[bookmark: _7arbe9jvuo5n]Game 5: Position Challenge (2G & 3G) Training Manual
[bookmark: _xfcgkw5ciqz4]1. Course Module Overview & Program Integration
Game 5: Position Challenge (2G & 3G) serves as a pivotal technical evaluation milestone within  Season 2: Operator (Days 31–60)  of the 120-Day Welder Esports Program.The 120-Day curriculum systematically transitions student operators from Season 1 (Rookie Bootcamp, Days 1–30)—which establishes core shop safety, basic MIG (GMAW) processes, flat position mechanics (1G plate and 1F fillet), and fundamental puddle manipulation—into Season 2. Season 2 elevates operator technical competency into multi-position qualifications across horizontal (2G) and vertical uphill (3G) groove and fillet (1F–3F) configurations. This phase introduces Stick (SMAW 6010/7018) and TIG (GTAW) processes alongside advanced AWS A2.4 blueprint symbol interpretation and AWS D1.1 Table 4.11 visual inspection standards.Game 5 evaluates an operator's ability to manipulate the molten weld pool against gravitational force in 2G and 3G positions while maintaining precise control over heat input, travel speed, torch/work angles, and arc length under real-time simulated gravity drag.| Module Metadata Key | Program Specification || ------ | ------ || Module Name | Game 5: Position Challenge (2G & 3G) || Target Season | Season 2: Operator (Days 31–60) || Position Classifications | 2G (Horizontal) & 3G (Vertical Uphill); 1F–3F Fillets || Core Process Focus | MIG (GMAW), Stick (SMAW 6010/7018), and TIG (GTAW) || Target Progression Tier | Silver Tier Requirement (2000 XP, 85%+ Score, 2G/3G Proficiency, Blueprint 80%+) |
[bookmark: _3vvo2uchgytc]2. Regulatory Standards & Safety Directives
[bookmark: _g1hpwhve7x3t]2.1 OSHA Health & Safety Protocols
· OSHA 29 CFR 1910.252(d) – Fire Prevention & Protection:  Mandates detailed operator training in the safe operation of welding and cutting equipment and operational hazard awareness prior to executing out-of-position welds. Requires designated fire watch personnel, formal hot work permits, and mandatory isolation or shielding of combustible materials within the work radius.
· OSHA 29 CFR 1910.255(a)(3) – Operator Competency:  Specifies that workers designated to operate resistance welding equipment shall be properly instructed and judged competent by qualified instruction staff before initiating unassisted production or assessment operations.
· OSHA 29 CFR 1926 Subpart J – Gas Welding & Cutting:  Enforces jobsite safety standards, compressed gas cylinder storage, fuel gas line handling, and equipment structural integrity during construction and shop fabrication operations.
· Personal Protective Equipment (PPE):  Operators must wear personal protective equipment, including an auto-darkening helmet equipped with a variable shade lens properly calibrated to the selected process amperage, flame-resistant leather jacket/sleeves, heavy-duty leather welding gloves, and safety glasses.
· Fume Ventilation & Thermal/Ergonomic Hazard Management:  Local exhaust ventilation systems must be engaged to extract hazardous welding fumes directly from the operator's breathing zone. Out-of-position operations (2G/3G) significantly increase thermal exposure and muscular strain; operators must employ proper body mechanics, manage cable drag, and utilize heat-shielding apparel to mitigate physical fatigue and burn hazards.
[bookmark: _l7i9kqp4ilxt]2.2 AWS D1.1 Code Standards & Inspection Criteria
· AWS D1.1 Structural Welding Code – Steel Requirements:  Establishes performance-based qualification standards for structural test groove and plate assemblies (e.g., 45-degree included angle test groove coupons). Full qualification requires 100% visual inspection compliance prior to destructive testing (guided root and face bend tests).
· AWS D1.1 Table 4.11 Visual Inspection Standards:  Dictates strict pass/fail parameters for structural weldments evaluated in Game 5:
· Undercut:  Excessive gouging or melting of base metal adjacent to the weld toe without filler metal fill is restricted to code-specified limits (maximum 1/32 in. / 1mm depth depending on structural loading). Top-edge undercut in 2G and lateral toe undercut in 3G result in immediate scoring deductions.
· Porosity:  Weld deposits must be free of visual surface gas pockets; distributed or piping porosity exceeding code thresholds causes immediate test coupon rejection.
· Incomplete Fusion:  Lack of fusion between adjacent weld passes or between weld metal and base metal boundary faces constitutes a critical structural flaw and triggers an automatic attempt failure.
· Slag Inclusions:  Entrapped non-metallic solid material within or on the weld deposit surface must be fully removed between passes via mechanical descaling (chipping hammer/wire brush).
· Crater Defects:  Unfilled termination craters are unacceptable and must be filled to full cross-sectional thickness to prevent crater cracking.
[bookmark: _idy1tansmm]3. Technical Welding Mechanics: 2G Horizontal & 3G Vertical Uphill
    2G Horizontal Position                 3G Vertical Uphill Position
    
   +-----------------------+                  +---|       |---+
   |   Upper Base Metal    |                  |   |   /   |   |  Weave Progression
   +=======================+                  |   |  /    |   |  (Pause at Toes)
   |  [===Puddle Shelf===] | <-- Shelf        |   | (  .  ) |   |
   +=======================+     Supports     |   |  \    |   |      ^
   |   Lower Base Metal    |     Puddle       |   |   \   |   |      | Travel Direction
   +-----------------------+                  +---|_______|---+

[bookmark: _1hnn2m7yhipo]3.1 2G Horizontal Shelf Techniques & Gravity Sag Mitigation
In the 2G horizontal position, gravitational pull forces the molten weld pool downward toward the lower plate, creating a high risk of top-edge undercut and bottom-edge cold lap or sagging.
· Establish Process-Specific Work & Travel Angles:
· SMAW (Stick 6010/7018):  Maintain a 5° to 10° drag angle (pointing slightly back toward the completed weld) with a 5° to 10° upward work angle directed at the upper plate face.
· GMAW (MIG):  Utilize a 5° to 10° push angle (pointing ahead toward the uncompleted joint) to allow shielding gas coverage while directing arc force slightly upward to support the liquid puddle.
· GTAW (TIG):  Hold a 10° to 15° torch push angle, feeding the filler rod into the leading edge of the puddle at a 10° to 15° angle off the plate plane.
· Build the Lower Support Shelf:  Deposit the lower bead pass first when executing multi-pass horizontal joints. This creates a solid structural metal "shelf" that physically retains and supports subsequent upper filler passes against gravity.
· Control Arc Length & Heat Input:  Maintain a strict 3mm arc length. A long arc increases arc voltage and spreads heat, broadening the molten puddle and causing it to slump over the lower shelf. A tight 3mm arc force stabilizes the puddle boundary.
· Regulate Travel Speed:  Maintain a uniform 5mm/s travel speed along the horizontal axis. Accelerating starves the top edge, causing undercut; slowing down overheats the base plate, causing the puddle to spill over the lower edge.
[bookmark: _ravbh92m5l46]3.2 3G Vertical Uphill Weave Mechanics
Vertical upward progression (3G) requires pushing the molten weld pool upward against gravity using concentrated arc force and controlled lateral weave timing.
1. Align Body & Torch Mechanics:  Position the body directly centered with the vertical joint axis to eliminate torch angle shifting mid-pass. Maintain a 5° to 15° upward push angle (pointing up into the joint pocket) for all processes.
2. Execute Cross-Joint Weave Progression:  Move the electrode across the root gap or face using a structured weave pattern (e.g., triangle or stepped weave). The upward push angle uses arc force to hold the liquid puddle while the prior weave segment solidifies behind it.
3. Control Heat Input Across Center:  Step the arc briskly across the center section of the joint face. Spending excess time in the center builds up extreme thermal energy, causing the core of the puddle to liquefy completely and drop out ("drip event").
[bookmark: _401qh1b8ypes]3.3 Toe Dwell Parameters for Undercut Prevention
Pausing or dwelling at the outer lateral edges (toes) of the weld joint is mandatory during 3G vertical weaving and multi-pass 2G tie-ins.
1. Execute the Toe Pause:  When the arc reaches the extreme lateral edge of the joint groove/fillet, hold the arc stationary for a precise fraction of a second (nominal 0.3 to 0.5 seconds).
2. Fill the Arc Gouge:  Arc force inherently gouges a pocket in the base metal at the lateral limits of travel. Dwelling allows the filler metal to flow outward, filling the gouged cavity completely flush with the base plate edge.
3. Transition Across Center:  Once the toe gouge is filled, sweep across the center of the joint rapidly without stopping, then repeat the precise dwell on the opposite toe. This eliminates center crowned humping and eliminates sharp toe undercut depressions.
[bookmark: _7drslm7ahz0m]4. Simulator Simulation Mechanics & Controls
Game 5 translates complex out-of-position physical dynamics into a high-fidelity virtual simulation engine.
· Core Gameplay Setup:  Operators execute 2G horizontal and 3G vertical uphill joint configurations with continuous real-time "gravity sag compensation."
· Haptic Control & Gravity Drag Simulation:  The physical simulator booth incorporates a custom haptic feedback joystick controller that dynamically simulates torch weight and arc forces. When Game 5 initiates a 2G or 3G scenario, the software activates internal resistance motors that apply an continuous downward physical vector ("gravity drag") to the controller handle. This forces the student to exert upward physical effort, accurately mimicking the arm strain and precision motor adjustments required in physical welding.
· Integration of Physical Dynamics with Real-Time HUD Metrics:
· Puddle Diameter Tracking:  The engine tracks the baseline  5mm puddle diameter (  $\pm 0.5\text{mm}$  tolerance)  established in Game 0. If gravity drag or excessive heat input causes the puddle to deform beyond  $5.5\text{mm}$  horizontally (2G) or vertically (3G), the HUD alerts the operator in real time and begins calculating a puddle sag penalty.
· Arc Length Enforcement:  The system continuously monitors the  3mm arc length  target established in Game 2. If the operator pulls back from the joint under gravity strain (>3.5mm), an audible arc-length alert triggers, and simulated voltage spikes, increasing puddle fluidity and defect probability.
· Defect Mapping Engine:
· Torch Angle Deviation:  Deviating from the required 5°–15° work/travel angle alters the virtual vector calculation, causing immediate liquid metal slumping or wall separation.
· Erratic Travel Speed:  Deviating from the target 5mm/s speed triggers real-time bead deformation—slow travel causes puddle rollover, while rapid travel causes incomplete penetration and starved bead profiles.
· Failure to Dwell at Toes:  Skipping the lateral pause during a 3G vertical weave causes the visual analysis engine to flag immediate toe undercut, triggering immediate point deductions across Precision and Joint Quality metrics.
[bookmark: _785ol4bzijm4]5. Scoring Logic, XP Mathematical Formulas, and Progression Metrics
[bookmark: _aqqidqms1scs]5.1 Dual Scoring System Synergy & Performance Rubric
Game 5 utilizes a dual scoring structure to handle real-time automated assessment alongside post-run instructor evaluation.
1. Automated Simulator Telemetry (Real-Time Run Score):  During active gameplay runs, the system calculates score outputs using a 3-parameter mathematical telemetry model.
2. Proctored Assessment Gate & VOD Evaluation (Workfile Rubric):  During formal qualification gates and VOD reviews, instructors utilize the 5-part workfile rubric to grade procedural compliance, preparation, and comprehensive joint execution.
[bookmark: _3yew9x5nhxe]Standard Final Score Formula (Automated Real-Time Telemetry)
$$\text{Final Score} = (\text{Accuracy} \times 0.40) + (\text{Consistency} \times 0.30) + (\text{Safety} \times 0.30)$$
[bookmark: _i7xk2hfi80hr]XP Calculation Formula
$$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$
[bookmark: _x2tcwymx15ao]Workfile Performance Weight Breakdown (Instructor Assessment & VOD Review)
Scoring Category,Percentage Weight,Evaluation Parameters
Precision,30%,"Maintenance of 3mm arc length, adherence to 5°–15° work/travel angles, 5mm puddle diameter tracking"
Joint Quality,25%,"Final bead profile geometry, absence of undercut/sag, penetration depth, fusion integrity"
Safety & Procedure,20%,"Pre-weld PPE compliance, parameter setup, fume extraction activation, hot work protocol"
Consistency,15%,"Travel speed variance ( $\pm 0.5\text{mm/s}$  around 5mm/s base), uniform toe dwell timing, steady hand tracking"
Time Efficiency,10%,"Execution window adherence, efficient interpass cleaning sequence"
[bookmark: _mzgsme20bcms]5.2 Progression Tiers & Silver Qualification
Program progression is strictly tied to validated XP balances and performance standards:
· Bronze Tier:  Requires 500 XP and a 70%+ score threshold on 1G flat position exercises (Games 0–2).
· Silver Tier (Game 5 Benchmark):
· XP Requirement:  2000 XP minimum accumulated balance.
· Score Threshold:  85%+ overall performance average.
· Position Competency:  Demonstrated proficiency in 2G horizontal and 3G vertical uphill positions.
· Blueprint Proficiency:  80%+ score on Blueprint Blitz (AWS A2.4 weld symbols).
· Gold Tier:  Requires 5000 XP, 92%+ score average, 4G overhead and 6G pipe position mastery, 90%+ score on Inspection Hunt, and a  Signal 250ms latency threshold  on remote welding operations.
· Platinum Expert Welder Tier:  Requires 10,000 XP, 95%+ score average, zero defects, AWS D1.1 Limited Thickness 3/8-inch test coupon qualification, remote robotic welding qualification, and background/drug screening clearance.
[bookmark: _lyoyedsotvjv]5.3 Remediation Gate Protocol
The simulation platform strictly separates unranked practice attempts from proctored competitive qualification runs. Any safety violation (e.g., failure to activate fume extraction, helmet shade omission) or an excessive defect density (e.g., continuous undercut, puddle dropouts) immediately triggers an automated  Remediation Gate . Triggering this gate invalidates the competitive run, revokes submission rights for the daily tournament, and requires the student operator to re-complete prerequisite classroom safety micro-lessons and instructor-guided simulator drills before competitive access is restored.
[bookmark: _wqnx9kyx8bbd]6. Daily Training Schedule & Hardware Configuration
[bookmark: _gvyczshg1s53]6.1 Daily 6-Hour Operational Schedule
Student operators adhere to a structured 6-hour daily training schedule designed to blend technical theory, deliberate practice, competitive performance, and analytical review:| Operational Window | Activity Focus | Operational Directives & Execution Details || ------ | ------ | ------ || 09:00 – 09:45 | Classroom Micro-Lesson | OSHA 1910.252/1910.255 regulatory standards, AWS D1.1 Table 4.11 visual inspection rules, 2G/3G heat input theory, AWS A2.4 symbol review. || 09:45 – 12:00 | Game Drills | Deliberate position practice in simulator booth (maximum 2 targeted games per session, prioritizing Game 5 gravity compensation reps). || 12:30 – 14:00 | Ranked Tournament | 1v1 bracket or ladder competition using identical seed joint/coupon configurations across all participating operators. || 14:00 – 14:30 | VOD Review | Detailed instructor-led post-run review analyzing recorded high-speed puddle camera video, telemetry graphs, and toe dwell timing logs. |
[bookmark: _bat097i1tl1s]6.2 Booth & Hardware System Specifications
The physical training booth and software architecture integrate multi-process physical controls with real-time analytics platforms:
+-------------------------------------------------------------------+
|                     SIMULATOR BOOTH WORKCELL                      |
|                                                                   |
|   +-------------------+    +----------------------------------+   |
|   | VR Headset System |    | Auto-Dark Variable Shade Helmet  |   |
|   +---------+---------+    +----------------+-----------------+   |
|             |                               |                     |
|             +---------------++--------------+                     |
|                             ||                                    |
|   +-------------------------vv--------------------------------+   |
|   | Dual Haptic Joystick Controller System                    |   |
|   | - Integrated Gravity Drag Motor (2G/3G Dynamic Load)      |   |
|   | - Interchangeable MIG Torch / TIG Torch / Stick Electrode |   |
|   +-------------------------+---------------------------------+   |
|                             |                                     |
|   +-------------------------v---------------------------------+   |
|   | Foot Pedal Amperage Controller System (TIG Operations)    |   |
|   +-------------------------+---------------------------------+   |
|                             |                                     |
+-----------------------------|-------------------------------------+
                              | Data Export Stream
                              v
+-------------------------------------------------------------------+
|               SOFTWARE PLATFORM INTEGRATION PIPELINE              |
|                                                                   |
|   +------------------------------+  +-------------------------+   |
|   | hub.esportsleaguehub.com     |  | GoHighLevel (GHL) CRM   |   |
|   | - Leaderboards & Scoring API |  | - Student Passport      |   |
|   | - Anti-Cheat Audit Logs      |  | - Employer Matching Pipeline|
|   +------------------------------+  +-------------------------+   |
+-------------------------------------------------------------------+

· Small-Footprint Booth Workcell:  Compact physical frame simulating standard welding shop workcells, fully equipped with simulated fume extraction hood controls and hot work procedure inputs.
· Dual Haptic Joystick Controller System:  Multi-process physical controller supporting modular attachments for GMAW MIG guns, SMAW electrode holders, and GTAW TIG torches. Internal feedback motors simulate resistance forces, physical arc thrust, and position-specific gravity drag (2G horizontal and 3G vertical up).
· Variable Shade Helmet & VR Integration:  Modified auto-darkening welding helmet incorporating head-tracking sensors and high-refresh Virtual Reality (VR) display optics for 3D positional immersion.
· Foot Pedal Controller:  Heavy-duty floor pedal providing foot-actuated current adjustment during TIG operations (40A–150A dynamic range).
· Software Platform Integration:
· Tournament & Leaderboard Engine (  hub.esportsleaguehub.com  ):  Direct API bridge exporting verified run scores, anti-cheat telemetry audit logs, and tournament bracket results to the global leaderboard.
· Student Career CRM (  GoHighLevel / GHL  ):  Real-time synchronization of student achievement data, completed OSHA/AWS safety modules, accumulated XP, earned tier credentials, and instructor VOD assessment notes into the student's Career Passport for direct employer recruiting and placement matching.

