» Low Cycle Failure = Low Cycle Monitoring
* Latching = |GV Angle Monitoring
* Blade Lock s |GV nghtlng
Notable Project Targets Target Value
Allowable Flow Impact No Detectible Swirl
High Cycle Sampling Rate 1 kHz
Low Cycle Sampling Rate 1 Hz

Minimum Sample Rate for Measuring Angle 1 Hz
Presenter: Arnold Schaefer
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Thank You for Your Time. Questions?
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Concept Selection Preview
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Symbol | Meaning
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Qualitative analysis of IGV's low cycle failure
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Qualitative analysis of IGV's high cycle failure
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The angle reading is accurate
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Malfunction will not damage compressor
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Allows for normal flow into the compressor
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Components can be replaced or serviced
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The vanes are clearly visable
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Ease of use by test lab
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