[bookmark: _e7mvg54btqay]Study Guide: Game 9 – Multi-Pass Builder (Weld Sequencing & Thermal Management)
This manual provides the technical specifications, procedural steps, thermal controls, and scoring mechanics for  Game 9: Multi-Pass Builder . Integrated into  Season 3 (Pro League, Days 61–90)  of the 120-Day Welder Esports Training Program, this module transitions operators from single-bead exercises to complex, multi-pass structural groove and fillet welding under American Welding Society (AWS) D1.1 and OSHA standards.
[bookmark: _rtppud4trpst]1. Module Overview & Curriculum Position
Multi-pass welding is required for thick plate and heavy-wall pipe applications where a single weld bead cannot sufficiently fill the joint.  Game 9: Multi-Pass Builder  teaches operators how to deposit sequential weld layers—specifically the  root pass ,  fill passes , and  cap pass —while actively managing interpass cleaning, thermal buildup, and structural distortion.
+-----------------------------------------------------------------------+
|                       MULTI-PASS JOINT LAYOUT                         |
|                                                                       |
|                             [ CAP PASS ]                              |
|                    (Max Crown Height: 3.0 mm)                         |
|           +-------------------------------------------+               |
|           |              [ FILL PASS(ES) ]            |               |
|           |         (Weave / Stringer Alignment)      |               |
|     +-----+-------------------------------------------+-----+         |
|     |                      [ HOT PASS ]                     |         |
|     +-------------------------------------------------------+         |
|     |                     [ ROOT PASS ]                     |         |
|     |            (Keyhole Penetration: 6010 / TIG)          |         |
|     +-------------------------------------------------------+         |
+-----------------------------------------------------------------------+

[bookmark: _fke6kmh3uxud]Strategic Objectives
· Curriculum Stage:  Season 3 Pro League (Days 61–90).
· Prerequisites:  Mastery of fundamental puddle control (Game 0), travel speed (Game 1), arc length (Game 2), TIG foot pedal modulation (Game 3), and position challenges (Game 5).
· Target Standards:  AWS D1.1 Structural Welding Code – Steel; OSHA 29 CFR 1910.252 / 1926 Subpart J compliance.
· Primary Competencies:  Layer fusion, interpass slag removal, preheat and interpass temperature control, crown height management, and distortion mitigation.
[bookmark: _mzpqascr9za8]2. Multi-Pass Weld Sequencing & Step-by-Step Execution
A standard multi-pass groove or fillet weld sequence requires precise execution across distinct functional layers. Operators must complete each layer to strict quality thresholds before progressing to the next.
+-----------------------------------------------------------------------------------+
|                            MULTI-PASS EXECUTION FLOW                              |
|                                                                                   |
|  1. ROOT PASS       2. HOT PASS         3. FILL PASSES       4. CAP PASS          |
|  +------------+     +------------+      +------------+       +------------+       |
|  | Keyhole    | --> | Slag       | ---> | Weave /    | ----> | Crown      |       |
|  | Execution  |     | Removal    |      | Stringers  |       | Height     |       |
|  | (6010/TIG) |     | & Clean    |      | & Fusion   |       | (<= 3mm)   |       |
|  +------------+     +------------+      +------------+       +------------+       |
|        |                  |                   |                    |              |
|        v                  v                   v                    v              |
|  [ Interpass ]      [ Interpass ]       [ Interpass ]        [ Visual      ]      |
|  [ Temp Check]      [ Cleaning  ]       [ Temp <175C]        [ Inspection  ]      |
+-----------------------------------------------------------------------------------+

[bookmark: _zf3gpgdidbek]Step 1: Root Pass Execution (Keyhole Strategy)
The root pass forms the structural foundation of the joint. Complete root penetration is required to achieve layer fusion without burn-through or incomplete penetration.
· Process Options:
· SMAW (Stick):  E6010 cellulosic electrode using direct current electrode positive (DCEP) for deep penetration and aggressive digging action.
· GTAW (TIG):  Precision torch control paired with foot pedal amperage control for thin or high-purity root passes.
· Keyhole Technique:
· Maintain a controlled open root keyhole ahead of the solidifying puddle.
· Keep arc length tight at  3.0 mm  to prevent arc blow and porosity.
· Maintain travel speed at  5.0 mm/s (±0.5 mm/s)  to ensure uniform root tie-in.
[bookmark: _60bdbe374a9n]Step 2: Hot Pass & Mandatory Interpass Slag Removal
The hot pass immediately follows the root pass to burn out residual root defects, seal the root, and build wall thickness.
· Slag Removal Mechanic:  Prior to depositing the hot pass (and between all subsequent passes), operators must trigger the mandatory in-game interpass cleaning mechanic (chipping hammer / wire brush tool).
· Defect Prevention:  Failing to clean interpass slag results in severe  slag inclusion  defects, which penalize the total run score and trigger failure during simulated guided bend testing.
[bookmark: _dqg4akpnvqyh]Step 3: Fill Pass Weave Patterns & Fusion
Fill passes rebuild the joint thickness to near-flush levels.
· Pattern Strategy:  Utilize tight stringer beads or controlled weave patterns (e.g., side-to-side or crescent weaves) depending on joint geometry (groove angle vs. fillet bevel).
· Side-Wall Tie-In:  Pause momentarily at the toes of the weld joint during weave patterns to ensure 100% layer fusion and to eliminate sidewall undercut or lack of fusion.
· Puddle Diameter:  Maintain standard target puddle diameter ( 5.0 mm ±0.5 mm ) across all fill passes through heat input and torch speed adjustments.
[bookmark: _q8vxq9bfa1es]Step 4: Cap Pass & Crown Height Limits
The final cover pass (cap) protects the structural integrity of the joint and provides the finished visual profile.
· Reinforcement Limits:  Per AWS D1.1 standards, weld reinforcement (crown height) must be positive but must  not exceed 3.0 mm (max height limit)  above the surface of the base plate.
· Profile Consistency:  Maintain continuous travel speed and steady hand positioning to avoid visual defects such as surface porosity, excessive convexity, underfill, or undercut along the edges.
[bookmark: _6xb1po1ybdj]3. Thermal Management & Distortion Control
Multi-pass welding inputs significant energy into the workpiece. Uncontrolled thermal buildup leads to metallurgical degradation, excess heat-affected zone (HAZ) growth, and joint warping.
[bookmark: _atmjyktmvokg]Interpass Temperature Monitoring
· Maximum Threshold:  Interpass temperature must be actively monitored and maintained  below 175°C  throughout all pass sequences.
· In-Game Sensor Check:  Between passes, operators must verify the interpass thermal readout. If joint temperature exceeds 175°C, the operator must allow a cooling pause before striking the arc for the next layer.
· Overheating Penalty:  Striking an arc when interpass temperature exceeds limits causes heat accumulation, increasing the risk of puddle sag, undercut, and thermal cracking.
[bookmark: _idc18ww9q9su]Heat Input Management Formula
Heat input is governed by amperage, voltage, and travel speed:$$\text{Heat Input} = \frac{\text{Amperage} \times \text{Voltage} \times 60}{\text{Travel Speed} \times 1000}$$
· High Amperage / Slow Travel Speed:  Increases thermal input, resulting in joint distortion, severe gravity sag (especially in 2G/3G/4G positions), and deep undercut.
· Balanced Control:  Keep travel speed locked near  5.0 mm/s  and adjust TIG foot pedal or stick current within specified Welding Procedure Specification (WPS) parameters to maintain consistent heat input.
[bookmark: _kabvadddqhke]Distortion Mitigation Techniques
1. Symmetrical Pass Placement:  Alternate bead sequence across multi-pass fillets or split-groove passes to balance thermal stress vectors.
2. Preheat Verification:  Ensure base plates reach specified preheat temperatures before executing the root pass to reduce thermal shock.
3. Balanced Cooling:  Allow structured interpass cooling cycles to maintain thermal equilibrium and minimize mechanical strain across the weldment.
[bookmark: _qrqqjf8fcou9]4. Hardware Integration & Simulation Controls
Game 9 utilizes specialized simulator hardware to replicate physical multi-pass dynamics within the workshop environment.| Hardware Unit | Control / Feedback Function | Multi-Pass Operational Role || ------ | ------ | ------ || Torch Joystick | Precision positional axis with active haptic feedback | Controls torch travel speed, work angle, and weave oscillation path. Haptic alerts trigger if arc length drifts from 3.0 mm. || Foot Pedal | Dynamic amperage modulation (40A – 150A) | Directly adjusts thermal input during TIG root and fill passes to control puddle size (5.0 mm target). || VR Headset / HUD | Real-time 3D spatial awareness & thermal overlay | Displays live interpass temperature metrics, keyhole visual cues, and surface profile indicators. || Interpass Tool Switch | Mode toggle (Welding Torch  $\leftrightarrow$  Chipping/Cleaning Tool) | Activated between passes to clean slag and prep the bead surface before depositing the next layer. |
[bookmark: _6ok4g4zb96su]5. Scoring Logic & Performance Rubric
Performance in Game 9 is calculated using a unified esports scoring rubric combined with specific multi-pass quality checks.
[bookmark: _hmf0d2kz8nrs]Standard Scoring Structure
Evaluation rests on three primary weighted pillars:$$\text{Final Score} = (0.40 \times \text{Accuracy}) + (0.30 \times \text{Consistency}) + (0.30 \times \text{Safety})$$
[bookmark: _buzsopyv4av6]Experience Point (XP) Formula
$$\text{XP} = (\text{Accuracy} \times 10) + (\text{Consistency} \times 5) - (\text{Defects} \times 50)$$
[bookmark: _a2zi2a7rbs5x]Specific Game 9 Assessment Parameters
+-------------------------------------------------------------------------------+
|                       GAME 9 MULTI-PASS METRICS                              |
|                                                                               |
|  +--------------------+----------------------------------------------------+  |
|  | Layer Fusion       | Evaluates side-wall tie-in and inter-bead fusion   |  |
|  | (30%)              | across root, fill, and cap layers.                 |  |
|  +--------------------+----------------------------------------------------+  |
|  | Interpass Temp     | Maintains interpass temperature <175°C and checks  |  |
|  | Control (25%)      | preheat parameters between runs.                   |  |
|  +--------------------+----------------------------------------------------+  |
|  | Cap Crown Profile  | Inspects visual cap height; enforces the <=3.0 mm  |  |
|  | (20%)              | crown height maximum limit without undercut.        |  |
|  +--------------------+----------------------------------------------------+  |
|  | Interpass Cleaning | Requires mandatory chipping/cleaning between       |  |
|  | Compliance (15%)   | passes; tracks residual slag elimination.           |  |
|  +--------------------+----------------------------------------------------+  |
|  | Travel Speed & Arc | Maintains continuous 5.0 mm/s travel speed and     |  |
|  | Length (10%)       | 3.0 mm arc distance across all passes.             |  |
|  +--------------------+----------------------------------------------------+  |
+-------------------------------------------------------------------------------+

[bookmark: _kz0khitlq86p]Defect Penalties (Deducted at 50 XP per occurrence)
· Slag Inclusion:  Caused by depositing a fill or cap pass over uncleaned interpass slag.
· Excessive Crown Height:  Weld reinforcement exceeding the  3.0 mm  limit on the cap pass.
· Thermal Over-run:  Initiating a pass while interpass temperature is  $\ge$  175°C .
· Incomplete Root Fusion / Burn-Through:  Keyhole collapse or poor root penetration during 6010 / TIG root execution.
· Undercut / Porosity:  Violations of AWS D1.1 Table 4.11 visual inspection thresholds.
[bookmark: _qw0l495sa35u]6. Tier Progression & Certification Readiness
Achieving high performance in  Game 9: Multi-Pass Builder  directly advances an operator's standing within the overall program tiers:
+-----------------------------------------------------------------------+
|                    PROGRAM PROGRESSION TIERS                          |
|                                                                       |
|  BRONZE   -->  SILVER     -->  GOLD       -->  PLATINUM               |
|  (500 XP)      (2000 XP)       (5000 XP)       (10000 XP)             |
|  70% Score     85% Score       92% Score       95% Score              |
|  1G Flat       2G/3G Pos.      4G/6G Pos.      Master Weld-Off        |
+-----------------------------------------------------------------------+

· Bronze Tier (500 XP / 70% Score):  Minimum requirement for basic 1G flat single-pass stability and safety pass.
· Silver Tier (2,000 XP / 85% Score):  Requires 2G/3G position competence and Blueprint Blitz score  $\ge$ 80%.
· Gold Tier (5,000 XP / 92% Score):  Advanced proficiency in 4G overhead / 6G pipe positions and Inspection Hunt score  $\ge$ 90%.
· Platinum Expert Welder (10,000 XP / 95% Score):  Complete master status. Requires zero defects on the AWS D1.1 3/8-inch Limited Thickness test coupon simulation, passing simulated guided bend tests (root + face), and passing remote robotic operator qualification modules. Completing Platinum status prepares candidates for immediate career placement as structural welders or remote robotic welding operators.

