[bookmark: _60wd037eh7l8]Game 7: 6G Pipe Master Training Manual & Study Guide #### 1. Program Overview & Core Objectives The Game 7: 6G Pipe Master module serves as a cornerstone of Season 3 (Pro League, Days 61–90) within the 120-Day Welder Esports Training Program. The 6G pipe position—a fixed, 45-degree inclined pipe joint—is widely recognized as one of the most challenging skill tests in structural and pipe welding. Mastering this position demonstrates superior spatial awareness, torch control, and heat management.  45° Inclined Pipe Axis / / <--- 6G Fixed Joint / [ Fixed Base ]  ##### Purpose and Scope * Universal Qualification: Under AWS D1.1 Structural Welding Code, successfully qualifying in the 6G inclined position automatically qualifies a welder for all basic plate and pipe positions (1G flat, 2G horizontal, 3G vertical, 4G overhead, and 1F–4F fillet positions). * Advanced Spatial Coordination: Requires continuous adjustment of travel angle, work angle, and wire feed/torch orientation as the welder moves around the circumference of the fixed 45-degree pipe. * Mirror Reflection Navigation: Requires the operator to complete approximately half of the weld joint utilizing a mirror reflection to view the puddle, simulating real-world tight-access jobsite restrictions and roadside field-rig operations. #### 2. Technical Specifications & Preparation ##### Joint Geometry & Pipe Preparation To achieve structural integrity, joint preparation must adhere strictly to the Welding Procedure Specification (WPS): * Inclination Angle: Fixed at 45 degrees ( $\pm 5^\circ$ ) off the horizontal plane. The pipe must not be rotated during welding. * Included Angle & Bevel: Standard $45^\circ$ included bevel angle for structural and pipe coupons. * Fit-Up & Root Opening: Precise fit-up is required to ensure consistent root penetration and avoid incomplete fusion. ##### Argon Gas Back Purging Protocols When executing root passes on stainless steel or alloy pipe, proper purging is mandatory to prevent back-side oxidation (sugar coating/heavy scaling): * Purge Gas: 100% Industrial Grade Argon. * Target Atmosphere: Oxygen levels inside the pipe lumen must be reduced to $<0.5\%\ \text{O}_2$ prior to striking the arc and maintained throughout the root pass sequence. * Interpass & Preheat Temperature Control: Monitoring thermal input prevents base metal distortion, excessive grain growth, and thermal degradation. #### 3. Game Mechanics & Simulation Dynamics Game 7 translates high-stakes physical pipe welding into a real-time, physics-based 3D simulation using haptic controllers, foot pedals, and VR spatial tracking.  +-----------------------------------------------------------------------+ | 6G PIPE MASTER HUD | | | | Current Angle: 135° (Overhead-to-Vertical) Mirror Mode: [ACTIVE] | | Arc Length: 3.0mm | Puddle Dia: 5.0mm | O2 Purge: <0.5% [OK] | | | | [Haptic Feedback: Moderate] [Speed: 5.0 mm/s] | +-----------------------------------------------------------------------+  ##### Spatial Coordination & Mirror Mode Navigation 1. Dynamic Positional Shifts: The welding trajectory transitions continuously across four quadrant states: * Bottom (6 o'clock): Inverted overhead conditions require higher travel speed and dynamic heat adjustment to prevent puddle sagging. * Side Slopes (3 and 9 o'clock): Vertical-up progression demands gravity-drag compensation and careful heat control. * Top (12 o'clock): Flat position transition where puddle fluidity must be controlled against excessive reinforcement. 2. Mirror Reflection Mode: For 50% of the circumferential path, the primary visual HUD shifts to an inverted/reflected mirror view. * Cognitive Skill: Reverses hand-eye coordination vectors on the haptic joystick/VR interface. * Objective: Maintain steady arc length ( $3\text{ mm} \pm 0.5\text{ mm}$ ) and uniform travel speed ( $5\text{ mm/s} \pm 0.5\text{ mm/s}$ ) while steering strictly through the mirror image. ##### Keyhole Technique & Root Penetration Mechanics * Root Pass Execution: The operator uses a TIG GTAW precise torch manipulation or Stick SMAW (6010 root) technique to maintain a balanced "keyhole" at the leading edge of the puddle. * Penetration Control: The keyhole confirms full penetration through the root face without blow-outs or internal undercut. ##### Multi-Pass Sequence Dynamics The 6G Pipe Master module incorporates multi-pass building rules: 1. Root Pass: Establishes complete internal joint tie-in; rated heavily on root penetration. 2. Interpass Slag Cleaning / Surface Prep: In accordance with structural code requirements, simulated interpass mechanical cleaning (wire brushing/chipping) must be executed between passes. 3. Fill & Cap Passes: Multi-pass layer construction focusing on edge tie-in, interpass temperature maintenance, distortion control, and zero surface undercut. #### 4. Quality Assurance, Code Compliance & Testing ##### Code Standards Overview Training and inspection parameters are aligned with standard welding codes: * AWS D1.1: Structural Welding Code – Steel (Performance Qualification, WPS/PQR verification, Table 4.11 visual inspection acceptance criteria). * API 1104 / AWS Performance Standards: Strict adherence to root penetration, reinforcement limits, and defect limits for cross-country pipelines and structural pipe assemblies. ##### Visual Defect Detection Matrix (AWS D1.1 Table 4.11) A 100% visual inspection is conducted post-weld. Any detected defect reduces score outputs and risks run invalidation. | Defect Type | Cause in Simulation | Acceptance Threshold | | ------ | ------ | ------ | | Porosity | Loss of argon gas shield ( $>0.5\%\ \text{O}_2$ ), dirty base metal, improper torch angle. | Zero tolerance / Code-specified limits | | Undercut | Excessive heat input, excessive travel speed, improper work angle at bevel toe. | Max depth per AWS D1.1 Table 4.11 | | Incomplete Fusion | Insufficient heat input, improper keyhole sizing, rapid travel speed. | Zero tolerance (100% rejection) | | Slag Inclusions | Failure to clean interpass layers during multi-pass sequence (Stick/Flux-Core). | Zero tolerance on root/cap visual | | Crater Cracks | Abrupt arc termination without proper fill/crater-fill technique. | Zero surface cracks allowed | ##### Destructive Bend Testing Procedures Following a 100% pass on visual inspection, simulated or physical coupons undergo destructive testing: * Guided Bend Test: Coupons are cut from the 6G pipe assembly (Root Bend and Face Bend specimens). * Execution: Specimens are bent $180^\circ$ in a guided bend jig to test ductility and root/face soundness. * Evaluation: Open defects exceeding code limits (e.g., openings $>1/8\text{ in}$ or $3.2\text{ mm}$ ) trigger an automatic test failure. #### 5. Scoring Algorithms & Esports Progression ##### Mathematical Scoring Formulas ###### 1. Final Run Score Calculation The overall performance score combines precision, execution consistency, and safety/procedure parameters: $$\text{Final Score} = (\text{Accuracy} \times 0.40) + (\text{Consistency} \times 0.30) + (\text{Safety} \times 0.30)$$ * Accuracy (40%): Evaluates path deviation, joint centerline tracking, and keyhole/root penetration depth. * Consistency (30%): Measures arc length maintenance ( $3\text{ mm}$ baseline), puddle width consistency ( $5\text{ mm} \pm 0.5\text{ mm}$ ), and travel speed variance ( $5\text{ mm/s}$ ). * Safety & Procedure (30%): Enforces purge gas verification ( $<0.5\%\ \text{O}_2$ ), proper interpass temperature maintenance, interpass cleaning, and hot work/PPE safety protocols. ###### 2. Experience Points (XP) Formula Player XP progression is governed by performance inputs and severe defect penalties: $$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$ * Note: Unsafe procedures or critical weld defects (e.g., severe porosity or lack of penetration) incur a heavy 50-point deduction per defect event , penalizing uncalibrated runs. ##### Welder Esports Tier Advancement Matrix  [ Platinum Tier ] ----> 10,000+ XP | 95%+ Score | AWS D1.1 + Remote Qual ^ [ Gold Tier ] --------> 5,000 XP | 92%+ Score | 4G/6G Proficient ^ [ Silver Tier ] -------> 2,000 XP | 85%+ Score | 2G/3G + Blueprint 80% ^ [ Bronze Tier ] -------> 500 XP | 70%+ Score | 1G Baseline  | Tier Level | XP Threshold | Score Requirement | Required Competencies & Milestone Approvals | | ------ | ------ | ------ | ------ | | Bronze | 500 XP | 70%+ | - Safety orientation & OSHA compliance
· 1G Flat Position baseline
· Bead line & puddle control stability | | Silver | 2,000 XP | 85%+ | - 2G Horizontal & 3G Vertical Up proficiency
· AWS Blueprint Blitz score $\ge 80\%$
· TIG foot pedal & Stick fundamentals | | Gold | 5,000 XP | 92%+ | - 4G Overhead & 6G Pipe Master proficiency
· Inspection Hunt score $\ge 90\%$
· Signal Survival latency threshold $\le 250\text{ ms}$ | | Platinum (Expert Welder) | 10,000 XP | 95%+ | - Master Weld-Off completion (Zero Defects)
· AWS D1.1 $3/8\text{ in}$ Limited Thickness qualification
· Remote Robotic Operator clearance (background check & drug screen) | #### 6. Daily Training Loop & Curriculum Integration ##### Daily 6-Hour Esports Schedule Training follows a structured daily routine balancing theory, deliberate game reps, ranked competitions, and post-run analysis:  +-------------------------------------------------------------------+ | DAILY 6-HOUR TRAINING LOOP | | | | 09:00 - 09:45 [ Classroom Micro-Lesson: OSHA / AWS Code ] | | 09:45 - 12:00 [ Simulator Game Drills: Focus on 2 Games Max ] | | 12:00 - 12:30 [ LUNCH BREAK ] | | 12:30 - 14:00 [ Ranked Tournament: Same Seed Coupon Matchups ] | | 14:00 - 14:30 [ VOD Review: Puddle Cam & Telemetry Replay ] | +-------------------------------------------------------------------+  1. 09:00 – 09:45 | Classroom Micro-Lesson: * Focuses on OSHA standards (29 CFR 1910.252 welding/cutting safety, 1910.255 resistance welding competency, 1926 Subpart J gas welding/cutting), AWS D1.1 code criteria, preheat/interpass requirements, and back purging protocols. 2. 09:45 – 12:00 | Game Drills (Targeted Practice): * Students execute focused drills on no more than two active games per day to maximize dynamic skill acquisition. * 6G Focus: Game 7 (6G Pipe Master) paired with Game 8 (Inspection Hunt) or Game 2 (Arc Length). 3. 12:30 – 14:00 | Ranked Tournament Competition: * Standardized, single-seed test coupons hosted via hub.esportsleaguehub.com. * Head-to-head live score competitions evaluating accuracy, travel speed smoothness, and joint defect rates under timed conditions. 4. 14:00 – 14:30 | VOD Review & Telemetry Analysis: * Instructor and student review "Puddle Cam" recordings, haptic data lines, arc length variances, and path drift tracking to correct flaws prior to subsequent runs. ##### Hardware Setup & Simulation Station  +--------------------------------------------------+ | SIMULATOR BOOTH | | | | [ VR Headset / 3D Vision ] | | | | | v | | [ Dual Haptic Joysticks ] -- [ TIG Foot Pedal ] | | | | | v | | [ Auto-Dark Helmet HUD ] | | | | | v | | [ Fume Extraction Feedback Sim ] | +--------------------------------------------------+  * Footprint: Small-footprint modular simulator booth. * Visual Tracking: High-refresh VR Headset displaying 3D inclined 6G pipe fixtures, dynamic puddle viscosity, and mirror mode reflections. * Controls: * Dual Haptic Joysticks simulating TIG/MIG/Stick torch resistance and arc drag. * TIG Foot Pedal managing variable amperage (e.g., $40\text{--}150\text{ A}$ dynamic thermal control). * Safety Integration Equipment: Integrated auto-darkening helmet visor simulation with variable shade adjustment, simulated ventilation monitoring, and hot work permit verification steps. #### 7. Comprehensive Summary & Master Checklist To successfully complete the Game 7: 6G Pipe Master module and advance toward Platinum Expert Welder status, the candidate must master the following requirements: *  Safety & Regulatory Compliance: Verify OSHA 1910.252/1926 Subpart J compliance, hot work permits, PPE selection, and continuous fume ventilation. *  Back Purge Protocol: Achieve and maintain an internal pipe oxygen concentration of $<0.5\%\ \text{O}_2$ using Argon gas purging before initiating the root pass. *  6G Fixed Inclination: Maintain arc control across a fixed $45^\circ$ inclined pipe assembly without rotating the workpiece. *  Root Pass Keyhole Integrity: Execute 100% complete root penetration using steady torch manipulation and dynamic keyhole sizing. *  Mirror Reflection Proficiency: Complete $50\%$ of the weld path utilizing the inverted mirror view while keeping arc length ( $3\text{ mm}$ ) and speed ( $5\text{ mm/s}$ ) within target tolerances. *  Interpass Maintenance: Complete simulated interpass cleaning (slag removal/brushing) and maintain thermal interpass boundaries between root, fill, and cap passes. *  Zero Surface Defect Inspection: Pass a 100% visual inspection per AWS D1.1 Table 4.11 with zero porosity, zero incomplete fusion, and code-compliant reinforcement profiles. *  Destructive Test Validation: Pass simulated guided root and face bend tests with no open defects exceeding $1/8\text{ in}$ ( $3.2\text{ mm}$ ). *  Target Score Benchmark: Achieve a combined Final Score $\ge 92\%$ (Gold Tier threshold) or $\ge 95\%$ (Platinum Tier threshold) with zero defect penalties.

