EBESERFE “+—1" EBREANBM

0 T

Wi A R

W B BER R

BEHBEHMEM ‘
Higher Ed

ucation Press




EEESEHET+—HE"BREMK B

Bods DR LA &l g i

W B PR &

BEHE HW



HERE
APREEHEHE L EREAREAMM .

G50 5 AT S B B T P AR BR AR R 14 B /A 1O R ST, A 1R AR I kA T A S AR SO
B RS %) T B — L E & A IR B A RS2 T, B AT LAFE T S W B

T, i — g 0 B4 S TSR o

A4 A4 S B S HRL 25 B S L R R AR BE AR 2 A ) T R R 2 B W MR B R T L EOoM, A

HARX LW AR AEURTERERARS S

BB R4 B (CIP) #iiE
By H AR R % L 3IE B, B R, —IL R R EEE
Hi R, 2008. 2

ISBN 978 — 7 — 04 — 023049 -9

1.%- 0.0X---Q%- I.HEVIK-HE - S5
¥R -#M N.H31

[ iR A B 48 CIP B2+ (2008) 58 001024 5

SumE # % RERE Hx4  HERIT KEF
FERigit e RERX HTE REDE H R

RELE R4

HZIT ®ESEHE LR TP ek
o ETERRESNKE4LS ®RHREN
BREC4RAD 100011 .
B #l 010- 58581000

& W% BeREEBATARAF
Ep

Bl JEEAMSCEpR) mEBE
7 & 787x1092 1/16 hR /d
Ep ¥ 9.5 EP 1/
£ ¥ 230000 ' O

010 — 58581118

800 — 810 — 0598

http: // www. hep.edu.cn
http: // www. hep.com.cn
http: // www . landraco. com
http: // www . landraco. com.cn

http: / www . widedu. com

2008 4E 2 A& 1 Wit
2008 4E 2 A% 1 WEN
12,5075

2% 45 At T B T 24 Rk 1, B W R A R T TR
MR ®RLR
WS 23049-00



[/

B LEEBRARE AL L EBTHMRS, RACAD —LEMN KAAAEMNEESF
2 DL L7 @ 1R A

1 RXWEERERBRA, BT HEMEREFLENEIRA - EHHA,

2. RXEAFRY , HM BT EAATHFEANS SR FRELFINRTIH,

3. BRZERTUBANAN

EREWEE GENBRBELERRNFLRTTAERR. AREHRRRTEIH
BEENENPER,F-—BANEE - RWIEH BRI UARERNIETHE D, 20 A
H—RBEHAARRE S HER

AEFENER,BNEF RS TEA(HEEALA LT L HEE), AFAAWTHK:

L ¥4, AHRFETHARXWAE BEURAREIALR AR =FBIRHERE -
L AFE-—KAEL, EAAAMNHEFTRRME FEZECRA) KTENLERBE,

2. MAEGHM  RXEMATRANKE. AFRAI—REZEREEZ TR AGRAL
W, FEAAER. REGIREXFWE — K€, FA2TH LA A 4 (Tuning-in)
HEWRAH#FLEEL A UBEARHHENREIN WA, HA Tuning-in F & B, 7T A
REHAT, FEREFARARELTBLEAPRALECESRAXEREA  AFAENHFEFIRX
HEFhE, REFILHN =K, F— KR Words study, 5 B 2 W By ¥ 4 ¥ 48 ] 2 #9437 3% 5
Rk & XBRREWH, # = KE Language study, X B W Z W B F £ B M ¥ L4 %, w3 iE
B EBENOE, BRXBNBERSEFH¥RBE¥IT, ERELERFLRFRA FETRFL
N ERERE NTEEFBERAMXEENERA R, ZRB LS AEIAEERXF I W, B
UM, RELFERBIAISTAE. £ = X% I H KX KA Speaking practice, H H # 2 #f By ¥
AYBHEABERAAL ABEREANIRES . RAXAIEREFERN TS AT, — K
LRE-NXAER,FEELAEARXRREAELRR T RE TR ZFEAFFRF L4 LK,
REFROFAHBAICHEH, ENMNFIERRALERE, Ed TAAKNRXRE F 3
WA SH , ERERUFALXLENEEHR M ITEE AL EARER T, EXEHRA
RERFALEMNFNRAREASE T ERUIFER, TR ERRERENTEMRE L
EHBRTUHAGFERRYE BRSO AL EENEREE I ZHNERME I,

3. £ %70 Ja ¥ WA R 4 B 3 W & Technical reading, 3X % 4 7 ¥ #M R X & 18 48 42 T = B A 3%
BT Mtk %7 LM Technical reading ¥ty WA M E ARG F R L,

RE RERRMF LS WR AT RRET A ARERS, TREATL2ELK
W, KM % nengdouma@263. net RE it , EHBRBAR A RN T AR ARG HEH,

CE
2007 4 8 A



Contents

Language study /29
Unit 1 Introduction of CNC machine

tool /1

Speaking practice /30
Technical reading /31
Tuning-in /1

Text /1 Unit5 Word addressing programming /35
Words study /3 Tuning-in /35

Language study /4 Text /35

Speaking practice /5 Words study /36

Technical reading /6 Language study /38

Speaking practice /39

Unit 2 Automatic tool changer /8 Technical reading .. /40

Tuning-in /8

Text /8 Unit 6 Speeds and feeds /45
Words' study /11 Tuning-in /45

Language study /12 Text /45

Speaking practice /12 Words study /46

Technical reading /13 Language study /48

Speaking practice /49

Unit 3 The coordinate systems /16 Technical eading. /49

Tuning-in /16

Text /16 Unit 7 Preparation for programming /53
Words study /18 Tuning-in /53

Language study /19 Text /53

Speaking practice /20 Words study /55 .

Technical reading /20 Language study /55

Speaking practice /57

Unit 4 Mathematics for NC Beshuscal dnding 757

programming /25

Tiningein | ‘725 Unit 8 Programming with subprogram /60
Text /25 Tuning-in /60
Words study /28 Text /60



Words study /62
Language study /63
Speaking practice /63
Technical reading /64

Unit 9 Compensation /69

Tuning-in /69

Text /69

Words study /71
Language study /72
Speaking practice /73
Technical reading /73

Unit 10 Drives and motors /79

Tuning-in /79

Text /79

Words study /81
Language study /83
Speaking practice /83
Technical reading /85

Unit 11 Setup and maintain /87

Tuning-in /87

Text /87

Words study /89
Language study /89
Speaking practice /90
Technical reading /90

Unit 12 Modes of operation /96

Tuning-in /96
Text /96

Words study /98
Language study /99
Speaking practice /99
Technical reading /100

Unit 13 Program verification

techniques /104

Tuning-in /104

Text /104

Words study /106
Language study /106
Speaking practice /107
Technical reading /108

Unit 14 CAD/CAM /111

Tuning-in /111

Text /111

Words study /112
Language study /114
Speaking practice /115
Technical reading /115

Appendix A G&M code reference /121

Appendix B The sample of CNC machine

specification /125

Appendix C Vocabulary /130

References /143



Unit 1 Introduction of CNC machine tool

Tuning-in (5| \)

Task I. Before you read the text,discuss the following questions in your group.

(1) There are two basic types of machining centers( il T.71.(») , what are they?

(2) Why vertical machining centers( 37 2/l T.H1.0») are called 'vertical '?

(3) Try to label the diagram of a vertical machining center( Figure 1 — 1) with the following terms
CH T R AR i 7 200 T 45 34y 29K ) -

column headstock spindle splash guard table saddle bed automatic tool changer

Figure 1 —1 label the diagram

Text

There are two basic types of machining centers that we will be addressing in this unit. They are

vertical machining centers and horizontal machining centers.

A vertical machining center has the spindle oriented in the vertical position. © An automatic tool

changer is mounted to the machine (usually on the left side) to allow tools to be loaded into the spin-

1



dle automatically. Basic vertical machining centers will allow three directions of motion , or axes. The ta-
ble can move from left to right (the X axis). The table can move in and out,toward and away from the
operator (the Y axis). And the headstock or spindle can move up and down (the Z axis). Figure 1 -2
shows a vertical machining center.

Let's introduce the most important components of the vertical machining center. A typical C-frame is
mainly composed of the machine bed, column, headstock , spindle, saddle , table ,splash guard and auto-
matic tool changer. The bed commonly rests on the floor and contains Y axis ways. The column is attached
to the bed and contains the Z axis ways. The headstock of the machine slides along the Z axis ways and
contains the machine's spindle. Note the headstock ,column and bed form a letter C. That's why this kind
of machining center is called C-frame style. The saddle is mounted to the bed and slides along the Y axis
ways and contains the X axis ways. The machine table,to which the work holding devices will be mount-
ed,is mounted to the saddle and moves along the X axis ways. Most vertical machining centers have a
chip guarding system,which protects the operators from being hurt by chips. A vertical machining center
has a tool changing device to exchange the tools stored in magazine with the tools in spindle. This elimi-

nates the need for operators to change the tools manually during the machining cycle.

Automatic tool changer Col <
(BB ITER) g
Headstock
(FHhA8)
Splash guard

(B JAR) Spindle (%)

Table(TAES)
Saddle (FK#%)

Bed (/K 5)

Figure 1 =2 The components of a vertical machining center

A horizontal machining center has the spindle oriented in the horizontal position. At first glance , it
may appear that the configuration of a horizontal machining center is dramatically different from that of
a vertical machining center. ® However, notice that if you look at the machine from the perspective of a
workpiece being machined, the basic layout for X,Y and Z is essentially the same for both types of ma-
chines. @

New words

vertical machining center 37 3 T H 0>

horizontal machining center Ep=HN T 5.0

address [ o'dres | vt. JEfiE



orient ['orriont ] vi. [\, BN F

automatic tool changer H Mk J] R4, B % &5 KB ATC

mount [ maunt | vt. Z3% BE

load [loud] vt. fin#k

axis ['aksis] n. fl

axes ['‘eksiiz] n. %l (axis & $0)

component [ kom'pounont ] n. ¥ 5% , 4

compose [ kom'pouz] v. 4§,

headstock ['hedstok] n. F#h4%

column ['kolom] n. 37 4E

spindle ['spindl] n. 3%

saddle ['sadl] n. JK#%

bed [ bed] n. K&

chip [tfip] n. b1J8

device [di'vais] n. 3 F &%

attach [ o'tetf] vt. &

eliminate [ i'limineit ] vt. HEf& , 1%

splash [ splaef] n. J

glance [ glamns] n. —# R, A5 —F

configuration [ kon figju'reifon] n. ¥ , 450, FiL & , 4ME

dramatically [ dro'meetikoli] adv. X% &I, 5] A H H#b

perspective [ pa'spektiv] n. i &5, B iE

workpiece ['Woikpiis] n. T {4

layout ['lei,aut |n. fi & , ¥t

essentially [i'senfoli]adv. 4~ & |-, 43k

Notes

@ A vertical machining center has the spindle oriented in the vertical position.

SEAM TR ERMBREE N REZE,

@ At first glance, it may appear that the configuration of a horizontal machining center is dramat-
ically different from that of a vertical machining center.

B, BN T A A =0 Tl S M AR IR R R

3 However, notice that if you look at the machine from the perspective of a workpiece being ma-

chined , the basic layout for X,Y and Z is essentially the same for both types of machines.

PR, (AR ) AN T TR0 f BER , R HLIR B9 XY Z J 1) i 2 A 7 Jm SE R b 2 — 3019
Words study

Task II. Match the following words ( column A) to the descriptions ( column B).



A B
vertical A part of a machine,which contains the machine's spindle.
horizontal A part of a machine,which is mounted to the bed and slides along the

Y axis on a vertical machining center.

spindle A part of a machine, which rests on the floor.

saddle A part being machined.

headstock Going straight up or down from a level surface from top to bottom in a
picture.

workpiece A part of a machine. It rotates at a high speed together with the tool or

workpiece held in it when the machine is running.
machine bed A part of a machine,to which work holding devices are mounted.

machine table Going across parallel to the ground rather than going up and down.

Language study

Let's see how to describe the construction( #4) i) of things.

(1) Dismantle(#) a piece of equipment into its main parts. These expressions will help.
consists of

A is made up of X and Y.
is composed of

(2) Name components( 25 E 4545 ) .

called
This kind of machining center is C-frame style.
known as

(3) Locate and connect components.
The saddle is mounted to the bed.
The column is attached to the bed.

Task III. Read the following passage and try to underline ( [l {) the key words which are used to

describe the construction of a lathe. Then try to translate the passage.

A typical CNC lathe (%K) is made up of headstock,chuck( 4% ) , turret (54 JJ 42 ) | carriage

(FEHR ) , tailstock (TR 43, B %2) , slant ({#i #} # ) bed and machine control unit, which is known as
MCU. Headstock contains the spindle shaft and transmission gearing ({4 315 % ). Chuck connects to

the spindle and clamps ( J¢ %) the workpiece. Turret holds the cutting tool and replaces an old tool

with a new tool during a tool change. Carriage consists of the saddle, cross slide (1# [fi] ¥E4% ) and apron

(¥E# 46 ) . It moves the cutting tool into the revolving work. Tailstock is used to supports the right end

of the workpiece if it is too long. All the components listed above are mounted on the slant bed. MCU is

a computer used to store and process the CNC programs.

Task IV. Study these expressions for describing how components are connected to each other.



A is bolted to B = A is connected to B with bolts.
A is welded to B = A is connected to B by welding.
A is fixed to B =no specific method given.

Now try to explain each of these methods of connection by the help of your dictionary.
screwed

soldered

attached

wired

bonded

glued

riveted

brazed

nailed
Speaking practice

Task V. Work in pairs, students A and B. Student A tries to describe to student B how the vertical
machining center( Figure 1 —=3) moves along the three axes. Student B should reproduce ( 3 , ] 1)
the three axes motions according to student A's description. Then,student B tries to describe how the
horizontal m‘achining center ( Figure 1 —4) moves along the three axes, and student A reproduces it.
Remember,don't peek (fii & ) the diagrams when your partner is describing, only use your ears and
mouth please.

You may get more words and sentences you need from the Text or Technical reading.

Figure 1 -3 A vertical machining center



Figure 1 —4 A horizontal machining center

Technical reading

Horizontal machining centers

A horizontal machining center has the spindle oriented in the horizontal position. Again,an auto-
matic tool changer is equipped to allow tools to be automatically placed in the spindle. The table motion
left to right (as viewed from the spindle) is still the X axis. But now the head motion up and down is
considered the Y axis. And the table motion toward and away from the spindle is the Z axis. Note that
on some horizontal machining centers,the Z axis is the column motion, not the table motion. In either
case,the Z axis is the motion direction from the spindle face to the workpiece.

The table of most horizontal machining centers can rotate by either an indexer or a rotary axis. If
the machine has a rotary axis,the rotation is called the B axis. Again, the first things a beginner should
memorize are the motion directions (X,Y,Z and B) . Figure 1 — 4 shows a horizontal machining center.

At first glance,it may appear that the configuration for a horizontal machining center is dramatical-
ly different from that of a vertical machining center. However, notice that if you look at the machine
from the perspective of a workpiece being machined , the basic layout for X,Y and Z is essentially the
same for both types of machines. This means motions (X,Y and Z) programmed for a vertical machi-
ning center will cause the same effect on a horizontal machining center. ®

Many horizontal machining centers manufactured today will also have some form of automatic pal-
let changer to allow the whole table setup to be shuttled into and out of the work area. ® This allows the
operator to load one workpiece while the machine is running another.

Generally speaking, horizontal machining centers require more work to program than vertical ma-
chining centers. First,the configuration of the horizontal machining center is not nearly as familiar to the
machinist as the previously discussed vertical machining center.  Also,since the horizontal machining
center allows access to any side of the workpiece ,more machining operations can be done per setup. 2

6



This makes the typical horizontal machining center program length much longer than that for a vertical
machining center.

Note that a horizontal machining center is no more difficult to program than a vertical machining
center. @ It is just that the length of the program will usually increase when compared to the vertical
machining center. Since more machining operations are being performed, preparation and organization
effort is also increased. © But when it comes to actual programming format ,a horizontal machining cen-
ter is programmed in the same way as a vertical machining center.

New words

column [kolom] n. 3 #F

effect [ifekt] n. 4553, %R

pallet ['pelit] n. fG#&

shuttle ['fatl] v. FRAEIR

familiar [ fo'miljo] adj. KK, % WLHY

Notes

(D This means motions (X,Y and Z) programmed for a vertical machining center will cause the
same effect on a horizontal machining center. ,

gk 2 B, 3 SE R T b R E B 3 (X, Y f Z2) RN Top ol B &7 R R AR

(@ Many horizontal machining centers manufactured today will also have some form of automatic
pallet changer to allow the whole table setup to be shuttled into and out of the work area.

BTEAE 7= WV BN TR LA FE R B S Sc e R G0, X R AR & B 7R ol E £ 358 53 5K AT
ATER #E T TAEX o

(3 First,the configuration of the horizontal machining center is not nearly as familiar to the ma-
chinist as the previously discussed vertical machining center.

B S, HUBE I X B 2 T e 45 4 B B R BE A A A T DR B B9 Sz 20 Tt

@ Also,since the horizontal machining center allows access to any side of the workpiece , more
machining operations can be done per setup.

B, T Bb 3 T A0 BT AN T3 TR i A5 S R, BT LA — YRR AT LS R £ G hn T4
fEo

(B Note that a horizontal machining center is no more difficult to program than a vertical machi-
ning center.

(B 15 5 R S, b T o0 B4 4 2 9 A B Sz 200 T AR 0 1 4 7 TR o

® Since more machining operations are being performed, preparation and organization effort is

also increased.

B F BT 2 0 THAE, BT AME & AL TAE R &80,



Unit 2 Automatic tool changer

Tuning-in (5| \)

Task I. See the following figure ( Figure 2 — 1) and discuss in your group:
(1) What's the function of the chain?
(2) How does it work?

Figure 2 —1 Chain-type storage matrix magazine

Text

Automatic tool changer system
Many different types of mechanisms have been designed for storing and changing tools. The three
most important are turret head , carousel storage with spindle direct changing,and matrix magazine stor-
age with pivot insertion tool changer. ® Tool storage magazines may be horizontal or vertical.
Turret head
This type of system is found on older NC drilling machines. The tools are stored in the spindles of
a device called a turret head. When a tool is called by the program,the turret rotates (indexes) it into

position. ®The tool can be used immediately without having to be inserted into a spindle. Thus, turret

8



head designs provide for very fast tool changes. The main disadvantage of turret head changers is the

limit on the number of tool spindles that can be used. See Figure 2 —2.

Figure 2 =2 A turret head tool changing system

Carousel storage with spindle direct tool changer

Systems of this type are usually found in vertical machining centers. Tools are stored in a coded
drum called a carousel. The drum rotates to the space where the current tool is to be stored. It moves up

and removes the current tool,then rotates the new tool into position and places it into the spindle. See

Figure 2 - 3.
Vertical spindle
(=X 3=5h)
New tool

CRrEER IR 0ld tool (B JIH)

CKEERTIH)

' New tool
)

Tool carousel

(JIE#548) Old tool (JRJJR)

Figure 2 =3 A carousel storage with spindle direct tool changer



Horizontal storage matrix magazine with pivot insertion tool changer©

Chain-type storage matrix magazines have been popular in machining centers since early 1972.

This type of system permits an operator to load many tools in a relatively small space. The chain may be

located on the side or the top of the CNC machine. These positions enable tools to be stored away from

the

spindle and work. This will ensure a minimum of chip interference with the storage mechanism and

a maximum of tool protection. ¥ Upon entering a programmed tool change,the system advances to the

proper tool via the chain mechanism. The pivot arm rotates and picks up both the new tool in the maga-

zine

and the old tool in the spindle. The magazine then advances to the space where the old tool is to be

stored. The arm executes a rotation again and inserts the new tool into the spindle and the old tool into

the magazine. ® A final rotation returns the arm back to its parked position. These steps are illustrated

in Figure 2 - 4.

(ETFHEEHK IR ©Q

10

Advance tool magazine
to old tool location

(71 P 6 3 IR T B A7 IBUAL B

Tool magazine (JJFE)

Old tool location (J& J] A7 &)

New tool R)
ew too %%ﬁsﬁiﬁg(im) }1] 0ld tool (JRJJ &)

New tool

CREEAE TR

New tool location

® Remove old tool (¥ Z={¥ F {1 7]
New tool (1 FEJR) HIFBALE)

@ Insert new tool
AR ZERRTIR)

@) 01d tool (B JI )

@ Remove new tool

CREMH B,"UJ ) @ Insert old tool ;
@ Rotate arm to spindle into tool magazine ® Rotate arm to tool magazine
(B TIHUBT e 17 3:50) CHEIEEmIE)  BTIVRTR R T1E)

Figure 2 —4 A storage matrix magazine and pivot insert tool changer

: New words
mechanism ['mekonizom | n. HLA3EE , VL4, Pl
turret head %3 ¥k 7] % &
carousel [ kerozel] n. R G EEE L HIELEE
carousel storage with spindle direct changing =%l B 4t 7] W5 %6 =X J1 B2
pivot ['pivot] n. HX#, 3 &
matrix magazine storage with pivot insertion tool changer #t JJHLH% B JJ i 48 B4 71
matrix ['meitriks | n. 5%
magazine [ me&go'ziin] n. JJJEE
chain-type storage matrix magazine %= 4E 4 J] &
advance [ od'vains] v. §ji#

illustrate [ilostreit] vt. 245688 , B f# , indE & T, B EH vi. 2645



Notes

(D The three most important are turret head, carousel storage with spindle direct changing, and

matrix magazine storage with pivot insertion tool changer.
L HPREEMA SRS R RS T B B T MU BT B R T

@ The tools are stored in the spindles of a device called a turret head. When a tool is called by
the program,the turret rotates (indexes) it into position.

TIEAF A —ANFR AR 3 B rh , X472 P 8 I ) B B ks FLAE 2 AR RO L b o

® Horizontal storage matrix magazine with pivot insertion tool changer

e 71 BB T BT 4 7K T 48 [ D P

@ The chain may be located on the side or the top of the CNC machine. These positions enable
tools to be stored away from the spindle and work. This will ensure a minimum of chip interference with
the storage mechanism and a maximum of tool protection.

45t 2,46 P 70 R T A2 2 7E CNC BIL B B 0 T 5 TOURE , 3ok 7R o7 B T {6 A A ) 70 JRL o 1 6 il AN T
14, WA T 5 A PR E i Dk 20 V1) J8 %t 77 70 % B 4 2 il ) If S e AR 97 T R

(5 Upon entering a programmed tool change ,the system advances to the proper tool via the chain
mechanism. The pivot arm rotates and picks up both the new tool in the magazine and the old tool in
the spindle. The magazine then advances to the space where the old tool is to be stored. The arm exe-
cutes a rotation again ar;d inserts the new tool into the spindle and the old tool into the magazine.

WMARFEE R TIN, REES AL BB EE LA E . BT PR F R I R i D
3l HIGE BT 71 E TT, 4R G T) BERTAT Z 10 J1 9 AE L B, e 70 HUAR T B U % 3 40 391 K5 87 71
A 7] 48 A E 8 AT

Words study

Can you rewrite this sentence replacing the verb in italics ( Sk =) with another verb of phrase
(481E) of similar meaning.

(1) These positions enable tools to be stored away from the spindle and work.

Here is one way it can be done:

These positions make the tools to be able to be stored away from the spindle and work.

(2) This will ensure a minimum of chip interference with the storage mechanism and a maximum
of tool protection.

We can replace the verb this way:

This will make sure a minimum of chip interference with the storage mechanism and a maximum of
tool protection.

Note: verbs beginning or ending with 'en'often have the meaning of become/make + adj.

Task I[. Try to rewrite the following sentences with a suitable 'en'verb from this list. Notice that
you don't have to use all of the words given.

ensure enlarge harden lengthen lessen lighten loosen roughen sharpen  shorten  sof-

11



