[bookmark: _l8dkd3r8ujdn]Game 12: Master Weld-Off — AWS D1.1 Qualification & Championship Master Training Manual
[bookmark: _8ei427ej0f2j]1. PROGRAM OVERVIEW & MASTER WELD-OFF OBJECTIVES
[bookmark: _d24i219bimqr]1.1 Course Purpose & Career Pathway
The Day 120 Master Weld-Off serves as the capstone evaluation for the 120-Day Welder eSports Curriculum, bridging advanced virtual simulation with industrial structural fabrication and automated manufacturing. Developed under the oversight of Certified Welding Inspectors (CWIs) and Lead Technical Welding Instructors, this program leads candidates through a progressive four-season pathway—transitioning from basic manual arc control and shop safety to complex multi-axis pipe welding, teleoperated robotic workcell management, and AWS D1.1 structural steel qualification standards.The core purpose of the Master Weld-Off is to evaluate, score, and document candidate performance under proctored, timed qualification test conditions. Program candidates undergo rigorous instruction across major industrial welding processes:
· Gas Metal Arc Welding (GMAW / MIG):  Beginner-friendly, high-productivity process using  $0.030\text{ in}$  or  $0.035\text{ in}$  ER70S-6 solid wire shielded by a  $75\%\text{ Argon} / 25\%\text{ CO}_2$  gas blend.
· Shielded Metal Arc Welding (SMAW / Stick):  Heavy structural process utilizing E6010 cellulosic electrodes for deep root penetration and E7018 low-hydrogen electrodes for high-strength fill and cap passes.
· Gas Tungsten Arc Welding (GTAW / TIG):  Precision thermal process using a foot pedal amperage control ( $40\text{--}150\text{A}$  dynamic range) on thin stainless steel and aluminum, requiring fine motor control and arc length management.
· Flux-Cored Arc Welding (FCAW):  High-deposition structural process engineered for heavy fabrication and outdoor field conditions.
[bookmark: _tv8zdrp0hxbs]CWI Regulatory & Compliance Note: Virtual Simulation vs. Physical Qualification
While the Welder eSports Academy simulation platform provides validated real-time telemetry, spatial tracking, and scoring algorithms aligned with AWS D1.1 standards,  virtual simulation scores alone do not constitute an official AWS Certified Welder (CW) credential nor do they legally guarantee employment . Physical performance qualification requires the candidate to execute a physical mail-in test kit coupon welded strictly in accordance with an approved Welding Procedure Specification (WPS). The physical coupon must be submitted to an accredited testing laboratory or CWI for 100% Visual Testing (VT) and destructive 180-degree guided bend testing. Upon successful lab verification, a formal Welder Qualification Record (WQR) is issued.| Season | Day Range | Core Focus | Target Competency || ------ | ------ | ------ | ------ || Season 1: Rookie Bootcamp | Days 1–30 | Safety + MIG Basics + 1G Flat | OSHA 29 CFR 1910.252 & 1926 Subpart J compliance; PPE auto-darkening shade selection; hot work permits; 1G/1F positions; GMAW ( $0.030/0.035\text{ in}$  wire,  $75/25\text{ Ar/CO}_2$ );  $5\text{ mm}$  puddle control ( $\pm 0.5\text{ mm}$ ); straight bead lines ( $200\text{ mm}$  at  $5\text{ mm/s}$ );  $3\text{ mm}$  arc length. || Season 2: Operator | Days 31–60 | Stick + TIG + 2G/3G + Blueprint | SMAW (E6010 root / E7018 fill/cap); GTAW foot pedal amp control ( $40\text{--}150\text{A}$  on thin aluminum); AWS A2.4 blueprint reading and symbol identification; visual defect inspection per AWS D1.1 Table 4.11; 2G horizontal and 3G vertical-up gravity compensation. || Season 3: Pro League | Days 61–90 | 4G Overhead + 6G Pipe + Inspection | 4G overhead inverted puddle management; 6G pipe ( $45^\circ$  inclined fixed position, qualifying all positions); stainless steel back-purging; multi-pass layer fusion; preheat and interpass thermal control ( $325^\circ\text{F}$  max interpass); 180° guided bend testing mechanics. || Season 4: Masters | Days 91–120 | Remote Robotic + Fabrication + Certification | Teleoperated robotic welding (Tesla Austin/Bay Area model);  $100\text{--}400\text{ ms}$  latency compensation; safety e-stop execution ( $<0.8\text{ s}$  threshold); full trailer fabrication RTS workflow; AWS D1.1  $3/8\text{-inch}$  limited thickness test kit execution. |
[bookmark: _tplywxvvm9ue]1.2 Platinum Tier (10,000 XP) Job Readiness Criteria
Candidates striving for the  Platinum Tier Expert Welder  designation—qualifying them for immediate industry placement as structural fabricators and teleoperated robotic welding operators—must satisfy the following verified criteria:
· Minimum 10,000 XP Cumulative Score:  Earned across all 12 simulation modules, daily tournament brackets, and proctored qualification runs.
· 95%+ Overall Proficiency Score:  Calculated through real-time telemetry assessing arc length, travel speed, work angle, and heat input control.
· Zero-Defect Standard:  Zero uncorrected visual or structural defects on final evaluation test coupons under CWI examination rules.
· AWS D1.1 3/8-Inch Limited Thickness Test Pass:  Verification of simulated multi-pass groove weld coupon yielding full joint penetration with no bend test discontinuities exceeding  $0.125\text{ in}$ .
· Remote Welding Teleoperation Qualification:  Verified competence in maintaining weld puddle integrity under variable network latency ( $100\text{--}400\text{ ms}$ ) and executing emergency stops within critical safety windows.
· Industrial Prerequisites Clearances:  Mandatory background check clearance and drug testing verification, adhering to security standards for advanced automated facilities (e.g., Tesla remote ops).
[bookmark: _l5gzrx881jng]2. AWS D1.1 3/8-INCH QUALIFICATION COUPON SPECIFICATIONS
[bookmark: _d2ymlzl8t50m]2.1 Joint Geometry & Material Specifications
The Game 12 Master Weld-Off utilizes structural steel test plate specifications derived directly from AWS D1.1 / D1.1M Structural Welding Code — Steel (Statically Loaded Structures).
                      AWS D1.1 3/8" GROOVE TEST JOINT GEOMETRY
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Parameter,Specification Standard,CWI Compliance Target
Governing Standard,AWS D1.1 Structural Welding Code — Steel,"Clause 6, Part C (Performance Qualification)"
Test Plate Thickness,$3/8\text{-inch}$  ( $0.375\text{ in} / 9.5\text{ mm}$ ),Limited Thickness Qualification Standard
Joint Type,Single-V Groove with Steel Backing,AWS D1.1 Figure 6.20 Layout
Included Bevel Angle,$45\text{ degrees}$,$+5^\circ / -0^\circ$  tolerance window
Root Opening (Gap),$1/4\text{-inch}$  ( $0.250\text{ in} / 6.35\text{ mm}$ ),$\pm 1/16\text{ in}$  tolerance window
Backing Strip Dimensions,$3/8\text{ in} \times 1\text{ in}$  ( $9.5\text{ mm} \times 25.4\text{ mm}$ ) minimum,"ASTM A36 Steel, fully fused to root"
WPS Process Selection,GMAW / FCAW / SMAW,Essential Variable tracking active
Consumable Specs,ER70S-6 ( $0.035\text{ in}$ ) / E7018 ( $1/8\text{ in}$ ),AWS A5.1 / A5.18 compliance
Shielding Gas / Flow,$75\%\text{ Ar} / 25\%\text{ CO}_2$  @  $35\text{ CFH}$,GMAW process variable setting
[bookmark: _shhpv53qirpk]CWI Qualification Disclaimer & Physical Test Kit Workflow
Candidates completing the virtual AWS D1.1 qualification test in Game 12 earn virtual benchmark clearance. To convert this result into an official AWS Certified Welder card, the candidate must order the official physical AWS D1.1 Test Kit. The physical coupon must be tacked, welded in the designated position (1G–4G), and cleaned per the governing WPS. The completed coupon is shipped directly to an accredited CWI laboratory for visual evaluation per AWS D1.1 Table 6.1 and 180-degree guided bend testing. Upon verification, the official Welder Qualification Record (WQR) is entered into the national registry.
[bookmark: _t8pyycnvtxly]2.2 Simulated Multi-Pass Sequence & Technique
Deposit execution on the  $3/8\text{-inch}$  V-groove coupon requires a strict three-layer multi-pass sequence. In-game mechanics enforce physical thermal, mechanical, and essential variable constraints:
                  MULTI-PASS LAYER DEPOSITION SEQUENCE
                  
                   +-----------------------------+
                   |  Pass 3: Cap (Cover) Pass   |  <- Smooth crown, 1/16" max height
                   +--------------+--------------+
                   |  Pass 2A     |  Pass 2B     |  <- Intermediate Fill Layer
                   +--------------+--------------+
                   |     Pass 1: Root Pass       |  <- Full fusion into 1/4" root gap
                   +-----------------------------+
                   |==== Steel Backing Strip ====|

· Root Pass Execution (Pass 1):
· Parameters:   $18\text{--}20\text{ V}$ ,  $140\text{--}160\text{ A}$ , travel speed  $4.5\text{--}5.5\text{ mm/s}$ .
· Technique:  Position torch at a  $10\text{--}15^\circ$  push angle relative to travel direction. Direct the arc into the apex of the  $1/4\text{-inch}$  root gap to ensure complete root fusion into both bevel faces and the underlying backing strip. Arc length must be held steady at  $3\text{ mm}$ .
· Mandatory Interpass Slag Removal & Preheat Verification:
· In-Game Mechanical Requirement:  Prior to depositing intermediate fill passes, candidates must engage the simulated interpass cleaning mechanic using a chipping hammer and wire brush HUD tool. 100% of residual slag and surface oxides must be cleaned from the bead interface.
· Thermal Boundary Check:  Candidates must verify interpass temperature using a virtual temp-stick or infrared pyrometer HUD. Interpass temperature must be maintained below  $325^\circ\text{F}$  ( $163^\circ\text{C}$ ) to prevent grain growth and heat-affected zone (HAZ) degradation.
· Fill Pass Layering (Passes 2A & 2B):
· Parameters:   $19\text{--}21\text{ V}$ ,  $150\text{--}170\text{ A}$ , travel speed  $5.0\text{ mm/s}$ .
· Technique:  Execute a split-pass fill layer. Deposit Pass 2A along the left bevel sidewall, pausing slightly at the toe to eliminate valley entrapment. Clean slag/brush layer, then deposit Pass 2B along the right bevel sidewall. Maintain a flat layer profile  $1/16\text{-inch}$  below the plate surface.
· Cap Pass Finalization (Pass 3):
· Parameters:   $18\text{--}20\text{ V}$ ,  $135\text{--}150\text{ A}$ , travel speed  $4.0\text{--}4.5\text{ mm/s}$ .
· Technique:  Apply a uniform stringer or slight weave cover pass. The cap must tie into both top plate edges smoothly, achieving a reinforcement height between  $0$  and  $1/16\text{ in}$  ( $1.6\text{ mm}$ ), with zero undercut, no underfill, and a uniform ripple profile.
[bookmark: _sxnq8017uaf2]3. GAME 12 SIMULATION MECHANICS & SCORING MATHEMATICS
[bookmark: _84cvz7y55lvl]3.1 Game 12 Execution Rules & Controls
Game 12 operates under timed qualification conditions that simulate standard laboratory welder testing environment rules. Candidates operate inside the specialized small-footprint simulator booth equipped with:
· Haptic Torch Control Input:  Industrial-grade physical torch controller featuring dynamic haptic feedback. The controller generates variable frequency feedback when torch angle deviates beyond  $\pm 5^\circ$ , travel speed varies outside the  $5.0\text{ mm/s} \pm 0.5\text{ mm/s}$  window, or arc length strays from  $3\text{ mm}$ .
· Variable Foot Pedal Amperage Module:  Heavy-duty foot pedal interface mapping  $40\text{--}150\text{A}$  output for real-time heat input management.
· VR Head-Mounted Spatial Tracking:  6-DOF tracking system simulating dynamic spatial orientation across 1G (flat), 2G (horizontal), 3G (vertical-up), 4G (overhead), and 6G ( $45^\circ$  inclined pipe) positions.
· Auto-Darkening Helmet HUD Overlay:  Heads-up display simulating variable shade ( $9\text{--}13$ ) helmet lens optics, displaying real-time puddle width ( $5\text{ mm}$  target), interpass pyrometer readings, and fume extraction status.
· Simulated Mail-In Laboratory Automated Processing:  Upon completing the final pass, the digital coupon undergoes simulated sectioning, polishing, etching, visual inspection, and hydraulic guided bend testing via automated CWI scoring algorithms.
[bookmark: _yeqlz5xjxx22]3.2 Scoring Formula & XP Calculation Rules
Master Weld-Off session performance is computed through direct mathematical evaluation of real-time telemetry, applying strict deductions for physical defects per AWS D1.1 specifications.
[bookmark: _pjgcpiopsore]Master Weld-Off Official Scoring & XP Rules
Final Session Quality Score (0–100 Scale):   $$\text{Final Score} = (\text{Accuracy} \times 40) + (\text{Consistency} \times 30) + (\text{Safety} \times 30)$$XP Generation Formula:   $$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$Defect Deduction Protocol:  A flat deduction of  $-50\text{ XP}$  is applied instantly for every instance of a code-violating defect detected by the inspection engine, including surface or piping porosity, edge undercut exceeding allowable depth limits, interpass slag inclusions, incomplete sidewall fusion, arc strikes outside the weld groove, or unfilled termination craters.
[bookmark: _ks4brsnq9obq]4. QUALITY ASSURANCE & INSPECTION STANDARDS
[bookmark: _mxvjt0vdvxye]4.1 100% Visual Inspection (VT) Standards (AWS Table 6.1 / Table 4.11)
Prior to destructive testing, the simulated coupon must pass 100% Visual Inspection in accordance with AWS D1.1 Table 6.1 Visual Inspection Acceptance Criteria for Statically Loaded Structures.| Defect Type | AWS D1.1 Visual Standard / Code Limit | Simulation Telemetry Penalty || ------ | ------ | ------ || Undercut | Depth shall not exceed  $1/32\text{ in}$  ( $0.8\text{ mm}$ ) for main members; smooth transition required at weld toes. | $-50\text{ XP}$  per occurrence; Consistency score reduced by 25 points. || Porosity | Zero surface porosity permitted on cap pass; no piping porosity exceeding  $1/16\text{ in}$ . | $-50\text{ XP}$  per occurrence; invalidates zero-defect Platinum status. || Slag Inclusions | 100% removal of interpass slag required; zero visible surface slag on final cap. | $-50\text{ XP}$  per occurrence; Accuracy score reduced by 20 points. || Crater Fill | All termination craters must be filled to the full cross-section of the weld profile. | $-50\text{ XP}$  per occurrence; Safety & Procedure score reduced by 20 points. || Incomplete Fusion | Complete fusion mandatory between weld/base metal and between adjoining weld passes. | $-50\text{ XP}$  per occurrence; automatic failure of qualification run. || Weld Reinforcement (Crown) | Cap height must not exceed  $1/16\text{ in}$  ( $1.6\text{ mm}$ ) above plate surface; no underfill allowed. | $-50\text{ XP}$  if reinforcement exceeds  $1/16\text{ in}$  or falls below flush. || Arc Strikes | Zero arc strikes allowed outside of the qualified weld groove area. | $-50\text{ XP}$  per strike; Safety score reduced by 30 points. |
[bookmark: _ag6kd38v1fq]4.2 180-Degree Guided Bend Test Requirements
Coupons passing 100% visual inspection undergo simulated destructive guided bend testing (root bend and face bend) per AWS D1.1 Clause 6, Part C.
                   180-DEGREE GUIDED BEND TEST EVALUATION
                   
          Plunger Force
              ||
              \/
         +-----------+
         |           |            Bending Mandrel
        /  Specimen   \           (Specified Radius)
       /   Under Test  \
      |     (180°)      |
      +-----------------+
        /             \
    Die Shoulder    Die Shoulder
    
  Pass Criterion: No open discontinuity > 1/8" (0.125") in any direction.

· Testing Protocol:  Simulated test specimens are sectioned  $1.5\text{ inches}$  wide from the center of the coupon, ground flush to remove backing and cap reinforcement, and bent  $180\text{ degrees}$  around a standardized plunger mandrel.
· Pass/Fail Cutoff Criteria:  To achieve a passing grade, the convex surface of the bent specimen must contain  no open discontinuities exceeding a maximum allowable flaw size limit of  $1/8\text{-inch}$  (  $0.125\text{ in} / 3.2\text{ mm}$  )  measured in any direction.
· Simulated Laboratory Diagnostic Engine:  The simulator models shear stress distribution along the weld interface during bending. Internal defects such as sidewall lack of fusion, entrapped interpass slag, or root lack of penetration cause the simulated specimen to fracture or open beyond the  $0.125\text{ in}$  limit, triggering an immediate failure result and generating a diagnostic defect report.
[bookmark: _8gs92ams7xx6]5. DAY 120 ESPORTS CHAMPIONSHIP TOURNAMENT STRUCTURE
[bookmark: _lfb7zt57jkkd]5.1 Championship Event Format & Schedule
The Day 120 Championship is a proctored qualification tournament. Candidates execute their tests under synchronized competition conditions, observed live by prospective employers, industrial carriers, structural fabricators, and sponsoring partners.
                     DAY 120 DAILY OPERATIONAL LOOP
                     
  +-------------------+--------------------+-------------------+------------------+
  |  09:00 - 09:45    |   09:45 - 12:00    |   12:30 - 02:00   |  02:00 - 02:30   |
  |  Classroom Brief  |   Game Drills      | Ranked Tournament | VOD Puddle Review|
  |  AWS D1.1 / OSHA  | Max 2 Drills/Block | Same-Seed Coupon  | Frame-by-Frame   |
  +-------------------+--------------------+-------------------+------------------+

[bookmark: _tag8v5d01lln]Daily Operational Schedule (Championship Standard)
· 09:00 – 09:45 | Classroom Micro-Lesson:  Final operational briefing on AWS D1.1 essential variables, WPS compliance, OSHA 29 CFR 1910.252 shop safety, and hot work permitting rules.
· 09:45 – 12:00 | Game Drills (Targeted Focus):  Intensive skill-refinement session restricted to a maximum of  two specific games per drill block  to maximize muscle memory retention. Candidates focus on foundational mechanics:
· Game 0 (Puddle Control):  Maintaining target  $5\text{ mm}$  puddle diameter under dynamic heat input.
· Game 1 (Bead Line):  Executing straight  $200\text{ mm}$  weld lines at a constant  $5\text{ mm/s}$  travel speed.
· Game 2 (Arc Length):  Maintaining  $3\text{ mm}$  arc length stability.
· 12:30 – 02:00 | Ranked Tournament:  Live qualification round. All competitors execute the AWS D1.1  $3/8\text{-inch}$  test coupon using identical, same-seed joint geometries and WPS parameters under strict proctored conditions.
· 02:00 – 02:30 | VOD Review & Telemetry Analysis:  Post-competition review using high-frame-rate puddle camera playback and data overlay. Candidates and CWIs analyze travel speed variations, arc length graphs, heat input curves, and torch work/travel angles.
[bookmark: _l75i71texarh]5.2 Recruiting & GoHighLevel (GHL) CRM Integration
The Welder eSports Hub architecture utilizes automated webhooks to transmit candidate performance telemetry directly into the GoHighLevel (GHL) CRM hiring database.
                      GHL CRM AUTOMATED RECRUITING PIPELINE
                      
  +------------------+     `player.registered`     +--------------------+
  | Candidate Portal | --------------------------> |  GHL CRM Contact   |
  +------------------+                             |  Profile Created   |
           |                                       +--------------------+
           | `game.completed`                                 |
           v                                                  v
  +------------------+                             +--------------------+
  | Session Scoring  |                             | Candidate History  |
  | Telemetry Logging|                             | Updated Real-Time  |
  +------------------+                             +--------------------+
           |                                                  |
           | `tier.achieved` (Platinum Tier Met)              v
           +-------------------------------------> +--------------------+
                                                   | GHL Opportunity    |
                                                   | Auto-Created for   |
                                                   | Partner Hiring     |
                                                   +--------------------+

[bookmark: _99ahbos319cs]Event Lifecycle & Webhook Trigger Rules
1. player.registered  Trigger:  Fires upon initial candidate enrollment and onboarding. Creates a core Contact Record inside GoHighLevel, capturing candidate contact information, location, and consent records.
2. game.completed  Trigger:  Fires automatically at the conclusion of every simulation module or tournament attempt. Transmits session scores, accuracy metrics, consistency metrics, safety violations, and defect tallies to update the candidate's career tracking profile.
3. tier.achieved  Trigger:  Fires when a candidate satisfies the Platinum Tier benchmark (10,000+ XP, 95%+ overall proficiency, zero defects, AWS D1.1 simulation pass, Remote Robotic qualification pass). This event automatically creates a  GHL Opportunity  inside the recruitment pipeline, notifying employer partners and staging candidate profiles for immediate interviews.
[bookmark: _ejpoh410pjp3]Telemetry Payload Data Structure
{
  "event_type": "tier.achieved",
  "timestamp": "2026-10-15T14:30:00Z",
  "payload": {
    "gamertag": "WelderPro_01",
    "ghl_contact_id": "ghl_cid_987654321",
    "tier": "Platinum Expert Welder",
    "xp": 10450,
    "proficiency_percentage": 96.8,
    "safety_score": 98.0,
    "best_position": "6G Pipe Inclined / 4G Overhead",
    "aws_qual": "PASS_AWS_D1.1_LIMITED_3/8in",
    "remote_operator_endorsed": true,
    "drug_and_background_clearance": true
  }
}

[bookmark: _3xozctxa3n14]6. REMOTE ROBOTIC WELDER OPERATOR ENDORSEMENT
[bookmark: _9lcfo52js15i]6.1 Teleoperation & Remote Workcell Protocols
Platinum Tier graduates earn the  Remote Robotic Welder Operator Endorsement , preparing them for advanced industrial manufacturing models (e.g., Tesla Austin/Bay Area teleoperation framework). Remote operators manage automated welding cells from an off-site control hub, overseeing cell safety, thermal input, and trajectory execution.
                  REMOTE ROBOTIC TELEOPERATION ARCHITECTURE
                  
  +------------------------+                        +------------------------+
  |  Remote Operator Station|                        | Industrial Workcell    |
  |  - Office Environment   |  Dynamic Latency Link  | - Jobsite / Factory    |
  |  - Multi-Axis Joystick  |  (100 - 400ms Latency) | - Robotic Articulated   |
  |  - Dynamic Haptics      | <--------------------> |   Arm + GMAW Torch     |
  |  - Multi-Camera HUD     |   Packet Loss / Jitter | - Multi-Camera Array   |
  |  - Physical E-Stop      |                        | - Safety Perimeter     |
  +------------------------+                        +------------------------+

[bookmark: _bwuup6xnxpwu]Network Constraint Handling (Game 10 & Game 12)
Teleoperation requires maintaining weld quality across real-world digital network limitations:
· Latency Compensation (100–400 ms):  Operators must execute predictive torch movements and heat adjustment, anticipating puddle growth to offset transmission delays.
· Packet Loss & Signal Jitter Management:  Simulation introduces frame drops and jitter. Operators must rely on real-time haptic resistance feedback and telemetry displays to maintain steady travel speed during vision degrade.
· Camera Freeze & Loss of Signal Protocols:  If a vision stream drops below acceptable framerates, operators must immediately initiate automated holding patterns or execute safe shutdown protocols.
[bookmark: _lx8inwnjgzq6]6.2 Safety & Emergency Stop (E-Stop) Standards
Operating high-powered industrial robotic cells remotely demands strict safety response thresholds to prevent structural failures, cell collision, or fire hazards.
· Mandatory E-Stop Execution Threshold:  Upon identifying a critical weld defect (e.g., burn-through, loss of shield gas, severe off-track drift) or network latency exceeding safe operational limits, the remote operator must depress the physical E-Stop button in  under 0.8 seconds . Failure to execute within this window results in immediate run disqualification.
· Operational Role & Safety Matrix:| Responsibility / Metric | Physical Shop Welder | Remote Robotic Welder Operator || ------ | ------ | ------ || Primary Work Environment | Physical welding booth / fabrication shop floor. | Office-based teleoperation hub / control room. || PPE & Hazard Control | Direct PPE management: Shade 10–11 helmet, leather jacket, respirator, fire watch, hot work permits. | Control hub ergonomic management, cell perimeter light curtain monitoring, remote gas sensor monitoring. || Operational Interface | Direct manual torch manipulation, physical foot pedal control. | Multi-axis joystick, haptic dynamic force feedback, multi-camera VR/HUD interface. || Signal & Transmission | N/A (Direct physical contact). | Latency management ( $100\text{--}400\text{ ms}$ ), jitter compensation, camera feed monitoring. || Critical Safety Gate | Direct arc release, manual valve shutoff. | E-Stop button execution in  $<0.8\text{ seconds}$  upon defect or signal failure. |

