[bookmark: _2zyd0zbhav4n]Game 10: Signal Survival Remote Welding — Training & Operational Manual
[bookmark: _7z81s5y32o4p]1. Course Overview & Remote Teleoperation Architecture
Game 10: Signal Survival Remote Welding serves as the capstone remote teleoperation training module within  Season 4 (Masters: Days 91–120)  of the 120-Day Welder Esports Training Program. As structural steel fabrication and heavy industrial manufacturing transition toward distributed automation, real-world operators are increasingly stationed at centralized command centers—mirroring industrial remote operator deployments such as the Tesla Austin/Bay Area remote workcell framework. In these enterprise environments, AWS-certified welders utilize real-time video telemetry, multi-axis sensory feedback, and wide-area network pipelines to supervise, control, and execute code-compliant welds on distant jobsite workcells.This operational manual establishes the bridge between gamified virtual simulation and physical structural workcells. Candidates transition from local torch control to manipulating remote robotic end-effectors across variable network conditions. Trainees must maintain welding procedure specification (WPS) tolerances while managing transport layer delays, packet dropouts, and remote safety constraints.Core operational goals for Game 10 include:
· Operating Under Network Latency:  Executing consistent, high-integrity weld beads while actively compensating for wide-area signal latency ranging from 100ms to 400ms without compromising travel speed, arc length, or thermal control.
· Executing Safety Stops:  Continuous real-time monitoring of multi-cam telemetry and sensor streams to trigger hard or soft emergency stop (E-Stop) commands in under 0.8 seconds upon detecting catastrophic signal loss, frame freezes, or critical weld defect generation.
· Managing Workcells Remotely:  Enforcing strict compliance with remote OSHA machine-guarding regulations, dual-station hardware redundancy protocols, site-to-site communication pipelines, and remote fabrication workflows.CRITICAL COMPLIANCE NOTICE:  Virtual simulation scores and esports tier achievements demonstrate candidate proficiency in teleoperation mechanics and defect avoidance, but do not constitute physical welding certifications. Simulator metrics must be backed by verified compliance, supervised practical training, and physical AWS CW laboratory testing prior to executing structural jobsite welds. Do not falsely assert unearned physical certifications.
[bookmark: _e0dtvki2ub9a]2. Network Mechanics, Latency Management & Force Feedback Calibration
Teleoperation over public or dedicated enterprise networks introduces transmission delays, signal jitter, packet loss, and video frame freezes. When controlling a remote welding arc, temporal lag alters an operator's visual perception of the molten puddle, travel speed, and torch positioning. To maintain process stability under degraded network conditions, operators must shift relying purely on visual cues to executing haptic-driven, predictive motor control calibrated against strict Welding Procedure Specification (WPS) parameters.Standard baseline WPS parameters for Game 10 teleoperation passes require:
· Shielding Gas Flow Rate:  25–30 CFH (Cubic Feet per Hour) of 75/25 Argon/CO2 shielding gas mix for GMAW, or 100% Argon for GTAW operations.
· Wire Feed Speed / Current:  180–220 IPM (Inches Per Minute) wire feed speed for GMAW; foot-pedal dynamic current scaling from 40A to 150A for GTAW passes.
· Target Arc Length:  3mm (+/-0.5mm).
· Target Puddle Diameter:  5mm (+/-0.5mm).
· Target Travel Speed:  5mm/s (+/-0.5mm/s).
[bookmark: _c28d4l84nnbg]Network Condition vs. Operator Control Protocol
Network Condition,Operator Control Protocol
100–250ms Latency,Standard Predictive Control:  Maintain steady travel speed ( $5\text{ mm/s}$  baseline) and fixed torch lead angle ( $10^\circ\text{--}15^\circ$ ). Rely on haptic resistance feedback to hold a  $3\text{ mm}$  arc length rather than making reactive visual adjustments.
250–400ms Latency,High-Lag Compensatory Protocol:  Shift to cadence-based manual progression. Eliminate micro-steering oscillations. Reduce travel speed variance and monitor dynamic foot pedal output ( $40\text{--}150\text{A}$  scale) to stabilize the  $5\text{ mm}$  molten pool.
Packet Loss,"Signal Stabilization Protocol:  Lock the current torch vector, travel speed, and work angle. Do not execute rapid weave patterns or directional changes until packet transmission normalizes."
Camera Freeze,"Immediate Safety Halt:  Discontinue manual torch movement immediately. Initiate safety pause protocol; if frame freeze persists beyond  $0.5\text{ seconds}$ , trigger E-Stop sequence."
[bookmark: _j1ko60fl11a1]Sequential Controller & Haptic Integration Protocol
1. Step 1: Zero-Point Spatial Alignment:  Initialize the multi-process haptic joystick and VR head-mounted tracking array within the simulator booth. Perform physical-to-virtual zero-point calibration, aligning the spatial neutral position with the baseline workcell coordinate axis for 1G flat, 2G horizontal, 3G vertical-up, 4G overhead, or 6G pipe ( $45^\circ$  inclined) joint geometries.
2. Step 2: Axis Torque Mapping:  Calibrate active multi-axis motor torque resistance across the  $X$ ,  $Y$ , and  $Z$  control vectors. Map dynamic drag forces to simulate gravitational pull and torch weight during out-of-position passes (e.g., gravity sag compensation in 2G and 3G positions).
3. Step 3: Haptic Force Threshold Parameter Setting:  Program the haptic force feedback threshold to deliver a tactile pulse vibration whenever arc length deviates outside the mandatory  $3\text{ mm}$  target ( $<2.5\text{ mm}$  or  $>3.5\text{ mm}$ ). Set variable drag resistance relative to travel speed deviations from  $5\text{ mm/s}$ .
4. Step 4: Foot Pedal Amp Integration:  Interface the dynamic analog foot pedal controller with the remote workcell telemetry service. Set dynamic current scaling from  $40\text{A}$  (idle/tail-out) to  $150\text{A}$  (peak heat input) with high-resolution signal sampling to facilitate real-time thermal management during TIG teleoperation runs.
5. Step 5: Visual Auto-Darkening Filter Calibration:  Configure the virtual auto-darkening variable shade helmet overlay within the display software. Verify automatic optical attenuation during simulated arc strikes to ensure accurate rendering of puddle boundaries and arc core boundaries without visual oversaturation.
[bookmark: _md38c3s9vg55]3. Emergency Stop (E-Stop) Safety Protocols & Compliance Standards
Remote robotic teleoperation workcells must balance operator flexibility with strict safety compliance. Operational centers must comply with  OSHA 29 CFR 1910.252  (General Welding, Cutting, and Brazing),  OSHA 29 CFR 1910.255(a)(3)  (Resistance and Automated Welding Operator Competence),  OSHA 29 CFR 1926 Subpart J  (Gas and Arc Welding in Construction),  OSHA 29 CFR 1910.217  (Machinery Guarding/E-Stop Controls), and  ISO 13850  (Safety of Machinery — Emergency Stop Function).Teleoperation requires clear separation between local console controls operated by the welder and remote jobsite physical controls surrounding the robotic cell:
· Local Operator Console Controls:  Virtual auto-darkening filter overlay, continuous telemetry ping monitoring, haptic fault alarms, software safety pause relays, and dual-layer console E-Stop switches.
· Remote Jobsite Physical Controls:  Perimeter light curtains, safety interlocked enclosure gates, physical hard-wired E-Stop relays connected directly to the welding power source, automated fume extraction pressure sensors, and physical site-assigned fire watch personnel.Defect detection thresholds triggering safety interventions are governed by  AWS D1.1 Table 4.11  (Visual Inspection Acceptance Criteria). If visual feed monitoring reveals structural defects exceeding AWS code limits—such as continuous undercut exceeding  $1/32\text{ in}$  ( $0.8\text{ mm}$ ), visible piping porosity, or severe lack of fusion—an immediate safety stop must be initiated. The mandatory maximum allowable E-Stop response time upon detecting a critical defect, enclosure breach, or camera freeze is  <0.8 seconds .Standard OSHA safety requirements applied across teleoperation environments include:
· Personal Protective Equipment (PPE):  Local console operators must wear proper eye and face protection, utilizing auto-darkening variable shade helmet overlays during simulation runs and physical jobsite supervision.
· Fume Ventilation Management:  Verification of active mechanical fume extraction airflow at the physical robotic workcell ( $100\text{ FPM}$  velocity at arc zone) prior to enabling arc ignition relays.
· Fire Watch Monitoring:  Dedicated physical fire watch personnel stationed at the remote jobsite with unobstructed views of the workcell during hot work execution and for a minimum of 30 minutes post-weld.
· Hot Work Permits & Documentation:  Completion and digital verification of valid hot work permits, jobsite risk assessments, and operator competence logs prior to initiating remote arc power per OSHA 29 CFR 1910.252(d).
· Machine Guarding & Redundancy:  Operational physical safety interlocks, optical light curtains, and fail-safe safety relays surrounding the remote robotic arm per OSHA 1910.255(a)(3) and ISO 13850 standards.
[bookmark: _7bq4ejk9clix]E-Stop Trigger Matrix
Hazard / Network Failure,Visual/System Indicator,Maximum Allowed Response Time,Corrective Action
Catastrophic Camera Freeze,Telemetry video frame holds static or drops frame rendering for  $>0.5\text{s}$,<0.8 seconds,Depress console or virtual E-Stop switch; software automatically drops arc contactor and halts wire feeder output.
AWS D1.1 Defect Violation,"AWS D1.1 Table 4.11 defect limit exceeded (porosity, keyhole burn-through, undercut  $>0.8\text{ mm}$ )",<0.8 seconds,"Execute safety stop, freeze robotic carriage position, log telemetry timestamp, and queue VOD for CWI review."
Extreme Latency (  $>400\text{ms}$  ),Network telemetry ping continuously exceeds  $400\text{ms}$  or packet loss exceeds  $5\%$,<0.8 seconds,Engage automated safety pause relay; remote cell halts torch travel and executes controlled current ramp-down.
Workcell Enclosure Breach,Local physical light curtain or safety gate interlock tripped at remote jobsite,<0.8 seconds,Automated hard-stop activation via redundant physical safety loop; lock out power source until manual site reset.
[bookmark: _whnvf3iiyetk]4. Scoring Algorithms, Metrics & Tier Progression Rules
Performance in Game 10 is evaluated using a weighted multi-factor scoring model that balances operational precision, consistency under network stress, and absolute adherence to safety protocols.
[bookmark: _r2y34iounv2v]Core Scoring Weight Distribution
· Accuracy Weight (40%):  Maintenance of baseline arc length ( $3\text{ mm}$ ), joint tracking alignment, and strict adherence to lead/work torch angles ( $10^\circ\text{--}15^\circ$ ).
· Consistency Weight (30%):  Weld bead profile uniformity, travel speed stability ( $5\text{ mm/s}$  target), and puddle diameter maintenance ( $5\text{ mm}$ ).
· Safety Weight (30%):  E-Stop execution speed ( $<0.8\text{s}$  response time), immediate reaction to simulated network hazards, and zero uncorrected AWS code violations.
[bookmark: _93ahi0wxfaug]Experience Points (XP) Calculation Formula
XP is computed deterministically following each operational attempt:XP = (Accuracy * 10) + (Consistency * 5) - (Defects * 50)
[bookmark: _jpv3i73smk2x]Esports Tier Progression & Signal Criteria
Tier,XP Required,Minimum Score,Technical & Signal Criteria,Qualification / Target Outcome
Bronze,500 XP,70%+,1G Flat Position proficiency; bead line consistency; basic safety tutorial completion.,Entry-Level Virtual Practice Qualified
Silver,2000 XP,85%+,2G Horizontal & 3G Vertical Up proficiency; Blueprint Blitz accuracy 80%+.,Intermediate Simulator Operator
Gold,5000 XP,92%+,4G Overhead & 6G Pipe proficiency; Inspection Hunt 90%+;  Sub-250ms signal latency compliance .,Advanced Teleoperation Candidate
Platinum Expert Welder,10000 XP,95%+,Master Weld-Off pass;  Zero defects ;  Sub-250ms signal mastery ; AWS D1.1 Limited Thickness (3/8 in) test pass; Remote Welding qualification (background/drug test pass).,Job-Ready:  Structural/Fabrication + Remote Robotic Operator
[bookmark: _db2jhph28k7b]5. Simulator Lab Integration & Daily Training Workflow
Game 10 is fully integrated into the standard  6-hour daily training schedule  during Season 4 (Masters). Training balances theoretical instruction, simulation drills, competitive tournament evaluation, and detailed video review.
[bookmark: _3wt8tg35ngrt]Daily 6-Hour Training Schedule (9:00 AM – 2:30 PM)
Time Block,Activity / Phase,Focus & Operational Content
9:00 AM – 9:45 AM,Classroom Micro-Lesson,"OSHA 1910.252/1926 standards, AWS D1.1 Table 4.11 code criteria, remote teleoperation theory, WPS review."
9:45 AM – 12:00 PM,Game Drills (Max 2 Games),Targeted simulator practice emphasizing Game 10 (Signal Survival) and Game 3 (TIG Foot Pedal) latency/thermal management.
12:00 PM – 12:30 PM,Mandatory Operational Break,"Workstation reset, sanitization, simulator recalibration, and thermal system check."
12:30 PM – 2:00 PM,Ranked Tournament,Standardized competitive runs on identical joint coupons; performance logged live to hub.esportsleaguehub.com.
2:00 PM – 2:30 PM,VOD Puddle Cam Review,"Frame-by-frame analysis of high-speed puddle camera video, inspecting travel speed, arc length, and defect generation."
[bookmark: _yz6jf523lmr8]Simulator Hardware Checklist
· Auto-Darkening Helmet:  Variable shade simulation helmet with integrated head-tracking sensors.
· Haptic Torch Joystick:  Multi-process (MIG/TIG/Stick) force-feedback joystick providing vibration and resistance cues.
· Dynamic Foot Pedal:  Precision analog foot pedal controller for TIG current adjustment ( $40\text{--}150\text{A}$  range).
· VR Headset System:  High-resolution 3D head-mounted display for spatial positioning and 6G pipe orientation.
· Fume Extraction Simulation Module:  Active airflow sensing panel enforcing simulated ventilation safety protocol checks.
[bookmark: _eayj0a4t8p32]Data Tracking, Schema & CRM Integration
All attempt data, timestamps, rubric versions, and simulator telemetry are logged to hub.esportsleaguehub.com. The underlying system database tracks required candidate fields: gamertag, tier, xp, safety, best_position, aws_qual, and ghl_contact_id. System data automatically syncs to the GoHighLevel (GHL) CRM platform via real-time webhooks:
· player.registered: Initiates student passport and assigns unique ghl_contact_id.
· game.completed: Transmits performance payload (gamertag, xp, accuracy, consistency, safety, best_position).
· tier.achieved: Triggers tier status updates (tier, aws_qual), updating candidate profiles for recruitment pipelines and prospective employer matching.
[bookmark: _i9kyre716pgp]Sample Webhook Payload: game.completed
{
  "event": "game.completed",
  "timestamp": "2026-10-15T14:15:30Z",
  "ghl_contact_id": "cid_987654321",
  "data": {
    "gamertag": "PuddleMaster99",
    "game_id": 10,
    "xp": 850,
    "accuracy": 94.5,
    "consistency": 91.0,
    "safety": 100.0,
    "best_position": "6G Pipe",
    "latency_avg_ms": 185
  }
}

[bookmark: _u83prjaf4st7]Sample Webhook Payload: tier.achieved
{
  "event": "tier.achieved",
  "timestamp": "2026-10-15T14:15:32Z",
  "ghl_contact_id": "cid_987654321",
  "data": {
    "gamertag": "PuddleMaster99",
    "tier": "Gold",
    "xp_total": 5250,
    "aws_qual": "AWS D1.1 3G/4G Eligible",
    "remote_qual_status": "Passed Signal Survival <250ms"
  }
}

[bookmark: _5vudh1w5dq7t]6. Operational Remediation & Troubleshooting Guide
When encountering control instability, latency spikes, or structural weld defects during remote passes, operators must apply the following diagnostic and corrective protocols immediately.Porosity Defect Remediation
· Diagnostic:  Gas pockets trapped within the solidifying weld metal, caused by shielding gas coverage loss (flow rate dropping below  $25\text{ CFH}$ ), incorrect torch lead angle ( $>20^\circ$ ), or arc distance expansion beyond  $3\text{ mm}$  per AWS D1.1 visual criteria.
· Corrective Steps:
· Verify simulated shielding gas pressure and flow rate ( $25\text{--}30\text{ CFH}$  of  $75/25\text{ Ar/CO}_2$  for GMAW or  $100\%\text{ Ar}$  for GTAW) in the workcell pre-check menu.
· Adjust joystick alignment to restore target torch lead angle ( $10^\circ\text{--}15^\circ$ ).
· Check haptic feedback response to pull arc length back down to the mandatory  $3\text{ mm}$  parameter limit.Undercut Defect Remediation
· Diagnostic:  Longitudinal groove melted into the base metal along the weld toe without adequate filler metal deposition, exceeding the AWS D1.1 Table 4.11 limit of  $1/32\text{ in}$  ( $0.8\text{ mm}$ ), caused by excessive travel speed ( $>6\text{ mm/s}$ ) or excessive amperage.
· Corrective Steps:
· Reduce torch travel speed to lock in at the stable  $5\text{ mm/s}$  baseline rate.
· Scale back foot pedal current output toward the lower threshold of the WPS range ( $40\text{--}150\text{A}$ ).
· Pause briefly at the side walls during weave manipulation to ensure proper edge fill before progressing forward.Slag Inclusions Remediation
· Diagnostic:  Non-metallic solid material trapped inside the weld deposit, commonly occurring during multi-pass operations (Game 9 mechanics) due to improper interpass cleaning or incorrect drag angles.
· Corrective Steps:
· Execute complete interpass slag removal simulation prior to initiating subsequent pass layers.
· Adjust work angle to ensure arc force pushes slag behind the advancing molten pool rather than trapping it ahead.
· Increase foot pedal current slightly to maintain adequate heat input, ensuring trapped oxides float to the surface.Crater Defect Remediation
· Diagnostic:  Concave depression left at the termination point of a weld pass, reducing joint throat thickness below AWS code minimums due to abrupt arc interruption.
· Corrective Steps:
· Engage automated crater-fill sequence or execute manual crater dwell prior to breaking the arc contact.
· Ease off the dynamic foot pedal gradually to execute a controlled current ramp-down (3-second taper) rather than an abrupt release.
· Dwell the torch over the termination pool for  $1\text{--}2\text{ seconds}$  to deposit filler metal until the puddle solidifies.Network Latency Spikes (250–400ms) & Control Instability
· Diagnostic:  Visual transport lag, stuttering puddle rendering, and overcorrecting torch movement due to high network latency.
· Corrective Steps:
· Cease making reactive visual steering corrections; stabilize manual wrist and arm positioning.
· Rely strictly on tactile haptic vibration feedback to gauge  $3\text{ mm}$  arc length and travel speed resistance.
· If ping telemetry continuously exceeds  $400\text{ms}$  or packet loss exceeds  $5\%$ , engage an orderly software safety pause.Camera Freeze / Packet Loss Failure
· Diagnostic:  Video frame locks static, screen rendering drops, or telemetry link drops packet data for  $>0.5\text{ seconds}$ .
· Corrective Steps:
· Depress the physical console E-Stop switch immediately if frame freeze persists beyond  $0.5\text{ seconds}$ .
· Verify system logging confirms E-Stop execution occurred within the required  <0.8 second  safety threshold.
· Notify the remote workcell supervisor, verify network bandwidth integrity, and clear workcell safety interlocks prior to system reset.

