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Introduction to the volunteering process

Metal Shop Peer Mentor Competency Requirements

Before scheduling an evaluation for the Metal Shop Peer Mentor position, members must
demonstrate proficiency in operating Metal Shop equipment. This is done by earning
competencies, which are organized into categories corresponding to Metal Shop resources. Each
category includes core competencies, which represent the minimum skills required for hiring,
and bonus competencies, which allow you to continue building expertise beyond the basics.

To be eligible for a Peer Mentor evaluation, a member must:

- Earnall core competencies across every category
- Earnatleast 10 bonus competencies across any combination of categories.

How Competencies Are Earned

Skills must be demonstrated in real time to a Metal Shop Peer Mentor or Supervisor. These are not
retroactive, you cannot receive credit for past projects or prior experience. Credit can only be
awarded by the mentor present during the event in which the skill is demonstrated.

Competencies may be awarded at any point during an event (consultation or reservation), and
there is no limit to how many competencies you may earn in a single day. You are encouraged to
request a competency only when you feel confident enough to teach the skill to someone else,
since you will be required to demonstrate this ability during your hiring evaluation.

Tracking Your Progress

You can track your progress using the METAL (Mentor Evaluation & Technical Ability Log) available
for pickup in the Volunteering drawer of the Bechtel Center Metal Shop. Once your METAL has
been signed, you may begin collecting competencies. A mentor awards a competency by
highlighting the associated check mark on your sheet. For convenience, the ability logis also
attached at the end of this document. Core competencies are marked as bold.

Ways to Earn Competencies

There are many ways to demonstrate competencies. If you are already working on a personal or
club project, you may ask a mentor to award you the applicable competencies during your event. If
you do not have a project in mind, we provide a list of recommended activities that are sufficient to
earn all required core competencies in the following pages. Lastly, Metal Shop Supervisors hold
regular group competency trainings on chosen topics. Sign up here!

Completion of the volunteering program does not guarantee employment.
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Activity I: Subtractive Manufacturing

This activity is intended to teach you about the basics of subtractive manufacturing. We’re going to
start out by identifying the machines that we have in the shop and matching them with the most
common use cases. We will then go on to explain the different tools that we have on each machine
and what they are used for. We will learn how to identify materials. Finally, we will calculate the
feeds and speeds required to run tools in specific materials on our machines.

Part I: Machines

At the Bechtel Center, machining is offered in two main forms: milling and turning. The key
difference between them is what rotates during the process: milling spins the cutting tool, while
turning spins the workpiece. Mills are ideal for creating straight exterior features and drilling holes,
and they are classified by the number of axes they can move along. For example, 5-axis mills can
machine parts with complex geometries by tilting the cutter at angles beyond the three principal
axes. Traditional lathes are best suited for producing parts with circular symmetry. The Bechtel
Center also offers a waterjet, which enables precise 2D cutting, including sharp interior corners
that milling or turning cannot achieve. By assembling multiple simple parts, itis possible to create
highly complex mechanisms while minimizing the cost of machining a single intricate piece.

To get the “Machine identification” competency, match the following parts with the following
options: Lathe, 3 axis Mill, 5 axis Mill, Waterjet
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Part Il: Tooling

Tooling plays a major role in any machining process. Different tools are designed for different
tasks, such as removing large amounts of material, drilling holes, cutting slots, or producing
smooth surface finishes. Tools differ in both geometry (shape, number of flutes, cutting angles)
and material. The geometry determines how the tool interacts with the workpiece, while the tool
material affects durability and performance. In our shop, the primary tool materials are carbide
and high-speed steel (HSS), each selected based on the application and machining requirements.

To get the “Tooling identification” competency, write what each of these tools is called and what
they are used for. Feel free to reference our Tooling Guide.

Part Ill: Materials

The ultimate endgoal of this activity is to determine how fast our cutter needs to be spinning and
moving across our part when its getting machined. Besides the tool and machine we’re using, we
also need information regarding the material. Depending on how tough the material is, we’ll be
able to make a decision as to how fast we’re going to be able to move (consider how fast you can
drill through acrylic versus steel). The catch is, there is a lot of alloys out there. For convenience,
manufacturers group similar materials in so-called ISO grades.

To get the “Material ISO identification” competency, use this chart to specify the ISO material

group for each of these following materials:

1. 7175 Aluminum
2. 17-4PH
3. Inconel718

Sometimes you’re not fully sure what specific type a materialis. If you’re interested in how you can
determine the type of metal, consider the “Hardness tester” competency in metrology.
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Part IV: Feeds and Speeds

Finally, we can use the information about the cutter, material and machine to calculate how fast
we can cut. Watch this HAAS Tip of the Day to learn how to find and determine tool Surface Speed
(Surface Feet per Minute, SFM) and Feed per Tooth/Revolution (Inches, IPT/IPR), and use them
with formulas listed below to determine a machine’s settings for Spindle Speed (Revolutions per
Minute, RPM) and Feed Rate (Inches per Minute, IPM). You’ll be using the Kennametal website.

In the app, type the product number of
the insert and tool you are using.

.~ Milling Formulas ‘ZKENNAMETAI:

Select the specific tool from the table,

then look for the feeds and speeds
button. The sliders are then used to SYMBOLS AND MEASUREMENT UNITS
determine feeds and speeds. These :
- Dc = Cutting di ‘ = Metal I rat
values are modifiable but generally B= Alig Ghmie * il
. ap = Axial depth of cut (inches) > !
more conservative values are Vf = Feed rate (inches per minute) n = RPM (cutter spindle)
preferred to prolong tool life. Higher fn = Advance per revolution (inches) il ]
Surface Speed creates heat which can e "= foed (Tohos e oty NI T peec O
P K = Power constant of work material | 3¢ = Radial depth of cut
damage tools, which is why we use (see box below) P = Horsepower at the cutter
smaller values. Sometimes, usually to el i g Ve = 262xDcxn
preserve machine limits, a value " Alloy Steel 85— 200 164 || n = 382xV
. (4140) 201 -253 156 | e
outside the range allowed by the ‘ nEq 786 128 | [W = texzxn
sliders can be manually entered. The | Stainless Steel | 135275 150-76 || o Vi
. . . i 6 — 421 74-50 | Zxn
values input with the sliders are (00 sedes) || €0 Sl (| SRS ¥
. . . Aluminum Wrought 4.05 |t = vt ‘
combined with the properties of the (2024) il
. . ; = w7 = = = |
toolitself to give the output values on | Gray Castlron | 150-175 221 || 45 = saeapri |
. (Class 40) 110190 200 || p . @exapxVf |
the right. ‘ 176 - 200 189 . K
|| o250 | 1R || {Hp = OHETRW |
Sometimes, we have to limit our feeds | Titanium 250 — 375 1.33-.87 | C1KW = 1.341Hp ;
and SpeedS tO matCh the limitations Of ©2014 Kennametal Inc. | All rights resarved. | A-14-03798 www.kennametal.com

our machines. Most commonly, the
main limitation is going to be the maximum RPM of the spindle. In the following activity, you will be
asked to first determine the feed rate given the RPM listed on the Kennametal app before redoing
the calculation with limited RPM. You will need to use the formula sheet above to obtain the feed
rate in that case.
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https://www.youtube.com/watch?v=zzzIpC39WUg

To attain the “Feeds and Speeds” competency, please answer the following questions and bring
the answers to a peer mentor. You are welcome and encouraged to use the Kennametal app to
assist with your calculations.

1. Endmill cutting

a. Given:
1. Material: 6061 Aluminum
ii. Tool: Quarterinch endmill 3660401
ii1i. Cutting type: Side Cutting

b. Calculate:
1. RPM
ii. Feed Rate
iii. Material Removal Rate

2. Endmill cutting, RPM limited

a. Given:
1. Material: 6061 Aluminum
ii. Tool: Quarterinch endmill 3660401
iii. Cutting type: side cutting
iv. Machine RPM limit: 15,000

b. Calculate:
i. Feed Rate
ii. Material Removal Rate

3. Drilling
a. Given:
1. Material: Ti6 Al-4V
ii. Tool: Half inch drill 4149323
b. Calculate:

i. RPM
ii. Feed (penetration) rate iii. Max depth of hole
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Activity 2: Manual Mill Operations

In this activity, you will use the manual mill to become familiar with fundamental machining
operations. If you are new to manual or CNC mills, please watch this video before beginning.

Although CNC (Computer Numerically Controlled) machines dominate modern manufacturing,
manual mills remain valuable because they require less setup and offer greater flexibility for quick
tasks. Common applications include stock squaring (making all six faces of a workpiece flat,
parallel, and perpendicular), drilling, and basic slotting.

By completing this activity, you can earn all core competencies in the “Manual Mill Operations”
category. A 2-hour time slot is recommended.

To get started, speak with a Metal Shop Peer Mentor to schedule your Manual Mill event.

Activity 3: Computer-aided design

Before you get your CNC Mill and Lathe competencies, we need to do some prep work. The first
step for any CNC project at the Bechtel Center is to create the part in CAD. Autodesk Fusion 360 is
our primary CAD software. If you are not a part of the BIDC Fusion Team, please refer to this guide.

To attain the “Parametric modelling” and “Constraining sketches” competencies, we ask you
to create CAD for the BIDC-1 and BIDC-2 models, available for view as technical drawings on the
next page. Before you start modelling, please review the BIDC CAD training videos. Even if you

already know how to CAD, please skim these videos and make sure that you aren’t missing any
details.

Once you have completed these models, stop by the Bechtel Center and show them to a Peer
Mentor for review. If you have any questions at this stage, please ask!
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Activity 4: Saws

The horizontal and vertical bandsaw are some of the most useful machines in the center.
Almost every project starts with you cutting your starting piece (often referred to as stock)
to size. If you don’t have an excuse to use these for a personal/club project, you may cut a
piece of our volunteering stock that you will then use to machine the BIDC-1 and BIDC-2
models designed in the previous activity. You will require a 5” long cut of the 1” by 2” flat
bar for the BIDC-1 part and a 5” long cut of a 2” round bar to machine the BIDC-2.

To attain your Horizontal and Vertical bandsaw competencies, talk to a mentor at the
center and schedule a 15-minute reservation on each of the two resources. Once you’ve
cut your stock to size, use the Dial calipers to measure the dimensions of both pieces.

Activity o: CNC Mill CAM

Now that we have a model of part and know the exact dimensions of our stock, we can
move on to making the CAM (computer aided machining) program that will tell the CNC
machine how to move. Every CAM program comprises of several toolpaths (continuous
curves traced by a singular tool) and sometimes multiple setups (a combination of
toolpaths that are done together at once).

Using the BIDC milling videos, create a setup and corresponding toolpaths for the BIDC-1
part to the best of your ability. Once your CAM is complete, review it with a Metal Shop
mentor in the Bechtel Center to get your program approved and get your competencies.
The CAM for the BIDC-1 will entail the toolpaths necessary to attain all the core abilities in
the CNC Mill CAM category.

Activity B: CNC Mill Dperation

Once your CAM is approved, you can ask the mentor to schedule your event on one of our
CNC Mills. During your reservation, ask your mentor to walk you through all the CNC Mill
Operation competencies. Since you are training to become a peer mentor, we recommend
that you take your time to understand all the core concepts, repeating all the steps several
times if needed. You are expected to be able to operate the equipment confidently during
your evaluation. We recommend a time slot of 2 hours.
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Activity 7: CNC Lathe CAM

While mills excel at machining cuboid shapes, lathes are ideal for producing parts with
circular symmetry because the workpiece rotates while the cutting tool remains
stationary. In this activity, you will create CAM for a turned part using the BIDC-2 model
from Activity 3.

Watch the BIDC Lathe CAM videos and create a setup and toolpaths for the BIDC-2 part to
the best of your ability. Once complete, review your CAM with a Metal Shop Peer Mentorin
the Bechtel Center for approval and competency sign-off.

Activity 8: CNC Lathe Operation

Once your Lathe CAM is approved, you may ask a mentor to schedule your event on one of
our CNC lathes (ST20 or ST20Y). Since you are training to become a peer mentor, take your
time to understand each operation, repeating steps as needed to build confidence. The
BIDC-2 model is designed to satisfy all core competencies in the CNC Lathe Operation
category. Lathe setups are more time-consuming, so a 3-hour time slotis recommended.

Activity 3: Waterjet

The last machine in the Metal Shop that we haven’t explored yet is the Waterjet. Despite
being much simpler in operation, it is extremely powerful for cutting simple 2D geometry.
Before scheduling a waterjet event, you will need to prepare a simple sketch that you
would like to cut out. This can be as simple as a star, gear or any other shape. On the day
of the reservation, ask your mentor to pick out a piece of sheet stock from the stock room
and walk you through all the core competencies in the Waterjet operations category. We
recommend a 90-minute time slot.

Scheduling your evaluation

Congratulations, you’ve made it to the end of the volunteering process! When you have all
the required competencies (all core + 10 bonus), reach out to a metal shop supervisorin
the #hiring-status channel on discord. Best of luck!
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METAL (Mentor Evaluation & Technical Ability Log)

e N [
Computer-aided design* Subtractive Manufacturing™
v' Parametric modelling v" Machine identification
v' Constraining sketches v Tooling identification
- v Material ISO identification
3 v' Feeds and Speeds
CNC Mill CAM
D e CNC Lathe CAM
v' 2D Adaptive/Pocket v' Lathe Setup
v' 2D Contour v' Facing
v' 3D Adaptive v" OD Roughing
v Drilling v" OD Finishing
v 3D Finishing v Boring
v" Modifying fixture assembly v Drilling
v REST machining v Grooving/Part-off
J
N
CNC Mill Operation CNC Lathe Operation
v" Handle Jog using MDI v/ Setting jaws on LMC
v' Tool Change using MDI v' MDI Tool Change
v' Posting & Loading program v" Posting & Loading
v' Changing Jaws on Gepard v' Manual Tool Probing
v' Automatic tool probing v Insert Identification
v/ Setting up a Hydroforce v' Changing Inserts
v' Setting up an ER Holder v Using a Tailstock
v' Changing fixtures on zero point v Installing KM50 Tools
v’ Using Talon/Versa Grips v Using 5C Collets on LMC
v Usingthe Setrite chuck v' Installing a Drillin an ER Collet
v Setting up a Duo-Lock v Using Tool Holder Bushings
v' Changinginserts on face mills
v' Manual Tool Probing
v' Using Toe Clamps (VF4 Plate)
v' Usingthe Vero-S system (UMC) ) ( *Satisfiable only through Activity 1 and 3

Candidate name:

Candidate signature:




METAL (Mentor Evaluation & Technical Ability Log)

- N ([
Waterjet operations Manual Mill Operation
v’ Exporting a dxf v' Using guards
v Loading files v Using motor feed
v' Using toe clamps v Using the monitor
v' Setting cut Z height v' Using the quill
v Filling garnet v" Facing
v Using Rhino Board v' Drilling
v Garnet line diagnostics v’ Squaring stock
v’ Installing rubber guard v Using an edge finder
v Setting material, thickness \
v' Changing water level
Hand tools
( . h v' Torque Wrench
Horizontal bandsaw v Using Drill
v' Stock clamping v Socket Wrench
v Elevating the saw v' Hex Wrenches
v' Changing Saw Speed v Torque Driver
v" Adjusting Coolant v' Impact Driver
v' Changing saw exposure v' Hand Tapping
v' Changing saw angle v' Deburring tool
v' Changing clamp pressure v' Usinga Drill Chart
v' Changing saw Blade \
\ 7
4 N\
Vertical bandsaw Metrology
v" Using Push Sticks v Dial calipers
v’ Dialindicator
Y Changing saw speed v' Vernier micrometer
Y Applying coolant v' Telescoping gauges
v Using vice for round stock
v" Changing saw exposure Y Surfaceplate
v' Changing saw angle v Bluing
. v Shims
v' Changing curves on saw v Hardness tester
L v' Cutting curves on saw ) \_

Candidate name: Candidate signature:
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