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1. Introduction

The gas turbine industry is a highly complex landscape where accuracy, uninterrupted business operation, and compliance are
of utmost importance. All of the components of a turbine (blades, combustion chambers, etc.) should be strictly examined and
checked based on maintenance procedures to provide the highest degree of efficiency and safety. The unplanned or planned
downtime might lead to financial losses and damage a reputation, so field inspections turn out to be a mission-critical activity.
In addition, their strict OEM and industry standards (APl (American Petroleum Institute) and ASME (American Society of
Mechanical Engineers)) demand diligent documentation, quality control, and traceability within the life of the equipment [,
Paper-based instructional manuals and passive checklists, as well as back-office coordination, have traditionally been used by
field technicians to complete inspections. This once-through legacy process is not only time-consuming but also full of human
error, data loss, and can delay the decision-making process, particularly in remote locations or complex environments. The lack
of information sharing between quality, inventorying databases, and customer service infrastructure adds another barrier to the
given work processes, making it inefficient and yielding varying quality of service [,

There is a revolutionary alternative to Augmented Reality (AR) and Virtual Reality (VR) technologies. AR/VR overlays real-
time, contextual information directly onto physical parts, and so by providing technicians with immersive, hands-free visual
guidance, AR/VR gives real-time information on top of a physical element, and the visualization is done in real-time. It not only
shortens the process of troubleshooting and procedural precision but also allows receiving remote assistance from experts, even
those located in another part of the world. Once these systems are well intertwined with enterprise solutions, i.e., quality control
systems, e.g., Oracle QMS, shop-floor execution systems, e.g., MES, enterprise resources planning systems, e.g., ERP,
engineering data systems, e.g., PLM, and analytics Data Lake solutions, field data can be turned into action instantly. When
partnered with Salesforce CRM, this ecosystem will help the results of inspections be directly converted into customer-friendly
outcomes, thus promoting transparency, accountability, and responsiveness to customers. Ultimately, AR/VR integration ushers
in a new era of intelligent, connected field operations tailored for the precision demands of the gas turbine industry 34,
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1.1 Objectives

This guide helps IT consultancies design, build, and deploy
field inspection solutions using Microsoft or AWS AR/VR
stacks integrated with enterprise systems. It covers:
High-level architecture and technology stack

Data model and integration patterns

Implementation approach and methodologies

Key success metrics and results

Change management and rollout planning
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2. Methodology

2.1 Stakeholder Analysis

Identify internal and external stakeholders

e Operations (field service teams, remote experts)
Quality & Compliance

Enterprise IT

Sales & Customer Success

Executive sponsors

Conduct workshops to understand

e Inspection workflows and pain points

e Compliance/traceability requirements
Existing enterprise data silos

Field connectivity and hardware constraints

2.2 Use-Case Prioritization

Profile key inspection scenarios, such as:

e Visual inspections: Blades, combustor, casing

e Thermal checks: Infrared modes

e Guided disassembly/reassembly

e Quality data capture: Timestamps, photos, serial
numbers

Each use case is assessed for business impact, technical
feasibility, network constraints, and data integration points.

2.3 Solution Architecture

2.3.1 AR/VR Platform Selection

Microsoft Azure Mixed Reality

e HoloLens 2 for hands-free AR

e Azure Spatial Anchors for persistent device-relative
overlays

e  Azure Digital Twins for asset modeling

e Azure Functions/event-based integration

AWS

e AWS Sumerian / AWS loT TwinMaker

e AWS RoboMaker for simulated VR environments

e AWS IoT Greengrass on edge devices

e Integration via AWS Lambda, EventBridge, Kinesis

2.3.2 Field Devices & Connectivity

e Hardware: HoloLens 2 or ruggedized AR headsets;
optionally tethered tablets or smartphones

e Connectivity: LTE/5G, mesh at remote sites, offline-
first caching

2.3.3 Enterprise Integration Layer

e Oracle QMS/MES: Inspection checklists, compliance
workflows

e Oracle ERP: Parts availability, cost tracking

e Oracle PLM: As-built records, engineering change
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e notices

e Oracle Data Lake: Telemetry, image logs, outcome
analytics

e Salesforce CRM: Customer incident/work order status
mediation

Integration Patterns

1. Real-time APIs: AR devices queries Axios—style calls
to Oracle ERP for BOM checks.

2. Event-driven updates: Inspection results push to
Salesforce as field notes or customer service tickets.

3. Batch ingestion: Media logs (images, video, thermal
scans) buffered to Data Lake and then ETLed into
QMS/EHR.

Data flow

Oracle
™ QMS/MES/ERP
PLM

Azure/AWS
Integration
Hub |

Salesforce
Lightning
REST API

.

AR Device

v

T —
Oracle Data Lake
(via storage
blob/API)

Fig 1: Inspection Data Flow

2.4 Digital Asset Modeling

e Develop 3D CAD-to-Digital Twin models (Oracle PLM
< Azure Digital Twins or AWS IoT TwinMaker)

e Tag components with metadata (serial, lifecycle stage,
expected lifespan, templates)

e AR scientific overlay: show engineering tolerances
during inspection

2.5 Implementation Phases

Phase 1: Proof of Concept (PoC)

e  Select a single turbine model

e Create an AR checklist for a high-risk inspection subtask

e Integrate two enterprise systems (e.g., QMS + ERP)

e Measure KPIs: time per step, errors prevented, user
feedback

Phase 2: Pilot

e Expand coverage: multiple turbine classes, more
checklist tasks, full integration with MES, CRM

e Deploy remote expert collaboration features (via
HoloLens remote assist / AWS Chime or Connect VR)

e Include offline photos/videos sync

Phase 3: Rollout

e Scale to enterprise-wide adoption—enable
customization of checklists per customer/site/turbine
variant

e Improve analytics pipelines using Data Lake ingestion

e  Set up ongoing support, monitoring, and feedback loops
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3. Results
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Table 1: Key Metrics (Sample)**

Metric Baseline PoC Pilot Rollout
Inspection step completion time 10 min 7 min (—30%) 6 min (—40%) | 5.5 min (-45%)
Error rate (rework/corrections) 8% 4% (-50%) 3% (—62%) 2.5% (—69%)
Remote-expert interventions N/A 70% of cases avoided travel 80% 85%
Enterprise system compliance 60% 80% 90% 95%+
Customer satisfaction (CSAT) 4.0/5 4.3 4.5 4.7
3.2 Qualitative Outcomes policies.

Beyond measurable KPIs, the integration of AR/VR with
enterprise systems has delivered valuable qualitative benefits
in the gas turbine service environment:

e Technicians report enhanced confidence and job
satisfaction, particularly among junior or less-
experienced staff. The real-time, visual guidance reduces
uncertainty, helps with task comprehension, and shortens
the learning curve.

e Remote experts can assist multiple field teams
simultaneously through immersive platforms, reducing
the need for physical travel while increasing support
coverage and consistency of inspections.

e Maintenance history is automatically logged through the
AR platform and synced to Oracle QMS, MES, and
PLM. This digital traceability enhances audit readiness,
reduces manual entry errors, and ensures compliance
documentation is complete and timely.

e Improved visibility into quality assurance bottlenecks,
material shortages, or component inconsistencies is
achieved via integration with ERP and PLM systems.
Field teams are notified of upstream issues before they
escalate into logistical delays.

3.3 Challenges & Mitigations

Despite the promising advantages of AR/VR-enhanced

inspections, several field and technical challenges must be

carefully managed:

1. Network Connectivity: Challenge: Many inspection
sites—especially offshore or in remote regions—
experience low bandwidth or intermittent connectivity,
impeding real-time streaming and data sync.
Mitigation: Design the system to be offline-first, storing
inspection data locally and enabling automatic sync once
connectivity is restored. Use media compression and
lightweight payload formats to reduce sync time and data
loss risk [,

2. HoloLens Fit and Fatigue: Challenge: Continuous use
of AR headsets like HoloLens in high-heat or physically
intense environments can cause discomfort, fatigue, or
reduced focus.
Mitigation: Rotate AR tasks among team members,
provide ergonomic accessories (forehead cushions,
counterbalance mounts), and support fallback to AR-
enabled tablets for less intensive interactions [©1.

3. Enterprise Integration Complexity: Challenge:
Integrating modern AR/VR tools with legacy or
heterogeneous enterprise systems (e.g., Oracle QMS,
ERP, MES, Salesforce CRM) often requires reconciling
differences in architecture, API standards, and access

Mitigation: Use middleware orchestration tools such as
Azure Functions or AWS Lambda to abstract
complexity. APl management gateways and schema
mapping frameworks allow seamless and secure data
interchange, supported by centralized governance for
versioning and audit compliance [,

By anticipating these challenges and embedding thoughtful
mitigations during rollout, organizations can ensure a stable,
scalable, and user-friendly AR/VR ecosystem tailored to the
rigors of gas turbine field service.

4. Implementation Details

4.1 Infrastructure Setup

AR Cloud Basics

e Azure: set up Spatial Anchors accounts, Digital Twins
namespace, 10T Hub

e AWS: configure 10T policies, TwinMaker workspaces,
Edge-to-Cloud connectors

Device Management
e MDM solution (e.g., Microsoft Intune) to handle
security, updates, logging, and health checks

4.2 Data Model Alignment

e Define JSON schema for checklist items, image capture,
and thermography

e Map attributes to Oracle QMS tables, Salesforce cases,
and Data Lake storage format

o  Ensure bilateral transformation: AR checklist update —
QMS status change; QMS hold condition — AR prompt

4.3 Integration Implementation

Step by-Step Process Flow (each inspection task)
Technician opens AR app

2. Visual overlay locates part based on PLM geometry +
Geo-anchor

3. App fetches checklist from Oracle QMS REST API

4. Technician performs step; records status, captures photo,
and annotates defects

5. Completed step pushed to QMS and Salesforce (if

customer)

Photo and metadata sent to Data Lake via Blob or S3

7. If expert assistance is requested, AR video session
invokes Azure Remote Assist or AWS Chime

8. Upon completion, MES updates work order status; ERP
adjusts inventory; PLM logs installation metadata

o
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Table 2: Implementation Summary

Phase Focus Area

Outcome

PoC AR checklist + QMS Integration

—30% task time, 50% error reduction

Pilot MES, ERP, CRM added + remote experts

80% remote problem resolution

Rollout Full enterprise adoption

95% process compliance, high CSAT
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Fig 2: Visual Flow of Digital Field Service Inspection

5. Conclusion

AR/VR-enabled field inspection orchestrated with enterprise

systems transforms gas-turbine maintenance. Microsoft

Azure or AWS-based AR platforms provide the backbone for

immersive guidance, while Oracle QMS/MES/ERP/PLM

offer traceability and operational governance. Salesforce

CRM embeds customer insights and elevates service

professionalism.

Measured benefits include reduced field errors, faster

execution, remote knowledge reuse, and rollout scalability.

IT consultancies following this layered implementation—

starting with proof-of-concept, expanding via pilot, and

formalizing governance—can deliver tangible ROl and

enduring process innovation.

Future enhancements might include:

o Al-powered defect detection (thermal or visual
anomalies)

e Digital twins fed with real-time sensor data (e.g.,
brick-mapping wear)

e Predictive maintenance workflows via Data Lake
analytics and ML
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