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Time Estimation Tables

The proposed time estimation method has the following sequence:

1. Begin with an engineering drawing
2. Develop a process plan
3. Estimate the times from simplified tables

The tables which follow are divided into three categories for each machine:
-- Machine setup time
- Part fixturing time
-- Material removal time

Machine setup time: Includes such things as cleaning up the machine from the
last time it was used, loading tools and fixtures, and zeroing axes.

Part fixturing time: These times scale with weight (heavier parts take longer to
load) and represent the time to pick up a part and secure it in place for the
machining operation.

Material removal time:

It is important to note that the removal rates in the tables are for high speed steel
(HSS) tooling.

» For sawing: removal rate is based on cross-sectional area of the cut

¢ For milling, turning, grinding, and sanding: removal rate is based on
volume removed for roughing passes, and surface area finished for
finish passes

¢ For drilling and tapping: plunge feed rate is based on the diameter and
the depth of the hole

Also included in the tables are times for tool changes, time to index parts (in a
part indexer), time to index tools (advance turret on a turret lathe), and
programming times for CNC equipment.

The Appendices will help explain how to select machines and generate a process
plan from a part drawing. Appendix A is a detailed time estimate of a “rod
support”. Additional useful data tables are given in Appendix B.



TIME ESTIMATION TABLES

1.) 7”7 x12” Wet Horizontal / Vertical Bandsaw

Figure 1: Standard vise

Standard “SV” Series Locking Mechanism

STANDARD Identified by black knobs
For General Vise and Fixture use. Apresson (

the locking lever actuates the eccentric crank .
which tilts the locking ring, thereby gripping
the entire circumfarence of the center bar,
forcibly moving the jaw forward against the
workpiece. Raising the locking lever to verti-
cal position pemmits the spring to retumn the
locking ring to neutral position, allowing the
jaw to slide back, releasing the workpiece.
Adjusting screw, locked by cover plate, con-
trols amount of pressure.

3", 6" and 8" Grip-Master Vises

Jaw Max. Jaw Jaw Shipping  Order Price
Model Width Opening  Depth Weight Number Each
3-8V Vise g g 1-1/4 10lbs.  2103-0005 $86.39
3-PA Vise 3" 3" 1-5/16 10lbs. 2103-0010 97.56
3-VB V-Block - —_ — 11b. 2103-0015  23.51
8-SV Vise g 6-3116 1-13/16 341Ibs. 2103-0020 157.38
6-PA Vise 6" 6-3/16 1-13/16  341Ibs.  2103-0025 172.24
6-VB V-Block —_ —_ —_ 3lbs. 2103-0030 34.96
8-SV Vise 8" 8-3/16 2" 51lbs. 2103-0035 218.44
B8-PA Vise B" B-3/16 2° 51lbs. 2103-D040 237.70
8-VB V-Block — - — 5lbs.  2103-0045 42.16

Figure 2: Quick-locking vise
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1.) 7” x 12” Wet Horizontal / Vertical Bandsaw (cont.)

[S&EEER> 7" x 12" WET HORIZONTAL

VERTICAL BANDSAW

FEATURES:

« Waorm gear hardenec & groung

= Adiustable hydrausic teed.

* Rapid approacn wise

= Micrp ahgn plade quices & doveta shoe

* Four culling speess

+ Conlant pump & tans

Pre-Welged
Biades
Avallable:
3i4” $10.20

SPECIFICATIONS:

* Saw s100% aulomancaily

| MADE IN
-TAWIAN

* Full 34 biage lor sEngIn & preision

vhen cul 5 completed

7x12” stock size

$3,600
(in our shop)

can be up to $5K

with autofeed
$15K

Capacay 7o i b

Blade Lengh § = 10 Model 2673 4885
Blace Wdin 3"

Soced Range $6.36-155.260 FoM S 00
notor J4HP 10

Ficor Space 60 % 27 x 48 5

Weiht 260 s

¢ Setup machine: 10.2 min.

e Toad stock and fixture:

Weight [lb.] (Times are in min.)
Fixture type 3 8 12 25 35
Standard vise 0.23 0.28 0.33 041 0.70
Quick-locking vise 0.15 0.20 0.25 0.33 0.62
Automatic feed 0.10 0.15 0.20 0.28 0.57
¢ Cut material:
Material Material removal rate
[in2/min]

Aluminum 2.78

Copper alloys 1.85

Steel 1.39
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2.) Cold Saw
B3 coLp saws

: FE.M'URES

= Versalile ulility £oI0 Saw Co5aQNed 1o nanale a wiae
VAN o.' p.-er_:slzm metal cuthng apphea r_'-
Unegque cluteh allows the saw 10 cul an

alenais with m:nimal plage tangee
» Tre ow vollage control handle nas & comiortatio

H DISte gnp 10 TeCUCE ODOIAIGY Haligun

| = Far ruler cuting. the pivol heas can be posn

! B guckly

with hydraulic
cutting and feed:

= Model 2647 9314 also inciud, ol
Drush wheel ang a removakie

= Moder 2647 9312 lealures a ma wath
LEm arhon clamping and uunagn oaerau.-"

VISC aulomiatlally camps the ma
DOonls ang i nckui=d w DMK‘(I?‘V n'l

The lfaﬂesf
Cold Saw on the Markes!

M With Cold Saws! |

$15K-20K

tolerance +0.005”

* H3E Blags + Matenal
« Base SUDDOrT Fang
Pov Cociant Sestem & Cooiant otbar
| » Adiustzbie Sop Gauge * Tooi Kil

SPECIFICATIONS:
Model 2647 9312 2647 9314
i 120 14

Mode!
2647 9312
Shown

Hugnt

t EN 13
Wt 507 s 630 1y

Price $3,36500 $4,52000
® Setup machine:  10.2 min.

* Load stock and clamp with standard vise:

Weight [Ib.] (Times are in min.)

011204481 (13.1]18.0]24.2]|31.6(40.2
Time 0.3010.3210.3410.3710.41]0.45}0.50 | 0.56 | 0.63

o Cut material:

Material Material removal rate
[in?/min]
Aluminum 12.5
Copper alloys 8.33
Steel 6.25
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3.) Manual Vertical Mill

/ Primary motion \
Continuous
feed motion
£ |
(a) First cut
/ (slotting)
e Prirr!ary \
a?' Second cut
L e
[ s uni
O\ /O
\Cominuous /
feed motion | N <
tc) (d) T-slot Workpiece
Figure 3: (a) Horizontal surface, (b) slot/ eivey Figure 4: Milling a T-slot
(c) dovetail, (d) T-slot
Viosk SWork 7.
(a) (b) (c)

Figure 5: Some vertical milling machine operations
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3.) Manual Vertical Mill (cont.)

Workpiecs to be milled

8" HORIZONTAL - VERTICAL
SIMPLE INDEX

» Designed for milling, drilling, jig boring
and related machining operations.

« Simple and compact construction pro
vides for 2 types of dividing.

» Angular indexing can be performed
through the graduation ring from 0° to
360° in increments of 1°.

« Basic indexing is done by means of
catch device. This permits divisions in
2,3, 4,6, 8, 12 and 24 without any
disassembly operations. :

= Furnished with 2 piece reversible jaws a
super precision all steel chuck for dura DIMENSIONS:

bility and accuracy. D=8", A=6.29", B=10.43", C=15.16",
E=0.71", F=6.29", G=9.57", H=11.81",
SPECIFICATIONS: Center Hole: 1.024", Weight: 129 Ibs.
Indexing BCCUACY ........coevesssen.nn..... 45 soc. Order Number 1992-0010
Squareness (base to chuck) ..... .0009 max.
Parallelism over face ................. .0009 max. $569.0°

Coneentricity of chuck ............. 0016 T.LR. 7 REGULAR PRICE $750.00
f -

Figure 7. A part indexer
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3.) Manual Vertical Mill (cont.)

T-slots~

Base

2 hp. spindle
with digital
readout

$15K

3-axis
(5 degrees of
freedom)

EZ Trak Fmas A

Setup machine: (includes load one tool)
Fixture type Time [min.]
Vise, clamps, or direct bolting 45
Part indexer 90
Tool change: 2 min.
Load part and fixture:
Weight [Ib.] (Times are in min.)
Fixture type 1 2:5 B 10 15
Standard vise 0.20 0.22 0.25 0.28 0.31
Quick-locking vise 0.13 0.15 0.18 0.21 0.24
Clamps or direct
bolting (3 t-bolts) 0.71 0.74 0.77 0.81 0.84
Index part: 0.1 min.
Mill material:
Material removal rate
Type of tool Aluminum Copper alloys Steel
(1/8)” end mill 0.82 [in®/min] 0.39 [in®/min] 0.14 [in®/min]
(1/2)” end mill 5.48 [in®/min] 1.80 [in®/min] 0.63 [in®/min]
Maximum MRR 7.27 [in® /min] 2.35 [in®/min] 0.91 [in®/min]
Finish passes 15 [in?/min] 15 [in?/min] 15 [in?/min]
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4.) CNC 3-Axis Vertical Mill

Figure 8:
Tools are stored in pockets connected to an endless chain
conveyor.

10
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4.) CNC 3-Axis Vertical Mill (cont.)

7 hp.
24-tool
changer

Column

$90K (1986)

T-slots~"

$120K-130K
replacement

Base

* Setup machine: (includes load one tool)

Fixture Type Time [min.]
Vise, clamps, or direct bolting 45
Part indexer 90
¢ Tool change:
Operation Time [min.]
Manual change 0.86 _ See JB5  26vw
Automatic change (one arm) 0.50 & o N ) N
Touch-off tool 10 2—_’:"' oot d'*dwx"- 0
Programming: 5 min. + 3 [min./part dimension]

Load part and fixture:

Weight [lb.] (Times are in min.)
Fixture type 3 8 12 25 35
Standard vise 0.20 0.22 0.25 0.28 0.31
Quick-locking vise 0.13 0.15 0.18 0.21 0.24
Clamps or direct
bolting (3 t-bolts) 0.71 0.74 0.77 0.81 0.84
e Index part: 0.1 min.
e Mill material:
Material removal rate
Type of tool Aluminum Copper alloys Steel
0.50” end mill 5.48 [in® /min] 1.80 [in®/min] 0.63 [in®/min]
1.00” end mill 16.8 [in®/min] 4.21 [in® /min] 1.47 [in®/min]
Maximum MRR 25.5 [in® /min] 8.24 [in®/min] 3.18 [in®/min]
Finish passes 15 [in?/min] 15 [in?/min] 15 [in%/min]

11
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5.) Manual Horizontal Mill

Depth of /{

SX
% Z
De%::l of Cut ,(

FACE MILLING OR SLAB OR PLAIN MILLING SIDE MILLING SLOT OR KEYWAY MILLING
SHELL MILLING

y!
Depth of
ez:no /\

STRADDLE MILLING WITH
ANGLE CUTTERS END MILLING

END MILLING SAW MILLING

Figure 9: Some horizontal milling machine operations

12
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5.) Manual Horizontal Mill (cont.)

5 hp.
spindle
At with digital
e W readout
T-glots™ |
$20K
Base
3-axis
¢ Setup machine: (includes load one tool)
Fixture Time [min.]
Type
Vise, clamps, or direct bolting 45
Part indexer 90
¢ Tool change: 2 min.
* Load part and fixture:
Weight [Ib.] (Times are in min.)
Fixture type 3 8 12 25 35
Standard vise 0.20 0.22 0.25 0.28 0.31
Quick-locking vise 0.13 0.15 0.18 0.21 0.24
Clamps or direct
bolting (3 t-bolts) 0.71 0.74 0.77 0.81 0.84
e Index part: 0.1 min.
e Mill material:
Material removal rate
Type of tool Aluminum Copper alloys Steel
0.50” end mill 5.48 [in® /min] 1.80 [in® /min] 0.63 [in®/min]
1.00” end mill 16.8 [in®/min] 4.21 [in®/min] 1.47 [in3/min]
Maximum MRR 18.2 [in®/min] 5.88 [in>/min] 2.27 [in® /min]
Finish passes 19 [in*/min] 19 [in*/min] 19 [in*/min]

13
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6.) Manual Turret Lathe

Dog {clamped to work,
driven by dog plate)

Jaws (3), adjustable

Workpart to clamp work

Center (other center
at headstock end)

Workpart

Dog piate (driven by lathe spindle)
(@)
(®)

Faceplate
(attached to spindle)

Collet with three slits to
’_/_ permit squeezing of work

Tumed surface
Workbar

Workpart

Sleeve (advances forward to squeeze collet) Clamps (4)

(c) (d)

Figure 10: Four fixturing methods used in lathes: (a) mounting the work between
centers using dog, (b) three-jaw chuck, (c) collet, and (d) face plate for
noncylindrical workparts.

14
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6.) Manual Turret Lathe (cont.)

This requires a
CNC lathe

a Eﬁ: =1

Feed

Feed

(a (b) (c) (@

Y

\

—_—

Y

Feed

Alternative

feeds possible
Feed

)
(e) U] (@)

"";_ | Feed ___i_
7

(h) 0] {)

Figure 11: Machining operations other than turning that are performed on a lathe:
(a) facing, (b) taper turning, (c) contour turning, (d) form turning,
(e) chamfering, (f) cutoff, (g) threading, (h) boring, (i) drilling, and (j) knurling.

15
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6.) Manual Turret Lathe (cont.)

¢ Setup machine:

5 hp. spindle
power feed
digital readout
(not CNC)

8 tools

$25K

Number of tools (Times are in min.)

1 2 3 - 9

6 7 8

Time

654 | 76.2 | 87.0 | 97.8 | 109.2

120.0

130.2 | 141.0

Load part and fixture:

Weight [Ib.] (Times are in min.)
Fixture type 0.2 5.2 20 45

Chuck 0.27 0.39 0.53 0.88
Collet 0.17 0.26 0.35 -

e Advance turret to next tool: 0.1 min.

e Turn material:

Diameter of part Material removal rate
before cutting Aluminum Copper alloys Steel

0.50”

8.83 [in3/min] 1.64 [in3/min]

0.69 [in3/min]

1.00”

13.5 [in3/min] 2.51 [in3/min]

1.05 [in3/min]

Maximum MRR

18.2 [in3/min] 5.88 [in3/min]

2.27 [in3/min]

Finish passes

17 [in2/min] 17 [inZ/min]

17 [in2/min]

16



7.) CNC Turret Lathe

Setup machine:

TIME ESTIMATION TABLES

15 hp.
spindle

10 tools

CNC Lathe
No turret
$37K)

. power feed

~ (Inour shop, have also
Bridgeport 7 hp. EZ-Path

Number of tools (Times are in min.)

1 2 3 4 5 6 7 8
Time 65.4 76.2 87.0 97.8 109.2 120.0 130.2 141.0
¢ Load part and fixture:
Weight [Ib.] (Times are in min.)
Fixture type 0.2 5.2 20 45
Chuck 0.27 0.39 0.53 0.88
Collet 0.17 0.26 0.35 -
e Programming: 5 min. + 2 [min./part dimension]
e Advance turret to next tool: 0.1 min.
e Turn material:
Diameter of part Material removal rate
before cutting Aluminum Copper alloys Steel
0.50” 8.83 [in3/min] 1.64 [in3/min] 0.69 [in3/min]
1.00” 13.5 [in3/min] 2,51 [in3/min] 1.05 [in3/min]
Maximum MRR 545 [in3/min] 17.6 [in3/min] 6.82 [in3/min]
Finish passes 17 [in2/min] 17 [in?/min] 17 [in2/min]

17
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8.) Drill Press

Figure 12: Using parallels in a drill press vise

(a) Twistdrill

(b} Step drill

s

(e) Gundrill

(c) Straight-flute drill
L =

{d) Spade drill

o

U

1T ¢

“

(f) Drill with brazed carbide tip

Drill body
(low-alloy
steel)

(g) Drill with indexable carbide inserts

i

@ o
Carbide

inserts

Figure 13: Various types of drills

18
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8.) Drill Press (cont.)

High-pressure
coolant

Center drilling
Gun drilling

Step drilling

(a) (b)

Shank

Cutting tools

*Workpiece

Figure 15: (a) Trepanning tool, (b) Trepanning with a drill-mounted single cutter

Figures 16 and 17 below are hand tools used to make external and internal threads:

)

(AR

."ﬁ .

Figure 16: A die Figure 17: A tap

19
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8.) Drill Press (cont.)

Modified versions of Figures 16 and 17 are used in drill presses (also can be used on
milling machines and lathes). The die head shown in Figure 18 automatically
opens to release the work at the end of the threading operation.

Figure 18: Self-opening die head

The tapping head shown in Figure 19 incorporates such features as torque control,
self-reversing feed at the completion of the tapping, and a cushioned drive
mechanism to prevent cross-threading.

Figure 19: Self-reversing tapping head

20



8.) Drill Press (cont.)

Spindle

Adjustable head

Spindle
Chuck

e Setup machine:
¢ Tool change:

10.5 min. (includes load tool)
0.30 min. (keyed-drill chuck)
e Load part and fixture:

TIME ESTIMATION TABLES

$700 Manual,
1-axis, 3/4 hp.

Automatic:
$2K-15K

depending on
spindle power
and options

Weight [Ib.] (Times are in min.)
Fixture type 0.5 1.0 2.5 5.0 10.0 15.0
Standard vise 0.13 0.15 0.17 0.20 0.22 0.25
Quick-locking vise 0.10 0.12 0.14 0.17 0.19 0.22
e Drill or ream hole:
Plunge feed rate [in/min]
Diameter of hole Aluminum Copper alloys Steel
Drilling 0.060” 6.4 3.2 4.3
Drilling 0.500” 9.6 4.0 6.0
Reaming 0.060” 19.2 9.6 12.9
Reaming 0.500” 28.8 12.0 18.0
e Threading:
Threads per inch
5 6 7 8 9 10 12 14 16 18 20 24 28 32
Feed
rate 40.0133.3128.6|2501222]200]|16.7143]125]11.1| 10 | 83 | 7.1 | 6.3
[in/min]

21
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9.) CNC 3-Axis Surface Grinder

® Setup machine:

* Load part and fixture on magnet table:

36 min.

5 hp.

$17K

12x24"” stock size

Weight [Ib.] (Times are in min.)

0.2

8.2

20

45

Time

0.04

0.09

0.14

* Programming: 5 min. + 2 [min./part dimension]

¢ Grind material:
(Only steel included here since non-magnetic parts require special fixturing and

are not commonly ground)

Material
removal rate

for Steel
Roughing 0.68 [in3/min]
Finishing 160 [in2/min]

22
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10.) Belt Sanding

C€ 6" BELT sANDER
12" DISC SANDER COMBINATION

FEATURES: ARG o gttt
= 3 HP motor, 1 PH or 3 PH. usa~=
* Built in dust collector.

BELT MACHINE FEATURES:
* & x 48" belt.

* 2,800 SFPM.

*§" x 10" table.

DISC MACHINE FEATURES:
® 12" aluminum disc.
* 2,500 APM

With Parchase! |

= 8" x 14" {able. ALUMINUM OXIDE
CLOTH BELTS
6 x 48" 60x
10 per Pack
1 PHASE $35435 Value!
Model 9000 0030 ¢
3 PHASE

Model 9000 0031

$1,55000 oz

Wt. 295 Ibs.

® Setup machine:

No fixture: 10 min.
Simple fixture: 30 min.

* Load part and fixture:

Fixture Weight [Ib.] (Times are in min.)
Type 3 8 12 25 35
No fixture 0.08 0.10 0.13 0.16 0.19
Simple fixture 0.20 0.22 0.25 0.28 0.31
¢ Sand part:
Material removal rate
Aluminum Copper alloys Steel
Roughing 0.25[in3/min] | 0.17 [in3/min] | 0.13 [in3/min]
Finishing 3.8 [in2/min] 3.8 [in2/min] 3.8 [inZ/min]

23
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11.) Inspection

¢ Measure dimension: (tolerance £0.005 in.)

Tool Time [min.]
Vernier caliper 0.13
Micrometer 0.14
Dial bore gage 0.17
Radius gage 0.06
Visual inspect 0.05

Vernier caliper Micrometer

Radius gage

Dial bore gage

* Deburr edge with hand scraper:

Material Material Removal Rate
[in/min]
Aluminum 30
Copper alloys 20
Steel 15

Hand deburring tool

24



Appendix A

How to Use this Booklet

The following is a step-by-step example of a time estimate. It will illustrate the
various steps involved and help explain the different sections of the time
estimation tables. Consider the aluminum part below with a tolerarance of
+1/64"” for the two 0.50” radii and +0.005” otherwise:

Figure Al: Rod support

The process plan

The first step is to generate a process plan. Let’s assume we begin with a stock
size of 2.5”"x2.25”x12” and that this will be manufactured in a job shop for very
low quantities. We will use:

-- A bandsaw to roughly cut the stock to size
-- A manual vertical mill to create the planar features and the holes
-- A belt sander to sand the radii (we can do this since the tolerance is not very

high)

25



APPENDIX A

Number the features in the order they will be produced as follows:

Figure A2: The machining sequence

Now we can write the process plan which is:

Feature
Machine number Operation

Horizontal band saw 1 Saw stock to ~4.125”
Manual vertical mill 2 Mill two ends to length 4”

3 Mill width to 2”

4 Mill out 2”x1.5”x4”

5 Drill hole 1”7 diameter

6 Bore 1” radius
Belt sander Vi Sand 0.5” radii

26




HOW TO USE THIS BOOKLET

Estimating the time

The times are estimated by referring to the time estimation tables. In this
example, the time for deburring, inpection, and measurement will be included.
These times can be omitted when they are insignificant compared with the
machining time.

Feature #1: Saw stock to ~4.125”

From page 5,

Setup machine: 10.2 min
Load stock and fixture with standard vise: 0.23 min
(using the lightest weight column — 3 1bs)

(5.625 in?)
2.78 in’ / min)
(cross section of cut is 5.625 in2)

=2.02 min.

Saw stock: (

From page 24:

(9in.)
(30 in / min)
(perimeter deburred is 9 in.)
Inspect: 0.05 min.

Deburr cut edges: = 0.30 min.

Feature #2: Mill two ends to length 4”

From page 9:

Setup machine with a vise and load one tool: 45 min

Refixture stock with standard vise: 0.20 min (for first side)
0.20 min (for other side)

(using the lightest weight column - 1 Ib)

Change tool to a milling tool: 2.0 min

(boring tool was on machine from last part)

(0.703 in®)

—z — = (.13 min.
5.48 in !rmn)

Mill the two ends - rough cut: (

(volume removed is 0.703 in3)
(assume a 1/2” end mill is used to get the removal rate)

(11.25in?)
(15 in* / min)
(surface area finished is 11.25 in?)

Mill the two ends - finish cut: =0.75 min.

27



APPENDIX A

From page 24:
(19 in)

_ — =0.63 min.
(30 in / min)

* Deburr cut edges:

Inspect: 0.05 min.
* Measure with vernier caliper: 0.13 min.

Feature #3: Mill width to 2”

From page 9:

* Refixture stock with standard vise: 0.20 min
(2.5in%)
(5.48 in® / min)
(10 in?)
(15 in® / min)

e Mill the width - rough cut: =0.46 min.

e Mill the width - finish cut: =0.67 min.

From page 24:
(13 in)

= (.43 min.
(30 in / min)

e Deburr cut edges:

* Inspect: 0.05 min.
* Measure with vernier caliper: 0.13 min.

Feature #4: Mill out 2”x1.5”"x4”

From page 9:

(Stock already fixtured and ready)

(12 in®)
(5.48 in® / min)
(14 in?)
(15 in® / min)

* Mill out 2”x1.5”x4” - rough cut: =2.19 min.

e Mill out 2”x1.5”x4” - finish cut: =0.93 min.

From page 24:
(15 in)

—————=10.50 min.
(30 in / min)

* Deburr cut edges:

* Inspect: 0.13 min.
e Measure with vernier caliper: 0.26 min (measure 2 dimensions)

28



HOW TO USE THIS BOOKLET

Feature #5: Drill hole 1” diameter

From page 9:

Refixture stock with standard vise: 0.20 min

Tool will have to be changed four times: 8 min.

(need to drill in stages otherwise cannot meet tolerance of +0.005”)
- Center drill to start hole

- Drill (1/2”) to remove most of material

- Drill (63/64”) to leave a light cut for reamer

- Ream to get to exact size

From page 21 (use these numbers whenever drilling on any machine):

(0.25 in)
(7.78 in® / min)
(Linearly interpolate to get plunge feed rate for the size hole being drilled

-- denominator)
(Assumed diameter of center drill is 0.25” -- used to interpolate for feed rate)
(Assumed depth of hole is 0.25” - how far the tool will feed -- numerator)

Center drill: =0.03 min.

(0.50 in)
(9.6 in* / min)
(Diameter of drill is 0.5”)
(Depth is all the way through -- 0.50”)

Drill 1/2": =(0.05 min.

(0.50 in)
13.1 in’ / min)
(Diameter of drill is 63/64”)
(Depth of hole is 0.50”)

Drill 63/64”: =0.04 min.

(0.50 in)
(39.7 in® / min)
(Diameter of reamer is 1”)
(Depth of reamed hole is 0.5”)

Ream 1”: =0.01 min.

From page 24:

(6.28 in)

- ~—=0.21 min.
(30 in / min)

Deburr cut edges:

Inspect: 0.05 min.
Measure with vernier caliper: 0.13 min.
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Feature #6: Bore 1” radius
From page 9:
* Refixture stock with standard vise: 0.20 min
e Change tool to a boring tool: 2.0 min

(0.79 in*)
(0.82 in® / min)

(Use the lowest removal rate from the table, single point cutting tool, not
always in contact with the part)

=(0.96 min.

* Bore the 1” radius - rough cut:

(157 in?)

¢ Bore the 1” radius - finish cut: +——————=0.10 min.

(15 in”/ mm)
From page 24:
* Deburr cut edges: —m =0.24 min.

(30 in / min)
¢ Inspect: 0.05 min.
e Measure with radius gage: 0.06 min.
Feature #7: Sand 0.5” radii
From page 23:
¢ Setup machine with no fixture: 10 min
e Load stock with no fixture: 0.08 min
0.05 in’

e Sand the two radii - roughing: ( : 3m ) =0.20 min.

(0.25 in”/ mln)

0.79 in®

¢ Sand the two radii - finishing: ( = ) =0.21 min.

(3.8 in® / min)

From page 24:
(3.14 in)

—————=10.10 min.
(30 in / min)

* Deburr cut edges:

¢ Inspect: 0.05 min.
e Measure with radius gage: 0.12 min. (measure two radii)
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HOW TO USE THIS BOOKLET

Comparisons

To check this time estimation model, we had our in-house expert machinist,
Gerry Wentworth, provide us with his own estimate of the manufacturing time
(see next page). The table below summarizes the results for the rod support
made of aluminum:

Rod Support Estimate of Estimate using
Aluminum experienced method of
Job Shop machininst this thesis
Setup time 71.0 min. 65.2 min.
Machining time 47.0 min. 25.7 min.

We manufactured this part in our machine shop and stopwatch-timed the
various operations. The actual machining operation differed from the estimates
in many ways. The mill already had a vise on the table. Subtracting 45 minutes
for not having to set up a vise (see page 9), we obtain 20 minutes setup as our
estimate. This agrees well with the observed time of 19 minutes. The actual
machining time of 61 minutes is much higher than the 26 minute estimate. Many
factors account for this. We did not have 2.5”x2.25” stock, so we had to machine
several additional surfaces. We had to look for tools and spent time finding
things. Basically, we were not well prepared. Thus, we caution against
estimating for these kinds of situations. However, when tools and stock are laid
out and arranged, this model has been shown to agree well with the actual times.
After machining one part, our expert machinist said he felt that the part could be
made (machining time) in about 30 minutes. Further, this estimating method is
effective in applications that require a relative measure of time, rather than an
absolute one, like choosing between alternative processes.
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Gerry Wentworth's Process Plan
Tolerance + .005

Rod Support Mat'l Alum. 2"x21/2"Bar
Conventional Machining.

QPP | Machine Description (Min) {Min) {Min}
Set-up Run Total
Time Time Time
10 Horz. Band Cut Mat'14 1/8" long 1.0 1.0 2.0
Saw
20 Bench Deburr Saw Cut & Insp. 0 1.0 1.0
30 Vert. Mill Set-up 6" Vise-Tram Mach. 30.0 5.0 35.0

Sq. one saw cut end to clean, Deburr
Flip Part. Mach. Other end to 4"

long (using 3/4 EM. w/2" min. length
of cut) (1500 RPM 10 IPM)

40 Bench Deburr & Insp. 0 1.0 1.0
50 Vert. Mill Rest part on Parallels griping by 15.0 15.0 30.0
the 2" Dimension with 2.1" of
Mat'l exposed above the vise jaws.

Mach. 1/2" wall & 1/2" bottom
thickness. Using 3/4" 2 F1 EM.

(1500 RPM 10 IPM)
60 Bench Deburr & Insp. 0 1.0 1.0
70 Vert. Mill Reposition part to drill 1@ hole. 100 8.0 18.0

Center drill, pilot drill 1/2" @ Holg,
pilot-drill 15/16" & hole.
Finnish Drill 1@ (800RPM 5IPM)

80 Bench Deburr & Insp. 0 1.0 1.0
50 Vert. Mill Reposition Part to Mach. 1" RAD. 15.0 6.0 21.0

set Boring Head to 1" Rad. Mach .1
(D.O.C.) passes and one Finnish

500 RPM at 2IPM
100 | Bench Deburr & Insp. 0 1.0 1.0
110 | Vert. Mill Set up Rotary Table to Mach 5" 30 5.0 35.0
RAD. 2Pls.
120 Bench Finnish Deburr & Insp. 0 2.0 20
TOTALS 101.0 47.0 148.0

Note: If holes were to have + .0005" tolerance ad{l 5 min to set-up
+5 min to run time

If two 1/2" Rad were £ 1/64 " would not have to have 30 min
set-up time for setting up thle Rotary Table.

Figure A3: Gerry’s estimate (a rotary table was not used so the setup time is 71
minutes)
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Appendix B

Other Useful Tables

B.1  Surface finish requirements for various design applications

B.2  Tolerance and surface roughness for various manufacturing operations
B.3  Process tolerances

B4  Standard material shapes and sizes

B.5 Material densities and costs
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APPENDIX B

B.1

SURFACE FINISH REQUIREMENTS
FOR VARIOUS DESIGN APPLICATIONS

) Clearance surfaces : Motor shafls
(250 pin) 6.3 pm Enagh machine (16 pin) 0.40 pm/ Gﬁ” rﬂh{h“w
rs oads)
e Spline shafts
i O-rin ves
(125) 32 R ey
Chased and cut Ar_ltifrtction-benr-
threads ing bores and
Clutch-disk faces faces
Surfaces for soft glzshaﬂ. ]robi:l:de
kets Ompressor-
pre airfoils
Piston-pin bores Journals for
(63) 1.60 Brake drums elastomer lip
Cylinder block. top . seals linde
Gear locating faces f ngine cylinder
Gear shafts and (13) 0.32 plbonn "
bores iston outside
Ratchet and pawl diameters
teeth Crlankaha.ﬂ bear-
Millgd threads ings
gzlh:g s-.rxrfaces Jet-engine stator
Pi;:.: xm:::es (8) 0.20 / blades
n crowns :
Turbine-blade V:}:;:tappet cam
dovetails Hydraulic-cylinder
Broached holes bores
(32) 0.80 / Bronze journal Lapped antifriction
bearings bearings
¥ 10 Ball-bearing races
Gear teeth (4) 0. Piston pins
Slideways and gibs Hydraulic piston
Press-fit parts rods
Piston-rod bush- Cl_.rbon-uai mat-
ings ing surfaces
Antifriction-bear- Shop-gage faces
ing seats (2) 0.050 Comparator anvils
Sealing surfanes for s
M ) 0.025 oy ey
Micrometer anvils
FIGURE 31.8

Typical surface roughness design requirements in engineering components. Note that the range of
roughness in these applications is two orders of magnitude.




OTHER USEFUL TABLES

B.» TOLERANCE AND SURFACE
ROUGHNESS FOR VARIOUS
MANUFACTURING PROCESSES
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FIGURE 35.24
Tolerances and surface roughness obtained in various manufacturing processes. These tolerances
apply to a 25-mm (1-in.) workpiece dimension. Source: J. A. Schey.
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B.3 Process Tolerances

+ Tolerance
SE|E|:E|cE cE|eE|cE
8ol -wlsiloo|lg|cs|ss
g€5(88(88|85(8% |28 |88
cS|lcClcS|se|ol ||
Tuning, boring
Diameter < 1.0 in. >
1.0 < Diameter < 2.0 in.
Diameter > 2.0 in.
Drilling*
Diameter < 0.1 in. s
0.1 < Diameter <0.25 in. R |
0.25 < Diameter < 0.5 in. EEE3
0.5 < Diameter < 1.0 in. ST
o s

Diameter > 1.0 in.

Reaming
Diameter < 0.5 in.
0.5 < Diameter < 1.0 in.
Diameter > 1.0 in.

Milling
Peripheral
Face
End

Shaping, slotting

Planing

Broaching

Sawing

*Drilling tolerances typically expressed as a biased bilateral tolerance (for example,
+0.005/-0.001). Values in this tabulation are expressed as closest bilateral

tolerance (e.g., £0.003).
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OTHER USEFUL TABLES

B.4 Standard Material Shapes and Sizes

Standard Material Shapes and Ranges of Sizes
Name Size Shape

Plate 6-75 mm
(0.25-3 in.)

Sheet 0.1-5 mm
(0.004-0.2 in.)

Round bar or rod 3-200 mm dia.
(0.125-8 in. dia.)

Hexagonal bar  6-75 mm
(0.25-3 in.)

Square bar 9-100 mm
(0.375-4 in.)

Rectangular bar 3 X 12-100 X 150 mm
(0.125 X 0.54 X 6in.)

Tubing 5 mm dia., 1 mm wall-100 mm dia., 3 mm wall
(0.187-5 in. dia., 0.035 in. wall-4 in. dia., 0.125 in. wall)
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B.5 Material Densities and Costs
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