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FOREWORD

The occupational analysis project was conducted by The Instructional Materials
Laboratory, Trade and Industrial Education, The Ohio State University in con-
junction with the State Department of Education, Division of Vocational Educa-
tion pursuant to a grant from the U.S. Office of Education.

The Occupational Analysis project was proposed and conducted to train voca-
tional educators in the.techniques of making a comprehensive occupational
analysis. Instructors were selected from Agriculture, Business, Distributive,
Hone Economics and. Trade and Industrial Education to gain experience in
developing analysis documents for sixty-one different occupations. Represen-
tatives from Business, Industry, Medicine, and Education were involved with
the vocational instructors in conducting the analysis process.

The project was conducted in three phases. Phase one involved the planning
and development of the project strategies. The analysis process was based
on sound principles of learning and behavior. Phase two was the identifica-

tion, selection and orientation of all participants. The training and work-

shop sessions constituted the third phase. Two-week workshops were held
during which teams of vocational instructors conducted an analysis of the
occupations in which they had employment experience. The instructors were

assisted by both occupational consultants and subject matter specialists.

The project resulted in producing one hundred two trained vocational instruc-
tors capable of conducting and assisting in a comprehensive analysis of
various occupations. Occupational analysis data were generated for sixty-one

occupations. The analysis included a statement of the various tasks performed

in each occupation. For each task the following items were identified:
tools and equipment; procedural knowledge; safety knowledge; concepts and
skills of mathematics, science and communication needed for successful per-
formance in the occupation. The analysts data provided a basis for generating
instructional materials, course outlines, student performance objectives,

criterion measures as well as identifying specific supporting skills and

knowledge in the academic subject areas.



Preface

In the last few years outstanding advances have been made in the machine trades area. The

technical knowledge and new machining processes have been a boom to the modern day machine
shop. With all the advances made some basic skills exist that existed many years ago. In

this occupational analysis the participants have analyzed many of the basic tasks important
for a beginning machinist to perform.

This occupational analysis was drawn up to provide a list of the duties, tasks, science,
math, and technical knowledge of the tools and equipment used in the machinists trade.
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Job Description

A machinist works with metals and metal removal to form parts of a predetermined size
and shape as indicated by a blueprint or shop sketch. This is accomplished through the
proper setup and use of precision measuring tools, lathes, drills, milling machines,
grinders, metal cutting saws, shapers, heat treating equipment, hand tools and other
specialized machinery found in today's machine shops.

In all duties and operations, accuracy, proper tools usage, and safety are practiced.
Blueprint reading, sequence of operation, and applied math are necessary skills to a
successful machinist.
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Duty A Maintaining Machinery

1 Diagnose trouble in malfunctioning machine
2 Disassemble defective section of machine

3 Repair defective parts of machine
4 Replace parts in machine
5 Test machine fot performance after repair
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Duty B Performing Bench Operations

Deburr a workpiece
2 Layout workpiece
3 File piece to a dimension

4 Drill hole with hand drill motor
5 Hand tap a hole

6 Cut a thread with a hand die

a
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Duty C Performing Precision and Semi Precision Measurements

1 Measure with a steel rule
2 Measure with calipers

3 Measure angle with protractor

4 Check radius with radius gauge
5 Check work with a thickness gauge
6 Measure with a combination set
7 Measure with micrometers
8 Measure with vernier height gauge

9 Measure with vernier calipers
10 Check hole with a hole gauge
11 Check work with a dial indicator
12 Check work with plug and ring gages
13 Measure angles with sine bar
14 Calibrate micrometers
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Duty D Setting Up and Operating Metal Cutting Saws

1 Interpret blueprint language
2 Clean and lubricate saws

3 Install and adjust saw guides
4. Select and weld band saw blades
5 Install blade and adjust tension
6 Set and operate saw controls
7 Select and cut material with saw
8 Remove and inspect part of saw

4q-
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Duty E Setting Up and Operating Drill Presses

1 Clean and lubricate drill press

2 Select and mount work and work holding device
3 Center drill and drill a hole on the drill press

4 Ream a drilled hole with a drill press
5 Tap hole using tapping attachment
6 Spotface a hole

7 Countersink a hole
8 Counterbore a hole
9 Set and operate drill press controls
10 Remove and inspect part from drill press
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Duty F Operating a Pedestal Grinder

1 Clean and lubricate pedestal and grinder

2 Select mount and dress grinding wheel for pedestal grinder

3 Grind and sharpen tool bits on a pedestal grinder

4 Sharpen twist drill with grinder

5 Interpret blueprint language
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r
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i
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Duty G Setting Up and Operating Lathes

1 Clean and lubricate lathes

2 Grind and sharpen tool bits on a lathe

3 Sequence cutting tools and holder

4 Select and mount work and work holding device

5 Set and operate lathe controls

6 Face a workpiece

7 File a workpiece for burr removal

8 Hand finish a workpiece

9 Turn a shaft to a shoulder

10 Turn a taper on engine lathe

11 Knurl a workpiece

12 Cut off a workpiece with a parting tool

13 Cut with a form to.s1

14 Center drill and drill with a lathe

15 Bore a hole on a lathe

16 Thread a lathe

17 Grind with a tool post grinder on an engine lathe

18 Remove and inspect part from lathe

13

109
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a
n
d
 
a
b
r
a
s
i
o
n
s

S
e
t
 
t
o
o
l
 
r
e
s
t
 
c
l
o
s
e
 
t
o
 
w
h
e
e
l
 
(
1
6
"
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r
o
k
e
n
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h
e
e
l
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u
t
s
 
a
n
d
 
a
b
r
a
s
i
o
n
s

E
y
e
 
i
n
j
u
r
y

W
e
a
r
 
s
a
f
e
t
y
 
g
l
a
s
s
e
s

E
y
e
 
i
n
j
u
r
y

E
R

R
O

R
S

O
v
e
r
h
e
a
t
i
n
g
 
t
o
o
l

H
o
l
d
i
n
g
 
t
o
o
l
 
l
o
o
s
e
l
y
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o
o
l
 
r
e
s
t
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o
o
 
f
a
r
 
f
r
o
m
 
w
h
e
e
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I
T
S
 
O
N
 
A
 
L
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H
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S
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N
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A

T
H

N
U

M
B

E
R
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S
T

E
M

S

S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
i
n
c
a
l
 
a
d
v
a
n
t
a
g
e

W
o
r
k
 
i
n
p
u
t
,
 
w
o
r
k
 
o
u
t
p
u
t
,
 
f
r
i
c
t
i
o
n
 
a
n
d
 
e
f
f
i
c
i
e
n
c
y
 
i
n

s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

[
D
r
i
v
e
 
m
e
c
h
a
n
i
s
m
s
]

E
f
f
e
c
t
 
o
f
 
h
e
a
t
i
n
g
 
a
n
d
 
c
o
o
l
i
n
g
 
o
n
 
e
x
p
a
n
s
i
o
n
 
o
f
 
m
a
t
e
r
i
a
l
s

(
C
h
a
n
g
e
 
o
f
 
d
i
m
e
n
s
i
o
n
s
)

[
H
e
a
t
 
e
f
f
e
c
t
s
 
w
o
r
k
p
i
e
c
e
]

C
e
n
t
r
i
f
u
g
a
l
 
f
o
r
c
e
s
 
d
e
v
e
l
o
p
e
d
 
b
y
 
b
o
d
i
e
s
 
i
n
 
r
o
t
a
t
i
o
n

[
M
a
t
e
r
i
a
l
s
 
f
l
y
 
o
u
t
]

[
W
o
r
k
p
i
e
c
e
 
t
e
n
d
s
 
t
o
 
b
e
 
p
u
l
l
e
d
 
o
u
t
 
o
f
 
y
o
u
r
 
h
a
n
d
]

I
n
e
r
t
i
a
 
a
n
d
 
m
o
m
e
n
t
u
m

(
B
o
d
y
 
a
t
 
r
e
s
t
 
a
n
d
 
b
o
d
y
 
i
n
 
m
o
t
i
o
n
)

E
f
f
e
c
t
s
 
o
f
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
r
o
d
u
c
t
 
q
u
a
l
i
t
y

[
O
v
e
r
h
e
a
t
i
n
g
 
w
i
l
l
 
t
e
n
d
 
t
o
 
a
n
n
e
a
l
 
o
r
 
s
o
f
t
e
n
 
t
o
o
l
 
b
i
t
s
]

T
r
a
n
s
f
e
r
 
o
f
 
e
n
e
r
g
y
 
f
r
o
m
 
o
n
e
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r

[
M
e
c
h
a
n
i
c
a
l
 
e
n
e
r
g
y
 
c
h
a
n
g
e
s
 
t
o
 
h
e
a
t
]

R
e
a
d
 
a
n
d
 
i
n
t
e
r
p
r
e
t
 
c
h
a
r
t
s
,
 
t
a
b
l
e
s
,
 
a
n
d
/
o
r
 
g
r
a
p
h
s

[
C
l
e
a
r
a
n
c
e
 
a
n
d
 
r
a
k
e
 
a
n
g
l
e
s
]

M
e
a
s
u
r
e
s
 
o
f
 
l
e
n
g
t
h

.
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O

M
M

U
N
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A

T
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N
S

P
E

R
F

O
R

M
A

N
C

E
M
O
D
E
S

E
X

A
M

P
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S
S

K
IL
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O
N

C
E

P
T

S

V
i
e
w
i
n
g

T
o
u
c
h
i
n
g

P
r
o
t
r
a
c
t
o
r

T
e
m
p
l
a
t
e

G
a
g
e
s

W
o
r
k
p
i
e
c
e

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
l
o
g
i
c
,

d
e
t
a
i
l

i
n
f
e
r
e
n
c
e
,
 
r
e
c
o
g
n
i
z
e
 
s
y
m
b
o
l
s
,

c
o
d
e
s
,
 
a
n
d
 
e
m
b
l
e
m
s

S
i
z
e
,
 
s
h
a
p
e
,
 
t
e
x
t
u
r
e
,
 
t
e
m
p
e
r
a
t
u
r
e

1
1
3
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T
O
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L
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A
N
D
 
H
O
L
D
E
R
S

T
O

O
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Q

U
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M
E

N
T

, M
A

T
E

R
IA

LS
,

O
B
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C

T
S
A
C
T
E
D
 
U
P
O
N

P
E

R
F

O
R

M
A

N
C

E
 K

N
O

W
LE

D
G

E

-
-
-
-
-
1
-
7
7
%

S
A

F
E

T
Y

H
A

Z
A

R
D

T
o
o
l
 
b
i
t
s
 
(
c
a
r
b
i
d
e
 
a
n
d
 
s
t
e
e
l
)

S
e
l
e
c
t
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

P
r
o
p
e
r
 
h
a
n
d
l
i
n
g
 
o
f
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

T
o
o
l
 
h
o
l
d
e
r
s

C
l
e
a
n
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

C
u
t
s
,
 
a
b
r
a
s
i
o
n
s

D
r
i
l
l

I
n
s
t
a
l
l
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

D
a
m
a
g
e
d
 
t
o
o
l
s

R
e
a
m
e
r
s

D
a
m
a
g
e
d
 
h
o
l
d
e
r
s

B
o
r
i
n
g
 
b
a
r
s

M
a
n
d
r
e
l

D
r
i
v
i
n
g
 
d
o
g

G
r
i
n
d
e
r

D
r
i
l
l
 
c
h
u
c
k

D
r
i
l
l
 
s
l
e
e
v
e
s

D
r
i
l
l
 
d
r
i
f
t

H
a
m
m
e
r

W
r
e
n
c
h
e
s

S
l
e
e
v
e

m
m
m
o
m
m
i
l
a
.

D
E
C
I
S
I
O
N
S

C
U
E
S

E
R

R
O

R
S

D
e
t
e
r
m
i
n
e
 
t
y
p
e
s
 
o
f
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

S
i
z
e
 
a
n
d
 
s
h
a
p
e
 
o
f
 
t
o
o
l
s

D
i
r
t
y
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

D
e
t
e
r
m
i
n
e
 
s
e
q
u
e
n
c
e
 
a
n
d
 
p
r
o
c
e
d
u
r
e
s
 
o
f

I
n
c
o
r
r
e
c
t
 
s
e
l
e
c
t
i
o
n
 
o
f
 
t
o
o
l
s
 
a
n
d

m
o
u
n
t
i
n
g
 
t
o
o
l
s
 
a
n
d
 
h
o
l
d
e
r
s

e
q
u
i
p
m
e
n
t
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S
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S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e

W
o
r
k
 
i
n
p
u
t
,
 
w
o
r
k
 
o
u
t
p
u
t
,
 
f
r
i
c
t
i
o
n
 
a
n
d
 
e
f
f
i
c
i
e
n
c
y
 
i
n

s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

[
S
t
r
e
n
g
t
h
 
o
f
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
]

E
f
f
e
c
t
s
 
o
f
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
r
o
d
u
c
t
 
q
u
a
l
i
t
y

[
S
e
l
e
c
t
i
o
n
 
o
f
 
t
o
o
l
 
m
a
t
e
r
i
a
l
]

A
r
r
a
n
g
e
m
e
n
t
 
o
f
 
m
o
l
e
c
u
l
e
s
,
 
a
t
o
m
s
 
a
n
d
 
i
o
n
s
 
a
n
d
 
t
h
e
 
e
f
f
e
c
t

o
n
 
s
t
r
u
c
t
u
r
e
 
a
n
d
 
s
t
r
e
n
g
t
h
 
o
f
 
m
a
t
e
r
i
a
l
s

R
e
s
i
s
t
a
n
c
e
 
o
f
 
m
a
t
e
r
i
a
l
s
 
t
o
 
c
h
a
n
g
e
 
i
n
 
s
h
a
p
e

[
S
t
r
e
n
g
t
h
 
o
f
 
m
a
t
e
r
i
a
l
]

G
i
v
e
n
 
a
 
c
o
d
i
n
g
 
s
y
s
t
e
m
,

e
c
o
g
n
i
z
e
 
a
n
d
 
i
d
e
n
t
i
f
y
 
e
a
c
h
 
u
n
i
t

i
n
v
o
l
v
e
d
 
b
y
 
a
s
s
i
g
n
i
n
g
 
n
e
c
e
s
s
a
r
y
 
s
y
m
b
o
l
s
,
 
n
u
m
e
r
i
c
a
l
 
o
r

l
i
t
e
r
a
l

[
W
r
e
n
c
h
 
a
n
d
 
c
u
t
t
i
n
g
 
t
o
o
l
 
s
i
z
i
n
g
]
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P
T
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i
n
g
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u
n
t
i
n
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t
-
u
p

T
o
o
l
s

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
l
o
g
i
c
,
 
a
n
d
 
d
e
t
a
i
l

i
n
f
e
r
e
n
c
e

1
1
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Y
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A
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F
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r
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a
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u
c
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l
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t
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r
k
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o
l
d
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n
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i
c
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o
p
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r
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o
r
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o
r
k
h
o
l
d
i
n
g
 
d
e
v
i
c
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T
h
r
e
e
 
j
a
w
 
c
h
u
c
k

C
l
e
a
n
 
w
o
r
k
h
o
l
d
i
n
g
 
d
e
v
i
c
e

C
u
t
s
 
o
r
 
b
r
u
i
s
e
s

S
t
e
a
d
y
 
r
e
s
t

M
o
t
=
 
w
o
r
k
h
o
l
d
i
n
g
 
d
e
v
i
c
e

P
a
r
t
 
f
l
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o
u
t
 
o
f
 
m
a
c
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n
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F
o
l
l
o
w
e
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r
e
s
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M
o
u
n
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o
r
k
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i
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c
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E
y
e
 
i
n
j
u
r
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C
e
n
t
e
r
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C
u
t
s
 
a
n
d
 
b
r
u
i
s
e
s

D
r
i
v
e
 
p
l
a
t
e
 
a
n
d
 
d
o
g

C
o
l
l
e
t

a
n
d
 
d
r
a
w
b
a
r

F
a
c
e
 
p
l
a
t
e

W
o
r
k
p
i
e
c
e

M
a
n
d
r
e
l

C
h
u
c
k
 
w
r
e
n
c
h

C
l
a
m
p
s

D
E

C
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N

S
C

U
E

S
E

R
R

O
R

S

S
e
l
e
c
t
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r
o
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e
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r
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n
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d
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e
 
o
f
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o
r
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c
e

S
e
l
e
c
t
 
p
r
o
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e
r
 
w
o
r
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o
l
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n
g
 
d
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s
e

D
i
r
t
y
 
f
i
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s

L
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o
s
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f
i
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t
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r
e

S
p
r
i
n
g
i
n
g
 
t
h
e
 
w
o
r
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m
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o
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N
U

M
B

E
R

 S
Y

S
T

E
M

S

S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e

[
C
l
a
m
p
s
,
 
T
-
b
o
l
d
s
,
 
j
i
g
s
,
 
a
n
d
 
f
i
x
t
u
r
e
s
]

W
o
r
k
 
i
n
p
u
t
,
 
w
o
r
k
 
o
u
t
p
u
t
,
 
f
r
i
c
t
i
o
n
 
a
n
d
 
e
f
f
i
c
i
e
n
c
y
 
i
n

s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

[
S
e
t
t
i
n
g
 
t
i
m
e
]

M
o
t
i
o
n
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
t
w
o
 
o
r
 
m
o
r
e
 
f
o
r
c
e
s
 
a
c
t
i
n
g
 
o
n
 
a

p
o
i
n
t
 
i
n
 
a
 
b
o
d
y

[
R
e
s
i
s
t
a
n
c
e
 
t
o
 
m
o
t
i
o
n
 
(
t
o
r
q
u
e
)
]

R
e
l
a
t
i
o
n
s
h
i
p
 
o
f
 
f
o
r
c
e
 
t
o
 
d
i
s
t
o
r
t
i
o
n
 
i
n
 
a
n
 
e
l
a
s
t
i
c
 
b
o
d
y

R
e
s
i
s
t
a
n
c
e
 
o
f
 
m
a
t
e
r
i
a
l
s
 
t
o
 
c
h
a
n
g
e
 
i
n
 
s
h
a
p
e

[
P
r
o
p
e
r
 
t
i
g
h
t
e
n
i
n
g
 
t
o
r
q
u
e
]

C
e
n
t
r
i
f
u
g
a
l
 
f
o
r
c
e
s
 
d
e
v
e
l
o
p
e
d
 
b
y
 
b
o
d
i
e
s
 
i
n
 
r
o
t
a
t
i
o
n

C
e
n
t
r
i
p
e
t
a
l
 
f
o
r
c
e
s
 
d
e
v
e
l
o
p
e
d
 
b
y
 
b
o
d
i
e
s
 
i
n
 
r
o
t
a
t
i
o
n

[
T
e
n
d
e
n
c
y
 
o
f
 
w
o
r
k
p
i
e
c
e
 
t
o
 
f
l
y
 
o
u
t
]

I
n
e
r
t
i
a
 
a
n
d
 
m
o
m
e
n
t
u
m

(
B
o
d
y
 
a
t
 
r
e
s
t
 
a
n
d
 
b
o
d
y
 
i
n
 
m
o
t
i
o
n
 
)

E
f
f
e
c
t
s
 
o
f
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
r
o
d
u
c
t
 
q
u
a
l
i
t
y

G
i
v
e
n
 
a
 
c
o
d
i
n
g
 
s
y
s
t
e
m
,
 
r
e
c
o
g
n
i
z
e
 
a
n
d
 
i
d
e
n
t
i
f
y
 
e
a
c
h
 
u
n
i
t

i
n
v
o
l
v
e
d
 
b
y
 
a
s
s
i
g
n
i
n
g
 
n
e
c
e
s
s
a
r
y
 
s
y
m
b
o
l
s
,
 
n
u
m
e
r
i
c
a
l
 
o
r

l
i
t
e
r
a
l
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M
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U
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T
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A
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P
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S
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K
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O
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C
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P
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V
i
e
w
i
n
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W
o
r
k
p
i
e
c
e

M
o
u
n
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Duty H Setting Up and Operating Shaper and Slotter

1 Clean and lubricate shaper and slotter
2 Grind or sharpen tool bit

3 Select and mount cutting tool and holders
4 Select and mount work and work holding devices

5 Set and operate shaper and slotter controls

6 Shape or slot part to drawing specifications

7 Remove and inspect part from shaper and slotter
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Duty I Set Up and Operating Horizontal and Vertical Milling Machine

1 Clean and lubricate milling machine
2 Select and mount work and work holding devices

3 Select and mount cut..1r holding devices and cutter

4 Set and operate mil g machine controls

5 Index work with the dividing lead

6 Mill a flat surface
7 Mill a keyway
8 Center drill and drill a hole on the vertical mill

9 Bore a hole with a mill
10 Mill an angular surface
11 Mill a dovetail on a vertical mill
12 Gang mill on a horizontal mill
13 Remove and inspect work from milling machine
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Duty .1 Performing Heat Treating Operations

1 Set furnace coatrols
2 Heat workpiece

3 Quench or cool workpiece
4 Remove and inspect part after heat treatment
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Duty K Setting Up and Operating Surface Grinder

1 Clean and lubricate surface grinder

2 Select, mount and dTess grinding wheel

3 Select and mount work and work holding device

4 Set stops, feed and grind workpiece

5 Remove and inspect part from surface grinder



(T
S

K
 S

T
A

T
E

M
E

N
T

)
C
L
E
A
N
 
A
N
D
 
L
U
B
R
I
C
A
T
E
 
S
U
R
F
A
C
E
 
G
R
I
N
D
E
R

T
O
D
L
S
,
 
E
Q
U
I
P
M
E
N
T
,
 
M
A
T
E
R
I
A
L
S
,

O
B
J
E
C
T
S
 
A
C
T
E
D
 
U
P
O
N

P
E

R
F

O
R

M
A

N
C

E
 K

N
O

W
LE

D
G

E
S

A
F

E
T

Y
H

A
Z

A
R

D

O
i
l

G
r
e
a
s
e

O
i
l
 
c
a
n

G
r
e
a
s
e
 
g
u
n

R
a
g
s

S
o
l
v
e
n
t

B
r
u
s
h
e
s

M
e
a
s
u
r
i
n
g
 
c
o
n
t
a
i
n
e
r
s

L
u
b
r
i
c
a
t
i
o
n
 
c
h
a
r
t
s

A
b
r
a
s
i
v
e
 
m
a
t
e
r
i
a
l

W
r
e
n
c
h
e
s

D
r
o
p
 
c
o
r
d

C
l
e
a
n
 
f
i
t
t
i
n
g
s
 
b
e
f
o
r
e
 
l
u
b
i
i
c
a
t
i
o
n

R
e
m
o
v
e
 
a
n
d
 
i
n
s
t
a
l
l
 
p
l
u
g
 
a
n
d
 
c
o
v
e
r
s

M
a
k
e
 
n
e
c
e
s
s
a
r
y
 
a
d
j
u
s
t
m
e
n
t
s

S
t
a
r
t
 
a
n
d
 
s
t
o
p
 
m
a
c
h
i
n
e
r
y

.

D
o
 
n
o
t
 
u
s
e
 
p
r
e
s
s
u
r
i
z
e
d
 
a
i
r

E
y
e
 
a
n
d
 
m
a
c
h
i
n
e
 
d
a
m
a
g
e

S
h
u
t
 
m
a
c
h
i
n
e
 
o
f
f
 
b
e
f
o
r
e
 
c
l
e
a
n
i
n
g

E
l
e
c
t
r
i
c
a
l
 
s
h
o
c
k

A
v
o
i
d
 
s
p
i
l
l
s

F
a
l
l
s

P
r
o
p
e
r
 
d
i
s
p
o
s
a
l
 
o
f
 
l
u
b
r
i
c
a
n
t
s
 
a
n
d

s
o
l
v
e
n
t
s

F
i
r
e

W
a
t
e
r
 
p
o
l
l
u
t
i
o
n

D
E
C
I
S
I
O
N
S

C
U

E
S

E
R

R
O

R
S

D
e
t
e
r
m
i
n
e
 
p
r
o
p
e
r
 
f
r
e
q
u
e
n
c
y
 
o
f

l
u
b
r
i
c
a
t
i
o
n

S
e
l
e
c
t
 
p
r
o
p
e
r
 
l
u
b
r
i
c
a
n
t

L
o
c
a
t
e
 
a
l
l
 
l
u
b
r
i
c
a
n
t
i
o
n
 
p
o
i
n
t
s

D
e
t
e
r
m
i
n
e
 
c
o
r
r
e
c
t
 
a
m
o
u
n
t
 
o
f

l
u
b
r
i
c
a
n
t

O
p
e
r
a
t
i
o
n
 
m
a
n
u
a
l
 
g
u
i
d
e
l
i
n
e
s

T
y
p
e
 
o
f
 
m
a
c
h
i
n
e
r
y

E
q
u
i
p
m
e
n
t
 
m
a
l
f
u
n
c
t
i
o
n



(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

C
L
E
A
N
 
A
N
D
 
L
U
B
R
I
C
A
T
E
 
S
U
R
F
A
C
E
 
G
R
I
N
D
E
R

S
C

IE
N

C
E

M
A

T
H

N
U

M
B

E
R

 S
Y

S
T

E
M

S

S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e

W
o
r
k
 
i
n
p
u
t
,
 
w
o
r
k
 
o
u
t
p
u
t
,
 
f
r
i
c
t
i
o
n
 
a
n
d
 
e
f
f
i
c
i
e
n
c
y
 
i
n

s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

C
o
m
p
o
s
i
t
i
o
n
 
o
f
 
m
a
t
t
e
r
,
 
i
n
c
l
u
d
i
n
g
 
p
r
o
t
o
n
s
,
 
n
e
u
t
r
o
n
s
,

e
l
e
c
t
r
o
n
s
,
 
a
t
o
m
s
,
 
m
o
l
e
c
u
l
e
s
,
 
a
n
d
 
e
l
e
m
e
n
t
s

[
P
r
o
p
e
r
t
i
e
s
 
o
f
 
l
u
b
r
i
c
a
n
t
s
]

E
f
f
e
c
t
s
 
o
f
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
r
o
d
u
c
t

q
u
a
l
i
t
y

[
F
r
i
c
t
i
o
n
 
c
a
u
s
e
s
 
d
e
t
e
r
i
o
r
a
t
i
o
n
]

G
i
v
e
n
 
a
 
c
o
d
i
n
g
 
s
y
s
t
e
m
,
 
r
e
c
o
g
n
i
z
e
 
a
n
d
 
i
d
e
n
t
i
f
y
 
e
a
c
h
 
u
n
i
t

i
n
v
o
l
v
e
d
 
b
y
 
a
s
s
i
g
n
i
n
g
 
n
e
c
e
s
s
a
r
y
 
s
y
m
b
o
l
s
,
 
n
u
m
e
r
i
c
a
l
 
o
r

l
i
t
e
r
a
l

[
S
o
c
i
e
t
y
 
o
f
 
A
u
t
o
m
o
t
i
v
e
 
E
n
g
i
n
e
e
r
s
 
S
p
e
c
i
f
i
c
a
t
i
o
n
s
]

[
A
m
e
r
i
c
a
n
 
I
r
o
n
 
a
n
d
 
S
t
e
e
l
 
I
n
s
t
i
t
u
t
e
 
S
p
e
c
i
f
i
c
a
t
i
o
n
s
]

R
e
a
d
 
a
n
d
 
i
n
t
e
r
p
r
e
t
 
c
h
a
r
t
s
,
 
t
a
b
l
e
s
,
 
a
n
d
/
o
r
 
g
r
a
p
h
s

[
L
u
b
r
i
c
a
t
i
o
n
 
c
h
a
r
t
s
]

L
i
q
u
i
d
 
a
n
d
 
d
r
y
 
m
e
a
s
u
r
e
s

[
L
i
q
u
i
d
 
m
e
a
s
u
r
e
]

C
O

M
M

U
N

IC
A

T
IO

N
S

P
E

R
F

O
R

M
A

N
C

E
M
O
D
E
S

E
X

A
M

P
LE

S
S

K
IL

LS
/C

O
N

C
E

P
T

S

R
e
a
d
i
n
g

V
i
e
w
i
n
g

T
o
u
c
h
i
n
g

O
p
e
r
a
t
i
o
n
a
l
 
m
a
n
u
a
l
s

E
q
u
i
p
m
e
n
t

C
o
m
p
r
e
h
e
n
s
i
o
n
,
 
t
r
a
d
e
 
t
e
r
m
i
n
o
l
o
g
y
,

d
e
s
c
r
i
p
t
i
o
n
 
o
f
 
m
e
c
h
a
n
i
s
m
,

d
e
f
i
n
i
t
i
o
n
 
a
n
d
 
i
n
s
t
r
u
c
t
i
o
n
s

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
d
e
s
c
r
i
b
i
n
g
,
 
l
o
g
i
c
,

d
e
t
a
i
l
 
i
n
f
e
r
e
n
c
e
,
 
c
o
l
o
r
 
d
i
s
c
r
i
m
i
T

n
a
t
i
o
n

T
e
m
p
e
r
a
t
u
r
e
,
 
t
e
x
t
u
r
e
,
 
m
o
v
e
m
e
n
t
,

a
n
d
 
t
e
n
s
i
o
n

2
0
3



(
T
A
S
K

S
T

A
T

E
M

E
N

T
)

S
E
L
E
C
T
,
 
M
O
U
N
T
,
 
A
N
D
 
D
R
E
S
S
 
G
R
I
N
D
I
N
G
 
W
H
E
E
L
 
F
O
R
 
S
U
R
F
A
C
E
 
G
R
I
N
D
E
R

M
M
E
M
E
M
M
E
M
M
I

T
O

O
LS

, E
Q

U
IP

M
E

N
T

, M
A

T
E

R
IA

LS
,

O
B

JE
C

T
S

 A
C

T
E

D
 U

P
O

N
P

E
R

F
O

R
M

A
N

C
E

 K
N

O
W

LE
D

G
E

2r
4

S
A

F
E

T
Y

H
A

Z
A

R
D

W
h
e
e
l
 
d
r
e
s
s
e
r

D
i
a
m
o
n
d

M
e
c
h
a
n
i
c
a
l

S
t
i
c
k

G
r
i
n
d
i
n
g
 
w
h
e
e
l

W
r
e
n
c
h
e
s

S
a
f
e
t
y
 
g
l
a
s
s
e
s

S
e
l
e
c
t
 
w
h
e
e
l

I
n
s
p
e
c
t
 
w
h
e
e
l

C
l
e
a
n
 
a
r
b
o
r

I
n
s
t
a
l
l
 
b
l
o
t
t
e
r
s

I
n
s
t
a
l
l
 
w
a
s
h
e
r
s

T
i
g
h
t
e
n
 
n
u
t

I
n
s
t
a
l
l
 
g
u
a
r
d
s

D
r
e
s
s
,
 
w
h
e
e
l

I
m
p
r
o
p
e
r
 
d
r
e
s
s
i
n
g
 
p
r
o
c
e
d
u
r
e

D
a
m
a
g
e
d
 
w
h
e
e
l

C
u
t
s
 
a
n
d
 
b
r
u
i
s
e
s

E
y
e
 
i
n
j
u
r
y

F
a
i
l
u
r
e
 
t
o
 
w
e
a
r
 
e
y
e
 
p
r
o
t
e
c
t
i
o
n

E
y
e
 
i
n
j
u
r
y

U
s
e
 
o
f
 
d
a
m
a
g
e
d
 
w
h
e
e
l

C
u
t
s
 
a
n
d
 
a
b
r
a
s
i
o
n
s

E
y
e
 
i
n
j
u
r
y

I
n
a
d
e
q
u
a
t
e
 
w
h
e
e
l
 
g
u
a
r
d
s

C
u
t
s
 
a
n
d
 
a
b
r
a
s
i
o
n
s

E
y
e
 
i
n
j
u
r
y

D
E

C
IS

IO
N

S

S
e
l
e
c
t
 
w
h
e
e
l

D
e
t
e
r
m
i
n
e
 
c
o
r
r
e
c
t
 
m
o
u
n
t
i
n
g
 
p
r
o
c
e
d
u
r
e
s

C
U

E
S

T
y
p
e
 
o
f
 
g
r
i
n
d
i
n
g
 
p
e
r
f
o
r
m
a
n
c
e
 
d
e
a
i
r
e
d

T
e
n
s
i
o
n
 
o
f
 
a
d
a
p
t
o
r
 
f
l
a
n
g
e
s

E
R

R
O

R
S

I
n
c
o
r
r
e
c
t
 
w
h
e
e
l
 
s
e
l
e
c
t
i
o
n

I
m
p
r
o
p
e
r
 
m
o
u
n
t
i
n
g

G
u
a
r
s
 
n
o
t
 
i
n
s
t
a
l
l
e
d



(
T
A
S
K

S
T

A
T

E
M

E
N

T
)

S
E
L
E
C
T
,
 
M
O
U
N
T
,
 
D
R
E
S
S
 
G
R
I
N
D
I
N
G
 
W
H
E
E
L
 
F
O
R
 
S
U
R
F
A
C
E
 
G
R
I
N
D
E
R

S
C

IE
N

C
E

M
A

T
H

N
U

M
B

E
R

 S
Y

S
T

E
M

S

S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e

[
U
s
e
 
o
f
 
h
a
n
d
 
t
o
o
l
s
]

E
f
f
e
c
t
 
o
f
 
h
e
a
t
i
n
g
 
a
n
d
 
c
o
o
l
i
n
g
 
o
n
 
s
t
a
t
e
 
o
f
 
m
a
t
t
e
r
.

(
C
h
a
n
g
e
 
o
f
 
m
a
t
t
e
r
 
f
r
o
m
 
o
n
e
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r
)

[
R
e
s
i
s
t
a
n
c
e
 
t
o
 
e
r
o
s
i
o
n

t
o
 
w
h
e
e
l
]

M
a
g
n
e
t
i
c
 
f
i
e
l
d
s
 
o
f
 
f
o
r
c
e

[
M
a
g
n
e
t
i
c
 
t
o
o
l
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e
 
f
o
r
 
d
r
e
s
s
i
n
g
]

C
e
n
t
r
i
f
u
g
a
l
 
f
o
r
c
e
s
 
d
e
v
e
l
o
p
e
d
 
b
y
 
b
o
d
i
e
s
 
i
n
 
r
o
t
a
t
i
o
n

[
B
r
o
k
e
n
 
g
r
i
n
d
e
r
 
w
h
e
e
l
]

T
r
a
n
s
f
e
r
 
o
f
 
e
n
e
r
g
y
 
f
r
o
m
 
o
n
e
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r

T
r
a
n
s
f
e
r
 
o
f
 
h
e
a
t
 
f
r
o
m
 
o
n
e
 
b
o
d
y
 
t
o
 
a
n
o
t
h
e
r

[
M
e
c
h
a
n
i
c
a
l
 
t
o
 
h
e
a
t
 
e
n
e
r
g
y
]

[
J
u
s
t
i
f
i
c
a
t
i
o
n
 
o
f
 
c
o
o
l
a
n
t
]

A
r
r
a
n
g
e
m
e
n
t
 
o
f
 
m
o
l
e
c
u
l
e
s
,
 
a
t
o
m
s
 
a
n
d
 
i
o
n
s
 
a
n
d
 
t
h
e
 
e
f
f
e
c
t

o
n
 
s
t
r
u
c
t
u
r
e
 
a
n
d
 
s
t
r
e
n
g
t
h
 
o
f
 
m
a
t
e
r
i
a
l
s

[
W
h
e
e
l
 
s
e
l
e
c
t
i
o
n
]

M
e
a
s
u
r
e
s
 
o
f
 
l
e
n
g
t
h

M
e
a
s
u
r
e
 
o
f
 
t
i
m
e
 
a
n
d
 
s
p
e
e
d

(
E
x
a
m
p
l
e
:
 
t
i
m
e
-
s
e
c
o
n
d
s
,

m
i
n
u
t
e
s
,
 
e
t
c
.
;
 
s
p
e
e
d
-
f
e
e
t
 
p
e
r
 
m
i
n
u
t
e
,
 
R
.
P
.
M
.
,
 
e
t
c
.
)

G
i
v
e
n
 
a
 
c
o
d
i
n
g
 
s
y
s
t
e
m
,
 
r
e
c
o
g
n
i
z
e
 
a
n
d
 
i
d
e
n
t
i
f
y
 
e
a
c
h
 
u
n
i
t

i
n
v
o
l
v
e
d
 
b
y
 
a
s
s
i
g
n
i
n
g
 
n
e
c
e
s
s
a
r
y
 
s
y
m
b
o
l
s
,
 
n
u
m
e
r
i
c
a
l
 
o
r

l
i
t
e
r
a
l

[
G
r
i
t
,
 
g
r
a
d
e
,
 
s
t
r
u
c
t
u
r
e
,
 
a
n
d
 
b
o
n
d
]

C
O

M
M

U
N

IC
A

T
IO

N
b

P
E

R
F

O
R

M
A

N
C

E
 M

O
D

E
S

V
i
e
w
i
n
g

T
o
u
c
h
i
n
g

M
o
u
n
t
i
n
g

W
h
e
e
l

E
X

A
M

P
LE

S
S

K
I L

LS
 /C

O
N

C
E

P
T

S

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
l
o
g
i
c
,
 
d
e
t
a
i
l

i
n
f
e
r
e
n
c
e

T
e
n
s
i
o
n
 
a
n
d
 
m
o
v
e
m
e
n
t

20
5

2,



A
).

:
to

(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

S
E
L
E
C
T
 
A
N
D
 
M
O
U
N
T
 
W
O
R
K
 
A
N
D
 
W
O
R
K
 
H
O
L
D
I
N
G
D
E
V
I
C
E

T
O

O
LS

, E
Q

U
IP

M
E

N
T

, M
A

T
E

R
IA

LS
,

O
B

JE
C

T
S
A
C
T
E
D

U
P

O
N

P
E

R
F

O
R

M
A

N
C

E
 K

IW
W

..I
N

G
E

S
A

F
E

T
Y

H
A

Z
A

R
D

V
i
s
e

S
e
l
e
c
t
 
w
o
r
k
 
h
o
l
d
i
n
g
 
d
e
v
i
c
e

D
i
r
t
 
o
n
 
c
h
u
c
k

M
a
g
n
e
t
i
c
 
c
h
u
c
k

C
l
e
a
n
 
m
a
g
n
e
t
i
c
 
c
h
u
c
k

W
o
r
k
 
s
c
r
a
p
p
e
d

A
n
g
l
e
 
p
l
a
t
e

I
n
s
t
a
l
l
 
w
o
r
k
p
i
e
c
e

F
a
i
l
u
r
e
 
t
o
 
t
u
r
n
 
o
n
 
m
a
g
n
e
t
i
c
 
c
h
u
c
k

"
C
"
 
c
l
a
m
p
s

T
u
r
n
 
o
n
 
m
a
g
n
e
t
i
c
 
c
h
u
c
k

S
c
r
a
p
 
w
o
r
k

C
l
a
m
p
s

S
e
t
 
t
o
 
c
u
t

B
r
o
k
e
n
 
w
h
e
e
l

B
l
o
c
k
s

G
r
i
n
d

C
u
t
s
 
a
n
d
 
b
r
u
i
o
'

S
h
i
m
s

C
h
e
c
k

A
b
r
a
s
i
o
n
s

S
t
u
d
s
 
a
n
d
 
n
u
t
s

F
i
n
i
s
h
 
g
r
i
n
d

M
a
g
n
e
t
i
c
 
v
e
e
 
b
l
o
c
k
s

C
h
e
c
k

M
a
g
n
e
t
i
c
 
p
a
r
a
l
l
e
l
s

S
a
f
e
t
y
 
g
l
a
s
s
e
s

-
q
v

D
E
C
I
S
I
O
N
S

C
U

E
S

E
R
R
O
R
S

S
e
l
e
c
t
 
w
o
r
k
h
o
l
d
i
n
g
 
m
e
t
h
o
d

S
i
z
e
 
a
n
d
 
s
h
a
p
e
 
o
f
 
w
o
r
k
p
i
e
c
e

M
a
g
n
e
t
i
c
 
c
h
u
c
k
 
n
o
t
 
t
u
r
n
e
d
 
o
n

D
i
r
t
 
o
n
 
c
h
u
c
k

I
m
p
r
c
p
e
r
l
y
 
h
e
l
d
 
w
o
r
k
p
i
e
c
e

)



(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

S
E
L
E
C
T
 
A
N
D
 
M
O
U
N
T
 
W
O
R
K
 
A
N
D
 
W
O
R
K
 
H
O
L
D
I
N
G
 
D
E
V
I
C
E

S
C

IE
N

C
E

M
A

T
H

N
U

M
B

E
R

 S
Y

S
T

E
M

S

S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e

[
C
l
a
m
p
s
,
 
T
-
b
o
l
d
s
,
 
j
i
g
s
,
 
a
n
d
 
f
i
x
t
u
r
e
s
]

W
o
r
k
 
i
n
p
u
t
,
 
w
o
r
k
 
o
u
t
p
u
t
,
 
f
r
i
c
t
i
o
n
 
a
n
d
 
e
f
f
i
c
i
e
n
c
y
 
i
n

s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

!
S
e
t
t
i
n
g
 
t
i
m
e
]

M
o
t
i
o
n
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
t
w
o
 
o
r
 
m
o
r
e
 
f
o
r
c
e
s
 
a
c
t
i
n
g
 
o
n
 
a

p
o
i
n
t
 
i
n
 
a
 
b
o
d
y

[
R
e
s
i
s
t
a
n
c
e
 
t
o
 
m
o
t
i
o
n
 
(
t
o
r
q
u
e
)
]

R
e
l
a
t
i
o
n
s
h
i
p
 
o
f
 
f
o
r
c
e
 
t
o
 
d
i
s
t
o
r
t
i
o
n
 
i
n
 
a
n
 
e
l
a
s
t
i
c
 
b
o
d
y

R
e
s
i
s
t
a
n
c
e
 
o
f
 
m
a
t
e
r
i
a
l
s
 
t
o
 
c
h
a
n
g
e
 
i
n
 
s
h
a
p
e

!
P
r
o
p
e
r
 
t
i
g
h
t
e
n
i
n
g
 
t
o
r
q
u
e
]

G
i
v
e
n
 
a
 
c
o
d
i
n
g
 
s
y
s
t
e
m
,
 
r
e
c
o
g
n
i
z
e
 
a
n
d
 
i
d
e
n
t
i
f
y
 
e
a
c
h
 
u
n
i
t

i
n
v
o
l
v
e
d
 
b
y
 
a
s
s
i
g
n
i
n
g
 
n
e
c
e
s
s
a
r
y
 
s
y
m
b
o
l
s
,
 
n
u
m
e
r
i
c
a
l
 
o
r

l
i
t
e
r
a
l

[
W
r
e
n
c
h
 
s
i
z
e
s
]

C
O

M
M

U
N

IC
A

T
IO

N
S

P
E

R
F

O
R

M
A

N
C

E
M
O
D
E
S

E
X
A
M
P
L
E
S

S
K

IL
LS

/C
O

N
C

E
P

T
S

V
i
e
w
i
n
g

T
o
u
c
h
i
n
g

W
o
r
k
p
i
e
c
e

M
o
u
n
t
i
n
g

W
o
r
k
p
i
e
c
e

M
o
u
n
t
i
n
g

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
d
e
t
a
i
l
 
i
n
f
e
r
e
n
c
e
,

l
o
g
i
c
,
 
a
n
d
 
d
e
s
c
r
i
b
i
n
g

S
i
z
e
,
 
s
h
a
p
e
,
 
t
e
n
s
i
o
n
,
 
a
n
d
 
m
o
v
e
m
e
n
t

-
-
-
-
-
.
-
-
-
-
-
-
'



(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

S
E
T
 
S
T
O
P
S
.
 
F
E
E
D
 
A
N
D
 
G
R
I
N
D
 
W
O
R
K
P
I
E
C
E

T
O

O
LS

, E
Q

U
IP

M
E

N
T

, M
A

T
E

R
IA

LS
,

O
B

JE
C

T
S

 A
C

T
E

D
 U

P
O

N
P

E
R

F
O

R
M

A
N

C
E

 K
N

O
W

LE
D

G
E

S
A

F
E

T
Y

H
A

Z
A

R
D

W
o
r
k
p
i
e
c
e

S
e
t
 
s
t
o
p
s
 
t
o
 
l
e
n
g
t
h
 
o
f
 
s
t
r
o
k
e
 
r
e
q
u
i
r
e
.

F
l
y
i
n
g
 
g
r
i
t
 
f
r
o
m
 
w
h
e
e
l

S
a
f
e
t
y
 
g
l
a
s
s
e
s

A
d
j
u
s
t
 
f
e
e
d

E
y
e
 
i
n
j
u
r
y

M
i
c
s

B
r
i
n
g
 
w
h
e
e
l
 
d
o
w
n
 
t
o
 
w
o
r
k

A
v
o
i
d
 
c
o
n
t
a
c
t
 
w
i
t
h
 
w
h
e
e
l

T
u
r
n
 
o
n
 
c
o
o
l
a
n
t

C
u
t
s
 
a
n
d
 
a
b
r
a
s
i
o
n
s

E
n
g
a
g
e
 
f
e
e
d
 
a
n
d
 
g
r
i
n
d

W
o
r
k
p
i
e
c
e
 
c
o
m
e
s
 
l
o
o
s
e
 
f
r
o
m
 
h
o
l
d
i
n
g

d
e
v
i
c
e

S
c
r
a
p
 
p
a
r
t
s

W
h
e
e
l
 
b
r
e
a
k
a
g
e

P
e
r
s
o
n
a
l
 
i
n
j
u
r
y

D
E
C
I
S
I
O
N
S

C
U
E
S

E
R

R
O

R
S

I
n
i
t
i
a
l
 
c
u
t
 
e
x
c
e
s
s
i
v
e

D
e
t
e
r
m
i
n
e
 
c
o
r
r
e
c
t
 
f
e
e
d
s

S
i
z
e
,
 
s
h
a
p
e
,
 
a
n
d
 
c
o
m
p
o
s
i
t
i
o
n
 
o
f

L
a
c
k
 
o
f
 
c
o
o
l
a
n
t

w
o
r
k
p
i
e
c
e

T
o
o
 
h
e
a
v
y
 
f
e
e
d



(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

S
E
T
 
S
T
O
P
S
,
 
F
E
E
D
 
A
N
D
 
G
R
I
N
D
 
W
O
R
K
P
I
E
C
E

S
C

IE
N

C
E

M
A

T
H

N
U

M
B

E
R

 S
Y

S
T

E
M

S

S
i
m
p
l
e
 
m
a
c
h
i
n
e
s
 
u
s
e
d
 
t
o
 
g
a
i
n
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e

W
o
r
k
 
i
n
p
u
t
,
 
w
o
r
k
 
o
u
t
p
u
t
,
 
f
r
i
c
t
i
o
n
 
a
n
d
 
e
f
f
i
c
i
e
n
c
y
 
i
n

s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

[
D
r
i
v
e
 
m
e
c
h
a
n
i
s
m
s
]

E
f
f
e
c
t
 
o
f
 
h
e
a
t
i
n
g
 
a
n
d
 
c
o
o
l
i
n
g
 
o
n
 
e
x
p
a
n
s
i
o
n
 
o
f
 
m
a
t
e
r
i
a
l
s

(
C
h
a
n
g
e
 
o
f
 
d
i
m
e
n
s
i
o
n
s
)

[
H
e
a
t
 
e
f
f
e
c
t
s
 
w
o
r
k
p
i
e
c
e
]

C
e
n
t
r
i
f
u
g
a
l
 
f
o
r
c
e
s
 
d
e
v
e
l
o
p
e
d
 
b
y
 
b
o
d
i
e
s
 
i
n
 
r
o
t
a
t
i
o
n

[
M
a
t
e
r
i
a
l
s
 
f
l
y
 
o
u
t
]

[
W
o
r
k
p
i
e
c
e
 
t
e
n
d
s
 
t
o
 
b
e
 
p
u
l
l
e
d
 
o
u
t
 
o
f
 
y
o
u
r
 
h
a
n
d
]

E
f
f
e
c
t
s
 
o
f
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
r
o
d
u
c
t

q
u
a
l
i
t
y

[
O
v
e
r
h
e
a
t
i
n
g
 
w
i
l
l
 
t
e
n
d
 
c
o
 
a
n
n
e
a
l
 
o
r
 
s
o
f
t
e
n
 
t
o
o
l
 
b
i
t
s
]

T
r
a
n
s
f
e
r
 
o
f
 
e
n
e
r
g
y
 
f
r
o
m
 
o
n
e
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r

[
M
e
c
h
a
n
i
c
a
l
 
e
n
e
r
g
y
 
c
h
a
n
g
e
s
 
t
o
 
h
e
a
t
]

M
e
a
v
i
r
e
s
 
o
f
 
l
e
n
g
t
h

A
d
d
i
t
i
o
n
 
a
n
d
 
s
u
b
t
r
a
c
t
i
o
n
 
o
f
 
d
e
c
i
m
a
l
 
f
r
a
c
t
i
o
n
s

M
e
a
s
u
r
e
 
w
i
t
h
 
t
h
e
 
M
e
t
r
i
c
 
a
n
d
 
E
n
g
l
i
s
h
 
s
y
s
t
e
m
 
a
n
d
 
c
o
n
v
e
r
t

b
e
t
w
e
e
n
 
t
h
e
m

C
O

M
M

U
N

IC
A

T
IO

N
S

P
E

R
F

O
R

M
A

N
C

E
M
O
D
E
S

E
X
A
M
P
L
E
S

S
K

IL
LS

/O
N

C
E

P
T

S

V
i
e
w
i
n
g

T
o
u
c
h
i
n
g

S
c
a
l
e

G
a
g
e

W
o
r
k
p
i
e
c
e

M
o
u
n
t
i
n
g

W
o
r
k
p
i
e
c
e

M
o
u
n
t
i
n
g

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
d
e
t
a
i
l
 
i
n
f
e
r
e
n
c
e
,

l
o
g
i
c
,
 
a
n
d
 
d
e
s
c
r
i
b
i
n
g

S
i
z
e
,
 
s
h
a
p
e
,
 
t
e
n
s
i
o
n
,
 
a
n
d
 
m
o
v
e
m
e
n
t

20
9

2r
oz

i



(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

R
E
M
O
V
E
 
A
N
D
 
I
N
S
P
E
C
T
 
P
A
R
T
 
F
R
O
M
 
S
U
R
F
A
C
E
 
G
U
I
D
E
R

f

T
O

O
LS

, E
Q

U
IP

M
E

N
T

, M
A

T
E

R
IA

LS
,

O
B

JE
C

T
S

 A
C

T
E

D
 U

P
O

N
P

E
R

F
O

R
M

A
N

C
E

 K
N

O
W

LE
D

G
E

S
A

F
E

T
Y

H
A

Z
A

R
D

W
o
r
k
p
i
e
c
e

F
i
l
e

I
n
s
p
e
c
t
i
o
n
 
i
n
s
t
r
u
m
e
n
t
s

B
l
u
e
p
r
i
n
t

R
e
m
o
v
e
 
p
a
r
t

C
l
e
a
n
 
p
a
r
t

D
e
b
u
r
r
 
p
a
r
t

I
n
s
p
e
c
t
 
p
a
r
t

C
a
r
e
l
e
s
s
 
h
a
n
d
l
i
n
g
 
o
f
 
i
n
s
p
e
c
t
i
o
n

t
o
o
l
s

D
a
m
a
g
e
d
 
o
r
 
d
e
s
t
r
o
y
e
d
 
t
o
o
l
s

B
u
r
r
s
 
o
n
 
w
o
r
k
p
i
e
c
e

C
u
t
s

r7
E

C
IS

IO
N

S

D
e
t
e
r
m
i
n
e
 
d
e
g
r
e
e
 
o
f
 
a
c
c
u
r
a
c
y

C
U

E
S

B
l
u
e
p
r
i
n
t

P
r
e
c
i
s
i
o
n
 
g
a
g
e
s

M
i
c
r
o
m
e
t
e
r
s

E
R

R
O

R
S

I
n
a
c
c
u
r
a
c
t
e
 
i
n
s
p
e
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t

D
i
r
t
y
 
p
a
r
t

B
u
r
r
s
 
o
n
 
p
a
r
t



(T
A

S
K

 S
T

A
T

E
M

E
N

T
)

S
C

IE
N

C
E

M
A

T
H

N
U

M
B

E
R

 S
Y

S
T

E
M

S

E
f
f
e
c
t
s
 
o
f
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
r
o
d
u
c
t

q
u
a
l
i
t
y

[
P
o
o
r
 
q
u
a
l
i
t
y
 
d
u
e
 
t
o
 
f
r
i
c
t
i
o
n
 
o
n
 
w
o
r
k
p
i
e
c
e
 
o
r
 
t
o
o
l
]

M
e
a
s
u
r
e
s
 
o
f
 
l
e
n
g
t
h

G
i
v
e
n
 
a
n
 
i
n
s
t
r
u
m
e
n
t
 
o
f
 
m
e
a
s
u
r
e
,
 
d
e
t
e
r
m
i
n
e
 
p
r
e
c
i
s
i
o
n
,

.

a
n
d
/
o
r
 
a
c
c
u
r
a
c
y
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
r
e
l
a
t
i
v
e
 
e
r
r
o
r
,

t
o
l
e
r
a
n
c
e
,
 
a
n
d
 
s
i
g
n
i
f
i
c
a
n
t
 
d
i
g
i
t
s

(
M
e
a
s
u
r
i
n
g

o
t
h
e
r
 
t
h
a
n
 
l
i
n
e
a
r
,
 
s
q
u
a
r
e
,
 
a
n
d
 
c
u
b
i
c
)

C
O

M
M

U
N

IC
A

T
IO

N
S

P
E

R
F

O
R

M
A

N
C

E
 M

O
D

E
S

E
X

A
M

P
LE

S
S

K
IL

LS
/C

O
N

C
E

P
T

S

R
e
a
d
i
n
g

V
i
e
w
i
n
g

T
o
u
c
h
i
n
g

B
l
u
e
p
r
i
n
t

W
o
r
k
p
i
e
c
e

I
n
s
p
e
c
t
i
o
n
 
d
e
v
i
c
e
s

W
o
r
k
p
i
e
c
e

I
n
s
p
e
c
t
i
o
n
 
d
e
v
i
c
e
s

C
o
m
p
r
e
h
e
n
s
i
o
n
,
 
t
r
a
d
e
 
t
e
r
m
i
n
o
l
o
g
y
,

d
e
t
a
i
l
 
i
n
f
e
r
e
n
c
e
,
 
r
e
c
o
g
n
i
z
e

s
y
m
b
o
l
s
,
 
c
o
d
e
s
,
 
a
n
d
 
e
m
b
l
e
m
s

V
i
s
u
a
l
 
a
n
a
l
y
s
i
s
,
 
d
e
t
a
i
l
 
i
n
f
e
r
e
n
c
e
,

l
o
g
i
c
,
 
a
n
d
 
r
e
c
o
g
n
i
z
e
 
s
y
m
b
o
l
s
,

c
o
d
e
s
,
 
a
n
d
 
e
m
b
l
e
m
s

S
i
z
e
,
 
s
h
a
p
e
,
 
t
e
x
t
u
r
e
,
 
t
e
n
s
i
o
n
,

m
o
v
e
m
e
n
t
,
 
a
n
d
 
t
e
m
p
e
r
a
t
u
r
e

21
1



Duty L Setting Up and Operating Universal Grinder

1 Clean and lubricate universal grinder

2 Select, mount and dress grinding wheel

3 Select and mount work and work holding device

4 Grind workpiece

5 Remove and inspect part from universal grinder
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Duty M Setting Up and Operating Tool and Cutter Grinder

1 Clean and lubricate tool and cutter grinder

2 Select, mount and dress grinding wheel

3 Select and mount tool or cutter holding device

4 Grind tool or cutter
5 Remove and inspect tool or cutter
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Duty N Setting Up and Operating Arbor Press

1 Clean and lubricate arbor press
2 Remove and install bearings or bushings
3 Perform broaching operations
4 Remove and inspect part from arbor press
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Duty 0 Setting Up and Operating Electrical Discharge Machine (EDM)

1 Clean and lubricate electrical discharge machine

2 Make electrode

3 Setup (EDM) machine

4 Machine part to drawing specifications

5 Remove and inspect part from EDM
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