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The course consists of a non-technical explanation and dis-
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turing. This includes a brief history of the developments
in Numerical Control, types of control systems and typical
applications, discussion of a process flow effect on organi-
zations, training requirements and some typical cost compar-
isons.
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BASIC AREAS OF NUMERICAL CONTROL

The basic areas through which the engineering design information passes from the original drawing
to the finished part are depicted here. First the drawing is routed to the programmer who trans-
lates the information into a language suitable for the data processing equipment. From the data
processing (which would include converting the programmer's information into punched cards,
punched tape or magnetic tape), the information contained in engineering design in its final form
goes to the machine tool where the part is made.
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RECTANGULAR COORDINATES

In the rectangular coordinate, or cartesian coordinate, system, all dimensions are given from the
origin. Measurements to the right of the origin along the X axis are in a plus direction, and
measurements to the left are in a minus direction. Opposed to the X axis exactly 90° and in

the same horizontal plane is the Y axis with its plus and minus directions. Opposed to and per-
pindicular to both the X and Y axes is the Z axis with its plus and minus directions. This system
of coordinates is used for machine axis designation, and all numerical control programming is
based on this system.
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MACHINE AXIS DESIGNATION

This shows a single diagram of the various machine axes, which are based on the cartesian
coordinates. The longest motion of which the machine is capable is generally designated as
the ‘X'’ axis. Movement in one direction is indicated as positive or a ** 4 X '', while move-
ment in the opposite direction is negative or *“ — X ', Exactly ninety degrees to the **X’’
axis is the **Y"" axis with its positive and negative directions. The motion of the spindle in
and out is designated as the ‘‘Z’* axis. The extension of the cutter towards the workpiece is
generally designated as negative or *“ — Z '* and the retraction of the cutter or spindle is
positive or ** 4~ Z ', A simple arrangement of feed motors and drive screws by which the com-
ponents of the machine are moved is also shown.
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E.ILA. STANDARD 1 INCH PERFORATED TAPE

Standardization of punched tape, both in physical dimensions and character coding, is the first
step in achieving compatability between control systems. The Electronics Industries Association
(E.ILA.) and the Aerospace Industries Association (A.l.A.) are proposing a standard 1-inch wide,
eight-level tape. The lavels are designated with the numeric value of 1, 2, 4, 8 and 0, and by
“CH" for parity check, ““X'* for certain so-called X-codes, and ‘“EL’" for end of line. The parity
check is used to provide an odd number of holes in each line which helps in detecting malfunctions
at the tape reader. The end of line is used to signify the end of a specific line of information.
Words can also be made by using the letter codes.
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E.ILA. STANDARD 1INCH PERFORATED TAPE

124 8 ﬁ 0 XE (LEVEL DESIGNATION)

o |0

\
0@

OWO~NOUD OVIN—

RN

SPACE

P BACK SPACE
{ #L TAB
‘ END OF RECORD
‘ il 0 TAPE FEED
p | BLANK TAPE

p - | UPPER CASE
i LOWER CASE

|
123 45678 | (LEVELS)

‘——1—1—.—7—._1_*—_‘i
-eee 0000 | DELETE
i " @| GARRIAGE RETURN OR END OF BLOCK

SPROCKET HOLES

123 45678

| o |
NAXELCHNIOVOZZIrXCe—ITOTMMOOD>




10

TAB SEQUENTIAL

Tab sequential is the name applied to one of the systems of punched tape for the control of
point-to-point positioning. The instructions are punched into the tape in a predetermined se-
quence, each instruction separated from the next by a *‘Tab'’ code punched into the tape. At
the end of each single line of information, an ““End of Line’’ code is punched. The information
written out in the chart in the lower right side has been punched into the tape reproduced here.
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PERFORATED TAPE FOR CONTINUOUS PATH

The punched tape for continuous path machining is also a 1-inch wide, 8-level tape. Levels 1 and
8 are not used at the present time.. Level 2 is used for feed rate, level 3 for Z motion, level 4

for Y motion, level 5 for X motion, level 6 for end of block and level 7 is used for parity check.
The codes for feed rate and X, Y and Z motion are expressed as binary numbers. Instead of being
read across the tape, however, they are read along the tape. One complete block of information is
shown here with the binary number for the units of X motion written out to the side.



PERFORATED TAPE FOR CONTINUOUS PATH
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BINARY NUMBERS

In the Arabic or decimal number system, each character has two values. One of these values-
called the absolute value-represents the size of the number. The other value is called the place
or position value. Thus .03478, 3.478 and 3478 have the same absolute value but their place
value is entirely different. In the binary number system only two characters are used. Any two
characters can be used, but normally 1 and 0 are used. The absolute value of these two characters
is meaningless; they have only place value.

The first 16 numbers are shown here in Arabic, binary and with their powers of 2. It will be noted
that each binaryanumber which is a power of 2 contains the same number of 0’s as the exponent of
2; i.e. 1000 is 2° and there are three 0's in the number.

Certain control systems use the binary code for tape punching since electrical devices are stable
in two conditions - on or off, charged or discharged, conductor or non-conductor.
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SAMPLES OF TAPE

The control units on the various numerical control machines require one or another of these types
of tape for the operation of the machine tool. Some systems for continuous path machining require
a magnetic tape as the machine is equipped only with a tape reader. Others use a punched tape
and have a machine control unit to produce the analog signals required for continuous control of
the cutter. Punched tapes or punched cards are generally used for all point to point positioning.
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SIMPLE SERVO MECHANISM

The principle of the simple servo is shown by the thermostat, thermometer and the furnace. This
particular arrangement is an example of a closed loop servo. The thermostat is set at a predeter-
mined temperature; and when the room temperature, as indicated by the thermometer, falls below
this setting, an electrical circuit is closed through the switch to turn on the furnace. As the tem-
perature in the room rises, the thermostat senses this and turns off the furnace.

This same principle is utilized by the servo mechanism on the machine tool to keep continually
adjusting the position of the cutter. It electronically senses a difference between the actual
position of the cutter and the desired position just as the thermostat senses a difference be-
tween the desired temperature and the actual temperature. As the cutter reaches the desired
position, the signal is nullified and this one condition has been satisfied.
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MAGNETIC VS. TRACER CONTROL

On a tracer controlled machine, a stylus moves over a precisely engineered template to produce a
physical movement within the command synchro. Both the command synchro and the feedback synchro
are being fed a constant supply of 200 cycles per second, three phase electricity. The physical
movement produced by the tracer over the template changes the output from the command synchro to
either less than 200 CPS or more than 200 CPS. This is compared in the phase comparator with the
frequency from the feedback synchro. If there is a difference, this produces a signal through the
amplifier to the DC motor. The DC motor then works to reposition the cutter or movable machine
element so that the signal back through the feedback synchro agrees with the signal from the command
synchro.

On a magnetic tape controlled machine, the reference channel supplies the constant frequency of 200
CPS to the feedback synchro. The tape channel which controls one of the axes of motion on the mach-
ine sends a signal through an amplifier to the phase comparator. If this signal or frequency is differ-
ent from the frequency on the reference channel, again there is the signal to the DC motor. From here
on, the system is the same.
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VALVE BODY

This valve body illustrates a type of work ideally suited for point-to-point positioning.
The machine tool can be guided from one hole location to another to perform the various
operations either by manual programming or by computer-assisted programming. The
operations involved in this job are center-drilling, drilling and tapping. The few basic
dimensions given are sufficient to compute the location of all the holes.
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MANUAL PROGRAM FOR POINT-TO-POINT POSITIONING

This is a reproduction of the manual program written on the valve body on the preceding page.
Its 115 entries were hand written and all calculations were done manually. The three operations,

center drilling, drilling and tapping, must be written out for each of the 12 holes in the valve
body.



MAMUAL PROGRAM FOR POINT TO POINT POSITIONING

NUMERICAL CONTROL

PROCESS PLANNING SHEET

PART NO.

MODEL

MCR NO.

PLANNER

DATE

CHECKER

DATE

PAGE

|
o

E
1Q

OPERATION AND TOOL

LONGITUDINAL
(x)

DEPTH
(z)

FEED
RATE

SPINDLE
SPEED

AUX.
FUNCT.

RADIUS | DIR.

SELECT TooL - CENTER
DRILL-"A" DIMm = 3. 375

SPINDLE RoTATION CW

OJ 0000

OOIOOO

Q2

l

TeaNSFER TOOL e I
FLOOD COOLANT ON 12|OOOO ooI,OOO 1200 o1 |
PosiTion * |
PosITIONED IN Z | o8 l375 1200 I
TO CENTER DRILL
SELECT TooL | 031775 o8 | 1200 |
CENTER DRILL
l 081375 1200 |
RETRACT : l I I
PosiTioy * 2 140000 1200
L | oa'-ms o8 |1200 I
ENTER DRILL
. I oals'rs 1200 I
ETRACT
PosiTion *#3 (SI%M J i I
o i | 06"’!75 0811200 l
ENTER DRILL
| A R |

RETRACT

25




NUMERICAL CONTROL PROCESS PLANNING SHEET

PART NO. MODEL |EFF. MCR NO. ADCN PLANNER DATE REV, BY DATE TAPE né:
CHECKER DATE CHECKER DATE oF
SEQ. owe. LONGITUDINAL VERTICAL DEPTH FEED | SPINDLE TooL AUX. SLOPE AND ARC
NO. OPERATION AND TOOL pTs. | TIME (x) ) (2) RATE SPEED FuNcT, | |NDEX

GHOUFI NO. START END RADIUS | DIR.

|6|oooo oeloooo l 200 I l

\3 [PosiTion * 4

l I 08 I’1'75 08 11200 |

14 |CeNTER DRILL

5 | ReTrRACT

|
| | o8 |.3'15 1200 | |
|

S I464l OG]OOOO I 1200 I

16 | PosiTion # 5

| I 081115 08 11200 l ]

|7 |CENTER DRILL

I l 08l3'lS (200 I I

18 | ReTrACT

l4‘OO()O 0415359 I 1200

Position ¥ ©

l | oel‘ns o8 [1200

20 |CenTer Deie

|
|
I | 08I375 1200 I
l

2] |[ReTeacT
22 |PosiTion * 1 12 IOOOO O4Ioooo ' 1200
|
23 [CenTER DRILL ’ : 081775 08 {200 I
24| ReTRACT __l I 081375 1200 I

26



NUMERICAL CONTROL PROCESS PLANNING SHEET

Ty e T e Jow Trees e Ty e —
CHECKER DATE CHECKER e I

e et ) o Bl Bl el el e e e e e

25| PosiTion *8 toloooo|oslsase| | g ol |

26 [CenTer pRILL | | oshs | o8 |izoo | | |

27 |ReTRACT l | 031375 1200 | | \

28| PosiTion ¥9 0315359 °5I°°°° | 1200 I L

29 |CeNTER DRILL | | oshzs |oa | 1200 | |

30 | Rexracr I I OBI'B'IS 1200 | |

3| |PosiTion*® 10 %IO"OO 0810000 | 1200 I I

o i AU B | i S Bt SN l

33 |ReTRACT | | oalais i200] | |

134 | Posirion # 11 alsac,g mloooo | 1200 | |

35 [CenTer ORI | | belane o lizae | | |

2o|ReTract, | | Oals’(s 1200 l
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NUMERICAL CONTROL

PROCESS PLANNING SHEET

PART NO. MODEL

EFF. MCR NO. ADCN PLANNER DATE REV, BY DATE TAPE PAGq!. ;
THEGRER e CHEGKER o or
N6 [0 premimon am o || o7k [mine [ MSEIPAAL [T NERICAR: ) . wRE [ EE T seluoLe “:::]L —] i | o [
i e g oloogo| 1 lagar| | 2oo| | |
38 |CENTER DRILL I I Oel-‘{‘ls e £ I l
- b L L L ooleoe | Jos *
P ?,‘:;‘_n‘;:':‘l i sl bacalanl i oo | | |
i ;"_srg”g:ff N l | oal1so ool | |
4o %F;:EET Teak | | Pl P B l07 |
43 |ReTrACT I I oel—rso (200]. I '
e 4|oooo u l464l l (200 | '
e | | oalooo os |1200 | |
46 |ReTacT I l oel—rso 1200 I |
AP e irion 2| 15'464—1 [0'0000 I 1200 I l
48| Doy \ | | oalooo o8 | 1200 l ’
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NUMERICAL CONTROL

PROCESS PLANNING \%HEET

PART No. WeR NG, PLANNER oaTE REV BY N
reREGKER SaTE CRECKER R

i i b g Poyert (e o | e | “erees ":::IL — - —
RerracT I | OGI‘ISO 1200 |
Positiony ™ 4 _lilp_wo_ooeloooo I 1200 l
DRrILL I I Oalooo o8 [1200 I
Petisact oel'rso 1200 l
Position * 5 |464l Qﬁloooo I 1200 l
DIty I I °8| 000 | O8 1200 l
QE*RACT I I OGI'TSO 1200 I
Basipion *6 14 Ioooo o4|5359 | 1200 |
Ol | | oalooo 08 1200 |
| ReteacT I l OGI'lso 1200 I
Pém *7 iz I°°°° o4'0o00 | (200 I

OriLL | | Oalooo o8 | 1200




NUMERICAL CONTROL

PROCESS PLANNING SHEET

Ty N g TR T [T — i o el
i paTe CHECKER OATE oF

| ommmmer |9 e o | | | DR e N e

ol | ReTracT | | loelso oo | | |

¢2 | Posmon * 8 olosooloalszse| | s l

63 | DeiL | | oslooo] o8 |izeo | |

c4| ReTracT | | oe 150 eoa | |

P e e oa|5359 oe,loooo l 1260 I |

66 | DeiL ] | I | |

o7 | ReTeacT | | oel'uso (200 | |

o8| PosiTion ¥ 10 °8I°°°° Oéloooo | 1200 | |

69 |0RILL I l Oslooo oa 11200 | |

10 | ReTeacT l l OGI‘T'SO 1200 l |

11 |PosiTion * 1l S e |

72 | Dol I l Oelooo og |l1200 ‘ l

)



NUMERICAL CONTROL PROCESS PLANNING SHEET

PART NO. MODEL | EFF. MCR NO. ADCN PLANNER DATE REV, BY DATE TAPE  |PAGE
CHECKER DATE CHECKER DATE oF
SEQ. i st o (S ows. | LoweiTuDiNAL VERTICAL DEPTH FEED | SPINDLE TooL X | ex SLOPE AND ARC
RAT! P FUNCT.
e s Y ) ) < Seee enoupl ol TUNCE START END RADIUS | OIR.
13lR 06 |750 1200 l I
ETRACT :

14 | Position ®#12

15 10piLL.

|

10 loaoo u lagar] | 1200 |
|
|

I
| oal.ooo 08 1200 I |
|

TRANSFER ToOL | oolooo | os

76 | RETRACT 3
TAEIE o .50 D ] e 0200 | |
T1 1| PosiTion ® | l | | | i
PosiTionED 1N
q8l7 1o tap 4220 o
= | fOEa s : | :
SPINDLE ROTATION CC |
o o i l | l odl250]| 10 0200 03
SPINDLE ROTATION CW a Ioooo (1 l464l I 0200 I o2 |

Bl |PosiTioN #2

|
| B | | osl-mo il jozool l

| l 04-|250 O 0200 I 03 '

83| RETRACT

15|464l (QIOOOO | 0200 o2 I

84 |PosiTion *3

3




NUMERICAL CONTROL

PROCESS PLANNING SHEET

FART No. WooEL [err [wen wo. woon [PiAwER e e o T
CRECKER ohTE CRECKER AT oF

2| emmonmoma (B [ ] omamona - veetia o | ware | “seers GR:%LNO_ Funcr | oEX [—— s“°::n"‘" “:imus -

85 | Tae | | 05I750 1| 0200 I 7 |

a6 | Retract | | o4|250 10 | 0200 | 03 l

e lD i cata Lco|0000 oaloooo l 0200 I 02 |

a8 | Tap I | osl':so 1 _loz00 | |

s B | | o4|zso LD o200 | o3 |

90 | PosiTion # 5 15|4e4g oe'oooo I 0200 I 02 l

91 | Tap | | ol oo [

92 | ReTRACT I I O4|250 10 |o0200 I o3 l

93 | PosiTion® 6 alooodoalsass| | 0200 | o2 l

24 | TaP | l I OSLrso iL Jo2c0 I l

o9s | ReTeacT | | oa-lzso 10 o200 I o3 |

96 | Position ® 7 (2 Ioooo o4loooo l 0200 02 l

32



NUMERICAL CONTROL

PROCESS PLANNING SHEET

PART NO.

MCR NO.

ADCN PLANNER

DATE

REV. BY

DATE

PAGE

s o o pc il W s R o et e e
e | I OSI"ISO It o200 l l
Peliticr I I o4|25o 10 |o200 l o3 I
Pabiiiwa 1o |oooo o4|5359 | 0200 | o2 |
i e e i |
ReTRacT I l O4|7.50 10 10200 l o3 I
B s oalsass oelooo»a | 0200 | o2 |
TAp I ] 05|750 Il 0200 | l
Elehancs | I 04'250 10 10200 | o3 I
e driod ®io o |oooo oaloooa | 0200 | o2 l
i W e e |
i by | | oal2s0] 10 |ozeo | | |oa |
Pasirion ¥ it 08|5359 IOIOCBO | 0200 | o2 I
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NUMERICAL CONTROL PROCESS PLANNING SHEET

PART NO. MODEL EFF. MCR NO. ADCN PLANNER DATE REV. BY DATE TAPE PAGE

|0
CHECKER _ DATE CHECKER DATE oF
SEQ. I W e owe. | | Loveiruoina VERTICAL DEPTH FEED | SPINDLE TooL avx. | SLOPE AND ARC
NO. PTS. X Y RATE SPEED FUNCT.
il it LE) cnour‘uo. START END RADIUS

I 05"!50 [l o200 I l

109] TapP

I o4laso 10 o200

110 | ReTracT I o3
Ll |PosiTion* 12 0000 {1 |454‘ | 0200 | o2
2 | Tape | °5l750 i o200 |
| L3 RE»TBACT | Qé-l‘zso 10 10200 | o

114 |1ReTuRN I OOIOOO l o4|0
115 |END OF TAPE I l I

| |

|

|
|
|
|
|
09 ,
l
|
|
l
l
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COMPUTER ASSIST PROGRAM FOR POINT-TO-POINT POSITIONING

This is a reproduction of the computer assist program manuscript written on the same valve body
that was used for the manual program. 21 entries will produce exactly the same results that
required 115 entries on the manual program.



COMPUTER - ASSIST PROGRAM FOR POINT TO POINT POSITIONING

e BinT e T VL Y 7 T BT a B T BT B L—LIW
POSITIONING SYSTEM | Lo | I i l l oF
18M GARD Toor PG AT oepTH SPINDLE DESCRIPTIVE DATA TABLE INDEX "REASON FOR REVISION
B T wh e reeo | eee T
pottea rows i wroor | W [Troa x ] | [eemm]
2 s == ki i z seTTiNG k) GooE RN AP PITCH &
(] Imlalclu [ I I I ! I ] IA
[=n Ml o 1Plo ilo ! ! ! ! !
P \o o lo 1L 1 ! 1 |
al lcmgold 1 | ]! ! ! 3h 20jod | |1 "ioall [ilogiipd ||lc
L ! ! ! 5o ol2)1 ! ! 12103 1[18! c
& ITlalp ! ! ! s 3o | | ! ! ! 20 ['|lc
7| Islerlel lalo | Plo “do ! ! | ! !
8 lclElaR ] | ! ! ! s {1011 [ ! | !
19} frive e ! |l ! ! ! il ! ! !
1o el ! 1 ! ! ilo ! ! I2igia | |!
(1 lelaltiel 1 ! ! ' ! e ! ! ! do| | le
112/ JE iy i ] NEINE ! ! ! !
13 11 ! I I ! ! ' ! ld
) lolnddald &l [T i ] ] ] 1 | ]
8l jclurr 1 ! I ! ! ! ! ! !
| CENTER ORILL lel irlelthg Dilerr| ! (| | ]! il ! 12l ! : ! :
\[7 cujfL ! ! ! ! ! ! !
DRILL. | fer ! Ll ! i odei | ! !
TaP 210 e LR EEA N L es 2loopi ! ! [ !
1 le ] I Rl ! ] ] ]
! ! Nl I ! !
SoEO ARPLANE CouPARY “[elsls [s[s [olulw [o]w [ln]w [ o [eo]e [ [ les [is[s [ Jo is [ [5 [se[ss o [ss s [ [so s [ [ | 5| [ [ [or ] [n ol foe] ElEEEEs e Ew e R
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THE PART DRAWING

This is a reproduction of the drawing of the part which was programmed for continuous path
or three-dimensional milling using a computer assisted program. The actual program manu-

script which was written about this part is shown in the brochure under the title ““Continuous
Path Program’’.
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COMPUTER ASSIST PROGRAM FOR CONTINUOUS PATH

This is a reproduction of the manuscript written on the part shown on the preceding page.

The instructions given here are codes to the computer to use certain subroutines. These
subroutines perform a variety of complex mathematical calculations which eventually re-
sult in information which can be used to control a machine tool in its operation.
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COMPUTER - ASSIST PROGRAM FOR CONTINUOUS PATH
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NUMERICAL CONTROL PROCESS FLOW

This is a composite flow chart showing the variety of ways that the engineering information can be
translated from the drawing to the machine. The first step is to prepare a program sheet or manu-
script of the information into a language and form acceptable to the system being employed. From
here, the information can go either to a card punch or a tape punch machine. From this point on,
many different paths are available. The punched cards or tape may go directly to the machine con-
trol unit to control the operation of the machine. Or they may go to a general purpose computer
and emerge as a new deck of punched cards or a new punched tape with a more comprehensive set
of output points. The cards could then go to a card-to-tape converter and thence to the machine
control unit, or they could go through a special purpose computer to come out as a magnetic tape
to control the machine through a tape reader on the machine. The magnetic tape can also be used
to get a three-view picture of the part on the plotter verifier. Other combinations are available,
depending upon the control system which is being used.



NUMERICAL CONTROL P

PART DRAWING .
AR

ROCESS FLOW
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PLOT OF DIE FOR IMPELLER

The plotter verifier is used to confirm the information on a machine control tape. It is capable
of producing a tracing of the center path of the cutter in three views-plan view, side view and
end view. Any mistakes in the entire program will show up here rather than on the part itself.

This is a plan view of the cutter center path for making a die for an impeller wheel.
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NUMERICAL CONTROL HAS PROVEN THAT —

These are some of the claims made by the adherents of numerical control. The following charts
will prove that numerical control can benefit the user in these many ways.



NUMERICAL CONTROL

HAS PROVEN THAT IT CAN___

o INCREASE. ..

oREDUCE..

MACHINE RUN TIME EACH DAY
FLEXIBILITY
ESTIMATING ACCURACY

SET UP TIME

LEAD TIME

TOOLING COST

OPERATING COST

FLOOR SPACE REQUIREMENTS
MATERIAL HANDLING
INVENTORY

TOOL STORAGE REQUIREMENTS

oIMPROVE QUALITY
¢ MAINTAIN CONSTANT MANUFACTURING CAPACITY

*PRODUCE ACCURATE DUPLICATION OF ENGINEER-
ING DATA
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INCREASE PRODUCTION

One example of increased production is one of the lower panels on the wing of the B-52G. This
panel is 7178-T6 aluminum alloy, approximately 76 feet long and 3 feet wide. By conventional
machining methods, it required 20 hours of machine time to sculpture the inner surface. This was
reduced to 2} hours on a numerically controlled mill.

Another example is the chord on the rib where the wing joins the body on the B-52. On a con-
ventional machine, it took 7% hours to machine and on a numerically controlled machine, it
took only 2% hours.



INCREASE PRODUCTION

B-52G LOWER PANEL ¥3

CONVENTIONAL MACHINE TIME 20 HRS
NUMERICAL CONTROL MACHINE TIME

B-52 BL 55 RIB

CONVENTIONAL MACHINE TIME 734 HRS
NUMERICAL CONTROL MACHINE TIME
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FLEXIBILITY

The flexibility of numerical control is based on many things. Because of the ability to perform
many different operations on a single numerical controlled machine, the number of setups is re-
duced. All types of parts can be machined because of the versatility of the machines. Tooling
requirements very often consist of a simple vacuum chuck, thereby eliminating expensive tools
or holding fixtures. A single control tape may be used by different machines, even in different
plants, providing their control systems are alike.



FLEXIBILITY

® CHANGE PART SETUP IN MINUTES
® MACHINE ALL TYPES OF PARTS

® PERFORM SEVERAL OPERATIONS
DURING ONE SETUP

® REDUCE TOOLING REQUIREMENTS

® CONTROL TAPES CAN BE EXCHANGED
BETWEEN MANY USERS
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REDUCE SETUP TIME

The reduction in setup time is possible, not because the time of a single setup is decreased by
numerical control but in that the total number of setups required is decreased. This fuel panel
access door required two setups for conventional machining plus one handling between the two
different machines needed to mill one part. With the numerical control, only one setup on one
machine was required to machine four parts which were setup at the same time in one holding
fixture.



REDUCE SETUP TIME

CONVENTIONAL
MILL 2 STEP CUTS
MILL | HOLE 15 MIN.

MATERIAL HANDLING & 2ND SETUP
MILL CIRCULAR ENDS
ON ROTARY TABLE 10 MIN.

ONE PART... 25 MIN. TOTAL

FUEL PANEL
ACCESS DOOR

NUMERICAL CONTROL

4 PARTS ... 2l MIN.
VACUUM CHUCK = I SETUP
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REDUCE LEAD TIME

Lead time may have different connotations at different factories; but if the same definition

of lead time is applied to both conventional and numerical control methods, then the results
will be valid. During the production era of the B-47, the lead time (from receipt of the draw-
ing by planning to being ready to load the blank at the machine) on a reinforcing doubler for
the conventional method of machining was five days. When the B-47 was modernized recently,
this same doubler required a one-day lead time for the numerical control method.

The reduction of machining time under numerical control from 1.2 hours on the first part to
an average of % hour for the production run was possible because of improved cutter design and
a re-evaluation of feed rates.



REDUCE LEAD TIME

B-47

REINFORCING
DOUBLER
MACHINING METHOD CONVENTIONAL NUMERICAL CONTROL
LEAD TIME 5 DAYS | DAY
MACHINING TIME 25 HOURS 1.2 HOURS
(FIRST PART)
MACHINING TIME 6 HOURS 172 HOUR
(PRODUCTION)
HAND FINISHING 120 MINUTES 10 MINUTES
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REDUCE TOOLING COSTS

Tooling costs can be greatly reduced in many instances by using a simple holding fixture
rather than the more complicated tools required by conventional machines. This forging on
the B-52 was originally machined on a 3-spindle Hydrotel using tooling which cost $33,712.
On a numerical controlled profile mill, the tooling costs amounted to only $7,625, a savings
of over $26,000.

Tooling costs on a 76-foot wing skin were $12,554 for an AMC-24 conventional mill. On a
numerical controlled skin mill, this same wing skin required only $1,094 worth of tooling, a
savings of $11,460.



REDUCE TOOLING COSTS

FORGING 35-2665-5&6

CONVENTIONAL 3 SPL. HYDROTEL TOOLING COST ¥33712
NUMERICAL CONTROLLED PROFILER TOOLING COST 7625

REDUCED COST $26,087

B-52 ¥2 WING SKIN
CONVENTIONAL AMC-24 TOOLING COST $12,554
NUMERICAL CONTROLLED SKIN MILL 1,094
REDUCED COST $11,460
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REDUCE FLOOR SPACE REQUIREMENTS

One numerically controlled multi-purpose machine and one bench replace two conventional
milling machines, four drill presses and six benches, thereby accounting for a reduction of
factory floor space to } the original requirement. The work done on the original conventional
machines is being done very easily on the one numerically controlled machine.



REDUCE FLOOR SPACE REQUIREMENTS

NUMERICAL CONTROLLED EQUIPMENT

REQUIRES ',2 THE FLOOR SPACE

{ﬁﬂ--é--‘




REDUCE MATERIAL HANDLING

Materinl handling has been reduced 30% by the adoption of numerical control. The same amount
of handling is still required until the raw material reaches the warehouse. From this point on
until it is ready for the chemical processing, the material is handled many more times under the
conventional method. Although material handling costs in relation to product cost will vary be-
tween manufacturers, records here at Boeing indicate that material handling constitutes 18% of
the total cost of the product.



REDUCE MATERIAL HANDLING

REDUCES MATERIAL HANDLING

307

MATERIAL HANDLING CONSTITUTES
18% OF PRODUCT COST
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REDUCE INVENTORY

These are some of the reasons why a manufacturer does not need to tie up so much of his re-
sources in a large inventory of parts. Stocks can be lower because the time required to re-
plenish them is less. The overall time for the fabrication of the parts is shorter - machine run
time is less per part. Often the parts are made with fewer operations or by combining many
operationson one machine, consequently there are fewer parts in process of being made. The
number of parts being made at one time can be smaller and still be economically feasible. All
of this means, too, that there will be less money required for a material inventory.



REDUCE INVENTORY

FEWER PARTS IN STOCK INVENTORY BECAUSE OF :
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SUPERIOR QUALITY

Because of the closer.control possible with numerical control, smaller tolerances are achievable
on the finished product. A lower wing panel on the B-52 actually weighs 21 pounds less when
milled on a numerical controlled skin mill than when machined on an AMC24 template controlled
mill. Weight is highly important in the aircraft field and is becoming even more so in the field
of missiles. Less hand finishing means fewer hours of production time and less cost per piece.



SUPERIOR QUALITY

~ B-52 LOWER PANEL *2

TAPE CONTROLLED
ILL SKIN MILL *

MAXIMUM
RANGE

*l. LESS HAND FINISH MANHOURS

2. WEIGHS 21 POUNDS LESS THAN AMC-24 PANEL
3. FEWER REJECTED PARTS

4. FEWER INSPECTORS REQUIRED 69



[ S— —— | S— , G55 ! v

NOTES

70



Boeing Applied Computing Services
The Boeing Company

Wichita 1, Kansas

Attn: Robert C. Wilburn, Manager
Gentlemen:

Additional information is required in the following area(s) of numerical
control:

Name

Title

Organization s

Street Address

City

Phone













