PRODUCTION GRINDING VISE




DHS Engineering, 1301 W. 13" Street, Kansas City, MO 64105

January 11, 2016

Good Morning:
Welcome to your first day at DHS Engineering.

You have been hired to support the Engineering and Design Department. As your Project Engineer |
have an urgent job, which needs to be documented and updated. This old production grinding vise
drawing needs to be modernized with today’s standards as it is going back into production in one
month. Our customer needs these updates as soon as possible so you need to generate documentation
and print your final set of detailed drawings so our checking department can review the final details
before the start of manufacturing.

Please review all of the information included in this packet to complete the assignment of documenting
the Production Grinding Vise Assembly. The Production Grinding Vise allows for multiple holding
operations for part manufacturing repeatability. The grinding vise is equipped with standard parts and
some component parts that will have to be detailed and fabricated.

See attached assembly (page 5) and its material list on (page 10). Reference the Machinery’s Handbook
or equivalent material for the standard components (Dowel Pins, all Socket Head Cap Screws and
Bushings) that are used in the vise. Reference the Machinery’s Handbook for recommended clearances
for fits on components. (see attached reference sheets)

The Production Grinding Vise Assembly is clamped to a drill press or mill for greater holding precision.
All detailed parts are to be dimensioned with the least amount of tolerance accumulations while
maintaining the proper design intent. Reference specification sheets and standards to determine
dimensioning & tolerancing. (see attached reference sheets)

ASSIGNMENT:

Working from the attached Production Grinding Vise Assembly Drawing, material list, and reference
material along with the Machinery’s Handbook for information on the mechanical components, create
complete detail, assembly, and multiple 3D rendering drawings that addresses the documentation and
design concept requirements.

GENERAL REQUIREMENTS:

Remember we need a complete set of detailed and assembly drawings ASAP. You determine the CAD
software of choice but please document and print your work for a final design review.

If you have any further questions please contact your design engineer.

You will have no more than 30 hours to complete this entire project as this grinding vise must go into
production within one month. If you complete early you will receive a company bonus.
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Your Assembly Drawings must include the following:

Standard company Title Block

Proper ANSI design standards and lineweights are required
More than one detail may be drawn on a sheet of paper
Create part identifier balloons for each detail

Completed Materials List

General and specific notes

Place drawings on “D” size paper

Drawings printed only on “B” size paper

Your Detailed Drawings must include the following:

Standard company Title Block
Proper ANSI design standards and lineweights are required
More than one detail may be drawn on a sheet of paper

Create callouts for each detail indicating: detail #, detail name, # required, material, and any

additional general or specific notes
Place drawings on “D” size paper
Drawings printed only on “B” size paper

Your 3D Rendering Drawings must include the following:

One Presentation Render

One Photo Realistic Render

One Exploded Pictorial Assembly

Place each drawing on an “A” size paper

PART DETAILING REQUIREMENTS:

You are to create detailed parts of the Production Grinding Vise. Your details should consist of as many
orthographic and sectional views that are needed to fully describe the shape and characteristics of each
detail. Each detail should include all dimensions and specifications necessary to manufacture that part.
To minimize assembly time, all counterbores and clearance holes for socket head cap screws should
contain normal fit clearances unless otherwise specified. This production grinding vise will also use only
Hardened Ground Machine dowel pin. Use the Machinery’s Handbook or included reference material to

determine all other types of fits and clearances.

Detail the following parts:

1. Vise Base: (Reference View, pages 5,6 & 7)

Determine counterbored and clearance hole sizes, drill and tap sizes for threads.

Material: 4140

Hardness: HRC: 28 — 32

Finish: Black Oxide — 32 Finish

Scale: as needed

Note: Include an isometric view on detail sheet
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2. Vise Jaw: (Reference View, pages 5 & 8)
Determine clearance hole size, drill and tap sizes for threads. Determine all dimensional
locations from Vise Jaw Support as a reference.
Material: CRS
Hardness: HRC: 20 — 25
Finish: Black Oxide — 32 Finish
Scale: as needed
Note: Include an isometric view on detail sheet

3. Vise Jaw Support: (Reference View, pages 5 & 8)
Determine counterbored and clearance hole sizes, drill and tap sizes for threads.
Determine all dimensional locations from Vise Jaw as a reference.
Material: 4140
Hardness: HRC: 28 — 32
Finish: Black Oxide — 32 Finish
Scale: as needed
Note: Include an isometric view on detail sheet

4. Support Screw: (Reference View, pages 5 & 9)

Material: Drill Rod

Hardness: HRC: 30 — 32

Finish: Black Oxide — 32 Finish

Scale: as needed

Note: Include an isometric view on detail sheet

5. Bushing: (Reference View, page 14)
Determine the drill and tap size for thread. The large drill bushing must have an FN 1 fit
tolerance.
Material: Brass
Hardness: N/A
Finish: N/A
Scale: as needed
Note: Include an isometric view on detail sheet

6. Vise Screw: (Reference View, pages 5 & 9)
Determine external thread size and tap size for internal thread. Also determine reamed
hole location for dowel pin. All dowel pin holes must have an FN 2 fit tolerance.
Material: 4140
Hardness: HRC: 28 — 32
Finish: Chrome Plating — 32 Finish
Scale: as needed
Note: Include an isometric view on detail sheet

7. Pivot Arm: (Reference View, pages 5 & 10)
Determine countersink hole size and drilled ream size.
Material: CRS
Hardness: HRC: 20 — 25
Finish: Black Oxide — 32 Finish
Scale: as needed
Note: Include an isometric view on detail sheet
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8. Pivot Handle: (Reference View, pages 5 & 10)

Material: CRS

Hardness: HRC: 20 — 25

Finish: Black Oxide — 32 Finish

Scale: as needed

Note: Include an isometric view on detail sheet

9. Retainer Plate: (Reference View, pages 5 & 10)

Determine counterbored and clearance hole sizes
Material: CRS

Hardness: HRC: 20 — 25

Finish: Black Oxide — 32 Finish

Scale: as needed

Note: Include an isometric view on detail sheet

GENERAL NOTES & TOLERANCES

All dimensions must be stated in decimal form. Critical dimensions (those involving locations, machining
operations or finish surfaces) will be stated as three place or four place decimals with a general
tolerance of +.005 inch or +.0005 inch. None-critical dimensions (those involving unfinished surfaces or
reference dimensions) should be stated as two place decimals with a general tolerance of .01 inch. All
holes and mating surfaces are to be fully dimensioned. Angular tolerance of £+ 1°.

The following notes and tolerances shall be displayed on all detail drawings sheets:

Drawing Prepared in Accordance w/MIL-STD-100
Dimensioning and Symbols per ASME Y14.5 — 1994
All External Surfaces Shall Be Free of Scratches, Dents, or Flaws
Deburr All Sharp Edges and Burrs Break all sharp corners
Break edges .03 Max
Unless otherwise specified the following tolerances apply:

= XX=%.01

= XXX =2.005

= XXXX=+.0005

=  ANGLES =+1°

STANDARD COMPONENTS (See attached Specification Sheets)

Dowel Pins
Socket Head Cap Screws
Drill Bushings (optional)

SPECIAL NOTE:

Your primary objective to complete this drawing in a timely and professional manner.

Your drawings will be reviewed on layout and presentation, dimensioning practices and
spacing as well as the ability to manufacture the details from the dimensions you have
provided.

Save your work every 5 to 10 minutes.
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VIEW FROM BOTTOM
SHOWING RETAINER PLATE

VIEW SHOWING SIDE & FRONT W/S.H.C.S
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Tap Drill and Drill Size Chart




TAP GUIDE SIZES

USA DRILL SIZES METRIC DRILL SIZES (Priced as specials)
) ) ! ; ) ) . . . . ) . .+ | Tap Guide .
Drill/Decimal| Drill/Decimal | Drill/Decimal Drill/Decimal Drill/Decimal Drill/Decimal Tap Size”™ | Nominal ID Size | T@p Drill Size
80 .0135( 9/64 .1406 |23/64 .3594 .35mm 0138 | 3.60mm .1417 | 8.70mm .3425 #0-80 0616 3/64
79 .0145( 27 1440 U .3680 .38mm .0150 | 3.70mm .1457 | 8.75mm .3445 #2-56 .0883 #50
1/64 .0156| 26 .1470| 3/8 .3750 A40mm 0157 | 3.75mm .1476 | 8.80mm .3465 #2-64 0880 #50
78 0160 25 .1495 vV .3770 42mm 0165 | 3.80mm .1496 | 8.90mm .3504 #4-40 1152 #43
77 .0180 24 1520 W  .3860 45mm 0177 | 3.90mm .1535 | 9.00mm .3543 #4-48 1147 #42
76 .0200 23 .1540 | 25/64 .3906 48mm .0189 | 4.00mm .1575 | 9.10mm .3583 #5-40 1282 #38
75 .0210| 5/32 .1562 X .3970 50mm .0197 | 4.10mm .1614 | 9.20mm .3622 #5-44 | 1280 (3.25mm) #37
74 0225 22 1570 Y .4040 55mm .0217 420mm .1654 9.25mm .3642 #6-32 1421 #36
73 .0240( 21 .1590|13/32  .4062 60mm 0236 | 425mm .1673 | 9.30mm .3661 #6-40 1412 #33
72 0250 20 .1610 Z 4130 65mm 0256 | 4.30mm .1693 | 9.40mm .3701 #8-32 1681 #29
71 .0260| 19 .1660|27/64 4219 70mm 0276 | 4.40mm .1732 | 9.50mm 3740 #8-36 1676 #29
70 0280 18 .1695| 7116 .4375 75mm 0295 | 4.50mm .1772 | 9.60mm .3780 #10-24 1954 #25
69 .0292|11/64 1719 (29/64 4531 80mm 0315 | 4.60mm .1811 [ 9.70mm .3819 #10-32 1941 #21
68 .0310| 17 .1730(15/32 .4688 85mm 0335 | 470mm .1850 [ 9.75mm .3839 1/a-20 2565 #7
132 0312| 16 .1770|31/64 .4844 90mm 0354 | 4.75mm .1870 | 9.80mm .3858 1/4-28 -2$4§ #g
67 0320 15 .1800| 1/2 .5000 | | 95mm 0374 | 480mm 1890 | 9.90mm .08 | [ /1618 po |
66 .0330( 14 .1820(33/64 .5156 [ |1.00mm .0394 | 4.90mm .1929 | 10.00mm .3937 3/8.16 3831 516
65 .0350| 13 .1850(17/32 .5312| [ 1.05mm .0413 | 5.00mm .1969 | 10.20mm .4016 8.04 2804 o
64 .0360| 3/16 .1875 (3564 5469 1.10mm .0433 | 5.10mm .2008 | 10.50mm .4134 711614 4468 U
63 .0370( 12 .1890| 9/16 .5625 1.15mm .0453 | 5.20mm .2047 | 10.80mm .4252 711620 4440 o5/64
61 .0390( 10 .1935|19/32 5938 1.25mm .0492 | 5.30mm .2087 | 11.20mm .4409 1/2-20 5065 20/64
60 .0400 9 .1960|39/64 .6094 | | 1.30mm .0512 | 540mm .2126 | 11.50mm .4528 9/16-12 5733 31/64
59 .0410 8 .1990| 5/8 .6250 1.35mm .0531 | 550mm .2165 | 11.80mm .4646 9/16-18 5607 33/64
58 .0420 7 .2010|41/64 .6406 1.40mm .0551 | 5.60mm .2205 | 12.00mm .4724 5/8-11 6368 17/32
57 .0430(13/64 .2031|21/32 .6562 1.45mm .0571 | 570mm .2244 | 1220mm .4803 5/8-18 6322 37/64
56 .0465 6 .2040|43/64 .6719 1.50mm .0591 | 5.75mm 2264 | 12.50mm .4921 3/4-10 7630 21/32
3/64 .0469 5 .2055|11/16 .6875 1.55mm .0610 | 5.80mm .2283 | 13.00mm .5118 3/4-16 7581 11/16
55 .0520 4 2090 | 45/64 7031 1.60mm .0630 | 5.90mm .2323 | 1350mm .5315 7/8-9 8894 49/64
54 0550 3 2130|2332 .7188 165mm .0650 | 6.00mm .2362 | 14.00mm .5512 7/8-14 8843 13/16
53 .0595| 7/32 .2188|47/64 7344 1.70mm .0669 | 6.10mm .2402 | 14.50mm .5709 1.8 1.0162 7/8
1/16 .0625 2 2210| 3/4 .7500 1.75mm .0689 | 6.20mm .2441 | 15.00mm .5906 1-14 1.0093 15/16
52 .0635 1 .2280 | 49/64 7656 1.80mm .0709 | 6.25mm .2461 | 1550mm .6102 METRIC
51 .0670 A 2340 |25/32 7812 1.85mm 0728 | 6.30mm .2480 | 16.00mm .6299 [ | . oo .- 0651 1.95mm or #55
50 .0700|15/64 2344 |51/64 .7969 1.90mm .0748 | 6.40mm .2520 | 16.50mm .6496 M2:0.4 0810 (#46) 1.60mm or #52
49 0730 B .2380|13/16 .8125 1.95mm 0768 | 6.50mm .2559 | 17.00mm .6693 |\ s | ygos 2 05mm or #46
48 0760 C .2420(53/64 .8281 [ |2.00mm .0787 | 6.60mm .2598 | 17.50mm .6890 M3x05 1207 2 50mm or #39
47 0785 E 2500|5564 8594 ( | 210mm .0827 | 6.75mm .2657 | 18.50mm .7283 M4x0.7 1613 | 3.30mm or #30
46 .0810 1/4 .2500 7/8 .8750 2.15mm .0846 6.80mm .2677 | 19.00mm .7480 M5x0.8 2010 (#7) 4.20mm or #19
45 .0820 F 2570 |57/64 .8906 2.20mm .0866 | 6.90mm .2717 | 19.50mm .7677 M6x1 2410 5.00mm or #8
44 0860 G .2610]29/32 .9062 2.25mm .0886 | 7.00mm .2756 | 20.00mm .7874 M8x1.25 3914 6.80mm or H
43 .0890| 17/64 .2656 | 59/64  .9219 2.30mm .0906 | 7.10mm .2795 | 20.50mm .8071 M8x1 3197 7.00mm or J
42 0935 H .2660|15/16 .9375 2.35mm .0925 | 7.20mm .2835 | 21.00mm .8268 M10x15 4009 8.50mm or R
3/32 .0938 | 2720 | 61/64  .9531 2.40mm .0945 | 7.25mm .2854 | 21.50mm .8465 M10x1.25 4002 | 8.80mm or 11/32
41 0960 J 2770|31/32 9688 2.45mm .0965 | 7.30mm .2874 | 22.00mm .8661 | |M12x1.75 4805 | 10.20mm or 13/32
40 .0980 K .2810|63/64 .9844 250mm .0984 | 7.40mm .2913 |22.50mm .8858 M12x1.25 4789 | 10.80mm or 27/64
39 .0995( 9/32 .2812 1 1.0000 255mm .1004 | 7.50mm .2953 | 23.00mm .9055 M14x2 5600 | 12.00mm or 15/32
38 .1015 L .2900 2.60mm .1024 | 7.60mm .2992 |23.50mm .9252 M14x1.5 5584 | 12.50mm or 1/2
37 .1040 M .2950 [+64th 2.65mm .1043 | 7.70mm .3031 | 24.00mm .9449 M16x2 6387 | 14.00mm or 35/64
36 .1065|19/64 .2969 |increments up 2.70mm .1063 | 7.75mm .3051 |24.50mm .9646 M16x1.5 6372 | 14.50mm or 37/64
7/64 1094 N .3020 [to 1-7/8" 2.75mm .1083 | 7.80mm .3071 | 25.00mm .9843 M18x2.5 7191 | 15.50mm or 39/64
35 .1100| 5/16 .3125 2.80mm .1102 | 7.90mm .3110 M18x1.5 7159 | 16.50mm or 21/32
34 1110 O .3160 |+32nd 290mm .1142 | 8.00mm .3150 | +1.00mm M20x2.5 .7998 | 17.50mm or 11/16
33 .1130 P .3230 |increments up 3.00mm .1181 | 8.10mm .3189 [ increments M20x1.5 7946 | 18.50mm or 47/64
32 .1160|21/64 .3281 [to2-1/4" 3.10mm .1220 | 8.20mm .3228 | upto48mm M2225 8765 [ 19.50mm or 49/64
31 1200 Q .3320 3.20mm 1260 | 825mm 3248 M22x1.5 8734 | 20.50mm or 13/16
18 .1250( R .3390 |+16th 325mm 1280 | 8.30mm .3268 |+5.00mm M24:3 9583 | 21.00mm or 53/64
30 .1285( 11/32 3438 |increments up 3.30mm .1299 [ 8.40mm .3307 | increments M24x2 9637 | 22.00mm or 7/8
29 .1360 S .3480 |to 4-1/4" 3.40mm .1339 | 8.50mm .3346 | from 50mm * Coarse series shown in bold. Pitch callout
28 .1405 T .3580 3.50mm .1378 | 8.60mm .3386 | upto 105mm not required on metric coarse series.
** Closest size for 75% theoretical thread.

\ %

MANUFACTURING CO.
4200 Carr Lane Ct., P.O. Box 191970
St. Louis, Missouri 63119-7970 USA
Phone: 314-647-6200, FAX: 314-647-5736
Web Site: www.carrlane.com
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Standard Components

eCap Screws
eDowel Pins



CAP SCREWS 1601

Table 4. American National Standard Hexagon and Spline Socket
Head Cap Screws ANSI/ASME B18.3-1998

H L
—S L. SEE NOTE
A A T|e|=—Lg—+ G "—LG"‘—LI"
G~L SEE NOTE T L
PR ]
T N
B T et e
y D \_FILLET ¥
E K
Spline Hex. Key
Nominal Head Head Socket Socket Fillet | Engage-
Size Body Diameter, Diameter, Height, Size Size Ext. ment*
Max | Min Max | Min Max |  Min Nom Nom Max

D A H M J F T

0 0.0600 0.0568 0.096 0.091 0.060 0.057 0.060 0.050 0.007 0.025
1 0.0730 0.0695 0.118 0.112 0.073 0.070 0.072 Yo 0.062 0.007 0.031
2 0.0860 0.0822 0.140 0.134 0.086 0.083 0.096 Ya 0.078 0.008 0.038
3 0.0990 0.0949 0.161 0.154 0.099 0.095 0.096 Ya 0.078 0.008 0.044
4 0.1120 0.1075 0.183 0.176 0.112 0.108 0.111 %o 0.094 0.009 0.051
5 0.1250 0.1202 0.205 0.198 0.125 0.121 0.111 %o 0.094 0.010 0.057
6 0.1380 0.1329 0.226 0.218 0.138 0.134 0.133 Yea 0.109 0.010 0.064
8 0.1640 0.1585 0.270 0.262 0.164 0.159 0.168 % 0.141 0.012 0.077
10 0.1900 0.1840 0.312 0.303 0.190 0.185 0.183 Yo 0.156 0.014 0.090
Y 0.2500 0.2435 0.375 0.365 0.250 0.244 0.216 Y6 0.188 0.014 0.120
Y 0.3125 0.3053 0.469 0.457 0.312 0.306 0.291 % 0.250 0.017 0.151
% 0.3750 0.3678 0.562 0.550 0.375 0.368 0.372 e 0.312 0.020 0.182
%6 0.4375 0.4294 0.656 0.642 0.438 0.430 0.454 % 0.375 0.023 0.213
% 0.5000 0.4919 0.750 0.735 0.500 0.492 0.454 % 0.375 0.026 0.245
% 0.6250 0.6163 0.938 0.921 0.625 0.616 0.595 % 0.500 0.032 0.307
% 0.7500 0.7406 1.125 1.107 0.750 0.740 0.620 % 0.625 0.039 0.370
% 0.8750 0.8647 1.312 1.293 0.875 0.864 0.698 % 0.750 0.044 0.432
1 1.0000 0.9886 1.500 1.479 1.000 0.988 0.790 % 0.750 0.050 0.495
1% 1.1250 1.1086 1.688 1.665 1.125 1.111 % 0.875 0.055 0.557
A 1.2500 1.2336 1.875 1.852 1.250 1.236 % 0.875 0.060 0.620
1% 1.3750 1.3568 2.062 2.038 1.375 1.360 1 1.000 0.065 0.682
1% 1.5000 1.4818 2.250 2.224 1.500 1.485 sea 1 1.000 0.070 0.745
1% 1.7500 1.7295 2.625 2.597 1.750 1.734 1Y 1.250 0.080 0.870
2 2.0000 1.9780 3.000 2.970 2.000 1.983 1% 1.500 0.090 0.995
2% 2.2500 2.2280 3.375 3.344 2.250 2.232 1% 1.750 0.100 1.120
2% 2.5000 2.4762 3.750 3.717 2.500 2.481 13 1.750 0.110 1.245
2%, 2.7500 2.7262 4.125 4.090 2.750 2.730 - 2 2.000 0.120 1.370
3 3.0000 2.9762 4.500 4.464 3.000 2.979 e 24 2.250 0.130 1.495
3% 3.2500 3.2262 4.875 4.837 3.250 3.228 24 2.250 0.140 1.620
34 3.5000 3.4762 5.250 5.211 3.500 3.478 2% 2.750 0.150 1.745
3% 3.7500 3.7262 5.625 5.584 3.750 3.727 2%, 2.750 0.160 1.870
4 4.0000 3.9762 6.000 5.958 4.000 3.976 sia 3 3.000 0.170 1.995

3 (Key engagement depths are minimum.)

All dimensions in inches. The body length L of the screw is the length of the unthreaded cylindri-
cal portion of the shank. The length of thread, Ly, is the distance from the extreme point to the last
complete (full form) thread. Standard length increments for screw diameters up to 1 inch are ¥, inch
for lengths % through % inch, % inch for lengths % through 1 inch, % inch for lengths 1 through 3 %
inches, % inch for lengths 3 % through 7 inches, 1 inch for lengths 7 through 10 inches and for diame-
ters over 1 inch are % inch for lengths 1 through 7 inches, 1 inch for lengths 7 through 10 inches, and
2 inches for lengths over 10 inches. Heads may be plain or knurled, and chamfered to an angle E of 30
to 45 degrees with the surface of the flat. The thread conforms to the Unified Standard with radius
root, Class 3A UNRC and UNRF for screw sizes No. 0 through 1 inch inclusive, Class 2A UNRC and
UNREF for over 1 inch through 1 % inches inclusive, and Class 2A UNRC for larger sizes. Socket
dimensions are given in Table 11. For details not shown, including materials, see ANSI/ASME
B18.3-1998.

15




1602 CAP SCREWS

Table 5. Drill and Counterbore Sizes For Socket Head Cap Screws (1960 Series)

SEE NOTE 3 SEE NOTE 3

L A

I Y o +
—-—+—D B C 460 {+——A—- 600 C H—A—-
[ A s L
Z %
Nominal Drill Size
Nominal Close Fit? Normal Fit®
Size Number or Number or )
or Basic Fractional Decimal Fractional Decimal Counterbore Countersink
Screw Size Size Size Size Diameter Diameter®
Diameter A B C
0 0.0600 51 0.067 49 0.073 % 0.074
1 0.0730 46 0.081 43 0.089 Yo 0.087
2 0.0860 Y 0.094 36 0.106 Vs 0.102
3 0.0990 36 0.106 31 0.120 Yo 0.115
4 0.1120 % 0.125 29 0.136 Yo 0.130
5 0.1250 Y 0.141 23 0.154 Y% 0.145
6 0.1380 23 0.154 18 0.170 %o 0.158
8 0.1640 15 0.180 10 0.194 Y 0.188
10 0.1900 5 0.206 2 0.221 % 0.218
¥ 02500 %4 0.266 % 0.281 Ys 0.278
s 03125 2 0.328 Vo 0.344 % 0.346
% 03750 7 0.391 %, 0.406 % 0.415
% 04375 s 0.453 Y 0.469 2 0.483
% 0.5000 & 0.516 %, 0.531 e 0.552
% 0.6250 A 0.641 B2 0.656 1 0.689
%  0.7500 U 0.766 B 0.781 1% 0.828
% 08750 s 0.891 %% 0.906 1% 0.963
1 1.0000 1%, 1.016 1%, 1.031 1% 1.100
1% 1.2500 1%, 1.281 1% 1.312 2 1.370
1% 1.5000 1%, 1.531 1% 1.562 2% 1.640
13 1.7500 1%, 1.781 1% 1.812 2% 1.910
2 2.0000 2V 2.031 2% 2.062 3% 2.180

a Countersink: It is considered good practice to countersink or break the edges of holes which are
smaller than (D Max + 2F Max) in parts having a hardness which approaches, equals or exceeds the
screw hardness. If such holes are not countersunk, the heads of screws may not seat properly or the
sharp edges on holes may deform the fillets on screws thereby making them susceptible to fatigue in
applications involving dynamic loading. The countersink or corner relief, however, should not be
larger than is necessary to insure that the fillet on the screw is cleared.

b Close Fit: The close fit is normally limited to holes for those lengths of screws which are threaded
to the head in assemblies where only one screw is to be used or where two or more screws are to be used
and the mating holes are to be produced either at assembly or by matched and coordinated tooling.

¢ Normal Fit: The normal fitis intended for screws of relatively long length or for assemblies involv-
ing two or more screws where the mating holes are to be produced by conventional tolerancing meth-
ods. It provides for the maximum allowable eccentricity of the longest standard screws and for certain
variations in the parts to be fastened, such as: deviations in hole straightness, angularity between the
axis of the tapped hole and that of the hole for the shank, differences in center distances of the mating
holes, etc.

All dimensions in inches.

Source: Appendix to American National Standard ANSI/ASME B18.3-1998.
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ALLOWANCES AND TOLERANCES

ANSI Standard Fits.—Tables 3 through 9 inclusive show a series of standard types and classes
of fits on a unilateral hole basis, such that the fit produced by mating parts in anyone class will
produce approximately similar performance throughout the range of sizes. These tables
prescribe the fit for any given size, or type of fit; they also prescribe the standard limits for the
mating parts that will produce the fit. The fits listed in these tables contain all those that appear
in the approved American-British-Canadian proposal.

Selection of Fits: In selecting limits of size for any application, the type of fit is determined first,
based on the use or service required from the equipment being designed; then the limits of size of
the mating parts are established, to insure that the desired fit will be produced.

Theoretically, an infinite number of fits could be chosen, but the number of standard fits
shown in the accompanying tables should cover most applications.

Designation of Standard Fits: Standard fits are designated by means of the following
symbols, which, facilitate reference to classes of fit for educational purposes. The symbols are
not intended to be shown on manufacturing drawings; instead, sizes should be specified on
drawings.

The letter symbols used are as follows:
RC =Running or Sliding Clearance Fit
LC =Locational Clearance Fit
LT =Transition Clearance or Interference Fit
LN =Locational Interference Fit
FN =Force or Shrink Fit

These letter symbols are used in conjunction with numbers representing the class of fit;
thus FN 4 represents a Class 4, force fit.

Each of these symbols (two letters and a number) represents a complete fit for which the
minimum and maximum clearance or interference and the limits of size for the mating
parts are given directly in the tables.

Description of Fits.—The classes of fits are arranged in three general groups: running and
sliding fits, locational fits, and force fits.

Running and Sliding Fits (RC): Running and sliding fits, for which limits of clearance

are given in Table 2, are intended to provide a similar running performance, with suitable
lubrication allowance, throughout the range of sizes. The clearances for the first two
classes, used chiefly as slide fits, increase more slowly with the diameter than for the other
classes, so that accurate location is maintained even at the expense of free relative motion.
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ALLOWANCES AND TOLERANCES

These fits may be described as follows:

RC 1 Close sliding fits are intended for the accurate location of parts that must assemble
without perceptible play.

RC 2 Sliding fits are intended for accurate location, but with greater maximum clearance
than class RC 1. Parts made to this fit move and turn easily but are not intended to run
freely, and in the larger sizes may seize with small temperature changes.

RC 3 Precision running fits are about the closest fits that can be expected to run freely,
and are intended for precision work at slow speeds and light journal pressures, but are not
suitable where appreciable temperature differences are likely to be encountered.

RC 4 Close running fits are intended chiefly for running fits on accurate machinery with
moderate surface speeds and journal pressures, where accurate location and minimum
playare desired.

RC 5 and RC 6 Medium running fits are intended for higher running speeds, or heavy
journal pressures, or both.

RC 7 Free running fits are intended for use where accuracy is not essential, or where
large temperature variations are likely to be encountered, or under both these conditions.
RC 8 and RC 9 Loose running fits are intended for use where wide commercial
tolerances may be necessary, together with an allowance, on the external member.

Locational Fits (LC, LT, and LN): Locational fits are fits intended to determine only the
location of the mating parts; they may provide rigid or accurate location, as with interference
fits, or provide some freedom of location, as with clearance fits. Accordingly, they are
divided into three groups: clearance fits (LC), transition fits (LT), and interference fits

(LN).

These are described as follows:

LC Locational clearance fits are intended for parts which are normally stationary, but
that can be freely assembled or disassembled. They range from snug fits for parts
requiring accuracy of location, through the medium clearance fits for parts such as
spigots, to the looser fastener fits where freedom of assembly is of prime importance.

LT Locational transition fits are a compromise between clearance and interference fits,
for applications where accuracy of location is important, but either a small amount of
clearance or interference is permissible.

LN Locational interference fits are used where accuracy of location is of prime
importance, and for parts requiring rigidity and alignment with no special requirements
for bore pressure. Such fits are not intended for parts designed to transmit frictional loads
from one part to another by virtue of the tightness of fit. These conditions are covered by
force fits.

Force Fits: (FN): Force or shrink fits constitute a special type of interference fit, normally
characterized by maintenance of constant bore pressures throughout the range of

sizes. The interference therefore varies almost directly with diameter, and the difference
between its minimum and maximum value is small, to maintain the resulting pressures
within reasonable limits.
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ALLOWANCES AND TOLERANCES

These fits are described as follows:
FN 1 Light drive fits are those requiring light assembly pressures, and produce more or
less permanent assemblies. They are suitable for thin sections or long fits, or in cast-iron
external members.
FN 2 Medium drive fits are suitable for ordinary steel parts, or for shrink fits on light
sections.
They are about the tightest fits that can be used with high-grade cast-iron external
members.
FN 3 Heavy drive fits are suitable for heavier steel parts or for shrink fits in medium
sections.
FN 4 and FN 5 Force fits are suitable for parts that can be highly stressed, or for shrink
fits where the heavy pressing forces required are impractical.

Graphical Representation of Limits and Fits.—A visual comparison of the hole and
shaft tolerances and the clearances or interferences provided by the various types and
classes of fits can be obtained from the diagrams on page 633. These diagrams have been
drawn to scale for a nominal diameter of 1 inch.

Use of Standard Fit Tables.—Example 1:A Class RC 1 fit is to be used in assembling a mating
hole and shaft of 2-inch nominal diameter. This class of fit was selected because the application
required accurate location of the parts with no perceptible play (see Description of Fits, RC 1
close sliding fits). From the data in Table 2, establish the limits of size and clearance of the hole
and shaft.

Maximum hole = 2 + 0.0005 = 2.0005; minimum hole = 2 inches

Maximum shaft =2 — 0.0004 = 1.9996; minimum shaft =2 — 0.0007 = 1.9993 inches

Minimum clearance = 0.0004; maximum clearance = 0.0012 inch
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