[bookmark: _bu3hpdlisiy8]Game 3 TIG Foot Pedal Execution: Comprehensive GTAW Training Manual
[bookmark: _xqpnu85ldmk5]1. GTAW Process Fundamentals & Parameters
[bookmark: _c17rnfetl6p6]1.1 Core Process Characteristics & Material Execution
Gas Tungsten Arc Welding (GTAW / TIG) is a non-consumable electrode, inert gas-shielded process engineered for high-precision joint configurations and thin-gauge materials. Execution of code-compliant GTAW requires strict mastery over puddle dynamic control and thermal input:
· Substrate Scope & Application:  Primary process choice for high-integrity joining of thin-gauge materials, specifically aluminum alloys and austenitic stainless steel, where precise heat management is critical.
· The "Focus Secret" Operational Requirement:  Demands an exceptional degree of continuous concentration—recognized by Senior CWIs and master instructors as the core psychological determinant of high-precision manual fabrication.
· Motor Control & Spatial Precision:  Requires precise spatial control to maintain a steady hand, strict work/travel angles, uniform travel speed ( $5\text{mm/s}$ ), and constant arc length ( $3\text{mm}$ ).
· Thermal Input Management:  Demands real-time current regulation to establish proper base metal fusion and heat-affected zone (HAZ) optimization, preventing thermal saturation, edge collapse, or burn-through on thin-gauge sheet.
[bookmark: _fxpmgrvoilwc]1.2 Dual-Task Control Mechanics (Torch & Foot Pedal)
Game 3: TIG Foot Pedal simulates the physical dual-task coordination mandated in field and shop GTAW operations. Operators must decoupled-control torch spatial positioning from real-time dynamic current delivery.| Control Input | Operational Function || ------ | ------ || Right-Hand Joystick | Manages torch spatial coordinates, work angle, travel angle, travel speed ( $5\text{mm/s}$  baseline), and holds a strict  $3\text{mm}$  arc length distance relative to the joint center. || Foot Pedal Controller | Modulates welding current dynamically across the  40A to 150A  range, permitting real-time thermal attenuation to control molten weld pool diameter ( $5\text{mm} \pm 0.5\text{mm}$ ) on thin aluminum. |
[bookmark: _7dhkdsyknzp9]1.3 Shielding & Equipment Configuration
Electrode Selection:  2% Ceriated or Lanthanated Tungsten (EWLa-2) sized for current density requirements on thin aluminum and stainless steel.  Gas Delivery System:  Gas lens assembly integrated into the torch head to eliminate turbulent ambient air entrainment and guarantee pure laminar shielding gas flow over the weld pool.  Shielding Gas Composition:  100% Pure Argon (Ar) delivered at a flow rate of  15–20 CFH  (Cubic Feet per Hour) for arc column stability, cathode cleaning action on aluminum oxides, atmospheric isolation, and precise thermal control (utilizing specialized backing purge configurations during stainless steel joint execution).
[bookmark: _mph8226hs35]2. OSHA Safety Compliance & AWS D1.1 Integration
[bookmark: _bnp8wmsn1wng]2.1 Federal Regulatory Requirements
Operator advancement through simulated and physical GTAW cells is contingent upon documented compliance with federal safety mandates and visual acceptance criteria governed by AWS D1.1 Structural Welding Code – Steel (Table 4.11):
· OSHA 29 CFR 1910.252(d):  Mandates comprehensive employer-provided training detailing safe welding equipment operation, cutting procedures, and fire/explosion hazard mitigation.
· OSHA 29 CFR 1910.255(a)(3):  Requires that operators assigned to welding equipment undergo verified instruction and be formally judged competent prior to production cell assignment.
· OSHA 29 CFR 1926 Subpart J:  Enforces gas welding and cutting safety compliance across construction and field erection sites.
· Industry Recertification Cycle:  Mandates triennial (3-year) safety refresher training, competency verification, and regulatory re-evaluation.
· AWS D1.1 Table 4.11 Code Integration:  Real-time puddle size maintenance ( $5\text{mm} \pm 0.5\text{mm}$ ) and thermal modulation directly dictate compliance under AWS D1.1 Table 4.11 visual acceptance standards. Proper heat input prevents visual defects such as excessive convexity, undercut, and lack of penetration, passing 100% visual and subsequent guided-bend testing.
[bookmark: _taebhrlfnrky]2.2 Personal Protective Equipment & Booth Safety
Before initiating arc strike in either the simulated booth environment or physical shop floor, operators must execute and verify the following safety protocol sequence:
1. Variable Shade Auto-Darkening Helmet:  Verify shade adjustment (typically Shade 10–12 for GTAW current levels) to prevent flash burn and retinal radiation damage.
2. Forced Fume Extraction System:  Activate localized booth exhaust ventilation to capture shield gas displacement and hazardous metal fumes at the source.
3. Fire Watch Assignment & Work Area Inspection:  Establish a dedicated fire watch and clear all combustible materials within a 35-foot radius of the hot work cell.
4. Hot Work Permitting:  Confirm an approved, shift-specific hot work permit is signed and posted at the booth station.
5. High-Pressure Cylinder & Line Integrity:  Inspect pure Argon gas cylinders, high-pressure regulators, flow meters, supply lines, and physical security chains.
[bookmark: _avpr6ee4ruhn]3. Game 3 Simulator Mechanics & Step-by-Step Execution
[bookmark: _e7n911xwsy6o]3.1 Workflow & Gameplay Setup
Game 3 is located in  World 3: TIG Precision  and represents a primary practical gateway during  Season 2: Operator (Days 31–60) . Training integrates into the program's standard 6-hour daily curriculum schedule:
· 09:00–09:45:  Classroom micro-lesson (OSHA/AWS standards and metallurgical principles).
· 09:45–12:00:  Targeted game drills (maximum 2 focused skill games per session).
· 12:30–14:00:  Ranked competitive tournament runs on standardized seed coupons.
· 14:00–14:30:  Video-On-Demand (VOD) puddle cam performance review and diagnostic feedback.Setup Procedure:
1. Log into the simulator terminal using verified user credentials to track progress on the regional leaderboard.
2. Navigate to  World 3: TIG Precision   $\rightarrow$   Game 3: TIG Foot Pedal .
3. Calibrate controller hardware: Verify spatial tracking for the right-hand joystick (torch spatial control) and dynamic response curve for the foot pedal (40–150A output range).
4. Perform the mandatory pre-start safety checklist within the simulator HUD, including virtual fume extraction engagement and helmet shade verification.
[bookmark: _ba76ibmfgxi2]3.2 In-Game Execution & Thermal Management
To complete a  $200\text{mm}$  pass on thin aluminum plate ( $0.063”\text{–}0.125”$  thickness) without edge collapse, heat-sag, or burn-through, execute the following step-by-step thermal profile:
· Arc Strike & Puddle Initiation:  Position the torch at the joint start line holding a  $3\text{mm}$  arc length and  $15^\circ$  pushing angle. Fully depress the foot pedal to  ~120A (75% travel)  for approximately 2 seconds to overcome aluminum's high thermal conductivity and establish a initial  $5\text{mm}$  molten weld pool.
· Instructor Note:  Modulate the pedal dynamically; do not treat the foot control as a binary ON/OFF switch.
· Steady-State Travel & Fusion:  Once the  $5\text{mm}$  puddle is established, ease the foot pedal back to  80A–90A  while initiating forward torch movement along the joint line at a constant  $5\text{mm/s}$  travel speed. Maintain a strict  $3\text{mm}$  arc length.
· Thermal Saturation Attenuation:  As heat saturates the thin aluminum substrate during the pass, heat sink dissipation decreases. Progressively decrease foot pedal depression to taper current down to  50A–60A  over the final  $50\text{mm}$  of the joint to prevent heat accumulation, weld pool widening, heat-sag, or edge burn-through.
· Crater Fill Decay & Termination:  Upon reaching the terminal end of the weld joint, hold torch position and steadily taper the foot pedal down to  40A (minimum output)  over a 3-second window. This fills the terminal crater, prevents crater cracking, and eliminates thermal shock prior to arc extinction.
[120A Strike/Initiation] ---> [80A-90A Steady Travel] ---> [50A-60A Thermal Attenuation] ---> [40A Crater Fill Taper]
 (Establish 5mm Pool)          (Maintain 5mm/s Speed)        (Prevent Burn-Through)          (Eliminate Crater Crack)

[bookmark: _d22rlh5nx86n]4. Scoring Formulas, Analytics & Tier Progression
[bookmark: _vq7eylvdf0rc]4.1 Mathematical Scoring Formulas
Game 3 performance and overall platform progression are computed by two core algorithmic equations:!IMPORTANT  Final Run Score Formula:   $$\text{Scoring Final} = (\text{Accuracy} \times 40) + (\text{Consistency} \times 30) + (\text{Safety} \times 30)$$!NOTE  Experience Point (XP) Calculation Engine:   $$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$
[bookmark: _m8ijkqq8xi9c]4.2 Game 3 Specific Evaluation Metrics
The WELDPRO analytics engine evaluates Game 3 telemetry data by mapping specific physical sub-metrics into the core scoring equation variables:
· Amp Stability (Mapped to Accuracy - 40% Weight):  Evaluates foot pedal travel smoothness, current selection relative to thermal saturation, and avoidance of rapid, erratic current spikes.
· Puddle Control (Mapped to Consistency - 30% Weight):  Measures continuous variance of the molten weld pool diameter against the ideal target ( $5\text{mm} \pm 0.5\text{mm}$ ).
· Spatial & Angle Precision (Mapped to Accuracy / Consistency):  Real-time tracking of torch work angle, travel speed ( $5\text{mm/s} \pm 0.5\text{mm/s}$ ), and arc length distance ( $3\text{mm} \pm 0.5\text{mm}$ ).
· Safety & Procedure Adherence (Mapped to Safety - 30% Weight):  Strict sequential execution of pre-arc safety checks, PPE verification, and booth environment setup.
[bookmark: _mzxwcjmsxlxs]4.3 Mastery Tier Progression
Learners advance through structured program tiers based on accumulated XP, demonstrated accuracy thresholds, and skill unlocks:| Tier Name | XP Required | Accuracy Score Threshold | Qualifications / Program Unlocks || ------ | ------ | ------ | ------ || Bronze | 500 XP | 70% Accuracy | 1G Flat plate access, basic bead consistency authorization, foundational safety pass. || Silver | 2,000 XP | 85% Accuracy | 2G Horizontal / 3G Vertical-Up position unlock, 80%+ Blueprint Blitz qualification threshold. || Gold | 5,000 XP | 92% Accuracy | 4G Overhead / 6G Pipe inclined access, 90%+ Inspection Hunt threshold,  Signal Survival gate access (250ms latency response) . || Platinum (Expert Welder) | 10,000 XP | 95% Accuracy | Zero-defect mastery run, Master Weld-Off unlock,  AWS D1.1 3/8 in. test qual ,  Remote Robotic Welding operator qualification (requires clean background check & drug screening) . |
[bookmark: _szz1q74fulnd]5. Defect Remediation & Inspection Protocol
[bookmark: _2n4mpgbh9isx]5.1 Defect Analysis & Impact
Simulated weld deposits are evaluated by real-time non-destructive testing (NDT) algorithms reflecting AWS D1.1 Table 4.11 visual inspection and sectioned guided-bend test criteria. Because GTAW uses a non-consumable tungsten electrode and pure inert shielding gas, flux-based slag defects do not occur. The system detects and penalizes six primary GTAW defects:
· Porosity:  Caused by loss of inert gas coverage, wind currents, shielding gas contamination, or dirty base metal.
· Undercut:  Resulting from excessive current/heat input along the top edge or improper torch work angle gouging the base material.
· Tungsten Inclusion:  Occurs when the non-consumable tungsten electrode dips into or contacts the molten weld pool, transferring high-density tungsten particles into the deposit.
· Incomplete Fusion / Oxide Inclusion:  Caused by inadequate heat input failing to melt base metal, improper gas coverage, or failure to clean the oxide layer off aluminum substrates prior to welding.
· Crater Defects (Crater Cracking):  Occurs when the arc is abruptly terminated without executing foot pedal amperage taper, leaving a concave shrinkage void.
· Burn-Through:  Caused by unmanaged thermal saturation on thin-gauge material, resulting in complete melt-through and joint failure.
[Defect Detected] ---> [-50 XP Deduction per Event] ---> [2+ Major Defects = Automatic Run Invalidation]

Algorithmic Penalty Impact:  Every identified defect triggers a direct  $-50\text{ XP}$  penalty in the run's XP formula. Accumulating two or more major defects during a competitive tournament run results in immediate  run invalidation  and zero score submission.
[bookmark: _176t98y16d3g]5.2 Remediation & Re-Test Loops
When technique failures or unsafe acts trigger a run invalidation, the curriculum mandates a structured remediation loop prior to re-entry into ranked play:
· Assessment Invalidation Notification:  Immediate termination of competitive scoring with real-time error logging pushed to the instructor dashboard.
· Mandatory VOD Puddle Cam Review:  The operator must complete a 30-minute diagnostic VOD review session utilizing the integrated dual-perspective "puddle cam" replay interface. The operator analyzes synchronized synchronized telemetry graphs displaying foot pedal travel (amps), spatial torch position, arc length ( $3\text{mm}$  target), and puddle diameter ( $5\text{mm}$  target).
· Targeted Remedial Practice Drills:  Operators are demoted to targeted foundational micro-games to fix isolated sub-skill mechanics:
· Game 0 (Puddle Control):  Required if puddle diameter variance exceeded  $\pm 0.5\text{mm}$ .
· Game 2 (Arc Length):  Required if spatial distance variance resulted in tungsten dipping or arc instabilities.
· Zero-Defect Re-Test Gate:  Re-entry into official ranked tournament play or mastery tier progression requires executing a complete, zero-defect practice pass meeting or exceeding baseline safety and 85%+ accuracy metrics.

