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A 1”-8 x 6” Grade 8 (high strength bolt) should act like a rigid steel bar
An automotive OEM standard is a consensus standard
Most fasteners are produced by cutting them on screw machines
Torque Control provides the most accurate method of tightening
In a bolted joint, the nut should be stronger than the bolt
A M10 bolt is a good substitute for a %2”bolt and vice versa
There is a relationship between torque and tension
A Wedge Tensile Test can be conducted on any part
The default understanding is that threads are right-handed
. A Charpy Impact Test is used to test Ductility
. Stainless Steel is never magnetic
. A metric bolt with 8.8 on the head is about as strong as an inch Grade 8
. If a fastener’s tensile strength is exceeded, it will fracture
. A fine pitch fastener and coarse pitch fastener have equal strength
. On aninch UNC thread, the pitch diameter grows by 4 times the plating thickness
. Hardness testing is only done in test labs
. A class 3 thread fit has no allowance for plating
. Tempering makes quench and tempered fasteners harder and stronger
. If parts are properly heat treated we don’t need to worry about fatigue failure
. ASTM, ASME, and ISO standards are exactly the same

Test your Fastener IQ- answer these 20 questions with a True, False or Don’t Know

- A4 A4 A4 A A A4 A4 A A A A AA A A A A A
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Exercise Problem #1
Problem:

The foreman on a job site has two pails of hex bolts. One pail is comprised of bolts produced to SAE J429
Grade 8. The other pail is comprised of bolts produced to ASTM F3125/F3125M Grade A325. The
foreman is curious to know if they have the same Tensile Strength or not. How would he go about
finding out?

Helpful Hints:
Tensile Strength = The maximum load that the bolt can withstand before breaking.

List the key words/topics that will assist in finding the answer:

° Hex Bolt, Tensile Strength
° SAE J429 Grade 8
. ASTM F3125/3125M Grade A325

What type of standard would you expect to find the answer in?
Product Material Test

Considering the IFl Book of Fastener Standards:

Using Table of Contents (List Standards and Pages you might explore):

. SAE J429 12*": pg 247 11" pg 238
. ASTM F3125/F3125M 12" pg 542 11" pg 531

Using the Designation Index (List Standards and Pages you might explore):

e  Same as above

[ )
Answer:
Tensile strength of SAE J429 Grade 8: 150,000 psi
Where you found answer: Table 1

Tensile strength of ASTM F3125/F3125M Grade 325: 120,000 psi

Where you found answer: Table 1 and Table 2
What do you tell the Foreman? They are not equivalent strength
©2025. Fastener Training Institute. 3
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Exercise Problem #2
Problem:

A customer brings a nut to your customer service counter and explains that they know it is an ASTM
A194 Grade 8 nut but nothing more. They ask what material it is made of so that they can be sure to
purchase the right replacement. What do you tell them?

Helpful Hints:

One of the confusing things about standards is the use of the same terms with different meaning or
understanding. In this case, there is no similarity between the Grade 8 bolt of the previous problem and
this Grade 8 nut. The term “grade” in these two standards generically refers to a particular strength of
material or product and is not understood to be equivalent even though the term is the same.

List the key words/topics that will assist in finding the answer:

° ASTM A194 Grade 8

What type of standard would you expect to find the answer in?
Product Material Test

Considering the IFI Book of Fastener Standards:

Using Table of Contents (List Standards and Pages you might explore):

. A194/A194M 12%: pg 646 11t: pg 635

Using the Designation Index (List Standards and Pages you might explore):

o Same as above

[ )
Answer:
What Table do you use to find the answer? Table 1, column 2
What material is a Grade 8?7 $30400 which is 304SS

©2025. Fastener Training Institute.
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Exercise Problem #3
Problem:

A customer calls you on the phone and explains that they purchased a 5-13 x 4” Grade 5 hex cap screw
from you. They want to know what the load in pounds-force this bolt can hold. What would you tell
them?

Helpful Hints:

In this case, you have to be careful of the word “strength”. Strength is defined as the material’s ability to
withstand an applied stress without breaking. This allows us to describe the capacity of different sized
parts with the same term, although clearly a larger bolt will be able to hold a greater load than a smaller
one with the same strength capacity. “Grade 5” gives us a clue, BUT be careful, the customer wants to
know the strength of a %4-13 part and not ones that are bigger or smaller.

As asked there are two right answers to this question.

If you hit a road block looking for hex cap screws, be careful this is an example where the industry uses a
term that might normally be associated with another type of product.

List the key words/topics that will assist in finding the answer:

e  1/2-13 x4”, Hex Cap Screw, Grade 5, Strength

What type of standard would you expect to find the answer in?

Product Material Test

Based on that, which CSO(s) standards will you be searching for? _ SAE or ASTM
Considering the IFl Book of Fastener Standards:

Using Table of Contents (List Standards and Pages you might explore):

. Grade 5 = SAE J429 12: pg 247 11': pg 238

©2025. Fastener Training Institute. 5
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Answer:

What Standard will you find this information in? SAE J429

Why is 120,000 psi NOT the right answer? This is strength and not load

What Table do you use to find the answer? Table 5

What is the load cana %-13 HCS carry? __ 12,100 Ibf Proof Load and 17,000 Ibf Tensile Load

©2025. Fastener Training Institute.
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Exercise Problem #4
Problem:

A customer calls you up and inquires about the following: he would like to know what the “head height,
recess size, penetration depth, and maximum fall away” is for a #8 Type VI Pan Head Tapping Screw. Can
you find the information for him?

Helpful Hints:

This standard is an example of a standard with many pages of diagrams and dimensions. You may have
to spend a little time searching for the answer. Is the answer in the diagrams?

Remember to always pay attention to the Footnotes.

Penetration Depth (Also called “Recess Penetration Depth”) is the distance from the top of the head to
the “effective” bottom of the driving feature. This is a very important dimension because if it is either
too shallow or too deep, it could result in problems with the part.

Recess Size determines how large the driver bit, i.e. what size, needs to be.

Fall-away refers to the amount of underfill at the interface of the top head surface and the vertical
recess wall. Too much Fall-away results in a sloppy fit of the bit and recess.

This example illustrates the frustration many of you will find, i.e. that there are often multiple terms
meaning the same thing and one customer may use a term that is different than the standard.

In CSO standards, they usually prefer NOT to use trademarked names. This is the case for the way this
standard designates recess styles. For example, a Type 1 is what we would normally refer to as a
“Phillips Drive”. Flip through to see if you can figure out what a Type VI recess is.

List the key words/topics that will assist in finding the answer:

e  Head Height, Recess Size, Penetration Depth,
e  Maximum Fall Away, Type VI,
e  Pan Head Tapping Screw

What type of standard would you expect to find the answer in?
Product Material Test

Based on that, which CSO(s) standards will you be searching for? ASME

©2025. Fastener Training Institute. 7
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Considering the IFl Book of Fastener Standards:

Using Table of Contents (List Standards and Pages you might explore):

. Tapping Screws = ASME B18.6.3 12'": pg 734 11*": pg 723
[ )
Answer:
What Standard will you find this information in? ASME B18.6.3
What is a Type VI recess? Six Lobe or Torx®

In what Table or Tables will you find these answers? 12t 2.2.5-3 and 2.2.5-2 11*: Table 19 and
Table 18

Recess Size: __T20

Penetration Depth: _.070/.055

Max Fall-Away: 031

Head Height: .115/.105

How did you find the Head Height? __ Use Footnote

©2025. Fastener Training Institute.
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Exercise Problem #5
Problem:

A customer calls complaining about cracks in the heads of Alloy Steel Socket Head Cap Screws you
supplied. Are they allowed?

Helpful Hints:

This is a rare example where the answer will be found in the relevant Socket Head Cap Screw standard
rather than a more generic “Quality Standard”.

Pay attention to “alloy steel”
List the key words/topics that will assist in finding the answer:

e Cracks, Alloy Steel, Socket Head Cap Screw

What type of standard would you expect to find the answer in?
Product Material Test

Considering the IFI Book of Fastener Standards:

Using Table of Contents (List Standards and Pages you might explore):

. Socket Product = ASTM A574 12": pg 463 11%: pg 452

Answer:
In what standard will you find the answer? ASTM A574

Are the cracks allowed or not? It depends- A574 does allow some cracks that are limited in
size, depth, and/or location

©2025. Fastener Training Institute.
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1. In your own words, how would you describe cold heading to a colleague or
interested family member?

“Cold heading is a manufacturing process where you manipulate the shape of
the parts you are forming at room temperature by applying very large forming loads

(smashing the heck out of them) in a series of dies and tools.”

2. List three advantages to cold heading
a. _Productivity (Speed of process)
b. _Little or no waste

c. _Stronger than cut parts

(Also Net Shape or Near Net Shape, more cost effective, effective method of getting internal
drive recesses)

3. What would be some limitations on cold headed parts?
e Tolerances may be looser than some methods such as machining
e Limited by how much material you can move (head to shank ratios are limited)
e Significant complexity may be difficult or impossible to get
e Surface finish less rough than forging but rougher than grinding and some machining
e May have some areas that are naturally underfilled
e Ends may be rough and irregular

4, Why are rolled threads preferred on external parts?
“Rolled threads are stronger than cut threads because the grain pattern is manipulated into
a stronger configuration than prior to rolling.”

©2025. Fastener Training Institute. 1"
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5. Which process would you use to make the following parts? (Choose between Cold Heading,
Screw Machining, and Hot/Warm Heading)

Source: 3VFasteners

Aerospace 12Pt Spline Head Bolt  COLD HEADING w/secondary operations

Source: rays-tek surplus.co.uk

Typical Countersunk Head Aerospace Screw COLD HEADING w/secondary operations

©2025. Fastener Training Institute. 12
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Sou rce:www.acrospec.com

Steel Part SCREW MACHINING

Source: www4grambo4com

Large 2 %" to 3” diameter Socket Screw SCREW MACHINING or HOT HEADING

©2025. Fastener Training Institute.
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Source: Stanley Engineered Fasteners

Special Hex Bolt COLD HEADING w. secondary operations

Source: Wei Shian Fasteners

Special Fastener SCREW MACHINING

©2025. Fastener Training Institute.
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Source: yuinsokotion.com

Fluid Line Adapter SCREW MACHINING

Source: fastenersolutions.com

Alloy 718 (Inconel) 12PT Spline Flange Bolt WARM or HOT HEADING

Source: altrod.com

1% -2" Hex Bolt HOT HEADING

©2025. Fastener Training Institute.
DO NOT COPY. www.fastenertraining.org

15



© FASTENER
TRAINING
INSTITUTE

Section: 1-7 Feasibility Exercise

Revision: 04162020

Certified Fastener Specialist: Fastener Training Week
“Hands-On: Feasibility Exercise”

©2025. Fastener Training Institute.
DO NOT COPY. www.fastenertraining.org




Feasibility Assignment
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Outline a “rough” manufacturing
process

Determine what can be done in-house
and what needs to be outsourced

Are there any parts of the operation
you are not capable of meeting the
quality requirements?

Is there anything about the print that
needs further clarification from the
customer?

Do you have the capacity to make the
part?

Does this part “fit” your operation?

Is this an expensive or inexpensive part?
What material would you quote for this
job and why?

Identify at least three cost drivers?
Which requirements are going to

©2025. Fastener Training Institute.
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Outline a “Rough” manufacturing Process

* Option 1:

Raw material

Head w/o end recess (2d3b Header)
Re-Head end recess
Shave upper grooves
Shave lower groove
Heat Treat
Centerless Grind
100%NDT

Final Inspection

Sort

Package

e Option 2:
* Raw material
* Head w end recess (4d4b Header)
» Shave upper grooves
* Shave lower groove
Heat Treat
Centerless Grind
100%NDT
Final Inspection
Sort
Package

©2025. Fastener Training Institute.
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Determine What you Can do In-house

* Option 1:
* Raw material (Purchase)

* Head w/o end recess (2d3b Header)
(In-house)

* Re-Head end recess (In-house)

* Shave upper grooves (In-house TBD)
* Shave lower groove (In-House TBD)
* Heat Treat (Outsource)

* Centerless Grind (Outsource)

* 100%NDT (Outsource)

* Final Inspection (In-house)

* Sort (In-house)

* Package (In-house)

e Option 2:
* Raw material (Purchase)

* Head w end recess (4d4b Header) (In-
house)

» Shave upper grooves (In-house TBD)
 Shave lower groove (In-house TBD)
Heat Treat (Outsource)

Centerless Grind (Outsource)
100%NDT (Outsource)

Final Inspection (In-house)

* Sort (In-house)

* Package (In-house)

©2025. Fastener Training Institute.
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Feasibility Review- Meeting Quality Requirements

Are there any parts of the operation you are not capable of meeting the quality requirements?

* The .3750/.3745 Body Diameter has a tolerance of .0005”- Cold Heading would not be capable of holding this
tight tolerance. Therefore, a grinding operation would be required to meet this tolerance. Additionally there is a
surface finish requirement that may or may not be feasible for cold heading alone- this is another reason why

grinding is necessary.
* The thread fit requirement is Class 3A, which requires tighter quality control than the standard 2A

* There is a requirement for 100% NDT- this is a non-destructive test for workmanship and surface quality. It is an
extremely expensive and time consuming test, however.

¢ FASTENER
TRAINING
INSTITUTE
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Feasibility Review- Missing Information

Is there anything about the print that needs further clarification from the customer

* There is no locating dimension for the lower groove- this would need to be resolved with customer before this
part could be made

* Undercut geometry needs further clarification- as shown it is impossible to make- no radiuses at corners. The
ideal solution would be to get enough radius and tolerance to put into the cold heading sequence. The
alternative is another, added shaving operation.

* Clarify whether chamfers are needed or just a corner break?

¢ FASTENER
TRAINING
INSTITUTE
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Feasibility Review- Capacity

Do you have the capacity to make the part?
Option A:

2d3b header: 120ppm x 224 min/day x 280 days/year = Annual Capacity 7,526,400
Reheader: 40ppm x 224 x 280 = Annual Capacity 2,508,800
Shave: 6ppm x 3 x 224 x 280 = Annual Capacity 1,128,960

Conclusion: Annual part volume is 1,375,000- Depending on the existing utilization of the equipment, you would be
able to add this part to the header and reheader but do NOT have enough shaving capacity. In fact, because there
are (2) shaving passes, the three shavers would only provide about % of the required capacity. Either new shavers
would need to be invested in or one or both shaves would need to be outsourced.

Option B:
4d4b header: 80ppm x 224 x 280 = Annual Capacity 5,017,600

Conclusion: Once again, depending on utilization, addition of this part should be no problem BUT same restraint
with the shaving operations. e e

INSTITUTE

©2025. Fastener Training Institute. 22
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Feasibility Review- Other Questions

Is this an expensive or inexpensive part?
A: Yes, very expensive. Even at this volume this part is either pushing or exceeds $S1 each

What material would you quote for this job and why?
A: Alloy Steel (4037, 4140, or 8740) SAEJ429 Grade 8 gives several options, the most expensive but safest choice,
especially as you get larger in diameter, is Alloy Steel

Identify at least three cost drivers?

A: . Grade 8

. Upper shaved grooves

. Lower shaved groove and maybe chamfer

. Class 3A threads

. Centerless Ground Shank

. Lower hex recess

. 100% NDT

. Possibly undercut depending on what customer needs

ONO UL B WN P
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Purpose:

The purpose of this exercise is to further acquaint you with navigating and understanding
standards, in this case Product (or Dimensional) Standards. This exercise will have you
comparing and answering some questions regarding (5) broad fastener categories:

1. Bolts

2. Socket Products
3. Screws

4. Nuts

5. Washers

Unlike yesterday’s Navigating Standards exercise where “getting the right answer was less
important than gaining a feel for how standards are set-up and work, this exercise is all about
practicing getting the right answer and gaining a deeper understanding of a small selection of
the fastener standards that are out there.

Duration:

1 hour and 15-20 minute wrap-up discussion at the end of the day to go over your answers

Instructions:

Use the IFI Book of Standards to work through the Workbook Exercises

©2025. Fastener Training Institute.
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Exercise #1 — Bolts (Hex Head Products)

In your IFI Book of Standards- Locate:

BwN e

e ASMEB18.2.1
e ASME B18.2.6

What is the Title of ASME B18.2.1? ___ Square, hex, heavy hex, and askew head bolts
and hex, heavy hex, hex flange, lobed head, and lag screws (Inch Series)

What is the most current revision level? _ 2012
What is the Title of ASME B18.2.6? __ Fasteners for Use in Structural Applications
What is the most current revision level? _ 2019

Review the Scope of ASME B18.2.1
How many different product types are included in this standard? 9

What measurement system is used by this standard? Inch

What relationship do these products have to ISO standard products? _ None
Explain the difference between a “Short Bolt/Screw” and a “Long Bolt/Screw”?

_Short Bolt = Threaded the full length and Long Bolt = Not threaded the full length so a
combination of threads and shoulder

Quickly Review the Text in sections 2,3,4, and 5
What main theme does each section cover?

2. General Data for Both Bolts and Screws__
3 Bolts

4:  Screws

5:  lag Screws

From Section 2: What is the thread inspection requirement for these products?
System 21

From Section 2: What Thread Class are these products (except Lag Screws)?
2A

©2025. Fastener Training Institute.
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4. From Section 2: What finish do these products receive?
It is the decision of the purchaser- default is plain or light oil

Review the Scope of ASME B18.2.6
1. How many different product types are included in this standard?
What measurement system is used by this standard?

e Quickly Review the Text in sections 2,3,4, 5, and 6

1. What main theme does each section cover?

2: Heavy Hex Structural Bolts

3: Heavy Hex Nuts

4: Hardened Steel Washers

5: Compressible Washer-Type Direct Tension Indicators
6: Twist-off Type Structural Bolts, Heavy Hex and Round

5

Inch

e Referring to both standards, fill in the following Table for a .” Diameter Example

Product/Table | Full Basic Max Min Max Min Basic Max Min
Body/Body | Width Width Width Width Width Head Head Head
Diameter Across Across Across Across Across Height Height Height

Flats Flats Flats Corners | Corners

Hex Bolts .515/.482 3/4 .750 725 .866 .826 11/32 .364 .302

(Table 2)

Heavy Hex .515/.482 7/8 .875 .850 1.010 .969 11/32 .364 .302

Bolts

(Table 3)

Hex Cap .500/.493 3/4 .750 .736 .866 .840 5/16 323 .302

Screw

(Table 6)

Heavy Hex .500/.482 7/8 .875 .850 1.010 .969 5/16 323 .302

Screws

(Table 7)

Heavy Hex .515/.482 7/8 .875 .850 1.010 .969 5/16 .323 .302

Structural

Bolts

(Table 1)

©2025. Fastener Training Institute.
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1. How is a Heavy Hex Bolt different than a Hex Bolt? Larger size hex, both Width
Across Flats and Width Across Corners
2. How is a Hex Cap Screw different than a Hex Bolt?

_____Smaller Body diameter and tighter tolerance, Same size but tighter WAF and WAC

dimensions, and Thinner head
3. How is a Heavy Hex Structural Bolt different than a Heavy Hex Bolt?

_____Structural bolt has a thinner head 5/16 versus heavy hex having 11/32

Bonus Question:

You may have noticed that the Basic Head Height of the Structural Bolts are less than that for a
Heavy Hex and if you dug deeper into the standards you would see that the length tolerance for
Structural Bolts (generally speaking) is unilateral and less than that for Heavy Hex Bolts. (For
example, the tolerance for a %4” x 6” long heavy hex bolt is +0.12/-0.18 and for the same size
structural bolt +0/-0.19. Why do you think these differences exist?

Most structural bolts are loaded in shear and not tension so that Grip Length control is
important and material in head a little less important than for a tension application

©2025. Fastener Training Institute. 29
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Exercise #2 — Socket Products

In your IFI Book of Standards- Locate:

e ASMEB18.3

1. What is the Title of ASME B18.3? _ Socket Cap, Shoulder, Set Screws, and Hex Keys
(Inch Series)

2. What is the most current revision level? 2012

e Review the Scope of ASME B18.3

1. How many different product types are included in this standard? _ 4

2. How many different head styles are included in this standard? 7

3. In addition to the product types, what else does the scope say is included in the
standard? ___ Gages, Keys and Bits, and Drill and Counterbore Sizes

4. What measurement system are these products in? Inch

e Quickly Review the Text in sections 1 and 2
1. What main theme does each section cover?
1 Scope

2:  General Data

2. From Section 2: What is the thread inspection requirement for these products?
____ System 22

3. From Table 1: What Thread Class is a Socket Head Cap Screw? 3A

4. From Table 1: What thread series are Socket Head Cap Screws? _UNRC and UNRF__

5. From Section 2: What finish do these products receive? ___ Per material standard but

generally plain or black oxide- they should not be electroplated

©2025. Fastener Training Institute.
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e Referring to the standard, fill in the following Table:

[Use a 2” diameter to answer columns 3-8]

(1)Product/Table | (2)Range | (3)Max (4)Min (5)Min (6)Max (7)Min | (8)Max
of Body Body Head Head Head Head
Product | Diameter | Diameter | Diameter | Diameter | Height | Height
Size

Socket Head Cap | #0-4” 0.500 0.4919 0.750 0.725 0.500 0.492

Screw (Table 12)

Socket Flat #0-1 %"

Countersunk X X X X X X

Head Cap Screw

(Table 8)

Socket Button #0-3/4

Head Cap Screw X X X X X X

(Table 11)

Low Head #4-5/8 0.500 0.4919 0.750 0.743 0.254 0.244

Socket Head Cap

Screws

(Table 12)

Socket Head 1/8"-2" 0.4980 0.4960 0.750 0.729 0.312 0.302

Shoulder Screws

(Table 13)

Socket Set #0-2"

Screws (Table
14)

1. How do the head dimensions on a % Socket Cap Screw compare to a %2 Hex Cap Screw?
Socket Head Cap diameter is nearly equal to the Across flats (so smaller overall
bearing area) and significantly taller head

©2025. Fastener Training Institute.
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Exercise #3 — Nuts

In your IFI Book of Standards- Locate:

e ASME B18.2.2
e ASMEB18.16.4
e ASME B18.16.6

1. Whatis the Title of ASME B18.2.2? __ Nuts for General Applications: Machine Screw
Nuts, Hex, Square, Hex Flange, and Coupling Nuts (Inch Series)

2. What is the most current revision level? 2022

3. Whatis the Title of ASME B18.16.4? __ Serrated Hex Flange Locknuts 90000 PSI (Inch
Series)

4. What is the most current revision level? 2008 (Reaffirmed 2013)

5. What is the Title of ASME B18.16.6? ____ Prevailing Torque Locknuts (Inch Series)

6. What is the most current revision level? 2017 _(Reaffirmed 2022)

e Review the Scope of ASME B18.2.2
1. What product does the standard cover?

Machine, Square, and Hex Nuts
2. What relationship is this standard to ISO products? None

e Quickly Review the Text in section 3
1. What main theme of this section?
3: _ General Data

2. What is the thread class?
2B
3. What does it say about Grade and ID Marking?
______Follow the instructions of the material standard

4. What does it say about corner fill?

Basically that it must fall within the WAC specification
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Bonus Question:

Why is Corner Fill important? Rounded corners strip easily when torque is applied to the

wrench

e Referring to the standard, fill in the following Tables:

Product (Table) Size Range
Square + Hex Machine Screw Nuts (Table #0-3/8”
1.1.1-1)

Small pattern Hex Machine Screw Nuts (Table | #0-#10
1.1.1-2)

Square Nuts (Table 1.1.1-3) W1
Hex Flat +Hex Flat Jam Nuts (Table 1.1.1-4) 11/8"-1%"
Hex Nuts + Hex Jam Nuts (Table 1.1.1-5) n’-4”

Hex Slotted Nuts (Table 1.1.1-6) w1 %"
Hex Thick Nuts (Table 1.1.1-7) n—-1%n"
Hex Thick Slotted Nuts (Table 1.1.1-8) w—-1%"
Heavy Square Nuts (Table 1.1.1-9) W —=1%"
Heavy Hex Flat + Heavy Flat Jam Nuts (Table 11/8"-4"
1.1.1-10)

Heavy Hex + Heavy Jam Nuts (Table 1.1.1-11) w—4"
Heavy Hex Slotted (Table 1.1.1-12) w—4"

Hex Flange + Large Hex Flange Nuts (Table
1.1.1-13)

#6 -3/4” and %"-5/8"

Coupling Nuts Table 1.1.1-14)

#6 - 6"

e Refer to Tables 1.1.1-5 (Table 4 in 11") and 1.1.1-11 ( Table 10 in 11"), Fill out for a %”

size Nut:

Product/Table Min Max Min Max Min Hex Max Hex
Width Width Width Width Thickness | Thickness
Across Across Across Across
Flats Flats Corners Corners

Hex + Hex Jam 0.736 0.750 0.840 0.866 0.427 0.448

Nuts (Table

1.1.1-5)

Heavy Hex + 0.850 0.875 0.969 1.010 0.464 0.504

Heavy Jam Nuts

(Table 1.1.1-11)
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1. How are Heavy Hex Nuts different than Hex Nuts? Larger WAF, WAC, and
Thicker

©2025. Fastener Training Institute.
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Exercise #4 — Machine and Tapping Screws

In your IFI Book of Standards- Locate:

1. Whatis the Title of ASME B18.6.3? _ Machine Screws, Tapping Screws, and Metallic
Drive Screws (Inch Series)

ASM

E B18.6.3

2. What is the most current revision level? 2024

e Review the Scope of ASME B18.3
1. How many different product types are included in this standard? 3

2. What relationship do these products have with ISO Products? None

e Quickly Review the Text in sections 2,3,4, and 5

1. What main theme does each section cover?

2:
3
4.
5

2. How many head types are included in this standard for Machine and Tapping Screws?

______General Data for Machine Screws and Tapping Screws
______ General Data for Machine Screws_

______ General Data for Tapping Screws__~

______General Data for Metallic Drive Screws

12

3. What inspection system is used for Machine Screws? __System 21

4. What are the material options for Machine Screws?

__Carbon Steel Unhardened
__Carbon Steel Hardened

___Other materials such as Stainless Steel
__and nonferrous

5. Name the (7) different Tapping screw types that form their own thread in this standard?

1.

2.
3.
4

AB
ABR
B
BP
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6. List at least (2) (of the 5) Performance Tests that might be conducted on Tapping

Screws?
1. Drive Test

Drive Torque Test

2

3 Torsional Strength
4, Ductility Test

5 Hydrogen Embrittlement Test

©2025. Fastener Training Institute.
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Exercise #5 — Washer Products

In your IFI Book of Standards- Locate:

e ASMEB18.21.1
e ASTM F2437/F2437M

1. Whatis the Title of ASME B18.21.17 Washers: Helical Spring-Lock, Tooth Lock, and
Plain Washers (Inch Series)

2. What is the most current revision level? 2009 (Reaffirmed 2016)

3. Whatis the Title of ASTM F2437/F2437M ____Carbon and Alloy Steel Compressible-
Washer-Type Direct Tension Indicators for Use With Cap Screws, Bolts, Anchors, and
Studs

4. What is the current revision level? 2019

e Review the Scope of ASME B18.21.1

1. How many different product types are included in this standard? 3
2. How does this standard relate to ISO Products? No Relation
3. What size range is included for Plain Washers? #0-3”

e Quickly Review the Text in sections 2,3, and 4
1. What main theme does each section cover?

2: General Data for Helical Spring Lock Washers
3: General Data for Tooth-Lock Washers____
4: General Data for Plain Washers (Flat and Fender)

2. What are the three types of Plain Washers?

1. Type A
2. Type B
3. Fender
©2025. Fastener Training Institute. 37
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3. What is each Plain Washer Type intended to do?

1. Type A - Minimize embedment
2. Type B - Distribute Load
3. Fender - Cover oversize holes or slots and distribute load over large areas

Review the Scope of ASTM F2437/F2437M
1. What Product does this standard cover?
__Carbon and Allow Steel Compressible-Type Direct Tension Indicators (DTls)

2. How many different types are included in this standard?
____ 2 Styles, 4 Grades, and 2 Property Classes

3. What size range is included for these washers? 1/4”-2 %" and M6-M72
4. What measurement system does this standard use? ___Inch and Metric
5. What are these products used with and/or for? Under a Bolt or Cap Screw head,

under a hex nut, or against a hardened washer or other flat hardened surface — usually
used in structural bolting
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STARTING QUESTIONS

What did the customer want?
Round headed bolt
Hot hip galvanized
Per ASTM A449

Did the supplier provide bolts that satisfy the
customer’s request?

Round head

Hot dip galvanized

Do the parts that were supplied meet ASTM A4497?

¢ FASTENER
TRAINING
INSTITUTE

©2025. Fastener Training Institute. 40
DO NOT COPY. www.fastenertraining.org



In ASTM A449 the Carbon Range for Alloy
|te ms | N QU estio Nn- M ate ri 3 | Ce rt Boron Steel is .28-.55. This is out-of-range.

(Note: Boron is in range but just barely- it

Material Cert is near the max of .003)
Date: 14-Apr-14
Customer Name i
Customer Address ;
P/O No. - 420924 & 421067
Part No. - 708042536

. A449 ROUND HEAD TC Bolt, Without nut &

Descripti
SR " Washer, Steel, Per A449 Spec

Size CTROXT
Finish : Hot Dip Galvanized
Specification : Head Marking: A449 + Mfg's ID

Brand: 20MnTiB /
Chemical Analysis(Jo) —re———

Diz C Mn P S
Heat No.
at No oy w
3105764 29 0.2200 0.2300 1.5200 0.0130 0.0050
Er Ni Mo Cu W
0.0400 0.0200 0.0010 0.0300 0.0030
v Ti B Al Als
0.0030 0.0600 0.0027 0.0240 0.0220
Heat Treatment Technical & Mechanical Performance
. 4 Re Rm Z A AK
& Time Medium 2 2pa - % TR E s Hot Forge
960 50 Qil 1071 1388 62 15 127 QK
200 60 Water 1063 1358 62 14 132 OK

¢ FASTENER
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WHAT ABOUT THE “QUALITY” OF THE CERTS?

Bad
Bad

Worse!l
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ltems in Question- Test Report

Report No. : R20140415060 I

Test Report

A449 and TC Bolt (ASTM
F3125/F3125M Grade A325TC) are not
equivalent

Twist-Off (TC) Bolts are not to be
separated, i.e. they must be sold as an
assembly

We don’t know what lot size or
sampling plan standard is being utilized
so we can’t be sure if the Sample Size is
adequate or not.

Description [ 7448 Round Head TG Bolt withoul Nut & Washer
Applicant Address
Size 7i8-9x7
Finish Receipt Date 2014/4114
Sampler Inspection Date L 20140415
Sample Size
Lot No Reference PO Mo : 4200248421087
Lot Guantity Reference Line ltem No.
Heat No. Reference Part hNo. 1 708042636
Material Type erence Print Mo.: Revision:
Dimensional Inspection
Item Characteristics Sample (pcs)  Specil Test Method Requirement Unit
1 Appearance 4 ASTM F788 Visual OK
2 Head Diameter 4 IFI 7th JIS B1071-1885 1880 - Max Inch 1574 - 1588 4
3 Head Height 4 IFI 7th JIS B1071-1885 0531 - 0563  Inch 0562 - 0.563 4
4 Body Diameter 4 IFI 7th JIS B1071-1985 0.852 - 0.895 Inch 0.863 - 0.864 4
5 Bearling Diameter 4 IFI 7th JISB1071-1985 1535 - Min Inch 1.486 - 1.498 [
6 Thread Length 4 IFI 7th JISB1071-1985 1500 - Ref Inch 1.562 - 1564 4
7 Spline Length 4 IFI 7th JIS B1071-1885 0720 - Ref Inch 0825 - 0854 4
8 Spline A/F 4 IFI 71h JIS B1071-1985 0610 - Ref Inch 0.608 - 0.310 4 “005
9 Spline 4 IFI 7th JIS B1071-1985 12 Teeth OK 4 Visual
10 Grip Gaging Length 4 IFI 7th JIS B1071-1985 0.280 - Ref Inch 0208 - 0212 o Z-005
Center of Groove to
1 1st Fully Form 4 IFI Tth JIS B1071-1985 0278 - Max  Inch 4 0 Z-005
Thread
o " Undefined test
12 Grogve Angle 4 IFI 7th JIS B1071-1985 58 - B5 De Positian
13 Head Marking 4 IFI 7th JIS B1071-1985 OK 4 ] Visual
14 Go Gauge 4 IFI 7th JIS B1071-1985 OK 4 a0
15 Length 4 IFI Tth JIS B1071-1885 7.00 Inch 6872 - 6873 4 a Z-005
16 Finish 4 HDG QK 4 Q Visual
P! al Properties
Item Characteristics Specification ;d- Method Requirement Unit Actual Resull Acc Rej Gage Mo.
17 Core Hardness 1 Per h ASTM E18-11 25 - 34 HRC 32 - a3z 1 ] Z-001
18 Tensile Strength 1 Per IFI Tth ASTM FEOE-11a 120000 -  Min Psi 142815 - 142815 1 ]
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ltems in Question- Test Report

IFI 7t is not a valid specification to
reference

JIS B1071-1985 does not appear in the
IFI 7th edition. There is also a newer
2010 revision. (Note: This may not be
considered wrong, only inconsistent)

They report all four samples failing this
requirement but certify that the parts
conform. There is no explanation or
documentation that a deviation was
requested and accepted for this out-of-
specification condition

Is this an A449 or a TC Bolt? If it is
considered a TC Bolt as the description
implies, this head marking is incorrect

Test Report
Report No. : R20140415060 |
Description ~ A448 Round Head TG Boll withoul Nut & Washer Applicant
Applicant Address
Size 7i8-9x7
Finish HOG Receipt Date 2014/4114
Sampler 3 — Inspection Date 20141415
Sample Size 4 Pcs
Lot No 20140409 Reference PO No : 4209248421067,
Lot Quantity Pcs Reference Line ltem No.
Heat No. 3105764 Reference Part No.
Material Typa . Steel Reference Print No.: Revision:
Dimensional Inspection
Item Characteristics  Sample (pcs)  Specificat Test Method Requirement . Actual Result Acc.  Rej.  Gage No.
1 Appearance 4 ASTM Fr8s Visual OK
2 Head Diameter 4 IFI 7th JIS B1071-1985 1880 - Inch 1574 - 1588
3 Head Height 4 IFI 7th JIS B1071-1885 0531 - j# Inch 0562 - 0.563
4 Body Diameter 4 IFI 7th JIS B1071-1985 0.852 Inch 0.863 - 0.869 3
5 Bearling Diameter 4 IFI 7th JIS B1071-1985 1. = Min Inch 1.496 - 1.494 =005
6 Thread Length 4 IFI 7th A - Ref Inch 1.562 - 1.564 Z-005
7 Spline Length 4 IFI 7th - Ref Inch 0825 - 0.854 Z-005
8 Spline A/F 4 IFI 71h - Ref Inch 0.608 - 0.310 4 0 Z-005
9 Spline 4 IFI 7th 12 Teeth OK 4 0 Visual
10 Grip Gaging Length 4 IFI 7th B1071-1985 0280 - Ref Inch 0208 - 0212 4 o Z-005
Center of Groove to
11 1st Fully Form 4 IF1 7th JIS B1071-1985 0278 - Max Inch 0276 - 0278 4 "] Z-005
Thread
fi t
12 Groove Angle 4 Finth Juselori-ieep s5° - 6s5°  Pegree U"dPeD:’e.d tes
13 Head Marking 4 IFI 7th JIS B1071-19 A448+CHLI é OK 4 [1] Visual
14 Go Gauge 4 IFI 7th JIS B1071-19 MNut OK 4 a0
15 Length 4 IFI 7th JIS B1071-18 5 - Inch 6872 - 6873 4 a Z-005
16 Finish 4 _ HDG QK 4 Q Visual
Pl;rgsical ngsrﬁes
Item Characteristics Sample (pcs)  Specification Test Method Requirement Unit Actual Result Act Rej Gage MNo.
17 Core Hardness 1 Per IFI Tth ASTM E18-11 25 - 34 HRC 32 - 32 1 ] Z-001
) 18 Tensile Strength 1 Per IFI 7th ASTMFEOE-11a 120000 -  Min Psi 142815 - 142815 1 4]
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ltems in Question-Material Cert

Material Cert 1. A449 and TC Bolt (ASTM

Date: T4-Apr-14 F3125/F3125M Grade A325TC) are not
Sotocilion | equivalent
e o 2. Twist-Off (TC) Bolts are not to be

_ A449 ROUND HEAD TC Bolt, Without nut & separated, i.e. they must be sold as an

Descripti
CHSERESR " Washer, Steel, Per A449 Spec

assembly
Size TROXT
Finish ot DinCalianize
Specification ; larking: 9 + Mfg's
Brand:  20MWTiB ‘\ 7. s this an A449 or a TC Bolt? If it is
Chemical Analysis(% H H H
e - considered a TC Bolt as the description
o Dia g St Mn P S
S - — : . implies, this head marking is incorrect
3105764 29 00.2200 0.2300 1.5200 0.0130 0.0050
Cr Ni Mo Cu W
0.0400 0.0200 0.0010 0.0300 0.0030
\ Ti B Al Als
0.0030 0.0600 0.0027 0.0240 0.0220
Heat Treatment Technical & Mechanical Performance
. 1 o i Re Rm 2 A AK -
(@ Time Medium Mpa Mpa o aq Sinelo Value 1T C Hot Forge
960 50 Oil 1071 1388 62 15 127 OK
200 60 Water 1063 1358 62 14 132 OK
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ltems in Question- Material Cert

Material Cert
Date: 14-Apr-14
Customer Name i
Customer Address ;
P/O No. - 420924 & 421067
Part No. : 708042536 o . o o .
' ’ 9. This information is, at best confusing,
Descrinti . A449 ROUND HEAD TC Bolt, Without nut &
enpton * Washer, Steel, Per A449 Spec and potentially flags something very
2 T dangerous. Line one seems to show a
i el Q&T operation at 960 C and oil
Specification : Head Marking: A449 + Mfg's ID .
Brand:  20MnTiB quench. The result is an UTS of about
SRR ke = = o 5 : 1000MPa, roughly equivalent to the
Heat No. . ..
- (mm) _ _ _ reported value of 143ksi in the Test
3105764 29 0.2200 0.2300 1.5200 0.0130 0.0050 .
Cr Ni Mo Cu W Report. The second line suggests a 60
00200 | 00200 | 00010_| 00300_| 00030 minute temper at 200C. This is way too
VvV 1 . .
L . & = low to accomplish anything and half
00050 | noeo [ 00027 [ 0G0 1 00220 the minimum value of about 430C
Heat Treatment - - "l‘edl?njcpl&Mech?iqical Performance — required by the A449 Specification.
- g Mo (= m “ . Iy T . .
= e cv PR TR o L The resulting change to UTS is
960 50 Qil 1071 1388 62 15 127 OK . . .
200 &0 Wao | 106 | 3% ) 1 ) oK negligible. These bolts are very likely
brittle. o FASTENER
e—lﬁﬂl“NG
INSTITUTE
8
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What would you do?

This is a special order = look at the certs before buying

Proper sales practice

Contract review
APQP

BUYER BEWARE!

©2025. Fastener Training Institute.
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Required:
[ ]
[
[
[ ]
[ ]

Using a Caliper Exercise- KEY

Dimensional Worksheet
Calipers

Bolt

Nut

Pen/Pencil

IFI Book of Fastener Standards

Exercise Instructions:

Using the supplied calipers measure and record the characteristics of the Hex Cap Screw(s) and
Nut in the Table below. Using the IFI Book of Standards, locate the standard that provides
dimensional information for this product and locate the actual size part you measured. Provide

a thorough description of the Product tested.

Hex Hex Major Shoulder Hex Grade Overall
Across Across Diameter Diameter Height Length
Flats Corners
Hex Cap | .812/798 | .938/.910 | .5609/.5495 | .5625/.5545 | .371/.348 | Grade 8 3
Screw 1

Hex Cap Screw Description:

9/16-12 x 3” Grade 8 Hex Cap Screw
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Hex Hex Across Major Shoulder Hex Grade | Overall
Across Corners Diameter Diameter Height Length
Flats
Hex .938/.922 | 1.083/1.051 | .6233/.6112 | .6250/.6170 | .403/.378 | Grade 5 | 21/2
Cap
Screw 2
Hex Cap Screw Description:
5/8-11 x2 %” Grade5 Hex Cap Screw
Hex Across Hex Across Minor Hex Height Grade
Flats Corners Diameter
Nut 1 .938/.922 1.083/1.051 .5460/.5270 .559/.535 Grade 8
Nut Description:
5/8 -11 -2B Grade 8 Hex Nut
©2025. Fastener Training Institute. 50
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Section: 4-2 Print Comprehension Exercise Review

Revision: 04272020

Certified Fastener Specialist: Fastener Training Week
“Print Comprehension- Exercise Review”
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MUMBER
REVISIONS
NOTE: 0.83 MAX. FALLAWAY I A.D.CN. oATE ar
GAGE DEPTH
| #10.13]A]
+6.55 - TORX DRIVE T-20
“6.15 /2
{2} o
- - ( 3.94 )
(2)
: 1.57
SPHERICAL RADIUS — 83.5
\\ 81.5 1 1.30
>, ., 1
71 Cop— .
0.6 | N\ l Avcx: 50774 e 04/08/08
| G— 7 M i | o ey CATE CHECKED APPROVED
T . 05/08/06 _
0.25 MAX — —— ' stask: 411 D0 NOT SCALE PRINT
C' BORE ' ———| 11.5 1 e Tl Bt e o N B 1
e m— ‘ DIK)IﬂnIO!:INBITQL:J;AT:GIN E‘R_F‘ia; 'mm @Q
. -Tv e ASME Y14.50- 1694 vﬁ
M4 X 0.7P-6g — —— N — - BT T T
, I | | VEE LG
MAJOR DIA/ ", N (a4 ! = -
4.96 e
GAGE DIA 3 .
MATERTAL
STAINLESS STEEL 302HQ
NOTES:
NAME
1) PASSIVATION REQUIRED PER BW S-780 SCREW
APPLICABLE SPECIFICATIONS WAMEER
| [ 5-780 | MS-143 | S-1000A MEIX
| | -
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Print #1

1. What Projection Convention is this
print drawn to? Which part view is
View 1? Which part view is View 2?

* Third Angle Projection

* View 1 = Front View

* View 2 = Top View

-
NOTE: 0.63 MAX. FALLAWAY T R T
GAGE DEPTH
7lo.13]A
. 6.55 TORX DRIVE T-20
“6.15 L. 2
2 @I .
&Y 2
= { 3.94 )
(2
SPHERICAL RADIUS . 83.5 g 1
81.5 .
» , —
1.0 1.0 IR
R - 1.80 L IpeRrrres R —
0.6 . \ Secs: 50774 [wn: 04/08/08
| <: Ea - T T T‘-m:“'
'. T | os/osios |
0.25 MAX == L i
C' BORE == 1.5
W4 X 0.7P-6g '
MAJOR DIA,, al
4.96 -
GAGE DIA
NOTES:
1) PASSIVATION REQUIRED PER BW S-780
T . T
[ s-780 uS-143 | 5-1000A |
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Print #1

2. What is the part material? - =

NOTE: 0.63 WAX. FALLANAY T T
* 302HQ Stainless Steel Ent o e T
SN (E) 2
()

( 3.94 )

3. What do the Hidden Lines in View 1
te" VOU? SPHERICAL RADIUS “aa.s 1.57

81.5 1.30

[rece SoTra T Twn 0ajoBjoB

N

* The shape of the recess and defines the
depth of the recess

] e i =
hE e U e T e e
- I _
. GAGE DIA . -
4. What IS the Th read CIaSS? — e STAINLESS STEEL 302HQ
1) PASSIVATION REQUIRED PER BW S-780 = - - — __

: e e — 1= —T=
[ s-780 | ws-143 | s-1000A e |

06g
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Print #1

5. What s the recess penetration depth, - —
head height, and head diameter? e 0,65 k. FALLAY e

GAGE DEPTH — —

* 1.57/1.30 = Recess Penetration Depth /‘@\;' i )
- 1.95/1.80 = Head Height he=d
* 6.55/6.15 = Head Diameter

( 3.94 )

SPHERICAL RADIUS .
6. Bonus Question: What is Datum A? e ] S g
. M4 X 0.7P-8g — STy _j:;;:wm Xwsl w
* Datum A is the M4 Threads. Normally the woNGe) 1) i --
default when a thread is chosen is the SAsE o1A . e s s _
PitCh Diameter. In thiS Case, hOWEVEf, the 1) PASSIVATION REQUIRED PER BW 5-780 =  ewEw |
“Major Diameter” is specified, so it is the . —— R e
datum. }
e FASTENER
e TRAINING
INSTITUTE
5
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E
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| O = N2580- | UG [Repl. for ¢ A E
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Print #2

I [

1. What projection convention is the
print drawn in? Which part is View
1? Which part is View 2?

* First Angle Projection
* Front View

» Section A-A (If this was not a Section
View, this is the position for the Left
Side View)

[150 sy of Vimits g Fiks/150 55, Grancm, u. Poss
150 286-2: 1969-06

81 2w lows ol chom| Limit dev. /Grenzche,
S | varbia | T, Jlowefunker poour/obares)

et (50 hreod/feithout
Ohea s

ool with cooting/
Wetr, 150-Gew. Usberzug | Wit Usberng
ok, Ehread/
ssangevinde
Ink, thread!
Irrrgrairde . .
pereral toleronces acc. bo/hl Igssainkoleronzen i,
dinens foral kol . Mlowsbol . ol . -clossdT, k1,

150 2768-1:1888-11 | m

omatr ical bol . /Forn-und Lagabal, [bol . -closs/T, LI
H

150 2768-2:1989-11
» a0

0.5 b | >3 | >0
waed o eeod30 | 20 e %00 [ 14,1000}

8
ool

non-boleronced dimsnsionaMNicht bolerierte losse

0.1 [ ¢0.1[+0.27+0.3[:0.5] 0.8

non-tal._broken sdges.Micht bzl gebrochens Konkan

0.2 [ £0.5] tl

rr%l:s. disrgion of the shorter side
Wirka |, Losnge des huerzeren Scheniels

tolbi *R >0 | >0
e ...m[.,.uzu ...ouu!”““
11 110.50%0.33%0, 1750,
i i Iormd of undel’. L
Rl Ie e e Faeer a1 s e Form o

150 1371522000-06

-0.2 T

urfoce basture oosording ba!
bart |, baschof Tanhei b nach

150 1302:2002-02
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VEASURING POINT FOR SURFACE COATING b inedel
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0030707 o82bh C/ECP
20030401 [ C/ECP
20080327 Kn . C/ECP s
A, FUYYMMCD | Orowfer, | Checked/Teor. | Reless, Freip Resp, dept.Meronkw, Abt,  |Add. info./us, bnfo,
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Styecklistes/ SEE PART LIST Fronibs
Wt v, Saet/Bl,
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ik, P ScoleM, stk OP/TD | Ind, [Formob
21 6ok et StorTe l.]Sg!E. 00003 ¢
N2580- | UG 1. m

@ FASTENER
TRAINING
INSTITUTE

57



Print #2 1 —

[0 5. o timits o, Fits/150-5. Granzn. v, Poss.
() 150 285-2: 1988-06
A i owillens. Wl chom| |imik da, MBrenzobe,
22/ | varbia | T4, [lovwr ke Jopwober

et (50 hreod/feithout
Motr, 150-Gow. | Oheg

2. What type of view is View 2? How
do you know this?

ok, threod/
hssangavinde

irk, threod!
Irrrgrairde . .
gereral tolerances occ. bo/Al|gessinkoleronzen n,
dinenglioral kol /assbal . kol -clossdT, k1,
150 2768-1:1989-11 | m
omatr ical bol . /Forn-und Lagabal, [bol . -closs/T, LI
150 2768-2:1989-11 H
0,5 | >3 > %0
weed | el +++ 1000
non-baleronced dimsnsionaMicht balerisrte bosse
£0,1 | £0.1 ] #0.2 ] #0.3] :0.5 | #0.0
non-tal. broken. sdges/Nicht bal, georochene Karken
10,2 0.5 tl

Iws, disergion of the shorter side
M des huerzeren Scheniels

8
i)

>3 | >0
NNE e )

Section View

Presence of Cutting Plane Line A-A

tolbi *R >0 | >0
e ...m[.,.uzu ...m|”“°
11 110.50%0.33%0, 1750,
i i Iormd of undel’. L
Rl Ie e e Faeer a1 s e Form o

150 1371522000-06

-0.2 T

Title “A-A”, Often this will have the title
“Section” in front of “A-A”

urfoce basture oosording ba!
bart |, baschof Tanhei b nach

150 1302:2002-02

Diagonal Section Lines -

Q Messpunkt Puer Oberf loachenbeschichbung kol prircipls/ DIN 7167: 1987-01
MEASURING POINT FOR SURFACE COATING Tol. rueshiatz 4

IZ3 Pruefmerknalsnuamer/CHARACTERISTIC FEATURE MUMBER .

03 20030707 oB2bh nanbh r 0500] CC/ECP
02 20030401 Kn Neh B 0500] CC/ECP
01 20080327 Kn Weh . 0500{ CC/ECP .
i ‘Ao, FUYYMMCD | Orowfes, | Checked/Geor. | Releos, Freip | BWN [Resp. dect, Meranke, Mot, | Ads, info./Bus, Info.

frecteents  SEE PART LIST Missed Detoi lsFahlence Argoben Sizaflsk.
Bosardivng .

Mot , /St Styeckliste/ SEE PART LIST Fronths
Lang. Spr, Wghk, Gew, WASHER . Sraet/Bl.

envde 183 SCHEIFE : il o FASTENER
Crik, P Scole/M,sbob Doc, b OP/TD | Ind, [Formob
A I 2 e o ORW 500 65 TRAINING

= . NES80-1 UG [Repl. for ¢ [Pt by INSTITUTE
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Print #2 1 —

3. What kind of tolerance is the R | Wy
Washer ID? Washer OD? Emn .

* Washer ID = Bi-Lateral Tolerance E%{?m"“sggm“:

* Washer OD = Uni-Lateral Tolerance z-?fiz.f'z:_fl?_lf'_a, B

ron Ealeranced dimsnsicne/Nicht Eoler jarte Wmss
$0.1] 0.1 [ 20,2] :0.3] :0.5] +0.8
rom -l broken, whgea/NichE |, gebrochene Korémn
0.2 [ £0.5] tl

rr%l:s. disrgion of the shorter side
Wirka |, Losnge des huerzeren Scheniels

tolis | > W >0 | >0
10 | w50 [ o | 2ok00 | 240

Rl B0.500. 3390, LT40,

al | ren-disens|cred edges of ordel, shape ooz, ko'
Alle nicht bes, Konben it unbest imbe Fors noch

4. How much does the part weigh?

150 137152 2000-06
urToce basturs ocoording ba'
Dbt | . -beschal fenhait nach
| ] 150 1302:2002-02
5. What do the brackets on the ‘
thickness dimension mean? [l o cortioxtbicon e
ey ® IZ3 Pruefmerknalsnuamer/CHARACTERISTIC FEATURE MUMBER .
* That it is an uncontrolled reference T . —T— T T T
L e e
d|men5|on o1 200027 | tn Veh 0[CC/EeR .
[ /Ao, YOYYMMOD | OrowGez, | Cheched/Gepr. |Releos. Troip | BWM |Resp. degt. Meronkw, Abt.  |Add. infu./Bus. Info.
freakeents  SEE PART LIST Wissed Dotni Is/Fehience Argoben Sizaflsk.
Botardiung | _— .
Mok, Seoiv tyeck LisEN SEE PART LIST Froaibs
AR e : = . rsrenes
S T e o “GRE 00 '33[“’,";’ TRAINING
= : NS0t | U [t i T - INSTITUTE
9
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@1.934+0.08
R0.5%0.2
fa¥
2 _0or MmJ
@ 18+0.5 - - —-—- -
AT
R3—/ el
— f—2.25£0.25

TJ 10 &

AL DINENSIONS ARE I | A4£0.2 — =~ |=m—— 57.240.5 ——=
NILLINETERS UNLESS KOTED

DOUBLE THREAD SCREW
2X M8x!.25-6G

1 x 45°
(PRIOR TO
ROLLING THREAD)

—— | 7.542.5

4X 0-R0.3

8.2+0.1

S T R T | P
I NOTES
L8] o et :
Ll (] I. NO BURRS ON SHARP EDGE ALLOWED.
0.5 ‘ 4 1. 7 2. ROOT RADIUS OF THREAD SHOULD
B BE MIN RO.156
it ] ] (WITH ANY INCOMPLETE THREADS)
A [l = 3. STRENGTH: GRADE 1SO 8.8. EXCEPT
PELSTE BVITIGES 0 VMK RO.3 MAX HARDNESS.
o T I.ﬂ—ﬂ oLk A
o w— 5 e 1 EAT TREATWENT WAT L £y
o o s H8226-217 10821 1.000: 1
SURFACE TREATMENT |cosTame FI-—
C Hi-16-99 1| 31! ‘jﬁ =T PR e NE ur | 3- [5_99- S—
B |d-1-99| 4 LPK|EM | HW | MF
A |3-15-98] 0 €1 [ I i oure |3-15-99 BOLT
- |1-22-98] - e B e = CWECRED oare | 3-15-99 OWG NO HEET
LTR| DATE [wO. ool | DSH | Cp APy | Aerrovio wmre | 3-15-99 171 | C
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Print #3

1. What does the thread designation =
“2x M8 x 1.25-6G” tell us? Is there PR
anything wrong with this w0.st0.2 24 a¥ns
designation? Ao o
i . A T4 LU IRN
R3— - ——— | 7.542.5
* The intention of the “2x” is that itis a Hb—z2520.25 C j ts o
double lead thread S | EP N
* There is one thing definitely wrong and S ¥f ——
one that might be better- the “2x” p==i= g £ AL 16 Tl o
b =] (WITH AHY |NCOMPLETE THREADS)
would probably be better after the rest o 0.3 i > Ghagas, C 180 88 e
of the thread designation . The item that == = T—— T
is definitely wrong is the “G”. This is an —— S g
3 TR TeTer 0 e | == [3-15-09)__
external thread so that the Tolerance sl N I I BT
Position designation should be a small DT T L [ ¢
llg".
= FASTENER
e TRAINING
INSTITUTE

11
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Print #3

2. What is the unthreaded shank 2
diameter? $1.93£0.08

DOUBLE THRCAD SCREW
0.5¢0.2 2K N6z ;25-66
ol =
f [ ! 2oL ni

* 7.93 +/' 0.08 B 16+0.5 1L e \/_!pé.?}%’m

— 17.5+2.5
8.240.1

4% 0-RO.3

- g
3. What is the heat treatment? . e"
e e e et e |
. . :15“‘:'-% ’-E 'l‘?'lirg:auuns O SHARP EDGL ALLOWED.
* Heat treat to ISO 8.8, which is a quench e F ¢ o gl 05
and temper process, but there is a = 0.3 i - TARShee: CMADE 150 8.3 DiCEer
hardness exception to HB226-277, which E : nﬁ) T
is HRC 20-29. The standard for 16mm or = [ M
. oy o el ity o [ N N E ) -
Iess IS HRC 22'32- TthEfOl'e, lt IS nOt 1_7_::: 08 nliiu_nt :: N '_:": ::::: BULTNU -
really an 8.8 and can’t be promoted as knj v e e T ] ENERE milllx:
such.
= FASTENER
e TRAINING
INSTITUTE
12
62
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Print #3

4. What does “4x” in “4x 0-R0.3” =
mean? #1.93£0.08
ova g s
05803 / 4x 0-R0.3
* “4x” means that feature is repeated 4 ¢.s:ﬂ_b | —— B/ "}
times. Instead of dimensioning it four I f ke
. . . . R3— - e —
times on the print, it can be shown in Ul ez [ j t
one place and noted that it repeats in > e
four places, IEETEEHEI 02— ;-——-—-—-::I.Eﬂ.b-—-q
:‘:‘gﬁ 1 NOIES
NO BUHRS ON SHARP EDGL ALLOWED.
» -1 1. r 2 ROOT RADIUS OF THREAD SHOULD
FES S | ; QT ARY IhCowpLETE THREADS)
3. STRENGTH: GRADC 150 8. 8. CXCEPT

i i ? | Ea e | R | RO.3 MAX HARDHESS.
5. What is the material? B 5 /\

*un TREARENT
nez26-211 |I 000:1
A TaATRER = —

[ IR Terferiznpe] -0 nu e |3-15-99)
Bla-i-fa = = —l= T
° 10B21 DEEIOR HEAG ] - pae 13-135-99 BOLT
"-,,“, B = - wre [3-15-93 |saias TRy
wn| e anvisic | srrens Wit | 3-15-99 ‘ e

¢ FASTENER
TRAINING
INSTITUTE
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4 | 3

1

i AJB JCIDE]F

G | mareriaL [ HEAT lprocess

£ot-57°|.69- 7 | 230|293/ 750 24~ 28 | T T4
o483 37720 |.25-27| 438 | F0-42]|. 4144 | aa-5-Te3
spt-gi* | 35- 37| 025 |.r#-18 | 438 (48 50] 4144

2418|5355 | 245|300 N0| .62 5 | #0-92|.58- 5 /2 /4N
CRES 347 NONE é

REVISIONS
DESCRIPTION

ATE

. L |REMOVED REVISION DATA A THRUK
SEE CO AB0027

03/12/04)

HJD

RIS

[+4=4<7[53-.55 . 240 [300-31d 625 |#0-42] 5962 | STHE S | /5

5025071 | 230|231 750 | 238|774 | e sl | BN | ENLN
N

Z! &

o
(TAE)

FULL ., OBNWYK

TWREAD

Z
[ GFTAB}DME——

ae*

28

(TAB),

ZAVAVAN

—R#s)
/A

!
I

i
1 /
#0232 UNF. 3A THD
N

T DML SHOW

010 R MAX
$8529-6 RELIEF
OPTIONAL

7As8)
cﬂfﬁf

B\ THIS DASH NUMBER AND SUBSEQUENT DASH
NUMBERS ARE IDENTIFIED ON SEPARATE
DRAWINGS BY THEIR DASH MUMBERS.
ELECTROLESS NICKEL,

FLUOROCARBON INFUSED PLATE N
ACCORDANCE WITH EPS3117-1. ELECTROLESS
NICKEL .00 MIN THICKNESS.

SURFACES INDICATED TO BE CHROME PLATED- IN ACCORDANCE
WITH 00 -C-320 CLASS 2 .0002 - .0005 THICK (OTHER
SURFACES OPTIONAL) (SEE TAB).

HEAT TREAT PER GPS 4010-1 COMD. H. 1075 TO OBTATN A
HARDNESS OF R 31 - 39, (SEE TAB).

/A\ COAT WITH DRY FILN LUBE PER G5 3211-1. TVPE 1.
/0001 - 0003 THICK PER SURFACE (OTHER SURFACES OPTIONAL)

(SEE TAB).

. SHALL CONFORM TO GPS 1001-1 MACHINED FEATURES.
CLEAN PER 6PS 3000-1.

1. PART NUMEER PER GPS 1102-3. CLASS VI.

i Daz= | y-

M|SEE ECO, ADDED -7 PART 007061y HD

lml—4 0

DATES
Sk T

ia-1g-Te -

REQD | NEXT ASSY UMD ON

MEAT TREA' PROCESS

12-73-Te

FARDHETS AND SPIC | P AN SPIC

(sEE 748)|(GEE T4E)

SCREW,HEXHEAD

A

WT [5u5_5\‘pe'-'|

4 | 3
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Print #4

1.

For Part #4, What are A, B,C,D,E,F,G

dimensions?

A =59°-61°
B =.35-.37
C=.075

D =.14-.16

* E=.438
* F=.48-.50
* G=.41-44

©2025. Fastener Training Institute.
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a | 3 + 2 - i
I wRedx] A CIDJE]F |G | wrenn LTfi‘n"“"“’ ] CecaT ]
B i e P e e P T BT et X N N T [FEWGVED REVISION DATA A TRRUR | — | o)
) R T T A R S A Bl || SEE CO AGDOZE T
e - St Lt N #A[SEE ECO. ADDED -7 PART 6] WD
N T ] WY W) ) e K i D
o N o AL e LA o A Tans | By |2
—cfemac|ea- 55| 240 [300-3 o275 2| 5 P N
7 A
FuLL
THEEAD
il
c
c |'Grras1w -
| L Iz.jf
| b .
=
- +
-
E
010 R MAX
SB573 -6 RELIEF
B CPTIONAL
Doz=
B THIS DASH NUMBER AND SUBSEQUENT DASH ﬁ’ |
MUMBERS ARE IDEMTIFIED OM SEPARATE £ B
DRAWINGS BY THEIR DASH NUMBERS. r
ELEéTmmerﬁumcr-%ﬁ PLATE N
atc.mm WITH 6F523117-1. EUECTROLESS
— WLKEL 001 MIN THICKNESS,
SURFACES INDICATED T0 BE CHEODAF FLATED: 1N ACCORDANCE
WITH 00 -C-320 CLASS 2 L0007 - 0005 THICK (OTEER
SORFACES QPTIONAL) (SEE THR). s
HEAT TREAT PER GF5 010-1 COND, H. 107S TO GRTATN A - =
A 55 OF R 31 - 59, (SOE TABY. =) ...
COAT WITH DEY FILA LUBE PER G5 3201-1. TYPE 1. .
Al A L0001 - 0003 THICE POR SURFACE (OIKER SERFACES OPTIONALY = SCR EW, HE)( HEAD A
(SLL TAR). Eh B O
% SHALL CONFORN T0 GPS 001-1 MACHINED FEATURES, S —
/2 o e s 301, a3
|f| 1. PAAT NOMEER PER GPS 1102-3. [LASS ¥I.
3 o i o — A
4 | 1
= FASTENER
TRAINING
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Print #4

2.

For Part #6, what is the material?

* 15-5 PH CRES (SS) per AMS 5659

What Part or Parts does Note 7 apply to?

* Part #6

What is the Thread Class

* 3A

What is the Thread Series

* UNF

©2025. Fastener Training Institute.
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a | + 2 ) i
wetee | A CIDIEIF1G T Tf'!'_i‘:'; proEss e B
VED REVISION DATA A THRUK

#47 75| 20 br| Zeglaoe wol £2 5| A0 02| S3-E2 m“_' ;‘;’,_’ i

o | gt we | 2do|aven Laso a6 sa].rrrd |
R N I F T T
(o [ a5e a7 onr |t oia | 9t

ro il

|4 |k [ ]

53] anat |
sot | D | 23012930 | 750 | 28 . 7. : 1%
4™ 4c7| 83+ 58 240 [300-au] .:,25&40—.& -6f | BiE oL | N
1

L0100 R MAY
SB529 -6 RELIEF
OPTIONAL

| )
Z za"
|'Grras1w¥ e Wﬁw
L 1

B\ THIS DASH NUMBER AND SUBSEGUENT DASH
NUMBERS ARE IDENTIFIED ON SEPARATE
DRAWINGS BY THEIR DASH MUMBERS.
E‘CE&TRWMEO&MW‘CE%B PLATE N
ACCORCANCE WITH 6F53117-1, ELECTROLESS
WLKEL 001 MIN THICKNESS,

SURFACES INDICATED TD BE CRADRE FLATED. 1N ACCSRIANCE
WITH 00 -C-320 CLASS 2 L0007 - 0005 THICK (OTEER
SIRFACES (PTIONL) (SEE THS).
/3N WEAT TREAT PER G5 4D10-1 COND, H. 1075 TO OBTAIN A
55 OF B 31 - 59, (SCC TABD,
/AN, CONT WITH DRY FIUA LUBE PER G5 J201-1 TYPE 1.
L0001 = 0003 THICK POR SIRFACE (OTEER SSRFALES OPTIDRAL)
(SLL TAB).
5. SHALL CONFORM TO GPS 1001-1 MACHINED EATRES,
/2 oo e s 2000-1.
1. PAAT WOGMEER PER 6P 1102-3. CLASS ¥I.

zZ[ g

SEE CO AGDOZT

SEE ECO. ADDED -7 PART 0614 HD

o3rmrgs| HID

O
/
///
Cl

TEry 5

'SCREW,HEXHEAD [a

24P

Elm_...

4 3

o]

i3 SHERT | P 1
1
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Print #4

6. Bonus Question 1: What do the 125V and
250V mean?

* These are surface roughness requirements,
which means the roughness on those surfaces
needs to be controlled and may require a
machining or grinding process.

7. Bonus Question 2: What do the numbers
4,6, and 7 in triangles located in the
main view between the “A and B”
dimensions tell us?

* It tells us that part numbers which include the
triangled number in the process column receive
that process. For example, Part #1 shows the
Triangle 4 in the “Process Column” meaning that
Part 1 is to be coated in this area with Dry Film
Lubricant.

©2025. Fastener Training Institute.
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4 3
winbie] A B;;!C DIEIF 1G | wmemn [
T ZFQ

415 {500 wal dra| o~ ve] 38-x2
er-srlarewlesol e |7 L a5-sa | inTs

R L N ]

FFA i A, 57700 | 2527 | 4l [ #5-42] arad | sa-5-Te3

sonar| a0y |z a9 ar | 750 | 38 74 | s sns
#4625

4| 53-.55 | 240 [ 30030 678 [0 A2 02 | g e

LK 4[6] L

VN

032 UNF. 3R THD
T T, Thamaind

Q10 R MAM
28E79-L RE
OFTIONAL

/BN, THIS DASH NUMBER AND SUBSEQUENT DASH
NUMBERS ARE IDENTIFIED DM SEPARATE
DRAWINGS BY THEIR DASH MUMBERS,

A ELECTROLESS MICKEL .

FL UOR(X_NW.{_ INFUSED PLATE N

WITH G4 -C-320 CLASE 2 0007 - 0005 THICK (OTRER
SHRFACES (FTIONAL) (SEE TAB).
A3\ WEAT TREAT PER 5 4010-1 COND, W 1075 TO ONTATN A
MARDNESS OF R 31 - 39, (%L TABD.
& COAT WITH DY FILR LUBE PR GPS 3211-1. TVPE 1.
0001 - 0003 THICK PER SIRFACE (OTHER SURFACES OPTIORALY
(SEE TAED.
. SAALL CONFORM 10 GPS 1DO1-1 FACHIRED FEATURES.
2%, CLEAN PER 6PS 3000-1.
1. PART WOMECR PER 65 1102-3. CLASS ¥I.

LIEF

REVISIONS

&

SEE CO AGDO27

SEGE

SCE ECO. ADDED -7

T o
REMOVED REVISION DATA A THRU K e
FART 71y HD

[l %

R

ek

SCALE <4/ |

WT [mmer | oot

4 |

1

@ FASTENER
TRAINING
INSTITUTE

17

67



Questions...
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Instructions:

When purchasing a Grade 8 Bolt at the local hardware store, most purchasers take for
granted that everything was done properly and that they have a “strong” bolt in their
possession. In most cases they would be right, but only because the manufacturer and sub-
suppliers of that bolt knew what they were doing. As you have hopefully learned by this point in
the Certified Fastener Specialist training, there is a lot to know about fasteners and even the
smallest slip could have negative consequences.

This case will follow a fictional young engineer on his first project. Although this case
never actually occurred, the scenario represented could easily fall on the desk of any “Fastener
Specialist” and is intended to help you synthesize what you have learned today.

Your challenge will be to review this case and develop a plan of what you would do by
answering the questions at the end. You should work with your group on this exercise. You will
have about 45 minutes to work on it and then we will come together as a large group to discuss
what you learned.

I Introduction

Sean Mason is a beginning Mechanical Engineer about six months out of university. Since
graduating he has been working for Acme Pipe and Flange Company. One of their new
development products is a special heavy duty 8-bolt flange for pipelines carrying liquids at
very high pressure. They are currently in the validation stages of design and hoping to
release the product for full-scale production within several months. The bolts are tensioned
using a torque-only method to a value just under their Proof Load. During life cycle testing
they discovered that the 1”-8 x 4” Grade 5, 12-Point Flange Screw with zinc and clear
chromate plating is occasionally failing by overload. Today the boss handed Sean this
project and told him to propose a solution to the problem by the end of the week.

2. Problem

Sean recognizes that....

1. Either the bolts are not strong enough, or

2. The flange does not have enough bolts holding it together, or

3. The tightening strategy possesses too much variability and sometimes the installation
exceeds the desired Proof Load goal.
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3. Design Analysis

Sean performs the following:

Sean conducts a dimensional analysis to see if the flange needs more bolts. For this size
flange he determines that with a 1” diameter bolt the flange cannot accommodate more
than 8 bolts.

Based on the above analysis, Sean toys with the idea of reducing the bolt diameter so
that the flange can accommodate more bolts. Although he concludes that this might
have some merit, the company has invested a great deal of time and money in tooling
for the 8-bolt flange, so that changing bolt size would add significant cost and time to
the launch, which his superiors have made clear is not acceptable.

Sean conducts a Finite Element Analysis of the current flange and bolts and one
substituting higher strength Grade 8 boits for the current Grade 5 bolts. Under the
current conditions, the FEA predicts the very failures that they are occasionally
experiencing, however, with the higher strength bolts, the FEA predicts no issues.

With this promising note, Sean conducts a VDI 2230 bolted joint design analysis which
confirms that the higher strength, Grade 8 bolts should solve the issue.

4. Sean’s Solution

Sean proposes a relatively simple solution...

Change the 1”-8 bolts from Grade 5 to Grade 8

Change the finish on the parts from Zinc and Clear Chromate to Xylan (Teflon) Coating
Include a written instruction encouraging installation using Torque-Angle or, better yet,
Hydraulic Jacking instructions

5. Helpful Documents
e Exhibit 1: Print of 1”-8 x 4 12-Point Flange Head Screw Grade 5 With Zinc and Clear
Chromate Finish
e Exhibit 2: Print of 1” -8 x 4 12-Point Flange Head Screw Grade 8 With Xylan Coating
e Exhibit 3: Table 1 SAE J429 (Mechanical Requirements and ID Markings)
©2025. Fastener Training Institute. 7
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e Exhibit 4: Table 2 SAE J429 (Chemical Composition and Tempering Temperature
Page 1)

e Exhibit 5: Table 2 SAE J429 (Chemical Composition Tempering Temperature Page 2)

e Exhibit 6: Hardenability Curves for (5) steels with .4% C

e Exhibit 7: Tempering Curve for .4% Carbon Alloy Steels

e Exhibit 8: Hardness Conversion Table
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Exhibit 1: 1”-8 x 4 12-Point Flange Head Screw Grade 5 W/Zinc and Clear Chromate Finish

UPTHINAL INDEN

Flange 12-Point Screw

[ERS PRI 2N

GRADE MARK

RISNG W FERAY

THREAD DATA
Size: 1 Threads perin.: 8 Saries Designation: UNC

Thread Class or Type: ZA

Major Diameter: 0.8980 - 0.9530

Pitch and Functonal Dia.: 0.9166 - 0.9101

Tensile Stress Area: 0.6057
D ONAL DA TA

Type: Flange 12-Point Strew

Standard: ASME 81.1 - 2018

Standard: IF} - 115-2014

ITC Data Update: 12/10/2021

Nominal Diameter: 1

E - Body Diameter : 1.0000 - 1.9886

F - Width Across Fiats: 1.003 - 0 821

G - Width Across Corners: 1.130 Min

H - Head Height 1.000 Max

J - Wrenching Height Min: 0 600

Ly - Thread Length for Screw Length 6 in. or
less: 2.250

Transition Thread Length - Ref- " &7

Point Type: Chamrfered

K - Flange Thickness: 0,268 Min

A - Gagin~ Ding Thickness: 0 1833 - 0 1890

T - Gaging Ring Dia: 1 1303~ 11300

FL -Fillet Length: 0.332 Max

M - Fillet Extension: 0 050 - 0.040

C - Flange Dia: 1 500 - 1473

ITC Data Update: 12/29/2021

LG max./LB min.: 1.000/C 380
PHYSICAL REQUIREMENTS

Nominal: 1

L - Length: 4

Standard: SAE J428-2014, Grade 5

Length Tolerance: -0.052

Typical Materials: medium carbon steel, 1028
through 1055

Hardness: HRC 34 - 26

Proof Load (bf): 51,500

Tensile Load, Min. (Ibf): 72,700

Yield PSI, 2% Offset, Machined Specimen:
92,000

Tensile Strength, Min. (psi): 120,000

Calculated Shear Load-BODY (ref.)(ibf): 43,620

Calgulated Shear Load-THREADS (ref ){Ibf):
36,350

ITC Data Update: 12/28/2021

Straightness Factor: 0.024

Calculated Pretension? {Ibf) : 41814

Finish: Zinc & Clear, non-hexavalent/Cr(Vl) free -
ﬂnnT“/ IR

10388 Nm

K factor (raf. DIN 946): 0.22

Tightening Torque 1766 1t Ibf, 3,195 in Ibf,

Standard: ASTM F1941/F1941M-2016, Fe/Zn
3AN

| ITC Data Update: 3/20/20183

" These torque valugs are based on Kfactors determmed using DIN 946, tighterng tensian of 75% of the yield strength, and the caiculation formula T=KDP. These values are advisory

only. The torgue for assembling cuncaljjmms should be determined and/orvenfied thiough artual expenmentation by the user. The [F! is nat responsibla far any losses or claims
resulting from the use of these values. = Calculated Pretension s enualta 75% of the boit's yield strength achieved when using the indicated Tightening Torgue.
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Exhibit 6: Hardenability Curves for Selected 0.4% C Steels
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Exhibit 7: Tempering Curves for Several 0.4% C Steels

4340
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6: Questions

1. When Sean orders the new Grade 8 Fastener, it will require a different head marking.
What head marking appears on the old, Grade 5 fastener and what head marking should
appear on the new Grade 8 Fastener? Is this head marking optional?

2. Sean speaks with the Acme purchasing agent, who speaks with the screw supplier and
learns that they have material options that include 10821, 1540, 4037,4140, and 4340.
Which are ok options? Explain.

Hint: Review Exhibit 4, Table 2 for allowable materials for Grade 8. If any of the
materials do not meet the required Chemical Constituency levels they must be
liscarded as options.

Hint: 1540 Steel is considered a Plain Carbon Steel with added Manganese
Hint: Consider data for 4042 and 4037 to be similar

Hint: Review Exhibit 6, Hardenability Curves and determine the proper Jominy Number
for the point furthest away from the quenched surface. Remember that a Jominy
number of 1= 116", so a Jominy # of 16 is 1” and a Jominy # of 8 is 8/16 or 2”. When
you have the right Jominy #, draw a line straight upward bisecting all of the hardness
curves. From the bisected point draw a horizontal line to the left to find the hardness
number. Remember, this is the AS-QUENCHED hardness expected at this depth in this
steel type. Compare the value with the values required by a Grade 8 (See Exhibit 3).

Hint: Remember the Hardness Charts show As-Quenched hardness. What does
tempering do to the finish part hardness

Hint: Discard any materials that clearly cannot meet the requirements of SAE J429 Table
1
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