[bookmark: _r9zehednimm6]Game 11: Fabrication Sim (RTS Utility Trailer Build) — Lesson Manual
[bookmark: _7a9yjs3wyeu0]1. Lesson Overview & eSports Program Context
[bookmark: _21ewk3qmcpom]1.1 Module Summary & Purpose
Game 11: Fabrication Sim is a Real-Time Strategy (RTS) simulation module engineered to elevate candidates from individual joint welding execution to complex, macro-level structural assembly and shop management. Operating in a top-down isometric RTS perspective, candidates assume the role of Lead Fabrication Architect and Project Manager. They oversee the virtual end-to-end manufacturing of a structural utility trailer in compliance with AWS A2.4 blueprints, shop specifications, and federal safety mandates.The module synthesizes core shop-floor competencies into an integrated interactive interface. Candidates are evaluated on their ability to:
· Parse AWS A2.4 blueprint callouts and establish precise joint specifications.
· Formulate material cut-lists, execute stock yield math, and calculate kerf-adjusted nesting layouts.
· Plan multi-pass weld sequences and apply heat-input mitigation strategies.
· Maintain rigid structural fit-up and execute diagonal squaring within a strict  $\pm 1.5\text{ mm}$  tolerance.
· Manage environmental hazards, active fume extraction systems, and mandatory fire watch windows.
· Submit pre-build time, material, and financial estimations while managing real-time shop execution.To support this multi-layered simulation, the RTS interface incorporates specialized Heads-Up Display (HUD) elements:
· Top-Down/Isometric Workshop View:  High-angle camera control with zoom capabilities to inspect individual joint fit-ups or monitor overall shop-floor workflow.
· Real-Time Resource Indicators:  Dynamic telemetry counters tracking MIG wire spool mass ( $\text{kg}$ ), shielding gas volume ( $\text{PSI} / \text{LPM}$ ), consumable contact tip wear, and raw steel inventory.
· Thermal & Fume Heat-Map Overlays:  Real-time visual toggles displaying heat distribution across the trailer frame during active welding, alongside plume density vectors for active fume extraction.
· Interactive Hazard & Safety HUD:  Visual warning notifications highlighting fume accumulation thresholds, hot work permit status, and countdown timers for mandatory post-weld fire watch duty.
+-----------------------------------------------------------------------------------+
| [RTS HUD OVERLAY]                                                                 |
| View Mode: [Top-Down Shop] [Thermal Heat-Map] [Fume Density Overlay]               |
| Resources:  Wire Spool: 12.4 kg | Gas: 1,800 PSI (Ar/CO2) | Raw Stock: 4x 20ft Tubes |
| Safety:     Fume Extraction: ACTIVE | Hot Work Permit: VERIFIED | Fire Watch: 30:00  |
+-----------------------------------------------------------------------------------+

[bookmark: _v44vl61y7qzn]1.2 Curriculum Integration
Fabrication Sim represents a capstone synthesis module positioned within  Season 4: Masters (Days 91–120)  of the 120-Day Welder eSports Curriculum. It builds upon the progressive skill matrices developed across prior seasons:
+-----------------------------------------------------------------------------------+
| CURRICULUM PROGRESSION ROADMAP                                                    |
|                                                                                   |
|  SEASON 1: Rookie (Days 1-30)    -->  SEASON 2: Operator (Days 31-60)              |
|  - OSHA Safety & PPE Basics           - Stick (6010/7018) & TIG Foot Pedal       |
|  - MIG GMAW 1G/1F Fundamentals        - AWS Symbols (Game 4: Blueprint Blitz)    |
|  - Games 0 (Puddle), 1 (Bead), 2      - 2G/3G Positions (Game 5) & D1.1 Table 4.11|
|                                                                                   |
|  SEASON 3: Pro League (Days 61-90)-->  SEASON 4: Masters (Days 91-120)            |
|  - 4G Overhead & 6G Pipe Master       - Game 10: Signal Survival (Teleoperation) |
|  - Defect Hunting (Game 8)            - Game 11: Fabrication Sim (RTS Assembly)  |
|  - Game 9: Multi-Pass Builder         - Game 12: Master Weld-Off (Championship)   |
+-----------------------------------------------------------------------------------+

· Season 1 (Rookie, Days 1–30):  Establishes foundational safety (OSHA 29 CFR 1910.252), MIG GMAW operational parameters, 1G/1F positions, puddle size control (Game 0), straight-line travel speed (Game 1), and arc length maintenance (Game 2).
· Season 2 (Operator, Days 31–60):  Expands into Stick (SMAW) 6010/7018 rods, TIG (GTAW) foot pedal amp control (Game 3), AWS weld symbol identification (Game 4: Blueprint Blitz), 2G/3G position challenges (Game 5), and visual inspection per AWS D1.1 Table 4.11.
· Season 3 (Pro League, Days 61–90):  Mastered 4G overhead (Game 6), 6G pipe mastery (Game 7), defect identification in X-rays and visual media (Game 8: Inspection Hunt), multi-pass layering (Game 9), preheat/interpass heat control, and destructive bend testing.
· Season 4 (Masters, Days 91–120):  Focuses on teleoperated robotic welding under latency (Game 10: Signal Survival), complex assembly workflow in Fabrication Sim (Game 11), and the timed AWS D1.1 qualification coupon test (Game 12: Master Weld-Off).Game 11 serves as the final integration gate prior to  Championship Day 120  live qualification (AWS D1.1 Limited Thickness  $3/8\text{ in.}$  test) and achievement of the  Platinum Expert Welder  credential (10,000 XP, 95%+ accuracy, zero defects). Mastering this module proves a candidate's readiness for real-world industrial placement, shop workflow management, or remote robotic teleoperation.
[bookmark: _t8ztk5ibqt3g]2. AWS A2.4 Blueprint Parsing & Joint Specifications
[bookmark: _ociti7u53lll]2.1 Weld Symbol Interpretation
Precise interpretation of AWS A2.4 structural welding symbols is mandatory prior to cutting stock or striking an arc in the simulation. Candidates must analyze the reference line, arrow, and tail instructions to determine four operational parameters:
1. Joint Geometry & Symbol Placement:  Identifying fillet welds, bevel-groove welds, square grooves, or chamfers, while distinguishing between Arrow Side (symbol below reference line), Other Side (symbol above reference line), and Both Sides.
2. Dimensional Specifications:  Extracting weld sizing callouts, including fillet leg length, groove angle (e.g.,  $45^\circ$  bevel angle), root opening dimensions, and pitch/spacing for intermittent welds.
3. Process Selection:  Applying the correct welding process specified in the tail. By default, structural trailer frame joinery utilizes  MIG (GMAW)  with short-circuit or spray transfer, representing 45% of small-shop fabrication due to its high travel speed, continuous wire feed, and deep root penetration capabilities. Specialized sub-assemblies may require Stick (SMAW) or TIG (GTAW) as dictated by material thickness or access constraints.
4. Supplementary Symbols:  Recognizing weld-all-around indicators (circle at reference line junction), field weld flags, and surface contour/finishing designations (e.g., flush or convex grinding requirements).
[bookmark: _8hnsn7wf53ua]2.2 Assembly Blueprint Analysis
The structural utility trailer assembly comprises four major structural sub-assemblies. Candidates must parse the blueprint parameters summarized in Table 2.2 to guide material preparation and joinery execution in the RTS environment:
[bookmark: _qimkp7iyd2a5]Table 2.2: Blueprint Specification & Joint Callout Matrix
Callout ID,Structural Member,Joint Type,Standardized AWS A2.4 Callout Notation,Detailed Symbol & Prep Description,Assigned Process
BF-01,Outer Frame Perimeter (C-Channel / Structural Tubing),Corner / Bevel Joint,1/4 Fillet (Both Sides) [S | F]/3/8 Bevel 45° (Arrow Side) [V | 45°]
XM-02,Structural Crossmembers ( $3\text{ in.}$  Structural Channel),T-Joint,3/16 Fillet (Both Sides) [F | F],T-joint attachment to frame side rails; continuous  $3/16\text{ in.}$  ( $5\text{ mm}$ ) double-fillet welds across both top/bottom flanges and web plates.
TB-03,Tongue & Drawbar Assembly ( $3\text{ in.} \times 3\text{ in.}$  Square Tubing),Lap / Butt Joint,3/8 Bevel 45° w/ Backing [V | 45° | B]
AM-04,Axle Mounts & Leaf Spring Hangers,T-Joint / Fillet,1/4 Fillet Continuous (Both Sides) [F | F],High-stress structural attachment; full-length  $1/4\text{ in.}$  ( $6\text{ mm}$ ) multi-pass fillet welds on both sides of hanger brackets. Zero crater defects permitted.
[bookmark: _tugy552btu4j]3. Material Cut-List Yield Calculations & Estimation
[bookmark: _vfcbfaphpm35]3.1 Cut-List Yield Math & Stock Optimization
To eliminate material waste and optimize drop yield within the simulation, candidates must perform raw stock allocation calculations before issuing automated cutting commands to the shop floor saw stations.
[bookmark: _58fsctyrjf4x]Mathematical Yield & Scrap Formulas:
$$\text{Yield Ratio (\%)} = \left( \frac{\sum L_{\text{required}}}{\sum L_{\text{stock}}} \right) \times 100$$$$\text{Scrap / Drop Rate (\%)} = 100\% - \text{Yield Ratio (\%)}$$$$\text{Total Raw Stock Required} = \sum L_{\text{required}} + (N_{\text{cuts}} \times k) + \sum M_{\text{offset}}$$Where:
· $L_{\text{required}}$  = Finished length of individual structural members.
· $L_{\text{stock}}$  = Standard length of purchased raw steel stock units.
· $N_{\text{cuts}}$  = Total number of saw blade passes required.
· $k$  = Kerf width allowance per cut ( $3.0\text{ mm}$  for industrial cold saws).
· $M_{\text{offset}}$  = Material consumed by mitered angle cutting (45-degree corner offsets equal to the full profile width of the tubing/channel).
[bookmark: _rp7i1d33cmp4]Worked Mathematical Sample Problem:
Scenario:  A candidate must fabricate the outer frame perimeter ( BF-01 ) and crossmembers ( XM-02 ) from standard  $20\text{ ft}$  ( $6096.0\text{ mm}$ ) structural steel square tubing profiles ( $50.8\text{ mm} \times 50.8\text{ mm}$  outer width).Required Finished Components:
· $2\times$  Outer Frame Long Side Members:  $2400.0\text{ mm}$  each (straight cuts).
· $2\times$  Outer Frame Short Side Members:  $1200.0\text{ mm}$  overall length (both ends mitered at  $45^\circ$ ; miter offset length = profile width =  $50.8\text{ mm}$ ).
· $3\times$  Structural Crossmembers ( XM-02 ):  $1098.4\text{ mm}$  each (straight square cuts).Constants:  Saw Blade Kerf ( $k$ ) =  $3.0\text{ mm}$ ; Standard Stock Stick ( $L_{\text{stock}}$ ) =  $6096.0\text{ mm}$ .Step-by-Step Calculation:
· Stock Unit 1 Allocation (Long Sides & 1 Crossmember):
· Cut 1 (Long Side 1):  $2400.0\text{ mm} + 3.0\text{ mm (kerf)} = 2403.0\text{ mm}$
· Cut 2 (Long Side 2):  $2400.0\text{ mm} + 3.0\text{ mm (kerf)} = 2403.0\text{ mm}$
· Cut 3 (Crossmember 1):  $1098.4\text{ mm} + 3.0\text{ mm (kerf)} = 1101.4\text{ mm}$
· Subtotal Stock Unit 1 Used:   $2403.0 + 2403.0 + 1101.4 = 5907.4\text{ mm}$
· Remaining Drop (Stock 1):   $6096.0 - 5907.4 = 188.6\text{ mm}$  (usable for gussets/small tabs; unusable for crossmembers).
· Stock Unit 2 Allocation (Mitered Short Sides & 2 Crossmembers):
· Cut 4 (Short Side 1 with  $45^\circ$  miters):  $1200.0\text{ mm} + 3.0\text{ mm (kerf)} = 1203.0\text{ mm}$
· Cut 5 (Short Side 2 with  $45^\circ$  miters):  $1200.0\text{ mm} + 3.0\text{ mm (kerf)} = 1203.0\text{ mm}$
· Cut 6 (Crossmember 2):  $1098.4\text{ mm} + 3.0\text{ mm (kerf)} = 1101.4\text{ mm}$
· Cut 7 (Crossmember 3):  $1098.4\text{ mm} + 3.0\text{ mm (kerf)} = 1101.4\text{ mm}$
· Subtotal Stock Unit 2 Used:   $1203.0 + 1203.0 + 1101.4 + 1101.4 = 4608.8\text{ mm}$
· Remaining Drop (Stock 2):   $6096.0 - 4608.8 = 1487.2\text{ mm}$  (retained in inventory).
· Total Material & Yield Summary:
· Total Steel Ordered ( $2\times$  Stock Sticks):  $2 \times 6096.0 = 12192.0\text{ mm}$
· Total Finished Material Installed ( $\sum L_{\text{required}}$ ):  $(2\times 2400) + (2\times 1200) + (3\times 1098.4) = 4800 + 2400 + 3295.2 = 10495.2\text{ mm}$
· Total Blade Kerf Waste ( $7 \text{ cuts} \times 3.0\text{ mm}$ ):  $21.0\text{ mm}$
· Total Drop Material ( $188.6\text{ mm} + 1487.2\text{ mm}$ ):  $1675.8\text{ mm}$
· $$\text{Yield Ratio (\%)} = \left( \frac{10495.2\text{ mm}}{12192.0\text{ mm}} \right) \times 100 = 86.08\%$$
· $$\text{Scrap / Drop Rate (\%)} = 100\% - 86.08\% = 13.92\%$$Candidates submitting nesting plans achieving  $\ge 85\%$  yield earn maximum efficiency points in the WELDPRO evaluation engine.
[bookmark: _bu468vfptygp]3.2 Time, Material, and Cost Estimation
Before unlocking the physical assembly phase in the simulation, candidates must input project baseline metrics into the RTS estimation interface:
· Material Cost Calculation:  Total raw steel linear mass multiplied by current market unit cost ( $\$/\text{kg}$ ), added to shielding gas consumption (calculated at  $15\text{ LPM} \times \text{total arc time}$ ), GMAW wire mass ( $0.035\text{ in.}$  ER70S-6 wire consumed), and grinding disc wear.
· Labor & Time Modeling:  Sum of saw cutting setup time, joint bevel preparation/grinding time, table clamping/tacking duration, active arc time (calculated using target travel speed  $5.0\text{ mm/s}$  per Game 1 standards), post-weld slag/spatter cleaning, and visual/dimensional inspection.
· Variance Scoring Mechanism:  The RTS engine logs actual build metrics against the candidate's pre-build estimate. Deviations exceeding  $\pm 5\%$  incur scaled score deductions under the Time Efficiency metric.
[bookmark: _5iyw94ltiw6a]4. Structural Frame Assembly & Precision Squaring Protocols
[bookmark: _iqpe6e22ngdb]4.1 Step-by-Step Frame Assembly Sequence
Assembly must progress through a logical six-phase workflow to ensure structural integrity and dimensional precision:
+-----------------------------------------------------------------------------------+
| FABRICATION SIMULATION ASSEMBLY FLOWCHART                                         |
|                                                                                   |
| [PHASE 1: Layout & Cutting]                                                       |
|  - Execute nested stock cuts with 3.0mm kerf tracking.                            |
|  - Deburr and bevel joint edges to 45-degree spec.                                |
|         │                                                                         |
|         ▼                                                                         |
| [PHASE 2: Table Setup & Fit-Up]                                                   |
|  - Align perimeter members (BF-01) on heavy precision table.                       |
|  - Space crossmembers (XM-02) at engineered centers using mechanical stops.       |
|         │                                                                         |
|         ▼                                                                         |
| [PHASE 3: Diagonal Squaring Check]                                                |
|  - Execute A-C and B-D corner-to-corner measurement.                              |
|  - Verify tolerance: |A-C - B-D| <= 1.5mm. Correct fit-up if out of spec.         |
|         │                                                                         |
|         ▼                                                                         |
| [PHASE 4: Strategic Tack Welding]                                                 |
|  - Place 10mm to 15mm tacks on opposing joint faces.                              |
|  - Re-verify diagonal tolerance after tack cooling.                               |
|         │                                                                         |
|         ▼                                                                         |
| [PHASE 5: Staggered Welding Sequence]                                            |
|  - Execute full MIG passes following a thermal balance sequence (1 -> 4 -> 2 -> 3).|
|  - Install tongue (TB-03) and axle mounts (AM-04).                                |
|         │                                                                         |
|         ▼                                                                         |
| [PHASE 6: Final Quality Inspection]                                               |
|  - Complete 100% visual inspection for defects per AWS D1.1 Table 4.11.           |
|  - Verify final frame squareness tolerance.                                       |
+-----------------------------------------------------------------------------------+

[bookmark: _tk15wx7l3nnb]4.2 Diagonal Squaring Rules (+/-1.5mm Tolerance)
To guarantee that the assembled trailer frame is structurally true and will track straight on the highway, the outer perimeter must form an exact rectangle with four  $90^\circ$  right angles.
Corner A (Top-Left)                                       Corner B (Top-Right)
     +---------------------------------------------------------+
     | \  Miter Line 45°                             Miter Line/ |
     |   \                                             /       |
     |     \               Diagonal Line 1            /        |
     |       \               (A to C)               /          |
     |         \                                  /            |
     |           \                              /              |
     |=============+==========================+==============|
     |             |   Crossmember (XM-02)    |              |  <-- Middle Rail
     |=============+==========================+==============|
     |           /                              \              |
     |         /                                  \            |
     |       /             Diagonal Line 2          \          |
     |     /                 (B to D)                 \        |
     |   /                                              \      |
     | / Miter Line 45°                               Miter Line \ |
     +---------------------------------------------------------+
Corner D (Bottom-Left)                                    Corner C (Bottom-Right)

Diagonal Measurement Formula:
| Distance(A -> C) - Distance(B -> D) | <= 1.5 mm

[bookmark: _kauxavv114wm]Squaring Verification Protocol:
1. Extend a precision steel tape measure diagonally from top-left outer miter corner  A  to bottom-right outer miter corner  C . Record value  $D_1$ .
2. Extend tape measure diagonally from top-right outer miter corner  B  to bottom-left outer miter corner  D . Record value  $D_2$ .
3. Calculate the absolute variance:  $$\text{Variance} = |D_1 - D_2|$$
4. Mandatory Tolerance Rule:   $\text{Variance} \le 1.5\text{ mm}$ .
[bookmark: _jl9l2u2trgy2]Mechanical Correction Procedure (Out-of-Square Frame):
If  $\text{Variance} > 1.5\text{ mm}$ , the frame is parallelogramed and must be corrected prior to applying final structural welds:
· Identify the Long Diagonal:  The diagonal with the larger distance measurement represents the extended axis.
· Apply Diagonal Clamping Force:  Position a heavy-duty pipe clamp or hydraulic body jack across the corners of the  long diagonal . Apply gradual compressive force to push the long corners inward.
· Alternative Mechanical Spreading:  Position a mechanical spreader tool along the  short diagonal  and expand outward until  $D_1 = D_2$ .
· Lock in Position:  Re-measure both diagonals while under clamping load. Once  $|D_1 - D_2| \le 1.0\text{ mm}$  (allowing for  $0.5\text{ mm}$  thermal spring-back), apply secondary opposing tack welds to lock the geometry.
[bookmark: _j31ug2lzhm9g]5. Tack Weld Rules, Fit-Up & Distortion Control
[bookmark: _g13ip5qqx1t2]5.1 Tack Weld Placement and Sizing Standards
Tack welds act as temporary structural rivets holding members under mechanical tension during assembly. Improperly sized or positioned tacks create stress risers or result in lack of fusion during final welding passes.
TACK WELD SIZING & PLACEMENT PROFILE (T-Joint Detail)

          Vertical Member (XM-02)
                │      │
                │      │
                │      │  Tack Length: 10mm - 15mm
                │      │  Profile: Flat/Feathered
                │/TTTTT│  
   ─────────────┴──────┴─────────────
          Base Member (BF-01)

· Physical Sizing Standards:  Tack welds must be  $10\text{ mm}$  to  $15\text{ mm}$  in length, with a flat or slightly concave profile. Thick, bulky tacks must be ground down to a feather-edge before primary welding to guarantee  $100\%$  root consumption.
· Perimeter Joint Tacks:  Outer corner miter joints require tacks placed at the extreme inside and outside toes of the joint profile, preventing miter opening during cooling.
· Crossmember Tacks:  Crossmembers ( XM-02 ) receive two opposing diagonal tacks on each side flange junction prior to secondary squaring verification.
[bookmark: _ohjvmnqqrvwj]5.2 Heat Input & Distortion Mitigation
Uncontrolled local thermal expansion creates severe frame distortion, twisting, or bowing. The simulation models thermal physics in real-time, penalizing candidates who exceed heat thresholds.
· Staggered / Thermal Balancing Sequence:  Candidates must never execute continuous weld seams along a single side rail. Welds must be applied in a criss-cross balanced sequence:$$\text{Joint 1 (Top-Left Corner)} \longrightarrow \text{Joint 4 (Bottom-Right Corner)} \longrightarrow \text{Joint 2 (Bottom-Left Corner)} \longrightarrow \text{Joint 3 (Top-Right Corner)}$$
· Interpass Temperature & Cooling Pauses:  Connecting directly to  Game 9 (Multi-Pass Builder)  standards, candidates must monitor interpass temperatures using virtual infrared pyrometer HUDs. If interpass temperature exceeds  $260^\circ\text{C}$  ( $500^\circ\text{F}$ ) on structural carbon steel, welding must pause to allow air cooling. Rapid water quenching is prohibited as it creates brittle martensitic microstructures.
· Mechanical Restraint Strategy:  All perimeter members must remain securely clamped to the heavy fabrication bed during welding and cooling phases. Clamps may only be disengaged once frame heat dissipates below  $100^\circ\text{C}$ .
[bookmark: _eg79gsoge14c]6. OSHA Shop Safety, Fume Control & DOT Compliance
[bookmark: _csu4pv7rnhn4]6.1 Environmental Controls & Safety Management
In accordance with federal workplace mandates, safety compliance carries a  $30\%$  direct weighting in the Game 11 scoring engine. Unsafe operations trigger immediate HUD warnings or run disqualification.
· OSHA 29 CFR 1910.252(d) (Fire Protection & Hot Work Controls):
· Fire Protection Training:  Operatives must be fully instructed in fire prevention protocols and emergency extinguisher deployment prior to striking an arc.
· Mandatory 30-Minute Post-Weld Fire Watch Window:  Following completion of any hot work operation (cutting, tacking, welding), an active dedicated Fire Watch timer must run for a mandatory 30 minutes to inspect for smoldering debris or latent combustion in surrounding shop areas.
· Hot Work Authorization Permits:  Pre-inspection permits must be verified in the RTS safety panel before energizing welding power sources or fuel gas valves.
· Active Local Exhaust Ventilation (LEV) Fume Control:  In compliance with OSHA general ventilation standards, flexible fume extraction hoods must be positioned within  $6\text{ in.}$  to  $12\text{ in.}$  ( $150\text{ mm}$  to  $300\text{ mm}$ ) of the active arc plume. Candidates must track plume vectors using the Fume Density Overlay; failing to maintain local extraction results in rapid safety score decay.
· Personal Protective Equipment (PPE):  Operators must equip auto-darkening welding helmets featuring variable shade controls (Shade 10–11 for GMAW at  $150\text{–}250\text{ Amps}$ ), fire-resistant leather sleeves, heavy split-cowhide welding gloves, and safety glasses with side shields (ANSI Z87.1).
· Regulatory References:  Enforces operator competency requirements per  OSHA 29 CFR 1910.255(a)(3)  and fuel gas handling standards under  OSHA 29 CFR 1926 Subpart J .
[bookmark: _y7hnv4wtdbj1]6.2 DOT Road Safety Compliance Standards
Because the simulated utility trailer is designed for public highway transport, structural welds must pass Department of Transportation (DOT) structural load standards:
· Full-Penetration Structural Welds:  Frame tongue drawbars ( TB-03 ) and main outer rails ( BF-01 ) must display complete root fusion without internal defects. Under-penetrated joints will fail simulated fatigue-cycle testing.
· Axle Mount Load Integrity:  Axle spring hangers ( AM-04 ) must feature continuous  $1/4\text{ in.}$  multi-pass fillet welds. Cratering, undercut  $> 0.5\text{ mm}$ , or porosity will cause catastrophic detachment during simulated DOT dynamic braking tests.
· Safety Chain Attachment Welds:  Safety chain retaining loops must be joined via continuous full-wrap fillet welds capable of withstanding  $150\%$  of the trailer's Gross Vehicle Weight Rating (GVWR).
[bookmark: _t79z28edzt5e]7. Game 11 Scoring Architecture, XP & Progression
[bookmark: _t0ufzku6g0gt]7.1 Multi-Factor Scoring Formulas
Player performance in Game 11 is computed dynamically using standard eSports tournament formulas combined with calibrated WELDPRO metrics.
[bookmark: _1t78dnw9pr8m]Standard eSports Final Score Formula:
$$\text{Final Score} = (\text{Accuracy} \times 40) + (\text{Consistency} \times 30) + (\text{Safety} \times 30)$$
[bookmark: _2jjh2tzctxsz]Standard XP Calculation Formula:
$$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$
[bookmark: _q4yurp3brnhq]Defect Term Linkage to Game 8 (Inspection Hunt):
The penalty multiplier  $(\text{Defects} \times 50)$  links directly back to the visual and NDT inspection criteria taught in  Game 8: Inspection Hunt . During automated post-build evaluation (visual, ultrasonic, and X-ray simulation), each identified instance of the following defect categories deducts 50 XP:
1. Porosity:  Gas pockets exceeding  $1.5\text{ mm}$  diameter or clustered porosity.
2. Undercut:  Groove melted into base metal adjacent to weld toe exceeding  $0.5\text{ mm}$  depth.
3. Slag Inclusions / Lack of Fusion:  Interpass cold-lapping or un-melted root faces.
4. Crater Defects:  Unfilled termination craters exhibiting stress-crack indications.
[bookmark: _clxwa81tw1y7]WELDPRO Weighted Evaluation Metrics:
Under the comprehensive WELDPRO framework, performance is categorized into five calibrated parameters:| Metric Category | Weight | Detailed Game 11 Operational Application || ------ | ------ | ------ || Precision | 30% | Frame diagonal squaring compliance ( $\le 1.5\text{ mm}$  variance), cut-list kerf accuracy, and joint gap alignment. || Joint Quality | 25% | Absence of defects (porosity, undercut, lack of fusion, craters) verified against AWS D1.1 visual standards. || Safety & Procedure | 20% | Maintenance of LEV fume extraction, execution of 30-min fire watch window, PPE selection, and permit verification. || Consistency | 15% | Uniformity of weld bead profile, steady travel speed maintenance ( $5.0\text{ mm/s} \pm 0.5\text{ mm/s}$ ), and heat input control. || Time Efficiency | 10% | Minimal variance between initial pre-build time/cost estimates and actual RTS execution metrics. |
[bookmark: _dc1iggr6ulwl]7.2 Performance Rubric & Tier Thresholds
Candidates receive final evaluation tier placements based on cumulative XP and performance scores achieved in Game 11:
+-----------------------------------------------------------------------------------+
| ESPORTS TIER PROGRESSION PIPELINE                                                 |
|                                                                                   |
| [BRONZE TIER] -------> [SILVER TIER] -------> [GOLD TIER] -------> [PLATINUM]     |
| 500 XP                 2,000 XP               5,000 XP             10,000 XP      |
| 70%+ Accuracy          85%+ Accuracy          92%+ Accuracy        95%+ Accuracy  |
| 1G/1F Basic            2G/3G Proficient       4G/6G Proficient     Master Weld-Off|
|                        Blueprint Blitz 80%+   Inspection 90%+      Zero Defects   |
|                                               Latency <250ms       AWS D1.1 Qual  |
+-----------------------------------------------------------------------------------+

[bookmark: _xa6xiprx2gw7]Detailed Tier Progression Requirements:
· Bronze Tier (500 XP):  Minimum score of  $70\%$ ; requires completion of basic safety orientation, PPE verification, and 1G flat plate MIG welding proficiency.
· Silver Tier (2,000 XP):  Minimum score of  $85\%$ ; requires 2G/3G position challenge proficiency and achieving  $\ge 80\%$  accuracy on  Game 4 (Blueprint Blitz) .
· Gold Tier (5,000 XP):  Minimum score of  $92\%$ ; requires 4G overhead and 6G pipe proficiency,  $\ge 90\%$  on  Game 8 (Inspection Hunt) , and remote teleoperation stability under  $250\text{ ms}$  latency in  Game 10 (Signal Survival) .
· Platinum Expert Welder (10,000 XP):  Minimum score of  $95\%$ ; requires zero-defect performance on  Game 12 (Master Weld-Off) , complete structural accuracy on  Game 11 (Fabrication Sim) , formal passing of the AWS D1.1 Limited Thickness  $3/8\text{ in.}$  test coupon bend test, and remote robotic teleoperation qualification (including background clearance).Achieving  Platinum Expert Welder  status certifies that the candidate possesses verified industry readiness for immediate placement into structural fabrication facilities, shop management positions, or high-value remote robotic welding operations.

