[bookmark: _vxpbbc659nlp]Lesson Manual: Game 2 - Arc Length (3mm Standoff Drill)
[bookmark: _708cvg1631ww]1. Module Overview & Learning Objectives
Game 2 ("Arc Length") is a core simulation module situated within  Season 1: Rookie Bootcamp (Days 1–30)  of the 120-Day Welder eSports Program. Serving as a specialized vertical "aim lab," this drill bridges video game precision mechanics with tradecraft muscle memory. It is engineered to train student welders in steady-hand mechanics, real-time spatial awareness, and strict vertical height control.In Gas Metal Arc Welding (MIG/GMAW), maintaining a precise torch standoff distance is the single most critical factor in stabilizing the electrical arc column. In Game 2, trainees practice maintaining an exact, unbroken 3mm distance from the workpiece along the entire weld trajectory. The simulation translates micro-fluctuations in physical torch height into live electrical voltage variations, training the operator to instinctively stabilize their hand height before stepping into a physical arc-on booth.
[bookmark: _nh6t8ktv9w4w]Primary Learning Objectives
· Distance Maintenance : Maintain an exact 3mm torch standoff distance across the entire length of the weld joint without vertical drift or height oscillation.
· Voltage Stability : Master the direct physical relationship between torch height maintenance and maintaining optimal operating voltage stability within the  18–22V range  during MIG (GMAW) operations.
· Defect Prevention : Eliminate spatial variance to prevent severe physical defects, including stub-out, puddle freezing, wild long-arc spatter, and destructive stray arc strikes outside the weld groove.
· Safety & Regulatory Compliance : Execute simulator setup and booth protocols in strict compliance with  OSHA 29 CFR 1910.252(d)  equipment hazard standards and  AWS D1.1  structural welding requirements.
[bookmark: _jp0jxgvflxsj]2. Technical & Physical Mechanics: 3mm Standoff & Voltage Stability
In GMAW/MIG welding, arc length directly dictates electrical arc voltage and thermal energy transfer into the base metal. During active welding, wire is continuously fed through the torch contact tip at a set wire feed speed. Operating standard Season 1 MIG parameters—utilizing  0.030 / 0.035-inch solid steel wire  shielded by an  Argon/CO2  gas mixture—requires an exact electrical arc column gap to sustain constant current and voltage transfer.When torch standoff distance fluctuates, the electrical resistance of the ionized arc column shifts instantly according to Ohm's Law ( $V = I \times R$ ). Extending the standoff (>3mm) increases resistance, forcing arc voltage to surge past 22V and causing the arc column to flare wildly. Conversely, reducing standoff (<3mm) drops resistance and causes voltage to collapse below 18V, leading to wire stubbing. Maintaining a strict 3mm standoff locks the system into the ideal  18–22V operating window , producing smooth spray/short-circuit transfer, uniform penetration, and clean bead geometry.| Parameter | Target Value / Range | Technical Impact on Weld || ------ | ------ | ------ || Arc Standoff Distance | 3mm | Establishes fixed arc column gap and uniform electrical resistance. || Operating Voltage Range | 18–22V | Prevents erratic arc flaring or voltage drop; maintains optimal arc energy. || MIG Wire Diameter | 0.030" / 0.035" | Dictates current density and burn-off rate relative to target wire feed speed. || Shielding Gas Composition | Argon / CO2 Mix | Stabilizes arc column ionization, controls penetration profile, and minimizes spatter. || Arc Height Tolerance Target | Zero Tolerance Target  (Buzzer triggered on deviation) | Enforces precise spatial control, maximizes length consistency scoring, and eliminates surface defect formation. |
[bookmark: _niox67bqab]3. Defect Analysis: Stub-Out vs. Long-Arc Spatter
Deviations from the mandatory 3mm standoff distance severely compromise the electrical equilibrium of the GMAW process. Game 2 trains operators to recognize, diagnose, and instantly remediate these physical deviations using multi-sensory visual, haptic, and acoustic telemetry.| Defect Type | Standoff Deviation (<3mm vs >3mm) | Voltage Effect | Physical Manifestation | Remediation Strategy || ------ | ------ | ------ | ------ | ------ || Short Arc / Wire Contact (Stub-Out) | Standoff  < 3mm  (Too Close) | Voltage drops below  18V  operating threshold | Wire feeds faster than it can burn off, causing "stub-out," solid wire plunging into the molten pool, puddle freezing, cold lap, and severe bead height irregularity. | Maintain a relaxed, steady wrist; apply subtle vertical upward pressure on the haptic torch joystick to restore the exact 3mm standoff gap. || Long-Arc Spatter & Unwanted Arc Strikes | Standoff  > 3mm  (Too Far) | Uncontrolled voltage surge exceeding  22V | Arc gap widens and flares uncontrollably; shielding gas coverage breaks down, generating heavy metal spatter, wide shallow beads, and stray arc strikes on adjacent base metal. | Lower torch standoff smoothly; lock eyes on the HUD height bar, utilizing haptic force feedback and acoustic buzzer cues to suppress hand drift. |
[bookmark: _ql8ckqfzcqwg]4. Safety & Regulatory Compliance (OSHA & AWS Standards)
Safety compliance is non-negotiable, accounting for  30% of the total evaluation score  in the Welder eSports Program. Trainees must demonstrate full mastery of federal safety mandates and structural welding standards before advancing to live arc-on operations.
[bookmark: _nrrjy24bzyy9]⚠️ MANDATORY SAFETY & REGULATORY COMPLIANCE CALLOUT
[bookmark: _udv2lqmeyhb]1. Personal Protective Equipment (PPE) & Booth Protocols
· Auto-Darkening Variable Shade Helmet : Operators must wear helmet assemblies equipped with  Shade 10–11 lens protection  to completely shield eyes and face from intense ultraviolet (UV) and infrared (IR) arc ray radiation during arc-on simulation and live testing.
· Active Fume Extraction : Industrial booth ventilation extraction systems must be fully operational prior to arc initiation to capture toxic metallic welding fumes and particulate matter.
· Flame-Resistant Protective Apparel : Heavy leather welding gloves, flame-resistant jackets/sleeves, and safety glasses must be equipped at all times within the booth environment.
[bookmark: _ozev7xcl3g0p]2. Federal OSHA Safety Directives
· OSHA 29 CFR 1910.252(d) : Enforces comprehensive safety instruction regarding fire prevention, welding equipment hazard mitigation, hot work permits, and mandatory fire watch positioning.
· OSHA 29 CFR 1910.255(a)(3) : Mandatory operational requirement stipulating that all welding equipment operators must be thoroughly trained, instructed, and formally  judged competent  prior to operating machinery.
[bookmark: _xyrw93ky2nhz]3. Industry AWS Certification Benchmarks
· AWS D1.1 Structural Welding Code – Steel : Standard governing structural weld acceptance criteria. Performance qualification requires passing a  100% visual inspection  combined with a physical  guided bend test (root and face bends)  executed on a  45-degree included angle test groove .
[bookmark: _1e06yuhsl8a]5. Simulator Controls & Gameplay Execution
Game 2 utilizes a high-precision, small-footprint simulator booth featuring a custom haptic feedback torch joystick, variable shade auto-darkening helmet interface, and a desktop/VR dual-mode rendering engine.
       +-------------------------------------------------------+
       |                  SIMULATOR HUD DISPLAY                |
       |                                                       |
       |    [TOO FAR]    > > > > >  4.0mm  [VOLTAGE SURGE]     |
       |   ------------------ TARGET 3.0mm ------------------  |
       |    [TOO CLOSE]  < < < < <  2.0mm  [STUB-OUT RISK]     |
       |                                                       |
       |   HAPTIC JOYSTICK: VIBRATION ACTIVE OUTSIDE 3mm ZONE  |
       +-------------------------------------------------------+

[bookmark: _dvw5s7zkgj6]Sensory Telemetry & Muscle Memory Development
To transition digital precision into physical trade craft, Game 2 creates a multi-sensory feedback loop that burns correct spatial height into operator muscle memory:
1. Visual Telemetry (HUD Height Bar) : A centered vertical graphic indicator displays real-time torch distance relative to the workpiece, providing immediate visual confirmation of the 3mm ideal zone.
2. Acoustic Feedback (Tolerance Buzzer) : An immediate warning tone triggers if torch standoff strays short (<3mm) or long (>3mm), conditioning instant auditory reaction.
3. Tactile Telemetry (Haptic Joystick) : Variable haptic force-feedback motors in the torch controller increase resistance and vibrate dynamically as the torch drifts outside the 3mm boundary, training fine motor hand stabilization.
[bookmark: _ezm6mfqv089j]Integration into the 6-Hour Daily Training Schedule
Game 2 is fully integrated into the daily eSports instructional loop designed to maximize skill acquisition:
· 09:00 – 09:45 | Classroom Micro-Lesson : Technical instruction covering OSHA/AWS standards, GMAW voltage mechanics, 0.030/0.035 wire specifications, and Argon/CO2 shielding dynamics.
· 09:45 – 12:00 | Game Drills (Focus Session) : Intensive targeted practice on Game 2 Arc Length. Trainees perform high-repetition 3mm standoff drills to build muscle memory.
· 12:30 – 14:00 | Ranked Daily Leaderboard Tournament : Trainees compete head-to-head on a standardized weld coupon seed, scored live on length consistency and voltage stability.
· 14:00 – 14:30 | VOD Puddle Cam Review : Instructors and trainees analyze recorded telemetry, reviewing torch height graphs and defect locations to refine technique.
[bookmark: _o8mrk9d04czc]6. Scoring Metrics, XP Formulas & Performance Tiers
Trainees are evaluated through an automated, objective multi-factor telemetry rubric engineered to align game performance directly with AWS qualification standards.
[bookmark: _3x46frjni3fj]Final Scoring Weight Distribution
· Accuracy (40%) : Spatial adherence to the exact 3mm target standoff distance throughout the run.
· Consistency (30%) : Length consistency metric; maintaining smooth travel and zero vertical height oscillation over time.
· Safety (30%) : Adherence to booth safety gates, PPE selection, and elimination of dangerous defect events (stray arc strikes and severe stub-outs).
[bookmark: _ct310dyf97dc]Official XP Calculation Formula
XP = (Accuracy * 10) + (Consistency * 5) - (Defects * 50)

[bookmark: _t6kvjjh3yxql]eSports Program Performance Tiers & Certification Milestones
Program Tier,Required XP,Accuracy Threshold,AWS D1.1 & Remote Qualification Milestones
Bronze,500 XP,70%+,1G Flat Position proficiency + OSHA Safety Clearance Pass.
Silver,"2,000 XP",85%+,2G Horizontal / 3G Vertical Position proficiency + Blueprint Blitz score 80%+.
Gold,"5,000 XP",92%+,4G Overhead / 6G Pipe proficiency + Inspection Hunt 90%+ + Signal Survival remote latency under 250ms.
Platinum (Expert Welder),"10,000 XP",95%+,Master Weld-Off Zero Defects +  AWS D1.1 3/8-inch Limited Thickness Qualification  (100% visual inspection + root/face guided bend test pass) +  Remote Welding Qualification  (Job-Ready + Remote Robotic Operator for industry placement).

