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Introduction 

Name of Contest 
Next Generation Manufacturing Challenge Series 

Overview of Contest  
The Team Challenge, sponsored by the U.S. Department of Defense, is based on the 
design, manufacturing, assembly and testing of equipment by teams of 
interdependent specialists. The theme of the competition is Manufacturing in our 
DNA.  

Manufacturing competencies within the modern workforce are interdependent, and 
employees must be cross-trained in multiple areas to meet evolving business needs. 
Traditional models of on-the-job training focus on single occupations, training in 
silos based on outdated interpretations of how workers learn and what companies 
need.  

In practice, the most sought after and productive employees possess 
complementary soft skills and related competencies in addition to a technical 
specialty. They must be skilled communicators, able to work in teams with other 
specialists to achieve the highest level of productivity in the least amount of time. 
The ability to operate in an interdependent work environment to achieve a common 
goal has significant value for manufacturing employers regardless of company size 
or industry sector. Competitiveness, continuous improvement capability and the 
bottom line depend on these skills. 

Challenge Components 
This Challenge mirrors the modern workforce by pairing training with technology 
throughout the Challenge. Four components are used: 

1. Sufficient training prior to the contest (to prepare for the Main Project 
performance) 

2. Demonstration of what was learned (performing the Main Project) 
3. Element of the unknown (Surprise Project) 
4. Portfolio of project  

Number of Team Members 
The Challenge is a team effort with two to four competitors per team. 
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Purpose of This Document 
This document contains information about the standards required to compete in 
this Challenge, and the assessment principles, methods and procedures that govern 
the Challenge. 

Every Judge and Competitor must know and understand this Contest Description. 

Related Documents 
• Competiton Rules 
• Performance Standards 
• Project Description (including marking scheme) 
• Host Organization’s Health and Safety Regulations 

Contest Duration 
The Challenge will be 19 hours, split between two days, not including orientation the 
day prior to competition. There will be a one hour break for lunch (not included in 
work hours). No Challenge activities or work on team projects may be conducted 
during the lunch hour. Specific schedules for each location will be published 
separately. 

The Challenge will be self-paced, where teams will complete their projects 
according to their individual schedules within the overall constraints of the 
Challenge.  

Day to Day Management 
NIMS will provide day-to-day management of the Competition.  
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Performance Standards 
The Challenge is intended to reflect industry best practices as described by NIMS 
and the technical work group. The Performance Standards are guides to the 
required training and preparation for the Challenge.  

The assessment of knowledge, skills and abilities will be judged by the execution of a 
functional Project. Written theory tests will not be included. 

The Performance Standards are divided into distinct sections with headings and 
reference numbers added. Each section is assigned a percentage of the total marks 
to indicate relative importance. The sum of all the percentage marks is 100. 

The Marking Scheme and Challenge will assess only those skills identified in the 
Performance Standard. They will reflect the Performance Standards as 
comprehensively as possible within the constraints of the Challenge. A variation of 
five percent is allowed, provided that this does not distort assigned weightings. 

Agency Performance Standard Importance (%) 
NIMS 5-Axis CNC Machining 40% 
AWS Welding 30% 
NIMS CAD/CAM 30% 
NIMS Additive Manufacturing For 2020 Challenge 
NIMS Metrology For 2020 Challenge 
TBD Automation For 2020 Challenge 
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Marking Scheme 
This section describes the Assessment Strategy, Marking Scheme, how Teams will be 
assessed through the Projects, and the procedures and requirements for marking. 
The Marking Scheme is critical because it ties assessment to the standards that 
represent the skills. It allocates marks for each assessed aspect of performance in 
accordance with the weightings in the Performance Standards. 

Assessment Strategy 
Assessment during the Challenge consists of two types: measurement (objective) 
and judgment (subjective). To ensure quality, explicit benchmarks will be used to 
assess each aspect of performance. The Projects are the assessment vehicle for the 
Challenge. 

Assessment Criteria 
The main headings of the Marking Scheme are the Assessment Criteria. These 
headings are derived in conjunction with the Projects. They may or may not follow 
the Performance Standards section headings, but they must reflect the weighting in 
the Performance Standards. 

Aspects 
Each Aspect defines, in detail, a single item to be assessed and marked, or 
instructions for how the marks are to be awarded. Aspects are assessed either 
objectively or subjectively. A minimum of three judges will judge each aspect. 

Objective Marking 
Objective marking uses a zero or maximum mark.  

Marks Criteria 
0 Non attempt, out of tolerance, non-compliant 
Max In compliance, within tolerance 

Subjective Marking 
Subjective marking uses the 10-point scale below. To apply the scale with rigor and 
consistency, subjective marking should be conducted using the following scale: 

Marks Criteria 
0 Non attempt 
1-4 Below industry standard 
5-8  At or above industry standard 
9-10 Excellence 
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Scoring 
Scoring will be based in two sections, first scores are calculated from the portfolio 
section according to the Marking Scheme. Then the Total Cost will be calculated 
based upon criteria identified in this section.  

When assessing the team, it is sufficient to award marks for inclusion of the 
information when it comes up to the minimum requirements, rather than consider 
the actual detail contained within it. Full marks are awarded for each acceptable 
item. If not acceptable, the item receives zero marks. There will be no graduated 
marks. 

Criteria Marks 
Main Project (including Section B of Portfolio) 50 
Surprise Project 20 
Portfolio (Section A only) 5 
Cost 10 
Final Appearance of Completed Assembly 10 
Crowd voting 5 
Total 100 

Completion of Assessment 
The Main Project marks will be calculated by comparing a team’s build cost and 
compliance to project specifications. Marking will be on the basis of product cost 
and will include competitors’ time, materials used, parts used, consulting fees, 
training required and machine tool and tooling costs, where applicable. Required 
tolerances must be met for a result to be valid. 

Each team member must record the time they start and finish each shift. They must 
clearly indicate whether they are working on the Main Project, Surprise Project or 
Portfolio. Competitors not working must remain in a central position. Lunch time is 
an exception. 

Skills Assessment Procedure 

Time Keeping 

Machines will be allocated in 15-minute increments. Working hours and actual 
machine usage hours will be calculated to the accuracy of handwritten time-
keeping. The minimum increment for a consultant is 15 minutes. Timekeeping is 
handwritten by Judges with three minute tolerances. 
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Material Costs 
For the Main Project, raw materials such as steel and aluminum in pipe, sheet and 
bar form will be charged on a price-per-pound rate to be determined by Judges 
prior to the Challenge. 

All extrusions and profiles will be charged by length. Cost must be verified by Judges 
to reflect commercial cost. 

All other components of the Main Project will require current catalog prices. A 
printout of a current online catalog is acceptable as long as the printout has the 
website and date printed on it. The accuracy of these catalogs will be checked by 
Judges. Prices quoted must indicate whether or not they include taxes. 

An itemized list of all costs must be submitted to the Head Judge by the end of the 
final contest day for scoring. 

Work Schedule 

Teams must present a work schedule to the Head Judge by the end of the first day 
of the Challenge. Schedules must be updated daily and include planned activities, 
people and machines for the duration of the Challenge in progressive timelines on 
electronic project management software.  

Marking Schedule 

All marking will be completed at the end of competition days. All parts, 
documentation, files and portfolio items must be submitted to the Head Judge by 
the end of the final contest day in order to be considered. Late submissions are not 
accepted. 

Portfolio Submission 

The Portfolio is to be submitted on Day 2 at the end of the Challenge. It must include 
all documentation necessary for the team’s results to be replicated including:  

• Engineering drawings for the Stand 
• Modified engineering drawings that identify any creative changes made to 

the Base 
• Set-up sheets 
• Tool lists 
• Programs used to machine all components 

The Surprise Project will be released during Team Orientation prior to the beginning 
of competition. 
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Security 

Each team’s toolbox will be checked prior to the start of the Challenge. If any suspect 
items are identified during the materials check, the Sponsor is to be informed 
immediately. At no time should a Judge dismantle any components. The Sponsor 
and a team member must be present during this process. 

Security of Material Sizes 

All material is to be cut in lengths at least 1 inch larger than sketch size. To ensure 
this, five random parts will be measured during the materials check and compared 
with the provided annotated drawings. Each piece must be 1 inch larger than print 
size to be eligible for use (cut down sheet material must be cut 1 inch larger in two 
directions). 

Clean Work Environment  

A clean work environment is part of allotted time. After using a machine, the 
machine must be cleaned, i.e. swarf removed from working area of the machine. 
Each machine will be inspected by a judge after each team’s use of that machine 
and a penalty charge will be assessed by any judge. A minimum time for each piece 
of equipment is 15 minutes. A penalty (representing 15 minutes of cleaning time) will 
be applied if machine is not cleaned.  

If a machine is considered not cleaned, Judges will be called to inspect that 
machine. All Judges must agree. Their decision is final.  

Cost Calculations 
Costing will be marked from zero mark for the most expensive up to maximum 
marks for the cheapest, and proportionally awarded between both. Costing will be 
broken up into the following groups as explained above:  

• Working hours 
• Additional cost for using equipment 
• Consulting hours with experts 
• Raw materials 

Calculation 

The total cost of equipment, materials and labor will be modified by project 
compliance to specification.  

Formula 
Final Cost = Total Cost ÷ % of Compliance to Specification 
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Example Scenarios 
Total Cost Compliance Penalty Increase Final Cost 

$2,500 100% $0 $2,500 
$2,500 80% $625 $3,125 
$2,500 60% $1,667 $4,167 
$2,500 40% $3,750 $6,250 
$2,500 20% $10,000 $12,500 

Working Hours Cost 

When one member of the team is working, all members of the team are to be 
counted in labor costs. Each team member will be charged $30/hour. Labor and 
equipment cost for both main and surprise project to be calculated. Standing in a 
work area will create a charge. 

Equipment Cost 

• 5-Axis CNC Machine: $150/hour 
• Welding Equipment: $100/hour 
• Consulting or Training Services: $75/hour 

The minimum time for each piece of equipment is 15 minutes. After using a 
machine, the machine must be cleaned, i.e. swarf removed from working area of the 
machine. Each machine will be inspected by a judge after each team’s use of that 
machine and a penalty (representing 15 minutes of cleaning time) will be applied if 
machine is not cleaned. If a machine is considered not cleaned, judges will be called 
to inspect that machine – all judges must agree. Their decision is final.  

Equipment use cost is only applied to equipment supplied by the organizers. No cost 
is assigned for using portable equipment provided by teams. 

Subject Matter Experts (SMEs) from all vendors will be on site during the Challenge. 
Teams may request help with equipment if necessary. SMEs may not provide 
assistance with the project.  
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Safety 
Competitors must fully understand safety instructions for general electrical safety, 
machine safety, welding and hot work, machining and requirements for Personal 
Protective Equipment.  

Personal Protective Equipment (PPE) 
• Appropriate shop attire must be worn by all team members and sponsors. 
• Wrist, finger, hand jewelry, any loose neck jewelry or loose clothing are not 

allowed. 
• Safety glasses must be worn at all times.  
• A face shield must be worn when using machine tools, grinders and hand 

tools.  
• Protective footwear with safety toe caps must be worn at all times (must meet 

OSHA and ANSI basic standards). 
• Hearing protection must be worn when using offhand grinding machines and 

angle grinders. 
• Protective clothing, safety glasses and safety footwear must be worn at all 

times when in competition area. This includes private workspaces because 
machine tools may be in adjacent area. 

Working areas 
• All offhand grinding must be done in the welding bays with the shields closed. 
• Welding gloves and welding helmet must be worn when welding in the 

welding bay. (NOTE: Welding helmet and gloves not required for grinding.). 
• When welding, the welding bay shields must be fully closed. 
• All people in the welding bay must be fully equipped with welding gloves and 

welding helmet for welding.  
• If grinding, suitable Personal Protective Equipment (PPE) should be worn. 
• Persons not properly equipped may enter the facility but must move directly 

to and must remain within designated public areas and will not be permitted 
to enter the competition area. 

Machine Safety 
• When using a grinding machine or machine tool any sparks or swarf must not 

endanger other people. 
• Machines must be cleaned after use. 
• Any coolant, oil or liquid spilt on floor must be cleaned. 
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Housekeeping 
• When working in competition area, competitors must ensure that no working 

material interferes with the adjacent Competitor’s area, and that their actions 
do not hinder another Competitor’s work. 

• If sharing machines, ample space must be left for the other person working 
on the machine. 

• Floor and passages must be kept free of unnecessary clutter, wires, and trash. 

Chemical Substances 
• Safe handling instructions must accompany all substances used. All 

Competitors, Sponsors, and Judges must fully understand these instructions 
before using any chemical substances. Required protective equipment must 
be worn at all times while handling chemical substances. 

Challenge host facilities must provide their own Facility Health and Safety 
Requirements documentation to Competitors, Sponsors and Judges prior to the 
Challenge. 
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Materials and Equipment 

Equipment Provided by Organizers 
• All equipment, tooling and materials in the infrastructure list 
• Inspection equipment for Main Project and Surprise Project 

Items Provided by Teams 
Each team must provide and wear identification (e.g. colored shirt) that indicates 
their team. These must be worn at all times during the Challenge.  

It is the responsibility of the team to supply all the components and raw materials (if 
applicable) to manufacture the required Project elements that are not included in 
the infrastructure list. This may include but is not limited to the following items: 

• Machining consumable tooling required for manufacturing the components 
• Setup tools and hand tools for manufacturing components 
• All hand tools and basic measuring equipment 
• All hand tools for assembly and welding 
• All personal protective equipment 

Equipment and Material Not Permitted 
During the entire Challenge, no tools, equipment, stationary, components, manuals, 
drawings or digital storage devices may be removed from or brought into the 
Challenge venue unless approved by the Head Judge. The following items are not 
permitted: 

• Laptop or portable computers 
• Memory sticks, MP3 player or other digital storage 
• Electronic organizer/diaries 
• Wireless communication devices 
• Non-approved CDs or floppy discs – approval by judges or delegate is required 

for all CDs and floppy discs 
• Any additional software not supplied by organizers unless approved by 

Judges  
• Purchased items modified in any way prior to the Challenge 
• Any sub-assemblies for Main Project 
• Equipment that is similar or operates in similar manner as supplied 

equipment (e.g., if metal cutoff saw is provided by organizers, then no team 
may bring their own metal cutoff saw) 
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