[bookmark: _66dhepk2x1dv]Comprehensive Study Guide: Game 8 Inspection Hunt – Visual Testing (VT) & Non-Destructive Testing (NDT) Defect Detection
[bookmark: _7tnvzcci6lnx]1. Overview & Learning Objectives
Game 8:  Inspection Hunt  is a core assessment and skill-building module within Season 3 (Pro League, Days 61–90) of the 120-Day Welder Esports Training Program. Operating at the intersection of practical craftsmanship and quality assurance, this module transitions the learner from welder operator to quality inspector.
[bookmark: _1a1xoip3u82h]Core Objectives
· Master Visual Testing (VT) Criteria:  Understand and apply AWS D1.1 Structural Welding Code visual inspection standards (including Table 4.11 criteria) to identify acceptable vs. non-acceptable weld profiles.
· Evaluate Non-Destructive Testing (NDT) Radiographs:  Identify sub-surface and surface discontinuities in weld X-ray images alongside macro photos.
· Identify Weld Discontinuities:  Rapidly diagnose five primary defect types: porosity, undercut, slag inclusions, crater/crater cracks, and incomplete fusion (lack of fusion).
· Execute Time-Critical Analysis:  Perform defect diagnosis under strict time limits (15 seconds per image) to simulate real-world quality control and esports tournament pressure.
· Satisfy Tier Progression Requirements:  Achieve the minimum  90%+ Inspection score  required to unlock Gold Tier status and advance toward Platinum Expert Welder qualification.
[bookmark: _imfvb35ncks2]2. AWS D1.1 Visual Inspection & NDT Standards
Visual inspection is the primary quality control method specified by AWS D1.1 for structural steel welding. Full compliance requires 100% visual inspection prior to, during, and after welding operations, complemented by Non-Destructive Testing (NDT) and destructive testing (e.g., guided bend tests).
[bookmark: _s13u8web0dd]Inspection Method Comparison
Method,Type,Description in Curriculum,Focus in Game 8
Visual Testing (VT),Non-Destructive,"Direct surface evaluation of weld bead profile, width, reinforcement, undercut, and surface porosity.",High-resolution weld photos requiring surface defect identification within 15 seconds.
Radiographic Testing (RT / X-Ray),Non-Destructive,Volumetric evaluation using X-rays to detect internal discontinuities within the weld cross-section.,"Radiographic/X-ray image analysis targeting internal voids, density variations, and trapped inclusions."
Guided Bend Testing (Root/Face),Destructive,"Physical bending of test coupons (e.g., AWS D1.1 3/8 in. limited thickness coupon) to evaluate soundness and ductility.",Simulated in Game 12 (Master Weld-Off) and mail-in lab qualification testing; verified against visual zero-defect standards.
[bookmark: _8j2s8tjvshn7]3. Defect Taxonomy & Root Cause Analysis
Understanding the root cause of defects allows operators to adjust parameters—such as voltage, wire feed speed, arc length, travel speed, torch angle, and heat input—to prevent failure during fabrication.
                    ┌─────────────────────────────────────────┐
                    │       Common Weld Defect Taxonomy       │
                    └────────────────────┬────────────────────┘
                                         │
        ┌───────────────────┬────────────┴───────┬───────────────────┐
        ▼                   ▼                    ▼                   ▼
    Porosity             Undercut          Slag Inclusions    Incomplete Fusion
(Gas Trapped)       (Base Metal Melted)   (Trapped Flux/Slag)   (Lack of Bond)
        │                   │                    │                   │
        └───────────────────┴────────────┬───────┴───────────────────┘
                                         ▼
                                   Crater Cracks
                              (Improper Termination)

[bookmark: _wuhhuvk7heiv]1. Porosity
· Description:  Gas pockets, cavities, or voids trapped in the solidifying weld metal.
· Visual & NDT Characteristics:  Appears as spherical pitted holes on the surface photo or dark circular spots on an X-ray image.
· Root Causes:
· Loss or disruption of shielding gas flow (e.g., drafts, improper flow rate).
· Surface contamination (rust, oil, dirt, or moisture on the base metal).
· Excessive arc length (Game 2 failure) causing atmospheric contamination of the puddle.
[bookmark: _ec8uyhpmzoz7]2. Undercut
· Description:  A groove melted into the base metal adjacent to the weld toe or root that is left unfilled by weld metal.
· Visual & NDT Characteristics:  Appears as a continuous or intermittent notch/depression along the weld edge on visual photos; shown as a dark line along the fusion boundary in radiographs.
· Root Causes:
· Excessive travel speed or excessive heat input/voltage.
· Incorrect torch angle or arc directed too high onto the vertical plate during horizontal (2G) or vertical (3G) positions (Game 5 position gravity sag).
· Improper manipulate of puddle diameter (Game 0 failure).
[bookmark: _2bch6p36pd19]3. Slag Inclusions
· Description:  Non-metallic solid material (flux/slag residue) trapped within the weld metal or between weld passes.
· Visual & NDT Characteristics:  Visible on surface passes during multi-pass welding, or as dark, irregular, elongated shapes inside the weld pass on radiograph (X-ray) scans.
· Root Causes:
· Failure to thoroughly clean or wire-brush slag between passes in multi-pass welding (Game 9 failure).
· Improper torch angle causing the puddle to overrun un-chipped slag.
· Excessive bead crown height blocking adequate melt-through on subsequent passes.
[bookmark: _8l2r5dica9cp]4. Crater / Crater Cracks
· Description:  A depression at the termination of a weld bead, often leading to star-shaped or longitudinal shrinkage cracks due to thermal contraction.
· Visual & NDT Characteristics:  Visible hollow center or radial fine lines at the end point of a weld bead run.
· Root Causes:
· Abruptly breaking the arc without back-stepping or filling the end of the puddle.
· Inadequate use of crater fill settings or rapid cooling of the molten puddle at weld termination.
[bookmark: _4tyir621iy27]5. Incomplete Fusion (Lack of Fusion)
· Description:  Lack of cohesion between adjacent layers of weld metal or between the weld metal and base metal surface.
· Visual & NDT Characteristics:  Surface seam or thin gap visible along the fusion line; depicted in X-rays as a sharp, dark linear indication along the joint edge.
· Root Causes:
· Low heat input (insufficient voltage/amperage settings).
· Excessive travel speed pushing the puddle ahead of the arc.
· Contaminated base material or cold lap during positional welding (e.g., 4G Overhead or 6G Pipe).
[bookmark: _ibxrhecr6aqs]4. Game 8 Mechanics & Simulation Protocol
Game 8 trains high-speed pattern recognition under competitive eSports conditions.
       ┌────────────────────────────────────────────────────────┐
       │             Game 8 Operational Loop                    │
       └───────────────────────────┬────────────────────────────┘
                                   │
                                   ▼
                       ┌───────────────────────┐
                       │   Display Weld Image  │
                       │  (Photo or X-Ray/RT)  │
                       └───────────┬───────────┘
                                   │
                                   ▼
                       ┌───────────────────────┐
                       │  15-Second Timer Runs │
                       └───────────┬───────────┘
                                   │
                                   ▼
                       ┌───────────────────────┐
                       │ Identify & Tag Defect │
                       │ (Porosity/Undercut/   │
                       │   Slag/Crater/Fusion) │
                       └───────────┬───────────┘
                                   │
                                   ▼
                       ┌───────────────────────┐
                       │ Real-time Accuracy &  │
                       │ Penalty Calculation   │
                       └───────────────────────┘

[bookmark: _vnnz8a3b161z]Rules of Engagement
1. Media Variety:  Players are presented with direct surface photos (Visual Testing) and internal Radiographs (X-ray images).
2. Time Limit:  Exactly  15 seconds per image  to analyze the media, locate the anomaly, and select the correct defect classification.
3. Execution Objective:  Rapidly inspect sequences of images, correctly identifying surface defects (porosity, undercut, slag, crater) and internal indications while minimizing false positives.
4. Target Benchmark:  Achieve a defect detection rate ( Defects Found % ) of  90% or higher  for Gold Tier eligibility, moving toward 0 missed defects for Platinum evaluation.
[bookmark: _mde4fhrac9l7]5. Scoring Algorithms, Metrics & Tier Requirements
Evaluation in Game 8 feeds directly into the overall Welder Esports performance engine, affecting cumulative XP and Tier status.
[bookmark: _43ua9sfjjejs]Performance Scoring Formulas
[bookmark: _hoph40rgpi8s]1. Module-Specific Metric
$$\text{Game 8 Metric} = \text{Defects Found Percentage (\%)} = \left( \frac{\text{Correctly Identified Defects}}{\text{Total Presented Defects}} \right) \times 100$$
[bookmark: _jxp51bi67o6z]2. Program-Wide Final Score Formula
$$\text{Final Score} = (\text{Accuracy} \times 0.40) + (\text{Consistency} \times 0.30) + (\text{Safety} \times 0.30)$$
[bookmark: _4soi1nn791yh]3. Experience Points (XP) Calculation
$$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$Note: Uncorrected defects carry a heavy negative weight (  $-50\text{ XP}$  per defect), highlighting the industry reality where critical defects result in test failure, costly re-work, or structural rejection.
[bookmark: _vmfs1zjqu39l]Player Tier Progression Matrix
Tier Rank,Total XP Requirement,Overall Score %,Game 8 / Inspection Benchmark,Qualified Positions & Capabilities
Bronze,500 XP,70%+,Baseline Defect Detection Introduced,"1G Flat Position, MIG Basics, Safety Pass"
Silver,"2,000 XP",85%+,Blueprint Symbols 80%+,"2G Horizontal, 3G Vertical-Up, Stick/TIG Basics"
Gold,"5,000 XP",92%+,Inspection Hunt 90%+,"4G Overhead, 6G Pipe, Multi-Pass"
Platinum Expert Welder,"10,000 XP",95%+,Zero Defects Standard,AWS D1.1 3/8 in. Qual + Remote Robotic Qualification
[bookmark: _jyw0m6ulpiaz]6. Integration in the 120-Day Curriculum
Game 8 sits at the center of the quality control sequence in the 120-Day Esports Program.
┌─────────────────────────────────────────────────────────────────────────┐
│                       120-DAY CURRICULUM PATHWAY                        │
└─────────────────────────────────────────────────────────────────────────┘
                                     │
                                     ▼
  Season 1: Rookie Bootcamp (Days 1–30)
  └─ Focus: OSHA Safety, MIG Basics, 1G/1F (Games 0–2)
                                     │
                                     ▼
  Season 2: Operator (Days 31–60)
  └─ Focus: Stick, TIG, 2G/3G, AWS Symbols, Visual Criteria D1.1 Table 4.11 (Games 3–5)
                                     │
                                     ▼
  Season 3: Pro League (Days 61–90)  ◄───────── [GAME 8 INSPECTION HUNT LOCATION]
  └─ Focus: 4G Overhead, 6G Pipe, Multi-Pass, Destructive Bend & 100% Visual Testing
     └─ Game 6: Overhead Chaos
     └─ Game 7: 6G Pipe Master
     └─ Game 8: Inspection Hunt (VT & NDT X-Ray Diagnosis)
     └─ Game 9: Multi-Pass Builder
                                     │
                                     ▼
  Season 4: Masters (Days 91–120)
  └─ Focus: Remote Robotic Teleoperation (100–400ms lag), Fabrication Sim, AWS CW Qualification
     └─ Game 10: Signal Survival Remote Welding (E-stop triggered upon defect detection)
     └─ Game 12: Master Weld-Off (AWS D1.1 3/8 in. Limited Thickness Coupon)

[bookmark: _v9n4oplfzlg6]Role in Advanced Modules
· Connection to Game 9 (Multi-Pass Builder):  Lessons learned identifying interpass slag inclusions in Game 8 direct the cleaning mechanics required between root, fill, and cap passes in Game 9.
· Connection to Game 10 (Signal Survival Remote Welding):  Inspection training enables operators running remote robotic workcells (e.g., Tesla-style teleoperation) to recognize surface anomalies through camera feeds, allowing them to hit the emergency stop ( E-stop < 0.8s ) before depositing flawed material.
· Connection to Game 12 (Master Weld-Off):  Prepares students to pass 100% visual inspection prior to simulated lab bend tests on the AWS D1.1 3/8 in. limited thickness test coupon.
[bookmark: _p6u7isagnbgb]7. Study Review & Knowledge Check Questions
· What is the maximum time allowed per image in Game 8 Inspection Hunt?
· Answer:  15 seconds per image.
· Which structural welding standard governs the visual inspection criteria covered in this module?
· Answer:  AWS D1.1 Structural Welding Code Steel (specifically Table 4.11 / visual acceptance criteria).
· What is the formula used to calculate Experience Points (XP) across game modules?
· Answer:   $\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$ .
· What minimum score in Inspection Hunt is required to attain Gold Tier status?
· Answer:  An Inspection score of 90%+ (alongside 5,000 XP and 92% overall accuracy).
· How does failure to clean between passes in Game 9 manifest as a defect in Game 8?
· Answer:  It manifests as a slag inclusion, which appears as trapped non-metallic flux within the weld layer visually or as an irregular dark volume on an X-ray radiograph.

