ME 481/581 Class Exercise #3  

Unconstrained Precision Fits
· The design engineer’s problem is to know what fit performance (that is what Pmin and Pmax) would lead to an adequate fit for the application.

· Precision unconstrained fits (like a bearing fit) are often (but not always) stated in coded size limits.

· For example, the code 20g6 for a shaft size corresponds to  19.980 – 19.993 

· What are the advantages of coded limits:
· No error in applying the tolerances 
· No errors in communication with manufacturing or purchasing
· Quick and easy assessment of precision and cost
· Easy identification of precision of necessary processes
· Availability of design guidelines for various applications
· Easy declaration of the precision of off-the-shelf components
· Easy recommendation of mating part tolerances for components
Anatomy of a coded size limit (Example: 20g6)
· 20 	is called the basic size (usually a round preferred size)
· g 	is called the Fundamental Deviation.  FD can be looked up in tables
· Lower case g means it is a shaft
· The FD value is in the standard tables:  In this case:  
· The table also says the FD value is the lower deviation (LD)
20g is a size that the designer wished to have if manufacturing processes were perfect.  But they are not perfect so we have to add a size tolerance.
· The last number (6) is called the International Tolerance Index.  It also comes from the standard table.  In fact, it is just one page that I am handing it out now.
· The cost associated with making the feature is in the IT index which represents the size tolerance.  
· Machine part fits (bearings, etc.) typically use the IT indexes of IT6 through IT9.  Precision of IT6 or IT7 usually require grinding or better while IT8 and IT9 typically require precision turning operation.  Milling usually is no better than IT10 and regular drilling is often IT11.

Calculating the numerical values of coded limits
Example: 20g6
Basic size:20	FD code: g 	(shaft)	IT index = 6
Looking up from the standard tables:
	g code = 		Upper Deviation		IT6 = 
Calculate the size limits:
Step1:  Add basic size to the FD
Step2:  The result of Step1 is one of the limits of size but is it the lower limit or the upper limit.  Now we use the “Upper Deviation” info that says adding basic size and FD leads to the upper limit:

Step3: The lower limit is the upper limit minus the tolerance value:

Manual conversion of coded limits to numerical limits

1.  Convert 25H7		Feature is a hole 	
 FD=0			IT7 = 0.021		Lower Deviation



2. Convert 25H9		Feature is a hole 	
FD=0				IT7 = 0.052		Lower Deviation

For all H-class holes, the FD = 0  and LD (H-class holes are at or slightly larger than their basic size – perfect for drills and reamers)

3. Convert 25h7		Feature is a shaft
UD = 0 			IT7 = 0.021


For h-class shafts FD = 0 and UD (h-class shafts are at or slightly smaller than their basic size)

4. Convert 25f7 		Feature is a shaft
UD = -0.020			IT7 = 0.021




5. Convert 25g6 		Feature is a shaft
UD = -0.007			IT6 = 0.013



· For all shaft letter codes less than h the offset is UD and negative.  These are intended for clearance fits.  The shaft is at offset size or slightly smaller 
· Convert 25k6 		Feature is a shaft
LD = +0.002		IT6 = 0.013

· For all shaft letter codes more than h the offset is LD and positive. These are intended for transition fit or interference fits.  The shaft is at offset size or slightly larger 

Let’s mix and match – Determine Pmin and Pmax for the following:

6. Combining two features for a fit:  25H7/h7 clearance fit.  Calculate fit performance
Pmin=
Pmax=
7. 25H7/g6 clearance fit
Pmin=
Pmax=
8. 25H7/k6 fit  
Pmin=
Pmax=

9. 25H7/p6 fit  
Pmin=
Pmax=
More Exercises from Chapter 3:  Limits and Fits

1. What is the offset value associated with code H for holes? ____________
2. What is the offset size of 25H for a hole?_______________
3. What is the offset value associated with code h for shafts? ____________
4. What is the offset size of 25h for a shaft?_______________
5. What is the size tolerance is associated with a 25 mm feature with IT8?___________
6. What value in 25f6 determines the cost of making the feature?__________
7. Is 10H6 less expensive to make than 10H8 (Y    N)
8. For H holes the offset size is the smallest size (T   F)
9. For h shafts the offset size is the largest shaft size (T   F)
Download the LAF Excel Program.  Use LAF when needed for the following questions.
10. What are the size limits of 25H8?________________
11. What is the size tolerance 25H8 in inches?
12. What are the size limits of 25h8?___________________
13. What is the size tolerance 25h8 in inches?
14. Using LAF find the size limits of 25f7 ______________________
15. The offsets values (all of them) for the same codes increase with size (T   F)
16. The tolerance values for the same IT index increases with size (T    F)
17. Using LAF, find the fit performance of matching 25H8 with 25f7              (Pmin =      		Pmax =     		)


18. Using LAF, find the minimum and maximum play for:
a. 25H8/f7 __________________(Preferred   Named Preferred    None)
b. 25H7/f6 __________________(Preferred   Named Preferred    None)
c. 25H7/f7 _________________ (Preferred   Named Preferred    None)
d. 25H7/f5__________________ (Preferred   Named Preferred    None)
19. What do we conclude from the answers?___________________________
20. What is called a clearance fit? _______________________
21. Using the handout “FIG. 4 PREFERRED HOLE BASIS FITS” Page, identify all named preferred clearance fits:

22. What is called a “transition fit”? _______________________________
23. Using the “FIG. 4 PREFERRED HOLE BASIS FITS” Page, identify all named preferred transition fits:

24. What is called a “interference fit”? _______________________________
25. Using the “FIG. 4 PREFERRED HOLE BASIS FITS” Page, identify all named interference transition fits:

Typical Problems
26.  Suppose we have found a 10 mm plain bronze bearing in a toolkit and like to use it for supporting a rotating shaft for a prototype.  The known:
a. The bearing bore is measured precisely to be 10.035 mm.
b. The shaft and bearing must have a type of fit similar to a typical motor shaft and plain bearing.
c. The shaft must be producible in-house which can hold IT8 size tolerances.
a) Determine the numerical shaft size limits.
b) Determine the size tolerance of the shaft.
c) Can the intended process hold the required size tolerance?

Solution Steps:
· Which of the 10 classes of named preferred fits is closest to the needed fit? _________
· Using LAF program find the minimum and maximum “play” for this fit for a 10 mm basic size feature.   Pmin _____________ Pmax _____________
· Note: an interference is a “play” with negative value.
· Using formula for Pmin and Pmax we determine the two unknown size limits of the shaft.

Two New Symbols
· Remember the fit formula:
Pmin = (Hmin – TH) – (Fmax + TF)
· In many cases we either select or we use a component that has the geometric tolerance of zero at MMC:  That means TH = 0 and TF = 0.  In these cases the fit formula as:
Pmin = H0min – F0max
H0min = Hmin when a zero geometric tolerance is used (TH = 0)
F0min = Fmax when zero geometric tolerance is used  (TF =0)

· When TH and TF are both non-zero we use the main formula.  In some cases only one of them is zero.

Solution:
Note that the solution procedure for precision unconstrained fits is different than other types of fits.  In this particular case:
	H0min = 10.035 	and also 	Hmax = 10.035
Use the Pmin and Pmax formulas find the shaft size limits (Fmin and F0max):

What is the required size tolerance of the shaft?

Can the shop hold the size tolerance for shafts?

Convert the shaft size limits to +/- format:     ________ +/- _______ 

Convert the shaft +/- format to inch units:  __________ +/- _________

What is the closest coded limits to the shaft limits (use trial and error with LAF)? __________

2. Suppose we like to purchase plain bronze bearings for supporting rotating shafts. The bearing OD fits the gearbox housing.  The following is known:
a. The bearing OD has 16h8 size limits 
b. The bearing must have a tight fit to the housing so it would not come out in service.

a) Determine the numerical housing hole size limits. 

Solution Steps:
· Which of the 10 classes of named preferred fits is needed for this fit?

· Using LAF program find the minimum and maximum play for this fit for a 16 mm basic size feature.   Pmin ____________   Pmax _______________

· Using formulas for Pmin and Pmax determine the two unknown size limits of the hole.





What is the closest IT index for the hole size limits? __________

Note: This example shows that we cannot have unreasonable demands from the manufacturing by selecting fits that are too precise for the components to meet it.  In this example, we like to see the fit performance similar to 7/6 (for IT values) but the component we have purchased has a IT8   – so the matching hole has to make up for this lack of precision and suddenly to match the 7/6 fit performance we need to have a 8/2 precision – making IT2 can be hundreds of times more expensive compared to IT7.

The remedy is either to purchase a more precision bearing with 16h7 limits on OD, or relax the 7/6 requirement for the fit (give up the locational interference fit for something reasonable but still tight).  The next problem relaxes the fit requirement to something that requires less precision.
3. Suppose we have purchased plain bronze bearings for supporting rotating shafts for a prototype.  The bearing OD fits the gearbox housing.  The following is known:
a. The bearing OD has a 16h8 size limits
b. The bearing must have a tight fit to the housing so it would not come out under service.

Solution Steps:
· If we start with the most desired 16H7/p6 fit performance, it leads to the unacceptable IT2 requirement for the hole size tolerance.
· Relax the fit demand to H8/p7 (still an adequate preferred fit but not the named locational interference fit).
· Using LAF program find the minimum and maximum play for this fit for a 16 mm basic size feature.   Pmin ______________ Pmax _______________
· Does this H8/p7 fit always create an interference fit?______
· If it does not try the next letters up for the shaft (H8/r8) and (H8/s8)
· Does 16H8/s8 fit always creates an interference fit?
· If it does, what are the interference fit limits? 
· For this bronze bearing what temperature difference can generate the fit?


· Using formula for Pmin and Pmax determine the two unknown size limits of the hole.


What is the closest IT index for the hole size limits? __________
4. Suppose we are designing the size tolerance of a shaft to fit a purchased gear.  The following is known:
a. The gear bore has 20 +/- 0.04 size limits
b. The gear must be able to assemble freely and have a snug fit to the shaft.
Determine the numerical shaft size limits.

Solution Steps:
· Which of the 10 classes of named preferred fits is closest to the needed fit? 
· Using LAF program find the minimum and maximum play for this fit for a 20 mm basic size feature.   Pmin _____________   Pmax ______________
· Using formula for Pmin and Pmax determine the two unknown size limits of the shaft.




Is there a problem?  
· Relax the demand by reducing the fit precision to 20H9/h9.  Find the shaft size limits now.  Use the LAF program to find the play range for 20H9/h9.

Determine the size tolerance of the shaft.



Can a process with IT7 size tolerance capability make these shafts?   
Using the 10 named preferred fits to guide tolerance design

5. Suppose we have found a 10 mm plain bronze bearing in a toolkit and like to use it for supporting a rotating shaft for a prototype.  We have no information about it.  The following is known:
a. The bearing bore is measured precisely to be 10.035 mm.
b. The shaft and bearing must have a type of fit similar to a typical motor shaft and plain bearing.
c. The shaft must be producible in-house which can hold IT8 size tolerances.
 Determine the numerical shaft size limits. (2 unknowns)

Designers who have not taken this course would have to guess what Pmin and Pmax would be adequate for this fit and this almost always leads to fits that either do not work or the fit would have poor performance.  

Steps:
· Which of the 10 classes of named preferred fits is closest to the needed fit? _________
· Using LAF program find the minimum and maximum “play” for this fit for a 10 mm basic size feature.   Pmin _________________   Pmax _______________
· Note: an interference is a “play” with negative value.
· Using formula for Pmin and Pmax determine the two unknown size limits of the shaft.


[bookmark: _Hlk195780343]Solution:

Note that the solution procedure for precision unconstrained fits are different than other types of fits.  In this particular case:
	H0min = H0max = 10.035

Use the Pmin and Pmax formulas find the shaft size limits (F0min and F0max):

[bookmark: _Hlk195779248]What is the required size tolerance of the shaft?

Can the shop hold the size tolerance for shafts?

Convert the shaft size limits to +/- format:     ________ +/- _______ 

Convert the shaft +/- format to inch units:  __________ +/- _________

What is the closest coded limits to the shaft limits? __________

	The closest IT grade to the size tolerance is: _________
	Closest fundamental deviation is: __________

6. [bookmark: _Hlk195780580]Suppose we have purchased a plain bronze bearing for supporting a rotating shaft for a prototype.  The bearing OD fits the gearbox housing.  The following is known:
a. The bearing bore has a 16h8 size limits
b. The bearing must have a tight fit to the housing so it would not come out under service.
c. The shaft must be producible in-house which can hold IT8 size tolerances

 Determine the numerical housing hole size limits. (2 unknowns)

Steps:
· Which of the 10 classes of named preferred fits is closest to the needed fit? _________
· Using LAF program find the minimum and maximum play for this fit for a 16 mm basic size feature.   Pmin _________________   Pmax _______________
· Using formula for Pmin and Pmax determine the two unknown size limits of the hole.






Determine the size tolerance of the housing hole.

tH = 

The prototyping shop can only make IT8 size tolerance for holes.  

Is the shop capable of producing the hole size tolerance?

 What is the closest IT index for the hole size limits? __________


Note: This example shows that we cannot have unreasonable demands from the manufacturing by selecting fits that are too precise for the components to meet it.  In this example, we like to see the fit performance similar to 7/6 (for IT values) but the component we have purchased has a IT8   – so the matching hole has to make up for this lack of precision and suddenly to match the 7/6 fit performance we need to have a 8/2 precision – IT2 can be hundreds of times more expensive compared to IT7.

The remedy is either to purchase more precision bearing with 16h7 limits on OD, or relax the 7/6 requirement for the fit (give up the locational interference fit for something reasonable but still tight).  The next problem relaxes the fit requirement to something that requires less precision.
7. Suppose we have purchased a plain bronze bearing for supporting a rotating shaft for a prototype.  The bearing OD fits the gearbox housing.  The following is known:
a. The bearing bore has a 16h8 size limits
b. The bearing must have a tight fit to the housing so it would not come out under service.
c. The shaft must be producible in-house which can hold IT8 size tolerances.

Steps:
· Start with the most desired 16H7/p6 fit performance (which leads to the unacceptable IT2 requirement for the hole size tolerance.
· Relax the fit demand to H8/p7 (still a preferred fit but not the locational interference fit.
· Using LAF program find the minimum and maximum play for this fit for a 16 mm basic size feature.   Pmin _________________   Pmax _______________
· Does this H8/p7 fit always create an interference fit?______
· If it does not try the next letters up for the shaft (H8/r8) and (H8/s8)
· Does 16H8/s8 fit always creates an interference fit?
· If it does, what are the interference limits? 
· For this bronze bearing what temperature difference can generate the fit?
· Using formula for Pmin and Pmax determine the two unknown size limits of the hole.

Determine the size tolerance of the housing hole.

tH = 

The prototyping shop can only make IT8 size tolerance for holes.  

Is the shop capable of producing the hole size tolerance?

 What is the closest IT index for the hole size limits? __________

8. [bookmark: _Hlk195781731]Suppose we are designing the size tolerance of a shaft to fit a purchased gear.  The following is known:
a. The gear bore has 20 +/- 0.04 size limits
b. The gear must be able to assemble freely and have a snug fit to the shaft.
c. The shaft must be producible in-house which can hold IT7 size tolerances.

 Determine the numerical shaft size limits. (2 unknowns)

Steps:
· Which of the 10 classes of named preferred fits is closest to the needed fit? _________
· Using LAF program find the minimum and maximum play for this fit for a 20 mm basic size feature.   Pmin _________________   Pmax ______________
· Using formula for Pmin and Pmax determine the two unknown size limits of the shaft.






 Is there a problem?  If yes, what is it?



Relax the demand by reducing the fit precision to 20H9/h9.  Find the shaft size limits now.  Use the LAF program to find the play range for 20H9/h9.




Determine the size tolerance of the shaft.

tF = 

The prototyping shop can only make IT7 size tolerance for shafts.  

Is the shop capable of producing the shaft size tolerance?
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