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IE-352
Summer Semester 1433-34 H
MANUFACTURING PROCESSES -2

Homework 2 ANSWERS

Answer the following questions.

1. Look at the hole-shaft system below and answer the following
questions

Basic Shaft System
Nominal Size = 15.5 mm
Hole Tolerance = .041
Shaft Tolerance = .027
Allowance = .013

.y

Determine,
a) Hole size using stacked limits form and referenced to basic size
b) Shaft size using stacked limits form and referenced to basic size

Given:

e Basic shaft system
Basic size = 15.500 mm
Allowance = 0.013
Toly, = 0.027
Tolyoe = 0.041
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Shaft
BS = 15.500
MMC = BS = 15.500
LMC = MMC — Tolg,
= 15.500 — 0.027
= 15.473

Shaft size:

e Stacked limits form:¢1§:igg

e Referenced to BS:
$15.500 ° 45,

Hole
BS = 15.500
MMC = BS + Allowance
= 15.500 + 0.013
= 15.513
LMC = MMC + Tolye
= 15.513 + 0.041
= 15.554
Hole size:

e Stacked limits form:¢1;zi:

e Referenced to BS:

0.054
¢ 15.500 [q013
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2. Using the standard fit tables, you are required to determine the limits
for a nominal 1136" diameter RC 5 fit between a shaft and a hole.

Determine,
a) Hole size using stacked limits form and referenced to basic size
b) Shaft size using stacked limits form and referenced to basic size

Given:
e Hole-shaft system

e Basic size = 1116 in=1+0.125 = 1.1250 in.

e RC 5fit, i.e. Running/Sliding Fit of classification (type) 5

e Assume: basic hole system (to access ANSI table for RC fits)
Required:

e Shaft size (stacked limits form and referenced to BS)

e Hole size (stacked limits form and referenced to BS)
Solution:

e Using BS (1.125 in) and RC table (attached) =

Nominal Size Range, Limits of | Hole limits Shaft limits
(in.) clearance | (in./1000) (in./1000)
Over To (in./1000)
0.71<BS (1.125) < 1.19 +1.6 +1.2 -1.6
+ 3.6 -0.0 -2.4
Shaft Hole
BS = 1.1250 BS = 1.1250
1.6 = =
MMC = BS — (10()0) MMC = BS + 01.21.1250
— 1.1250 — 0.0016 LMC = BS + (1000)
= 1.1234 = 1.1250 + 0.0012
—2.4 = 1.1262
= — | =1 — 0.0024
LMC BS+(1OOO> 1.1250
= 1.1226 Hole size:
Shaft size:

1234 <«—<DMNVIC (clearance) LMC

1.
.. ) (clearance)
 Stacked limits form'¢1.1226 < mlll%z
" .
ackea li 1.1250

e Referenced to BS:
$1.1250 g oo o Referenced to BS:

—0.0024 ¢ 1. 1250 +0-0012
- 0
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3. Examine the figure below showing a series of shaft-hole systems

all having the same basic size of 50.000 in.

Case 1: |
Shaft Hole PTETVY
BS =50.000 BS =50.000 50.080
MMC = 50.100 MMC = 50.000 = BS :
LMC = 50.080 (i.e. Basic Hole system) Hole
LMC = 50.050 ‘
—
Shaft size: Hole size: :g‘ggg
a) Stacked limits form:¢§g';gg a) Stacked limits form:¢zg'g§g
b) Referenced to BS: b) Referenced to BS:
50.100—50.000 — 50.050—50.000 —
¢ 50.000 20,080_50.000 = ¢ 50.000 20,000_50.000 =
$50.000 *3a50 ¢ 50.000 ;0030

c) First note from signs in b) that there is no clearance, i.e. only

interference. Also note that -as opposed to clearance-

max.

interference occurs at the MMC and min. interference occurs at LMC

as seen from the figure on the right: ¢5

Thus,

intereferenceyqa, = MMCspqrr — MMCpore = 50.100 — 50.000 = 0.100

50.0

intereference,, = LMCgpq5t — LMCpye = 50.080 — 50.050 = 0.030

d) As shown above, this is a Basic Hole system
e) This is a force fit (most likely since values form relatively large
interferences) or location intereference fit
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Case 2: Shaft
Shaft Hole
BS =50.000 BS =50.000
MMC = 50.000 = BS MMC = 49.950 '50.000
(i.e. Basic Shaft system) LMC = 50.050 49.900
LMC = 49.900 N Hole I
Shaft size: Hole size:
50.050
a) Stacked limits form:¢, [ " a) Stacked limits form: g, >~ 49950
b) Referenced to BS: b) Referenced to BS:
¢ 50.000 3990050000 = ¢ 50.000 3595050000 =
0 +0.050
$50.000 _, .., $50.000 "

c) It is obvious here from signs in b) that there is both clearance and

. 50.000 <—MMC LMC » 150.050
interference; thus, ¢49 900 9.950

intereferenceyq, = MMCspqrr — MMCppre = 50.000 —49.950 = 0.050
clearanceyq, = LMCpp1e — LMCgpqpe = 50.050 — 49.900 = 0.150

d) As shown above, this is a Basic Shaft system
e) The transition shown from interference (@MMC) to clearance
(@LMC) shows this to be a location transition fit
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Case 3: =
Shaft
Shaft Hole
BS = 50.000 BS = 50.000
MMC = 49.950 MMC = 50.000 = BS 49.050
LMC = 49.900 (i.e. Basic Hole system) 49.900
LMC = 50.050 N o B
Shaft size: Hole size: I |
50.050
a) Stacked limits form:¢:z'z§g a) Stacked limits form:¢zg'gz2 30.000
b) Referenced to BS: b) Referenced to BS:
$50.000 (3505010 = #50.000 SE-201E =
—0.050 +0.050
$50.000 ;o0 $50.000 ;

c) First note from signs in b) that there is only clearance.
Thus 9.950 %50.050
'749.900 50.000

clearanceyq, = LMCpy1e — LMCgpqpr = 50.050 — 49.900 = 0.150
clearance,,;, = MMCyy e — MMCgpq: = 50.000 — 49.950 = 0.050

d) As shown above, this is a Basic Hole system
e) This is a running/sliding fit (most likely since values form relatively
large clearances) or location clearance fit.
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4. Examine the hole system below (dimensions in mm) and answer the
following questions.

r_B

— $.317 +.004

%__ 1 ¢.0_05<M> B

Calculate the geometric tolerance for cross sections in the system
having the following sizes:

a) 0.322
b) 0.319
c) Basic size
d) 0.311

Finally, you are required to repeat each of questions a) through d) above
giving that the geometric tolerance is specified RFS.

Given:
e BS=0317mm

o Size Tol.= £0.004

o => MMC = BS —0.004 =0.317 — 0.004 = 0.313
o = LMC =BS + 0.004 =0.317 + 0.004 = 0.321

o = 0.313 < size < 0.321

e Feature control frame: 1 ¢.005<M> B

o Perpendicularity geometric tolerance (hole)
o GT = 0.005 @ MMC (i.e. allowable GT at MMC is 0.005 mm)

o = Virtual Condition: V. = MMC — 0.005 = 0.313 — 0.005 = 0.308

o = @ LMC: GTypc = LMC —V, = 0.321 — 0.308 = 0.013
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o =0.005 @MMC <GT <£0.013 @LMC

Required:

a) GTo322 =7

b) GTo319 =7

C) GTps = GTo317 =7
d) GTo311 =7
Solution:

a) size = 0.322

Check if within size limits: 0.322 > 0.321 = part is rejected (note,
remachining is not possible here)

b) size = 0.319

o Check size: 0.313 < 0.319 < 0.321 = part is acceptable

o GTy319 = size — V. =0.319 — 0.308 = 0.011

o Check if within GT limits: 0.005 < 0.011 < 0.013 (= 0k)

GTy319 = 0.011

C) size = 0.317

o Check size: 0.313 < 0.317 < 0.321 (= ok)

o GTy371 = size — V., = 0.317 — 0.308 = 0.009

o Check GT: 0.005 < 0.009 < 0.013 (= ok)

GT0_317 = 0.009
d) size = 0.311

o Check size: 0.311 < 0.313 = part is rejected (note,

remachining may be possible in this case)
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Finally, you are required to repeat each of questions a) through d) above
giving that the geometric tolerance is specified RFS.

Given:
e BS =0317mm

o SizeTol.= 1+0.004

o = again MMC = 0.313
o = again LMC = 0.321

o = 0.313 <size <0.321

e Feature control frame: 1| ¢.005| B

o Perpendicularity geometric tolerance (hole)

o GT = 0.005 (RFS) (i.e. allowable GT at any cross section is

0.005 mm)
Required:
a) GTy3z, =7
b) GTy310 =
Cc) GTps = GTo 317 =
d) GTy311 =
Solution:

a) size = 0.322

Check if within size limits: 0.322 > 0.321 = part is rejected (note,
remachining is not possible here)

b) size = 0.319
o Check size: 0.313 < 0.319 < 0.321 = part is acceptable

O GTO_319 = 0005
GTO.319 - 0005
c) size = 0.317

o Check size: 0.313 < 0.317 < 0.321 (= ok)
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O GT0_317 = 0005
GTO.317 == 0005
d) size = 0.311
o Check size: 0.311 < 0.313 = part is rejected (note,
remachining may be possible in this case)
N | Class RC 1 Class RC 2 Class RC 3 Class RC 4 Class RC 5 Clazs RC &
oming - Standard Standard | _ Standard | _ Standard | o | Standard & | Standard
Sze ‘:‘3"99 5 g Limits | B % Limits |3 % Lmite 2 g Limits E & Limits 32 Limits:
1 = ! = T = = Lot T - =Lt
Inghes Eg Hale | Shafi E5| Hoe Shaft | E & Hole | Shafi Eé Hole | Shaft | E § Hole Shaft | E B | Hole | Shall
HS | gl Hi  gf 30 H7 | 18 HA | f7 T8 HE e | I0 Hy | ed
D -012 | 01 +02) 01 01,4025 -01| 03 +04|-03 03| +06 -03 05 +06 -06| 06 +10 -08
| D45 -0 | -0.25 055 -0 -03)| 085 -0 -055 13| -0 -07| 16 -0| -10| 22! -0| -12
012-024 | 045 +0.2  -015 095 +03 -0415] 04  =05| -04 04 +07 | -04 | 08 +07 -08] 08 +12 -08
05 -0 |-03|085 -0 [-038 312 -0|-07 16| -0 | -08| 28] =0l -13| 27 -0/ -18
O24-040 | 02 #0025, -02 | 02 F04 -02 | 05 +06]-05 05 +098 -05 10 +08 -10] 10 +14 -10
06| -0 | -035 088 -0|-045 15| -0|-08 20| -0 -14| 25 -0 -18| 33| -0/ -19
DE0-0.77T 025 #0370 -026/ K25 +0&7-0257 06 [ #0907 06 OB #1007 08| 12 F1F 127 1EZ F1E -17F
075 0 | -045 095 .0 |.085 17| -0|-10] 23| <0 -13| 29| -0l -19| 88| -o .22
D7t=118 T O3 04 =03 03 *0§ 03[ 08 =OR[ =08 UA 1T 08T TE 12 16 16 w20 =18
pos| -0 | -o58 12! <0 -07| 21| -0|-13| 28 -0 -18| 38! -0 -24| 48 -p| -28
115197 | f { { {
157518
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