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[bookmark: _ym7py12ulpma]1. Module Overview & Learning Objectives
[bookmark: _tf0azwjwg5gt]1.1 Core Objectives & Game Summary
Game 1: Bead Line is engineered to establish fundamental motor precision, spatial awareness, and muscle memory in entry-level welders. The primary objective is to execute a continuous, 200mm straight weld bead on a flat plate (1G position) while strictly maintaining a uniform travel speed of 5mm/s (within a tight tolerance band of ±0.5mm/s). By pairing real-time physical torch mechanics with simulated visual and haptic feedback, this module trains the physical discipline required for industrial Gas Metal Arc Welding (GMAW / MIG). The system continuously evaluates path straightness (centerline offset) and travel speed variance (thermal input stability).| Target Skill Metric | Technical Requirement / Tolerance || ------ | ------ || Bead Length | 200mm continuous straight bead || Target Travel Speed | 5mm/s || Speed Tolerance | ±0.5mm/s (4.5mm/s to 5.5mm/s operational band) || Arc Length Target | 3.0mm constant distance || Torch Work Angle | 90° (perpendicular to the base plate) || Torch Travel Angle | 10°–15° Push or Drag angle || Primary Scoring Focus | Centerline straightness accuracy, speed variance control, and safety compliance |
[bookmark: _zhtsi7wr5dwn]1.2 Curriculum Alignment & Season 1 Context
Game 1 serves as a foundational building block in  Season 1: Rookie Bootcamp (Days 1–30)  of the 120-Day Welder Esports Program. Season 1 transitions trainees from safety orientation and welding physics into practical flat plate GMAW exercises. Mastering travel speed control and torch stability in Game 1 is a mandatory prerequisite for complex joint configurations (fillet and groove welds) and multi-pass sequences introduced in later modules.Trainees execute this module within a structured  6-Hour Daily Training Routine , designed to bridge theoretical knowledge, simulator repetition, competitive pressure, and visual analysis:
· 09:00–09:45 — Classroom Micro-Lesson:  Theory instruction covering OSHA safety standards, AWS D1.1 specifications, GMAW electrical parameters, and heat input mechanics.
· 09:45–12:00 — Game Drills:  High-repetition simulation training focusing on specific skill isolation (maximum 2 games per day to maintain operational focus).
· 12:30–14:00 — Ranked Tournament:  Daily competitive execution on standardized, same-seed coupon challenges tracked on the Daily Straight Bead Leaderboard.
· 14:00–14:30 — VOD Review & Puddle Cam Analysis:  Video-on-demand playback and high-speed puddle footage analysis with instructors to diagnose path drift, travel speed spikes, and thermal inconsistency.Season 1 Milestone Targets:
· Sustain a uniform travel speed within the 5mm/s ±0.5mm/s tolerance band across the entire 200mm length.
· Maintain linear torch movement along the marked joint line with less than 1.0mm path deviation.
· Achieve an overall attempt accuracy score sufficient to accumulate Experience Points (XP) toward unlocking the  Bronze Tier  (500 XP, 70%+ bead consistency, and zero safety violations).
· Prepare for physical booth 1G flat plate practical assessments in accordance with AWS D1.1 Structural Welding Code guidelines.
[bookmark: _vzavbkhoqiso]2. OSHA Hot Work Safety & Booth Setup
[bookmark: _i5ux884xvoz5]2.1 Federal Regulatory Standards
Before initiating simulation drills or entering the physical welding booth, trainees must demonstrate complete comprehension of federal hot work safety standards. Compliance is mandatory and strictly enforced throughout the program:
· OSHA 29 CFR 1910.252(d) (Fire Prevention and Equipment Training):  Mandates comprehensive training in the safe operation of welding and cutting equipment, identification of fire hazards, proper management of hot work permits, and mandatory deployment of active fire watch protocols during and after hot work operations.
· OSHA 29 CFR 1910.255(a)(3) (Operator Competency):  Requires that all equipment operators receive thorough instruction and be judged fully competent by qualified supervisory personnel prior to operating resistance or arc welding equipment.
· OSHA 29 CFR 1926 Subpart J (Gas Welding and Cutting in Construction):  Governs gas and arc welding safety practices, compressed gas cylinder handling, and environmental hazard controls across construction and fabrication sites. Recertification and safety training renewal every 3 years is enforced as industry best practice.
[bookmark: _zcxdaqlemtrj]2.2 PPE & Pre-Weld Safety Checklist
Trainees must equip themselves with complete, industry-standard Personal Protective Equipment (PPE) and verify environmental controls prior to initiating any welding attempt:
· Mandatory Personal Protective Equipment (PPE):
· Auto-Darkening Helmet:  Equipped with variable shade technology (Shade 9–13 selected based on arc amperage).
· Welding Gloves:  Heavy-duty leather welding gloves providing thermal protection and dexterity.
· Protective Clothing:  Flame-resistant (FR) jacket or leather sleeves protecting the arms and torso from spatter and UV radiation.
· Eye Protection:  ANSI Z87.1 approved safety glasses with side shields, worn continuously under the helmet.
· Footwear:  High-top leather work boots (steel-toe or composite-toe rated).
· Environmental Controls & Booth Setup:
· Active fume extraction/ventilation system verified operational and positioned within 6 to 12 inches of the arc zone.
· Approved Hot Work Permit posted at the booth station.
· Designated Fire Watch deployed with an inspected, fully charged Class ABC fire extinguisher and clear visibility of the work area.Zero-Tolerance Unsafe Action Rule:  Any violation of safety protocols—including striking an arc without active ventilation, lifting the helmet during arc execution, operating without ANSI Z87.1 safety glasses, or breaching hot work permit boundaries—results in an immediate system lock-out, an automatic score of zero, mandatory safety remediation, and complete invalidation of the competitive attempt.
[bookmark: _de70g2ydst12]3. MIG (GMAW) Technical Parameters & Torch Mechanics
[bookmark: _b7ddkennlgbf]3.1 Gas Metal Arc Welding Equipment Parameters
Game 1 simulates standard short-circuit Gas Metal Arc Welding (GMAW / MIG) settings for flat plate (1G) carbon steel training. Baseline parameters provide realistic weld pool behavior and heat generation:| Equipment Parameter | Standard Setting / Specification | Technical Context & WPS Baseline || ------ | ------ | ------ || Welding Process | Short-Circuit GMAW (MIG) | Standard fast-freezing solid wire process for sheet and plate steel || Plate Position | 1G (Flat Position) | Plate oriented horizontally; weld deposited from upper side || Wire Diameter | 0.030 inch / 0.035 inch | Solid ER70S-6 steel wire || Shielding Gas Mix | 75% Argon / 25% CO2 | Standard industrial short-circuit shielding gas mix || Baseline Voltage | 18.0 – 20.0 Volts | Set per standard Welding Procedure Specification (WPS) baseline || Wire Feed Speed (WFS) | 200 – 250 IPM (Inches Per Min) | Calibrated to yield ~120–150 Amps operating current || Auxiliary Functions | Hot Start Enabled; Crater Fill Active | Hot Start ensures instant fusion; Crater Fill prevents end craters |
[bookmark: _2y9xf9i5dbrw]3.2 Torch Alignment & Physical Technique
Maintaining a straight bead and stable weld puddle requires precise physical body control and exact torch angles:
· Work Angle:  Maintain a strict  90° Work Angle , keeping the torch body perpendicular to the base plate along the transverse axis to ensure symmetrical bead profile and equal joint penetration.
· Travel Angle:  Maintain a  10°–15° Travel Angle  (Push or Drag technique). A 10°–15° push angle directs shielding gas over the uncured puddle and provides clear visibility of the leading edge of the puddle.
· Arc Length:  Hold a constant  3.0mm Arc Length  (contact-tip-to-work distance delta). Deviations beyond ±1.0mm alter system voltage and spatter rates, triggering live visual HUD warnings and audio buzzers.
· Body Mechanics & Ergonomics:  Trainees must establish a stable stance prior to striking the arc. Anchor the non-dominant hand or elbow against a stable booth rest, lock the wrist in position, and execute the full 200mm motion by pivoting smoothly from the shoulders and hips rather than dragging the arm or bending the wrist mid-weld.Pre-Arc Physical Setup Sequence:
1. Stand in a balanced, shoulder-width stance aligned with the center of the 200mm weld path.
2. Put on all required PPE, ensure ANSI Z87.1 safety glasses are in place, lower the auto-darkening helmet, and verify that active fume extraction is running.
3. Position the torch tip at the designated starting point of the plate, establishing a 10°–15° push travel angle and a 90° work angle.
4. Set the torch height to establish the mandatory 3.0mm arc length off the plate surface.
5. Lock the wrist and forearm, anchor the support hand on the rest bar, and dry-run the 200mm motion from shoulders/hips to confirm unconstrained physical movement.
6. Trigger the torch switch to initiate the arc while focusing visual tracking on the leading edge of the weld pool.
[bookmark: _sr6fmqszeh7u]4. Execution Protocols: The 200mm Straight Weld Drill
[bookmark: _qglmczpiv0f4]4.1 Drill Execution Steps
·   Phase 1: Pre-Check & Safety Verification:  Verify booth fume extraction is active, hot work permit is active, fire watch is in position, and full PPE (helmet, gloves, FR jacket, safety glasses) is equipped.
·   Phase 2: Workpiece & System Initialization:  Load the 200mm flat plate (1G) template on the simulator/booth stand. Confirm machine settings match WPS baseline parameters (18–20V, 200–250 IPM WFS, 75/25 Argon/CO2).
·   Phase 3: Positioning & Dry Run:  Position the torch nozzle over the start line. Set a 90° work angle, 10°–15° travel angle, and 3.0mm arc length. Execute an unpowered physical dry run across the 200mm distance to verify body posture.
·   Phase 4: Arc Initiation:  Depress the torch trigger to strike the arc. Hold position momentarily as Hot Start engages to establish a stable 5mm diameter molten puddle.
·   Phase 5: Continuous Linear Travel:  Begin smooth transverse movement along the marked centerline. Maintain continuous travel at 5mm/s, utilizing real-time HUD speed indicators and haptic feedback to prevent speed spikes or path drift.
·   Phase 6: Arc Termination & Crater Fill:  Upon reaching the 200mm end mark, pause torch travel for 1.0–1.5 seconds while holding the trigger to allow the automated Crater Fill function to fill the terminal crater, then release the trigger to extinguish the arc.
·   Phase 7: Post-Weld Inspection & VOD Review:  Inspect the completed bead visually and compare telemetry against AWS D1.1 visual acceptance criteria (evaluating centerline deviation, bead width consistency, and undercut defects). Review the attempt on the post-game summary screen.
[bookmark: _ey5c2845b12r]4.2 Speed Maintenance & Straightness Tolerances
Maintaining a consistent travel speed of 5mm/s (±0.5mm/s) is essential for uniform heat distribution and bead geometry.
· Real-Time Visual HUD Overlay:  The simulator interface displays a live travel speed target bar. A centered green band indicates the optimal 4.5mm/s to 5.5mm/s zone. If the trainee accelerates or decelerates outside this range, the indicator shifts into yellow/red warning zones.
· Haptic Feedback Loop:  The physical torch hardware features internal haptic actuators. When travel speed drops below 4.5mm/s or exceeds 5.5mm/s, or when the torch drifts >1.0mm off the joint centerline, the torch handle delivers proportional haptic pulses. This immediate physical feedback trains muscle memory, teaching the trainee to self-correct speed and alignment without breaking visual focus on the weld puddle.
[bookmark: _4py5lasb2ztu]5. Defect Detection, Mitigation & Quality Control
[bookmark: _3bueaga79fus]5.1 Preventing and Correcting Undercut
Undercut is a severe structural defect characterized by a groove melted into the base metal along the toe of the weld that remains unfilled by deposited weld metal. Understanding the physics of heat input is vital for preventing this defect.Welding Thermal Input Physics:  Heat input ( $Q$ ) governs the volume of base metal melted during welding and is defined by the formula:Heat Input Q = (Voltage * Current * 60) / (Travel Speed * 1000)  (expressed in kJ/mm)When travel speed ( $S$ ) exceeds the upper tolerance limit of 5.5mm/s, heat input per unit length drops sharply. The arc melts the edge of the base metal, but the rapid forward motion prevents the molten wire filler metal from flowing into the melted groove before it freezes, creating undercut. Conversely, if travel speed drops below 4.5mm/s, excessive heat accumulation ( $Q$ ) over-melts the base plate, causing puddle sag, wide uncontrolled beads, and potential burn-through.Undercut Troubleshooting Guide:
1. Observed Defect:  Continuous or intermittent groove gouged along the outer edges (toes) of the weld bead.
2. Root Physical Causes:  Excessive travel speed (>5.5mm/s), excessive arc voltage, or an improper work angle tilting arc force toward one side.
3. Corrective Actions:
4. Reduce travel speed back into the mandatory 5.0mm/s target range (4.5–5.5mm/s).
5. Readjust torch work angle strictly to 90° perpendicular to the plate surface.
6. Verify and reduce machine arc voltage to match baseline WPS settings (18–20V).
[bookmark: _rndpcvytz668]5.2 Mitigating Uneven Bead Profiles & Common Faults
Observed Weld Defect,Root Cause,In-Game / Physical Correction
Undercut,"Excessive travel speed (>5.5mm/s), high voltage, or improper work angle",Reduce travel speed to 5mm/s; maintain 90° work angle; calibrate voltage to WPS standard (18–20V).
Porosity (Internal / Surface Gas Pockets),"Shielding gas breakdown due to long arc length (>3.0mm), improper gas flow, or excessive draft",Maintain strict 3.0mm arc length; check 75/25 Argon/CO2 flow rates; clean plate surface prior to welding.
Unfilled End Crater / Crater Cracks,Terminating the arc abruptly without allowing molten metal to fill the terminal depression,Dwell at the 200mm mark for 1.0–1.5 seconds upon completion to permit machine Crater Fill cycle execution.
Uneven / Irregular Bead Width,Unstable hand movement or travel speed fluctuations outside the 5mm/s ±0.5mm/s window,Anchor support hand on booth rest bar; lock wrist and pivot from shoulder/hips; follow haptic speed cues.
[bookmark: _s6wzbh9uyxz3]6. Scoring Model, XP Calculation, and Performance Tiers
[bookmark: _np6vsnv92gxj]6.1 Standardized Game Scoring Formulas
Performance in Game 1 is evaluated through standardized mathematical formulas combining centerline precision, motion consistency, and safety compliance.Primary Score Formula:Final Score = (Accuracy * 40) + (Consistency * 30) + (Safety * 30)Where Accuracy measures centerline straightness, Consistency tracks speed variance within 5mm/s ±0.5mm/s and arc length stability, and Safety represents compliance with pre-weld checks and PPE requirements.Alternative Multi-Attribute Calibration Weights (Instructor Evaluation Mode):
· Precision (Centerline Straightness):  30%
· Joint Quality (Visual Profile & Fusion Integrity):  25%
· Safety & Procedure (PPE / Ventilation / Safety Checklist):  20%
· Consistency (Travel Speed & Arc Length Stability):  15%
· Time Efficiency:  10%
[bookmark: _58p5v4wr4tu4]6.2 XP Formula & Tier Advancement Rules
Experience Points (XP) earned during attempts drive trainee progression across the 120-Day Esports Program:XP = (Accuracy * 10) + (Consistency * 5) - (Defects * 50)Note: Any safety breach or zero-tolerance rule violation triggers immediate run invalidation, yielding 0 XP and requiring mandatory safety remediation.
[bookmark: _suxqhxgfujp9]Season 1 Tier Advancement Thresholds
Esports Tier,Minimum XP,Performance & Skill Requirements,AWS Certification Target / Program Status
Bronze,500 XP,"70%+ bead consistency, 100% Safety Pass",1G Flat Plate GMAW Fundamental Proficiency
Silver,"2,000 XP","85%+ bead consistency, Blueprint Blitz score 80%+",2G Horizontal / 3G Vertical Position Proficient
Gold,"5,000 XP","92%+ bead consistency, Inspection Hunt 90%+, Latency Control 250ms",4G Overhead / 6G Pipe Proficient
Platinum,"10,000 XP","95%+ bead consistency, Master Weld-Off Pass, Zero Defects","AWS D1.1 3/8"" Limited Thickness Qualification + Remote Robotic Qualification (Job-Ready Operator)"

