[bookmark: _h9wy6rprxt2]Game 0: Puddle Control (5mm Target) – Technical Lesson & Training Manual
[bookmark: _kkblcr5430y]1. Course Overview & Core Learning Objectives
Game 0: Puddle Control serves as the foundational "aim lab" module within Season 1 (Rookie Bootcamp, Days 1–30) of the 120-Day Welder eSports Training Program. The primary objective of this module is to cultivate absolute physical torch manipulation and cognitive thermal awareness by training operators to establish and maintain a target molten puddle diameter of exactly 5mm (within a strict ±0.5mm tolerance band) while traversing a weld joint.
[bookmark: _n3zj5ekm1gqz]Key Learning Goals
· Establish Baseline Puddle Control:  Stabilize and sustain a 5mm (±0.5mm) molten pool using real-time haptic force-feedback mechanisms and high-frame-rate visual tracking.
· Develop Thermal Energy Input Awareness:  Master the direct proportional relationship between torch manipulation, voltage, wire feed speed (WFS), travel speed, and molten pool expansion.
· Master Precision Micro-Adjustments:  Execute fine motor control adjustments from the shoulder and wrist to counteract localized thermal accumulation, preventing pool sag or arc constriction.
· Align Simulation with AWS/OSHA Standards:  Connect virtual simulation precision metrics directly to physical Gas Metal Arc Welding (GMAW/MIG) visual inspection criteria governed by AWS D1.1 Structural Welding Code guidelines.
[bookmark: _evdug8tqbayv]Core Esports Skill to Industrial Application Mapping
Core Esports Skill,Industrial Application
Hand-Eye Focus,GMAW Heat Input Control & TIG Molten Pool Focus
Steady Hand,Puddle Diameter Maintenance & Bead Profile Consistency
Puddle Control,Thermal Energy Management & Molten Pool Stabilization
Arc Length Control,Voltage Management & Arc Gap Stabilization (3mm Baseline Threshold)
Travel Speed Consistency,Uniform Filler Metal Deposition & Joint Profile Execution
[bookmark: _bvb5mgnc8wvk]2. OSHA & Regulatory Compliance Framework
Full compliance with federal regulatory safety standards is mandatory prior to initiating virtual simulator exercises or physical booth operations. Safety compliance functions as an automated safety gate; student simulator accounts are programmatically locked until 100% safety module completion and verification are recorded in the student CRM profile.
1. OSHA 29 CFR 1910.252(d) – Fire Prevention and Protection:  Mandates rigorous instruction in the safe operation of welding equipment and thorough training regarding associated fire, thermal, and electrical hazards. Curriculum encompasses hot work permits, mandatory 30-minute post-weld fire watch protocols, fuel gas storage and handling, and site-specific fire prevention controls.
2. OSHA 29 CFR 1910.255(a)(3) – Operator Competency:  Enforces strict operator qualification standards requiring that all personnel assigned to operate welding equipment be fully instructed, trained, and judged competent by AWS Certified Welding Inspectors (CWI) prior to independent system execution.
3. OSHA 29 CFR 1926 Subpart J – Construction Gas Welding & Cutting:  Directs site safety standards for construction-environment gas welding and cutting operations, enforcing formal safety retraining and qualification renewal best practices every 3 years.
4. Personal Protective Equipment (PPE):  Operators must utilize auto-darkening welding helmets fitted with variable shade technology (Shades 9–13) to protect against harmful optical radiation (ultraviolet and infrared spectrums), integrated with complete flame-resistant protective apparel, leather welding jackets, and shade-matched safety eyewear.
5. Environmental Controls & Safety Gate System:  Mandatory forced fume ventilation and local exhaust extraction systems operating at a minimum capture velocity must be actively engaged during practical booth drills. In the simulator software, an active safety verification gate requires students to perform virtual hazard checks (fume extraction engagement, workplace clearance, PPE verification) prior to striking an arc. Failure to pass 100% of safety checks blocks booth access and logs remediation events in the CRM.
[bookmark: _cw9st29ttnh0]3. GMAW/MIG Equipment Setup & Process Parameters
Sustaining a consistent 5mm target puddle requires accurate process configuration for Gas Metal Arc Welding in the Short-Circuit Transfer Mode (GMAW-S). The table below details the standardized process parameters for 1G flat position welding on carbon steel:| Parameter | Specification / Value | Operational Impact || ------ | ------ | ------ || Process / Transfer Mode | GMAW-S (Short-Circuit Transfer) | Selected for its low heat input and fine thermal control, representing 45% of entry-level industrial applications. Ideal for establishing baseline puddle control on thin-to-medium plate. || Electrode Wire Selection | 0.030" / 0.035" ER70S-6 Solid Steel Wire | Dictates current density, arc stability, and filler metal deposition rate required to sustain a stable 5mm molten pool without excessive reinforcement. || Shielding Gas Composition | 75% Argon / 25%  $\text{CO}_2$  (C25 Mix) | Balances arc stability with penetration depth, minimizing spatter while maintaining optimal puddle fluidity and surface crown profile. || Baseline Welding Voltage | 16.0 V – 19.0 V (Direct Current Electrode Positive) | Directly dictates arc length, arc energy, and overall molten puddle width. Higher voltage expands puddle width; lower voltage tightens the pool. || Wire Feed Speed (WFS) | 150 IPM – 220 IPM | Controls welding amperage, wire burn-off rate, and filler metal deposition volume required to maintain the 5mm target pool size. || Hot Start Control | Active Machine Parameter (110% Baseline Power for 0.5s) | Injects momentary additional thermal energy at the instant of arc ignition to ensure complete root fusion and prevent cold lap at the start of the bead. || Crater Fill Control | Active Machine Parameter (Step-down power decay) | Steps down voltage and WFS over the final 1.0 second of the weld to fill the terminal crater, preventing crater cracks and shrinkage cavities. |
[bookmark: _bt88p0b878pn]4. Torch Mechanics & Spatial Positioning
Maintaining an exact 5mm molten puddle while traversing a joint demands absolute spatial control of the welding torch. Operators must maintain proper work and travel angles, consistent contact-tip-to-work distance (CTWD), and uniform travel speed.
[bookmark: _85kif45s45nj]Torch Manipulation Mechanics
Operators must lock their wrist and shoulder mechanics into a unified movement vector, using the haptic joystick torch interface to maintain fluid motion along the joint trajectory. Rather than dragging or pulling with the fingers—which introduces unsteady thermal oscillations—the operator must pivot from the elbow and shoulder, absorbing micro-vibrations and making real-time corrections based on puddle expansion.
[bookmark: _1xu360o7i1fr]Pre-Weld Torch Orientation Checklist
·   Work Angle:  Maintain a precise 90° angle perpendicular to the joint face for butt joints (or a 45° angle relative to the base plates for fillet configurations) to ensure balanced heat distribution across both plate members.
·   Travel Angle:  Establish and hold a 10° to 15° push (forehand) angle along the line of travel. This angle directs shielding gas over the forward edge of the molten pool and provides the operator with an unobstructed view of the 5mm puddle boundary.
·   Arc Length / Distance Control:  Maintain a strict 3mm contact-tip-to-work distance/arc gap. Deviations exceeding ±1.0mm trigger real-time auditory warning buzzers and haptic pulse warnings.
·   Travel Speed Control:  Maintain a consistent forward travel speed of 5.0 mm/s (±0.5 mm/s). Speed variations directly corrupt heat input calculations and destabilize puddle dimensions.
[bookmark: _xuaariw0q9zs]5. Heat Input Calculation & Puddle Size Control
Thermal management is the primary physics mechanic governing Game 0. In Gas Metal Arc Welding, the diameter of the molten pool is controlled by the total thermal energy delivered per unit length of the weld.
[bookmark: _9kt40s8jb9ot]Thermal Physics & Haptic Control Callout
1. Heat Input Governing EquationThermal energy input per unit length is defined by the following plain-text relationship:Heat Input = (Voltage x Amperage) / Travel SpeedWhere Voltage and Amperage (controlled by Wire Feed Speed) supply energy to the arc, and Travel Speed determines energy dissipation along the joint.2. GMAW-S Short-Circuit Transfer MechanicsIn short-circuit transfer (GMAW-S), the electrode short-circuits directly into the molten pool at a rate of 50 to 200 times per second. This cyclic dipping mechanism requires a continuous 3mm arc length. If the arc gap strays above 4.0mm, the arc extinguishes or causes excessive spatter; if it drops below 2.0mm, the electrode stubs into the cold plate. Maintaining the exact 3mm arc length stabilizes the short-circuit frequency, ensuring a stable, controlled 5mm puddle.3. Thermal Deviation States
· Overheating Condition (>5.5mm Puddle):  Decreasing travel speed below 4.5 mm/s or increasing voltage/WFS increases localized heat input, causing the puddle to expand beyond the upper 5.5mm boundary and risk sag or burn-through.
· Underheating Condition (<4.5mm Puddle):  Increasing travel speed above 5.5 mm/s or under-powering the arc restricts heat input, causing the molten pool to freeze and shrink below the lower 4.5mm threshold.4. Haptic Feedback Response MechanicsThe simulator torch controller utilizes dynamic forced-feedback motors. When the molten pool diameter strays outside the target 4.5mm–5.5mm boundary, or when the arc length violates the 3mm threshold for longer than 1.0 second, the haptic joystick generates direct vibration warnings to prompt immediate travel speed correction.
[bookmark: _jn4ykouguifq]6. Defect Prevention & Quality Control (AWS D1.1 Alignment)
In accordance with  AWS D1.1 Table 4.11 (Visual Inspection Acceptance Criteria) , welds must present uniform contour, complete fusion, and absence of visual defects. Improper puddle sizing directly causes structural non-conformances that result in non-destructive visual rejection or destructive test failure (guided bend test).| Defect Type | Root Cause (Puddle Deviation) | Corrective Technique || ------ | ------ | ------ || Burn-Through / Excessive Penetration | Molten puddle expands beyond 5.5mm due to excessive localized heat input (travel speed dropping below 4.5 mm/s or voltage set too high), causing the keyhole to melt completely through the base metal. | Increase travel speed to restore target 5mm pool size; decrease voltage; maintain strict 3mm CTWD to avoid arc elongation and thermal build-up. || Cold Lap / Incomplete Fusion | Molten puddle contracts below 4.5mm due to insufficient heat input or excessive travel speed (>5.5 mm/s). The filler metal rolls over un-melted base plate without achieving atomic bonding (violating AWS D1.1 complete fusion mandates). | Reduce travel speed to allow base metal to reach melting temperature; adjust work angle to direct arc force squarely into the root; ensure parameters remain within WPS limits. || Porosity (Gas Inclusions) | Shielding gas envelope disrupted due to arc length exceeding 3.0mm or travel angle straying beyond 15°. AWS D1.1 Table 4.11 limits total accumulated piping porosity to a maximum of 3/8 in. (9.5mm) in any 1-inch length of weld. | Re-establish strict 3mm contact-tip-to-work distance; correct travel angle to 10°–15° push; verify shielding gas flow rate and eliminate cross-drafts. || Undercut | Excessive voltage or improper work angle combined with erratic puddle manipulation melts away base metal edges without adequate filler deposition. AWS D1.1 Table 4.11 restricts undercut depth to a maximum allowable threshold of 1/32 in. (1.0mm). | Adjust work angle perpendicular to joint; reduce welding voltage; maintain steady 5.0 mm/s travel speed along joint toes to fill undercut profile completely. |
[bookmark: _uz0ozh9lh1i8]7. Scoring Architecture & Tier Progression System
Performance evaluation in Game 0 uses a strict mathematical scoring formula that measures precision, operational stability, safety adherence, and defect penalties.
[bookmark: _xxcj7k8vsozk]Core Score Weighting
· Accuracy (40% Weight):  Adherence to the target 5mm molten puddle size, evaluated continuously on a 0–100 precision scale.
· Consistency (30% Weight):  Uniformity of forward travel speed (5.0 mm/s ±0.5 mm/s) and maintenance of the 3mm arc length threshold throughout the run.
· Safety & Procedure (30% Weight):  100% execution of pre-weld safety protocols, PPE checks, environmental checks, and hot work clearance.
[bookmark: _a4cr49ku8ygg]Experience Point (XP) & Defect Penalty Formula
XP = (Accuracy x 10) + (Consistency x 5) - (Defects x 50)Note on Defect Quantification:  A  Defect  is defined as any continuous haptic trigger event lasting longer than 1.0 second where the molten puddle diameter strays outside the 4.5mm–5.5mm tolerance band, or where the arc length strays from the 3.0mm baseline. Each defect event immediately deducts 50 XP from the total run score.
[bookmark: _ejyfgzit2ws9]Tier Progression Thresholds
Tier Level,XP Threshold,Performance / Inspection Requirements,Operational Qualification & Badging
Bronze,500 XP,70%+ Puddle Consistency + 100% Safety Pass,Baseline 1G Flat Position Competency Badge
Silver,"2,000 XP",85%+ Puddle Consistency + 80%+ Blueprint Blitz Pass,2G Horizontal / 3G Vertical-Up Multi-Position Proficiency
Gold,"5,000 XP",92%+ Puddle Consistency + 90%+ Inspection Hunt + Signal 250ms Latency Tolerance,4G Overhead / 6G Pipe Master Qualification
Platinum Expert Welder,"10,000 XP",95%+ Zero-Defect Qualification + Master Weld-Off Pass,"AWS D1.1 3/8"" Limited Thickness Qualification + Remote Robotic Operator Certified"
[bookmark: _a992rra6si18]8. Daily Practical Schedule & Simulator Execution
Training is structured across an intensive 6-hour daily workflow combining theoretical classroom delivery, simulated game drills, competitive ranked tournaments, and data-driven VOD reviews.
[bookmark: _3nptnxhpc3e1]6-Hour Daily Training Timeline
· 09:00 – 09:45:   Classroom Micro-Lesson  – Intensive focus on OSHA/AWS compliance topics, short-circuit GMAW theory, wire feed dynamics, shielding gas physics, and visual defect identification under AWS D1.1 Table 4.11.
· 09:45 – 12:00:   Game Drills  – Focused simulator booth practice. Sessions are restricted to a maximum of two specific games per day (focusing on Game 0 Puddle Control and Game 1 Bead Line) to lock in neuromuscular memory without fatigue.
· 12:00 – 12:30:   Break / Shift Transition  – Equipment inspection, booth sanitization, hardware recalibration, and workplace reset.
· 12:30 – 14:00:   Ranked Tournament  – Live head-to-head competition utilizing identical virtual seed coupons. Operators compete on travel speed uniformity, puddle size stability, and defect-free execution to capture daily leaderboard position.
· 14:00 – 14:30:   VOD Review & Telemetry Analytics  – Detailed instructional debrief. Instructors analyze synchronized heat-input line graphs overlaid directly against split-screen camera feeds (puddle cam and angle camera). This telemetry pinpoints exact timestamps where travel speed dropped below 4.5 mm/s or exceeded 5.5 mm/s, allowing surgical correction of technical flaws.
[bookmark: _ptb2pm3175go]Hardware & Software Infrastructure
· Simulator Booth Hardware:  Small-footprint physical booth incorporating a custom haptic joystick torch controller with force-feedback actuators, dual-axis foot pedal, simulated variable-shade auto-darkening helmet, integrated VR headset support for multi-position spatial movement, and active simulated fume extraction management controls.
· Data Synchronization & Webhooks:  Real-time telemetry engine streams event payloads (player.registered, game.completed, tier.achieved) via secure webhooks directly to the eSports League Hub (hub.esportsleaguehub.com) and GoHighLevel (GHL) CRM platform.
· Student Profile Database Tracking:  Trainee performance records are tracked across standard database schema fields to build a verified candidate career passport. The tracked database fields include:
· gamertag (Unique operator identifier)
· tier (Current program level: Bronze, Silver, Gold, Platinum Expert)
· xp (Cumulative experience points earned)
· safety (Binary/percentage safety completion and clearance log)
· best_position (Highest qualified position: 1G, 2G, 3G, 4G, 6G)
· aws_qual (AWS D1.1 visual and bend test qualification status)
· ghl_contact_id (Unique CRM contact identifier for employer matching and placement automation)

