[bookmark: _gljcelt0tnlh]Master Curriculum Report: 120-Day AWS D1.1 & OSHA Compliant Welder Esports Training Program
[bookmark: _rbzhmw17dqq6]1. Strategic Regulatory & Qualification Framework (OSHA Compliance & AWS D1.1 Standards)
The strategic convergence of gamified simulation architecture and heavy industrial trade education demands an uncompromising, code-compliant operational baseline. To establish a high-throughput, workforce-ready pipeline that transitions high-dexterity digital athletes into certified structural welders and remote robotic teleoperators, the curriculum must strictly embed federal safety directives and recognized industrial standards into every digital mechanic and physical booth protocol. Aligning Occupational Safety and Health Administration (OSHA) mandates directly with American Welding Society (AWS) qualification procedures establishes a rigorous, data-driven framework where physical spatial awareness, hazard mitigation, and visual inspection standards are mastered simultaneously. This integration guarantees that candidates achieve both structural competency and an ingrained safety mindset before entering real-world jobsites or commanding high-value remote teleoperation cells.
[bookmark: _2bd2zdrbhjkl]1.1 Federal OSHA Compliance Directives
Compliance with federal safety mandates constitutes the foundational requirement of the industrial curriculum. To ensure comprehensive hazard awareness and workplace compliance, the training model integrates three principal Occupational Safety and Health Administration (OSHA) regulatory frameworks:
· 29 CFR 1910.252(d) (General Requirements for Welding, Cutting, and Brazing):  Establishes mandatory hazard instruction, fire prevention standards, physical guarding, fuel gas safety protocols, and operational precautions prior to equipment deployment in active training booths.
· 29 CFR 1910.255(a)(3) (Resistance Welding Equipment):  Dictates formal operator competency verification, requiring designated personnel operating resistance welding machinery to undergo structured instruction and explicit competency evaluation prior to equipment operation.
· 29 CFR 1926 Subpart J (Gas Welding and Cutting in Construction):  Enforces rigorous safety parameters for construction environments, governing compressed gas cylinder storage, torso protection, and site-specific hazard mitigation protocols.
· Operational Safeguards & Best Practices:  Physical booth environments enforce absolute adherence to Personal Protective Equipment (PPE)—specifically auto-darkening variable shade welding helmets—alongside continuous local exhaust fume ventilation, hot work permitting workflows, fuel gas manifold safety protocols, and dedicated fire watch procedures. In alignment with heavy industrial best practices, mandatory safety recertification is structured on a 3-year renewal cycle.
[bookmark: _2nihjmo8vdgf]1.2 AWS D1.1 Structural Welding Code Standards
Skill progression within the curriculum is governed by the performance-based standards established under AWS D1.1 (Structural Welding Code — Steel). Candidates progress through standardized industrial welding positions across both plate groove (G) and fillet (F) joint configurations:
· Plate Positions:  Systematic progression through 1G (Flat), 2G (Horizontal), 3G (Vertical Up), and 4G (Overhead) groove configurations.
· Fillet Positions:  Parallel advancement through 1F (Flat Fillet), 2F (Horizontal Fillet), 3F (Vertical Fillet), and 4F (Overhead Fillet) positions.
· Master Qualification Position (6G Inclined Pipe):  The 6G pipe position—utilizing a fixed pipe specimen oriented at a 45-degree angle—serves as the master evaluation benchmark. Achieving qualification in the 6G position under AWS D1.1 automatically qualifies the welder across all plate and pipe positions for the tested process.
[bookmark: _jk540f3gfek8]1.3 Qualification Testing & Quality Assurance Protocol
The program culminates in an official AWS Certified Welder (CW) qualification workflow, utilizing standardized physical testing procedures:
[Procure AWS Test Kit] 
        │
        ▼
[Prepare 3/8" Test Coupon (45° Included Angle)] 
        │
        ▼
[Execute Weld per WPS Specifications] 
        │
        ▼
[100% Visual Inspection (AWS D1.1 Table 4.11)] 
        │
        ▼
[Mail Coupon to CWI Accredited Testing Lab] 
        │
        ▼
[Destructive Guided Bend Test (Root + Face)] 
        │
        ▼
[Issue Official Welder Qualification Record (WQR)]

1. Test Coupon Specifications:  Testing requires a standardized 3/8-inch limited thickness test coupon featuring a 45-degree included bevel angle, executed in strict accordance with the designated Welding Procedure Specification (WPS) and Procedure Qualification Record (PQR).
2. 100% Visual Inspection:  Prior to mechanical destruction, coupons undergo mandatory visual evaluation per AWS D1.1 Table 4.11 criteria to ensure complete freedom from cracks, severe undercut, or surface porosity.
3. Destructive Mechanical Testing:  Coupons are submitted via a mail-in test kit process to an accredited testing laboratory, where Certified Welding Inspectors (CWIs) conduct destructive root and face guided bend tests.
4. Performance-Based Verification:  Successful completion yields an official AWS Welder Qualification Record (WQR). Qualification is strictly performance-demonstrated without minimum mandatory clock-hour requirements, allowing accelerated progression based on verified physical dexterity.Establishing this regulatory and code baseline provides the necessary framework for mapping physical welding metallurgy and arc mechanics into digital hardware environments.
[bookmark: _9gppfzqwzcaj]2. Metallurgy, Welding Process Specifications & Technical Skill Mapping
[bookmark: _7lwii7vn8diu]Mandatory Section Introduction
Bridging theoretical code compliance and practical athletic execution requires mapping core industrial arc welding processes to precise physical inputs. The curriculum focuses on the four primary arc welding processes that power modern manufacturing, structural construction, and infrastructure maintenance, mapping their metallurgical dynamics directly into high-fidelity haptic simulation hardware.
[bookmark: _c8vw27nn7y5v]2.1 Comparative Analysis of Arc Welding Processes
Process,Market & Industry Rationale,Operational Parameters & Technical Mechanics,Core Applications & Specializations
GMAW (MIG),Captures 45% of small shop manufacturing; highly accessible for beginner entry due to continuous electrode wire feeding.,"Wire diameters: 0.030"" and 0.035""; shielding gas: Argon/CO2 mixtures; dynamic voltage and wire feed speed balancing; automated hot start and crater fill mechanics.","High-speed production, sheet metal fabrication, structural assembly, and introductory spatial control."
GTAW (TIG),"Regarded as the industry's ultimate ""focus secret""; requires high physical dexterity and manual two-handed/foot coordination.",Non-consumable tungsten electrode; precision foot pedal amperage modulation (40–150A range); gas lens shielding flow; simultaneous filler rod manipulation.,"High-precision structural welds on thin stainless steel, aluminum, aerospace components, and critical nuclear root passes."
SMAW (Stick),"Delivers maximum mechanical strength in outdoor, high-wind, and heavily rusted structural steel environments.",Electrode selection focused on 6010 (deep penetration cellulosic) and 7018 (low-hydrogen fill/cap) rods; strict DC polarity control.,"Heavy structural erection, field maintenance rigs, pipeline repair, and nuclear plant heavy-wall piping (mandatory TIG + Stick combination)."
FCAW (Flux-Core),Engineered for maximum deposition rates and continuous industrial high-productivity welding.,Continuous tubular flux-filled wire; operates as Self-Shielded (FCAW-S) for outdoor wind resistance or Dual-Shielded (FCAW-G) using external gas; heavy slag accumulation requiring intermediate mechanical cleaning.,"Heavy industrial manufacturing, structural bridge building, marine shipbuilding, and high-volume structural steel erection."
[bookmark: _gr3l8781sn4y]2.2 Tactile Skill Translation & Hardware Mapping
To develop real-world muscle memory within a simulated esports environment, eight core physical welding competencies are mapped directly to specialized simulation hardware controllers:
+-------------------------------------------------------------------------------+
|                        TACTILE HARDWARE TRANSLATION                           |
+------------------------------+------------------------------------------------+
| Physical Welding Skill       | Digital Controller & Sensor Integration        |
+------------------------------+------------------------------------------------+
| 1. High-Precision Focus      | VR Headset (3D Spatial Positional Tracking)    |
| 2. Steady Hand Motor Control | Haptic Feedback Joysticks & Torch Rigging     |
| 3. Molten Puddle Control     | Haptic Resistance & Real-time Thermal Visuals   |
| 4. Arc Length Consistency    | Audio Frequency Feedback (3mm Threshold Sensor)|
| 5. Travel Speed Tracking     | Linear Motion Sensors & Velocity Scoring      |
| 6. Heat Input Management     | Foot Pedal Amperage Modulators (40-150A)       |
| 7. AWS A2.4 Blueprint Symbols| Digital HUD Symbol Recognition Mechanics       |
| 8. Defect Detection          | Variable-Shade Helmets & High-Res Inspection   |
+------------------------------+------------------------------------------------+

· Focus:  Cultivated through immersive VR headsets and specialized optics, demanding sustained visual focus on the leading edge of the molten puddle.
· Steady Hand:  Trained using ergonomic torch joysticks equipped with haptic actuators that simulate arc resistance and joint contact dynamics.
· Puddle Control:  Simulated via dynamic fluid physics engines that respond instantly to torch angle and current variations, requiring operators to stabilize puddle geometry.
· Arc Length Control:  Monitored via precise distance sensors enforcing a strict 3mm target arc length, utilizing an instantaneous audio buzzer alert to correct long-arc or short-arc events.
· Travel Speed Consistency:  Tracked along linear motion axes requiring a constant 5mm/s ( $\pm0.5\text{mm/s}$ ) velocity to ensure uniform weld bead geometry.
· Heat Input Management:  Executed via floor-mounted foot pedals modulating power output between 40A and 150A during GTAW simulation runs.
· Blueprint Reading (AWS A2.4):  Reinforced through dynamic screen overlays requiring rapid recognition and selection of bevel, chamfer, groove, and fillet weld symbols.
· Visual Defect Detection:  Visual drills targeting real-time identification of surface porosity, undercut, slag inclusions, and crater cracking under industrial lighting conditions.Translating physical welding physics into digital simulation hardware creates the foundation for the temporal 120-day curricular model.
[bookmark: _p5bzw1y1py]3. 120-Day / 4-Season Curricular Progression Model
[bookmark: _hgnminmgrmn6]Mandatory Section Introduction
The 120-day curriculum is organized into four sequential 30-day "Seasons." This structural framework creates a scalable pathway, advancing candidates from foundational safety protocols and basic MIG welding to multi-position structural codes, pipe welding, field rig management, and remote robotic teleoperation.
┌────────────────────────┐      ┌────────────────────────┐
│  SEASON 1: ROOKIE      │      │  SEASON 2: OPERATOR    │
│  (Days 1–30)           │─────►│  (Days 31–60)          │
│  OSHA / MIG / 1G & 1F  │      │  Stick / TIG / 2G & 3G │
└────────────────────────┘      └────────────────────────┘
                                             │
                                             ▼
┌────────────────────────┐      ┌────────────────────────┐
│  SEASON 4: MASTERS     │      │  SEASON 3: PRO LEAGUE  │
│  (Days 91–120)         │◄─────│  (Days 61–90)          │
│  Remote Ops / AWS CW   │      │  4G Overhead / 6G Pipe │
└────────────────────────┘      └────────────────────────┘

[bookmark: _f8j122spcc75]3.1 Season 1: Rookie Bootcamp (Days 1–30) — Safety, MIG Basics & Flat Position
· Classroom & Booth Focus:  Instruction covers OSHA 29 CFR 1910.252 cutting and brazing safety, auto-darkening variable shade helmet fitting, local exhaust ventilation operation, hot work permitting, fire watch protocols, fuel gas handling, and resistance welding machine guarding per 29 CFR 1910.255(a)(3). Academic modules introduce AWS D1.1 specifications, WPS/PQR interpretation, and 1G/1F flat position mechanics. Theory covers GMAW wire selection (0.030/0.035), shielding gas mixtures (Argon/CO2), arc striking, voltage-to-wire-feed dynamics, hot start configuration, and crater fill mechanics.
· Simulated Drills:  Primary focus centers on  Game 0 (Puddle Control)  for puddle diameter stabilization,  Game 1 (Bead Line)  for linear travel speed tracking, and  Game 2 (Arc Length)  for voltage management.
· Competitive Benchmark:  Daily straight bead leaderboard competitions measuring bead straightness, smoothness, and travel speed consistency.
[bookmark: _rgk2a0me28gl]3.2 Season 2: Operator (Days 31–60) — Stick, TIG, Multi-Position & Blueprint Mastery
· Classroom & Booth Focus:  Progression to SMAW Stick welding (mastering 6010 deep-penetration cellulosic and 7018 low-hydrogen electrodes, arc striking, and DC polarity dynamics) and GTAW TIG welding (tungsten selection, gas lens usage, and foot pedal amperage modulation). Curriculum covers AWS A2.4 blueprint welding symbols (bevels, chamfers, field welds) and visual inspection criteria per AWS D1.1 Table 4.11 for identifying porosity, undercut, incomplete fusion, and slag inclusions. Practical booth work covers 2G horizontal plate, 3G vertical-up plate, and 1F–3F fillet joint configurations.
· Simulated Drills:  Execution of  Game 3 (TIG Foot Pedal)  for dual-task amperage control,  Game 4 (Blueprint Blitz)  for symbol recognition, and  Game 5 (Position Challenge 2G/3G)  incorporating joystick gravity drag.
· Competitive Benchmark:  Weekly 1v1 fillet weld tournament brackets utilizing identical joint seeds to compare root penetration and bead profile scores under controlled conditions.
[bookmark: _qdxwi321dnlp]3.3 Season 3: Pro League (Days 61–90) — Overhead, 6G Pipe & Advanced Quality Control
· Classroom & Booth Focus:  Advanced execution in the 4G overhead plate position and the 6G inclined pipe position (45-degree fixed pipe). Technical instruction covers pipe fit-up, stainless steel back-purging, multi-pass sequencing (root, fill, cap), preheat and interpass temperature control, and thermal distortion mitigation. Field operations modules cover mobile roadside maintenance for welding rigs—focusing on engine-driven generator operation, cable voltage drop compensation over long leads, and outdoor wind shielding techniques. Quality control covers 100% visual inspection and destructive testing protocols (guided root/face bends, tensile testing).
· Simulated Drills:  Intensive practice on  Game 6 (Overhead Chaos)  for inverted puddle control,  Game 7 (6G Pipe Master)  requiring mirror-view execution,  Game 8 (Inspection Hunt)  for defect recognition, and  Game 9 (Multi-Pass Builder)  for multi-layer weld building.
· Competitive Benchmark:  Team fabrication build competitions alongside dedicated "Overhead Cup" and "Pipe Cup" competitive events.
[bookmark: _v2mptqdtxdo4]3.4 Season 4: Masters (Days 91–120) — Remote Teleoperation, Fabrication & Certification
· Classroom & Booth Focus:  Advanced industrial teleoperation frameworks modeled on modern remote control infrastructure (such as Tesla’s remote operator model across Austin and Bay Area facilities). Training covers real-time remote robotic cell manipulation, network latency management (100–400ms lag windows), control redundancy, automated emergency stop (E-stop) protocols, and background/drug screening standards for high-security teleoperation facilities. Commercial modules cover shop fabrication workflows, cost estimating, cut list generation, and final preparation for the AWS Certified Welder mail-in test kit.
· Simulated Drills:  Advanced performance in  Game 10 (Signal Survival Remote Welding)  for high-latency handling and E-stop execution,  Game 11 (Fabrication Sim)  for real-time strategy trailer builds, and  Game 12 (Master Weld-Off)  for standardized coupon testing under timed conditions.
· Capstone Culmination:  Live execution on Championship Day 120 featuring an AWS D1.1 Limited Thickness 3/8-inch test coupon weld. Industrial employers, regional fabricators, and commercial carriers attend live, with automated GoHighLevel (GHL) CRM pipeline stage updates routing successful candidates directly to prospective hiring partners.This 4-season temporal progression relies on an objective scoring engine to evaluate student advancement across each training phase.
[bookmark: _osi64kcwo8wu]4. Algorithmic Scoring Engine, XP Mechanics & Competency Tiers
[bookmark: _7y841cpzt35v]Mandatory Section Introduction
Subjective evaluation in practical trade education can introduce grading variability and inconsistent candidate scoring. To ensure standardized, objective performance tracking, this program utilizes an algorithmic scoring engine. By processing real-time telemetry—including travel speed, arc gap distance, spatial orientation, and safety parameter adherence—the scoring system translates physical performance into objective numeric metrics and competency tiers.
[bookmark: _28m8nvo0cgur]4.1 Core Scoring & Experience Point (XP) Formulas
Candidate performance is calculated using two primary mathematical models: the Final Performance Score and Experience Point (XP) accumulation.
[bookmark: _pswgs0abdqn0]Final Performance Score Equation
The Final Performance Score combines positional accuracy, movement consistency, and safety compliance into a unified metric:$$\text{Final Score} = (\text{Accuracy} \times 0.40) + (\text{Consistency} \times 0.30) + (\text{Safety} \times 0.30)$$
· Accuracy (40% Weight):  Evaluates joint alignment, puddle target size (5mm  $\pm0.5\text{mm}$ ), arc length maintenance (3mm), and weld bead profile accuracy.
· Consistency (30% Weight):  Measures travel speed stability (5mm/s  $\pm0.5\text{mm/s}$ ), heat input uniformity, and smooth torch manipulation along the weld axis.
· Safety (30% Weight):  Assesses virtual PPE verification, active fume extraction management, hot work permit clearance, fire watch tracking, and operational limits (avoiding over-amperage or voltage spikes).
[bookmark: _5bcoppzckjb]Experience Point (XP) Calculation Equation
Experience points reward technical precision while penalizing visual and structural defects:$$\text{XP Calculation} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$
· Defect Penalties:  Any visual or structural discontinuity—such as surface porosity, undercut, lack of fusion, slag inclusions, or crater cracks—deducts 50 XP per detected instance, enforcing a zero-defect standard.
[bookmark: _wfethvr6h7tu]Step-by-Step Worked Scoring Example
To demonstrate the application of these formulas, consider a student run during a 3G vertical-up simulation session:
· Raw Performance Metrics:
· $\text{Accuracy} = 90\%$  ( $0.90$ )
· $\text{Consistency} = 85\%$  ( $0.85$ )
· $\text{Safety} = 100\%$  ( $1.00$ )
· $\text{Defects Detected} = 2 \text{ instances of undercut}$
· 1. Final Performance Score Calculation:   $$\text{Final Score} = (0.90 \times 0.40) + (0.85 \times 0.30) + (1.00 \times 0.30)$$   $$\text{Final Score} = 0.36 + 0.255 + 0.30 = 0.915 \text{ or } 91.5\%$$
· 2. Experience Point (XP) Calculation:   $$\text{XP} = (90 \times 10) + (85 \times 5) - (2 \times 50)$$   $$\text{XP} = 900 + 425 - 100 = 1,225 \text{ XP}$$This candidate earns a Final Score of 91.5% and adds 1,225 XP to their cumulative record.
[bookmark: _3btdfte1rc4]4.2 Competency Tier Architecture
Accumulated XP and score thresholds determine candidate progression across four structured competency tiers:| Competency Tier | Minimum XP | Score Threshold | Mandatory Technical Prerequisites | Industry Qualification & Career Readiness || ------ | ------ | ------ | ------ | ------ || Bronze Tier | 500 XP | 70%+ Average | 1G/1F flat position mastery; 70%+ bead consistency score; mandatory OSHA safety baseline pass. | Qualified for entry-level shop assembly and entry MIG tack welding operations. || Silver Tier | 2,000 XP | 85%+ Average | 2G/3G multi-position plate proficiency; 80%+ score on Blueprint Blitz exam; SMAW/GTAW process clearance. | Qualified for general structural fabrication, sheet metal assembly, and shop welding roles. || Gold Tier | 5,000 XP | 92%+ Average | 4G overhead and 6G master pipe position clearance; 90%+ score on Inspection Hunt; Signal Survival latency tolerance  $\le250\text{ms}$ . | Qualified for advanced structural steel erection, pressure vessel piping, and low-latency remote welding tasks. || Platinum Tier (Expert Welder) | 10,000 XP | 95%+ Master | Master Weld-Off completion with zero defects; AWS D1.1 3/8" coupon pass; verified background/drug check; remote teleoperation clearance. | Job Ready:  Qualified for high-spec structural, heavy industrial fabrication, and long-range remote robotic teleoperation roles. |
These objective mathematical formulas and competency tiers directly reflect performance data gathered from the program's simulation catalog.
[bookmark: _1ajdz33w0r7x]5. Comprehensive 13-Game Simulation Architecture Catalog (Games 0–12)
[bookmark: _3gnhl8sjcs5s]Mandatory Section Introduction
The practical curriculum centers on a suite of 13 custom-designed simulation games (Games 0 through 12). Each title focuses on a specific physical skill, code requirement, or operational environment. Together, these simulations serve both as step-by-step instructional tools and as objective testing mechanisms for trade qualification.
[bookmark: _oii4v0j5hmkb]5.1 Master Simulation Matrix
The following master matrix details the operational mechanics, industry linkages, physical controller hardware inputs, and quantitative pass/fail scoring metrics across all 13 simulation titles:| Game ID & Title | Operational Mechanics (How to Play) | Core Industry Link | Physical Controller Input | Specific Pass/Fail & Scoring Metrics || ------ | ------ | ------ | ------ | ------ || Game 0: Puddle Control | Maintain a molten puddle diameter of 5mm ( $\pm0.5\text{mm}$ ) while moving along the joint. Haptic controller triggers dynamic physical resistance if puddle expands or shrinks beyond limits. | MIG fundamentals, TIG puddle focus, and heat input management. | Haptic Feedback Torch Joystick | Puddle Size Consistency Rating (Scale: 0–100; Pass  $\ge 70$ ). || Game 1: Bead Line | Execute a 200mm straight weld bead maintaining a constant travel speed of 5mm/s ( $\pm0.5\text{mm/s}$ ). | Travel speed control across all manual arc welding processes. | Linear Tracking Torch Rigging | Straightness & Speed Variance Score (Pass:  $\le 0.5\text{mm/s}$  variance). || Game 2: Arc Length | Maintain a continuous 3mm arc distance above the plate; audio buzzer warning triggers instantly if arc length strays from target distance. | Voltage stability control and arc strike precision. | Distance-Sensing Torch Controller | Arc Length Consistency Score (Pass:  $\ge 85\%$  within 3mm window). || Game 3: TIG Foot Pedal | Manipulate torch using right-hand haptic joystick while controlling floor foot pedal amperage (40–150A) on thin aluminum plate joints. | GTAW precision dual-task coordination and thin-gauge thermal control. | Haptic Torch Joystick + Floor Amperage Foot Pedal | Amperage Stability Index & Puddle Boundary Score (Pass:  $\ge 80\%$ ). || Game 4: Blueprint Blitz | Rapidly read flashed AWS A2.4 weld symbols (fillet, groove, bevel) and select the correct welding process, filler metal, and position. | Structural blueprint reading, joint preparation, and WPS adherence. | Interactive HUD Overlay & Keyboard/Console Input | Symbol Recognition Accuracy (Pass:  $\ge 80\%$ ) & Completion Velocity. || Game 5: Position Challenge (2G/3G) | Weld horizontal (2G) and vertical-up (3G) joints with simulated joystick gravity drag pulling the puddle downward. | 2G horizontal and 3G vertical-up positional qualification. | Gravity-Weighted Haptic Torch Joystick | Bead Profile Geometry & Undercut Detection (Pass: Zero uncorrected undercut). || Game 6: Overhead Chaos | Inverted display view simulating 4G overhead welding; puddle gravity mechanics cause dripping unless mitigated by fast travel and lower heat. | 4G overhead structural positional qualification. | Inverted Display VR Headset + Haptic Torch | Molten Drip Event Count (Pass:  $\le 1$  drip event) & Profile Uniformity. || Game 7: 6G Pipe Master | Traverse a 45-degree fixed inclined pipe joint; requires transitioning to mirror-view camera perspective for half of the pass. | 6G master pipe qualification (qualifies all AWS positions). | VR Headset with Spatial Tracking & Mirror Toggle | Root Penetration Depth & Mirror Mode Accuracy Score (Pass: 100% root pass). || Game 8: Inspection Hunt | Inspect physical weld photos and X-ray radiographs within 15 seconds per frame to locate defects: porosity, undercut, slag inclusions, and crater cracks. | Quality assurance, visual inspection, and AWS D1.1 Table 4.11 standards. | High-Resolution Inspection Touch Display | Defect Identification Accuracy (Pass:  $\ge 90\%$  correct identification). || Game 9: Multi-Pass Builder | Execute a 3-pass groove weld (root, fill, cap) incorporating compulsory intermediate slag cleaning and preheat/interpass temperature checks. | Heavy structural multi-pass joints and cross-pass maintenance. | Haptic Torch + Wire Brush Tool Controller | Inter-Pass Layer Fusion Score & Interpass Temp Maintenance (Pass:  $\ge 85\%$ ). || Game 10: Signal Survival Remote Welding | Teleoperate an industrial welding cell under 100–400ms network latency, packet loss, and video freezes; execute E-stop if defects occur. | Remote robotic welding operations, network safety, and Tesla model ops. | Teleoperation Console + Physical E-Stop Button | Control Retention Score & E-Stop Response Time (Pass: Response  $< 0.8\text{s}$ ). || Game 11: Fabrication Sim | RTS trailer build: read blueprints, compile cut lists, plan sequence, estimate costs, and assign fume/fire watch teams. | Shop management, fabrication workflow planning, and cost estimation. | RTS Interface Controller / Touch Terminal | Build Accuracy & Cost/Time Estimation Efficiency (Pass: Within  $\pm 5\%$  estimate). || Game 12: Master Weld-Off | Timed AWS D1.1 3/8-inch limited thickness test coupon weld under formal WPS specs, followed by simulated CWI bend testing. | AWS Certified Welder (CW) performance test qualification. | Full-Scale Simulator Booth Assembly | Visual Pass Grade (100% compliance) & Simulated Bend Test Result (Pass/Fail). |
The simulation games detailed above operate within custom physical simulator booths linked directly to remote teleoperation networks and enterprise management systems.
[bookmark: _cp362x48tgwl]6. Remote Teleoperation Infrastructure, Operational Schedule & System Integration
[bookmark: _hkb7pm3ie7w8]Mandatory Section Introduction
Modern industrial manufacturing is adopting remote teleoperation frameworks—exemplified by advanced industrial deployment models like Tesla's remote operations across Austin and Bay Area facilities. This paradigm shift allows certified welders to operate heavy robotic welding cells on distant jobsites from centralized office hubs. To support this operational environment, training facilities must integrate specialized physical booth infrastructure, precise daily operational routines, and automated CRM tracking systems.
┌─────────────────────────────────────────────────────────┐
│              REMOTE TELEOPERATION FRAMEWORK             │
│                                                         │
│  Central Office Operator (Haptic Controls / VR Helmet)  │
└────────────────────────────┬────────────────────────────┘
                             │
            100–400ms Latency Window / AES Security
                             │
                             ▼
┌─────────────────────────────────────────────────────────┐
│               ON-SITE ROBOTIC WELDING CELL              │
│                                                         │
│  Industrial Jobsite (Camera Array / Auto E-Stop <0.8s)  │
└────────────────────────────┬────────────────────────────┘

[bookmark: _ud0olze5qnmq]6.1 Remote Robotic Teleoperation Framework
The advanced teleoperation curriculum prepares candidates to manage the technical constraints of long-distance robotic welding:
· Latency Handling & Network Dynamics:  Candidates train to operate effectively within variable latency environments ranging from 100ms to 400ms. Programmed simulation drills introduce artificial packet loss, jitter, and camera frame freezes to build operator composure under adverse network conditions.
· Emergency Stop (E-Stop) Mandates:  Industrial safety protocols dictate an automated or manual Emergency Stop (E-Stop) reaction time threshold of less than 0.8 seconds ( $<0.8\text{s}$ ) upon detecting an uncorrectable weld defect, puddle burn-through, or cell perimeter compromise.
· Facility Redundancy & Clearance:  Remote operator facilities maintain redundant high-speed data connections and backup power systems. Because operators control high-value industrial equipment in sensitive locations, candidates must pass comprehensive background checks and drug screening protocols to earn remote clearance.
[bookmark: _5vyqzdp54at3]6.2 Daily Operational Loop & Simulator Infrastructure
Training follows a structured 6-hour daily operational schedule designed to balance technical classroom instruction, deliberate practical simulation, competitive refinement, and visual performance review:
09:00 - 09:45 │ Classroom Micro-Lesson (OSHA Safety & AWS Theory)
09:45 - 12:00 │ Targeted Simulation Drills (Max 2 Games/Session)
12:00 - 12:30 │ Mid-Day Recess & Equipment Checks
12:30 - 14:00 │ Ranked Tournament Competition (Identical Seed Coupons)
14:00 - 14:30 │ VOD Review & Puddle-Cam Telemetry Analysis

[bookmark: _44p2ahc7e5xg]Daily Schedule Breakdown
· 09:00–09:45 (Classroom Micro-Lesson):  Concentrated technical instruction focusing on specific OSHA regulations, AWS D1.1 codes, metallurgy, or welding procedure specifications.
· 09:45–12:00 (Targeted Game Drills):  Focused practical practice inside the simulator booth, restricted to a maximum of two specific simulation games per session to ensure targeted skill development.
· 12:00–12:30 (Mid-Day Recess & Equipment Checks):  Scheduled intermission dedicated to equipment recalibration, optic cleaning, physical booth inspection, and candidate rest.
· 12:30–14:00 (Ranked Tournament):  Competitive bracket play where candidates weld identical joint seeds under timed conditions, displaying live scores on local leaderboards.
· 14:00–14:30 (VOD Review & Puddle-Cam Analysis):  Instructor-led analysis reviewing recorded video-on-demand (VOD) footage and puddle-cam telemetry to correct minor technique variations.
[bookmark: _q7d2lbrxzlp]Simulator Booth Physical Footprint
The physical training environment utilizes a compact, small-footprint simulator booth designed to mirror modern industrial teleoperation cells:
+-------------------------------------------------------------------+
|                     SIMULATOR BOOTH FOOTPRINT                     |
|                                                                   |
|   ┌──────────────────┐               ┌────────────────────────┐   |
|   │ VR Headset Setup │               │ Auto-Darkening Helmet  │   |
|   │ (6G Pipe Space)  │               │ Variable Shade Screen  │   |
|   └────────┬─────────┘               └───────────┬────────────┘   |
|            │                                     │                |
|            └──────────────────┬──────────────────┘                |
|                               │                                   |
|   ┌───────────────────────────┴───────────────────────────────┐   |
|   │   Multi-Process Haptic Joystick Torch Assembly         │   |
|   │   (Simulated MIG / GTAW TIG / SMAW Stick Controls)        │   |
|   └───────────────────────────┬───────────────────────────────┘   |
|                               │                                   |
|   ┌───────────────────────────┴───────────────────────────────┐   |
|   │   Foot-Mounted Modulating Amperage Pedal (40–150A)        │   |
|   └───────────────────────────┬───────────────────────────────┘   |
|                               │                                   |
|   ┌───────────────────────────┴───────────────────────────────┐   |
|   │   Simulated Exhaust Fume Hood & Airflow Monitor           │   |
|   └───────────────────────────────────────────────────────────┘   |
+-------------------------------------------------------------------+

· Multi-Process Haptic Torch Joysticks:  Ergonomic controllers capable of simulating physical drag, arc gap pressure, and torch configurations for MIG, TIG, and Stick welding.
· Foot-Mounted Amperage Pedal:  Floor-mounted pedal dynamic controller providing continuous 40–150A power regulation during TIG modules.
· VR & Visual Gear:  Immersive VR headsets dedicated to 3D spatial positioning and 6G pipe simulations, alongside variable-shade auto-darkening digital visor displays.
· Fume Extraction Simulation:  Integrated airflow simulation mechanics requiring students to inspect and activate exhaust systems prior to arc initialization.
[bookmark: _knilb6xl1a6b]6.3 Platform Architecture & CRM Integration
To bridge student achievement and employer recruitment, performance data streams continuously from the tournament software hub (hub.esportsleaguehub.com) directly into the GoHighLevel (GHL) CRM platform.
┌───────────────────────────────┐
│   Tournament Software Hub     │
│  (hub.esportsleaguehub.com)   │
└───────────────┬───────────────┘
                │
                │ Automated Webhook Payloads
                │ (player.registered / game.completed / tier.achieved)
                ▼
┌───────────────────────────────┐
│     GoHighLevel (GHL) CRM     │
│   Database & Opportunity CRM  │
└───────────────┬───────────────┘
                │
                │ Platinum Tier Automated Gatekeeper
                ▼
┌───────────────────────────────┐
│  Employer Placement Pipeline  │
│  (Zero-Risk Industrial Flow)  │
└───────────────────────────────┘

[bookmark: _hnql40xa0394]Automated Developer Data Schema
Student profiles maintain a standardized database schema to track progress, scoring, and certification status across systems:
{
  "developer_schema": {
    "gamertag": "String (Unique Operator Identifier)",
    "tier": "String (Bronze | Silver | Gold | Platinum)",
    "xp": "Integer (Total Accumulated Experience Points)",
    "safety_score": "Float (Percentage Adherence to OSHA Directives)",
    "best_position": "String (1G | 2G | 3G | 4G | 6G)",
    "aws_qual": "Boolean (AWS D1.1 Limited Thickness 3/8-Inch Passed)",
    "ghl_contact_id": "String (GoHighLevel Lead & Placement Contact ID)"
  }
}

[bookmark: _w0efkfx0xcpn]Event Webhooks & Placement Automation
System integration utilizes real-time webhooks to automate student tracking and employer placement:
1. player.registered: Initiates student profile creation, maps the corresponding ghl_contact_id, and assigns initial safety onboarding tasks.
2. game.completed: Transmits post-game telemetry after every session, updating total XP, safety compliance percentages, and positional records.
3. tier.achieved: Triggers automated pipeline stage updates within the GoHighLevel CRM upon milestone progression. Reaching the  Platinum Tier  acts as an automated gatekeeper that reduces employer hiring risk and eliminates manual resume screening. The system automatically creates a high-priority "Placement Opportunity" card in GHL, instantly routing candidate transcripts, AWS WQR records, and teleoperation clearance documentation directly to recruiting industrial employers, structural fabricators, and commercial teleoperation fleets.

