I A I Wl %

Ne are

Industrial

Ct’ ntre

it
JIHLA
353 A RV N

W
PEESAE XA S




A T 072

Vo IR F 4t 1
Ko 3L R 2t 1)

BRA (BRI K K¥)
R AL A(FBETAY)

AédKFE R




HAEERSE (CIP) ¥R

BEAMREFEBRITRUREH/FARRAERE . R
B KF AR AL . 2001.10

A Tl Y g8

ISBN 7 - 81050 - 678 - 1

[.#&- 0.4 II.ORBEE - RF - BARE
Ul - Bt OV E - 418 - RFN - #H V. T4

o B iR A B 4505 CIP 38388 7 (2000) % 35709 &

IRBK¥E AL R R AT

(BRI 2 € B9 210096)
HERA R R
IHREREBIELEY FBESHEBRT R

HAE 78T mmx 102 mm 1716 EN¥H. 3.25 F#H.79.1 TF
2001 5 10 A LR 2001 48 10 A 1 KENR

LELEM9 444 250.00 T




P

EWETKERSNBBITER RIS ET R, ZE2RBF5 R AL
FTHRBERRRE MH#TRESHBERANWENT R, SLSEREK,
SR HE SR T RIFMER, A4 RE,

TR ARMBESERUEENRUTEE T AL Tl O %8R,
DRATUVREZFERER, B T NGMANEREHMER. (MR T
YGHBIXENABREERBR IV T O SAMEFREL LN TRITREE
MERBEAMRTRETR, AERAES $E&F I LI ZHR, EAKNE T
FOMIGE R AR R EREETS, HEMTFROBOTY NG P08
—EWBSEME,

BEWBETAY—HREMESERERYTITS 5B A1E, {51158 %t ik
WA LB R LA, FRAACHEEKRTE, XEAEHTIURE2ER
RERMWAGEHMRESZIHE, B - ERTUEEH . XEABREHER
RREEE TRIT K W AR TAE & 6.0 10, N2 503 T4 mi &
AT HRBRIEE BRI R, BRRX— REEBRINEE.

FERAEESFRIVEEERMWER LE A, RESXHAELE
SRARVE, AEHNRAERERWARA, TRA D40 F H 2% Rt
& K BAE BT,

HHR I KFRE

%44

2001 4+ 6 A



B g

RRZ
B # R
1556 9%
A
HHY
R A

ERiF= KR P F -
HESGE

FHREIKXFIKK
FHBEIXFIARK
ARMEMARFIE K
Ak Fark
HRERARESFRRK
FRAAEHLIRFK

REQEE

*OT K

(FHEIRFLLPSEE)

PAS(HERTREXRE)  HEX(EERILE)

wm =

HARCGEERE) A (EhE T RFE)
KA (HFHBELIKE) HHE (AR RIRF)
BB (B FTRERELF) RRu(FABREFE)

RER(FRAEZLIRF) KB (FEBEIKRE)

7 B

HAER(FHEREIRS)



Ik

E11|

“BAKFHF LA FZ RGHE”
—EHRHZEHA T Kk B4EE L
—~ARARENLABEAE T AF TP

1. “S®FT, FB/FH"
HAMERETHLUCEXAMA S B ERFE, 5 A8 THPRIT, AR T HRE

HIME, WEFEREE AR, HRH 2,
R, BENHSBHUINEREL. SAREESATEIEF, EERE-F¥
BB BRAE A9 B Y A= B | B (R A7 LU Bl 1 TAE
XMARERSO TV F AL, FX L, BESEVENPBE R UERFKR

AR B AfIHXFERDHIR?
AL BRATRITIT LW AL HEL.
1995 6 A(TBBESHBEIREWN - T EFRIBEFTRELXABTURH R FIHE

J, L)TE‘JJE\%:
M THERNE T IBHNETRMRDEAS;

"REAFEES T HRKEY;
CHAEIRHRB R T HFRREASERIT;

KB AENERETEREMAIA,
— {5 BH TR James Martin & Co fERAE M & Pl
"HAZETAHZRVIBREAANFENLRERE¥RBIAEHNETE;

SLIBRTMNCELE)SRABELTRBENEES
BERERR LER!

2. Bt SR HWER

REFOBERERBRUN, RE LRI RK, ITERENTE, H5H

FHALAENRUEERERBENRF LEABEATRORE, FLERIER Y
AR, ERETHERESNT BB IRE L HENRREDD WX PRI THYE
1




MAERWT .

MZEFHE N THREREREMEA R ENER, MIEBARURIE. Kb LER
el Ss .

-HENBWARMEFESINEE AR A NHREN, FES AU B AR
BENSEBRBERME, Wtk FEFREZTHE TIXMHMITHETEES.

"REHPIRE-NEEAERSHEBNEARR

FEBRM — B AR ETH A ARRBEFTER)ORE P B R OIFERR LM
HFEEFERRMBERE T EIT T BEMNER, FAIIEENEX T BRI, EETiReE
FRHARAMKRBESHUAEPES T AEBNBRTR,

EINFUHATHHAFTSNFALETRBWERXE TR ENRBAS NG WL
W R IRERERHRN DT EREFHAES " 0 BRI R L IRk ENE
BRAGUFEBITZHTRBERLHBEVEENLS FIIARLESE",

FIBF KB E & £ David Hargreaves HEF LA H M FEREHBEEBTHIZT AL H
EEBTINEYEEAE. EZF AN ¥ EA M EHREAHNETRBEAR.FEX
£,

BT, ERENREXH T LA TEN Y MBI GERRF R R, B
H AR, B —AT .

3. Tl IR S REHE

Tl FOREMHLI TR RMERELIRTEL .

TR I EBREIGRINGESF R T TF RENBETERTAE AR,
BIInEM SR RERME 4G MHEIBRPREFAFLERATE, IHIERE
SRINER MEXREXINHTEHEN ETUSUBENMETHE, TR P HES
BE BB L ZRINMEEXREFE.

FEHEIRBEZRAB/MAFHBELREAMAE, HEATH - MHESBRATIRTE. &
IR R, 1S % B0 2 3F 550 FIE W LU7E IR 4 J30 P B8R 0 SR, 9 40 D 4 69 40
I H B piRAE B BA G 1R DL R 5 A VB B BE AT M T B IR B AR ST 0 AR (R BB L
BREEFINEROER, SLTEARSREBANHBEI LS O#THTE, A F
FRANEEBEEA, MEAN TRETFENS SEELERA,

Tk Loxt FREEL I+ ER . MRBHHLELT, ¥RRELUTET B L ;0
REFMEALT, FELIFEBMMIARTERBEREL, TR T Tl 0 sl
HHBEE N, L R KB B TR James Martin & Co fEA IR 2R &5 P 15
THHERRALRERABE AL A", T B AN ZARFFE T 5EI0IREZ 86 F 414
FRXFEBRE",

DERSREMIIVNGREBESRTEOEE NS, TR THEMZF N, XF
EREEREIYRBET MRS, TEHEE MBI ¥ R %W UGB A LVER e

KN, ¥REFTHRBORERE, RARSRITHE IR-MRANEE, — T
2



Tl TESHERE LT IR BREFALERNTER. TEEINELE%REHTF -
FIASEINIREHR I FAET RN TE BB EAEH REEE REEER AN
GEUR (B (B4 S 80 (M AE, R TAE R A RATH RN E S (AR RS RIEEH IR E,
AT XELRBAR, TR KB A% 5 5 G TR A8 B 6wt K A1 .

4. KERBHOKER

ERHAFSHERHTFARERERAT. ARAFT T ARUSEABAERN A
R, MRESEMBEERTE LI HEREFFANEBER,

DEMEFREE S, RAMAN, %A AR LARBEMIA, XHBEFT AN
R, BSERLETFHIRE. TP LCRENHFTREE N RHASELAFBEH, TR
REBER; BIZRM A" RBEMINOELRGE. SHHETHFRAAKRBRETHRAN
ESMRBEE, FAEEE ALLR - BRMEN . RS HES S EREHE A dk
DR R R R AG ER.

BREEXHHE SR, TP OB MRBHEWER, MR OKRE R RER
FIRHE WERE— P REZERERAENFET 2T, M EXRBOEENG, £
~TRIFEIMGT . RITEAFRIT A HSHE - CEESER, RRES IR, &
B ZBEFRRIFMRY T ERTRIAE . @3 PR, 2 RELLUESHEES
BB, SAEERBEL RN,

BMOBHEBEFRBEL AR AR R R ORI %D BlERO0E, %9,
ETYFLE, BMEERBIFAET, AHHF¥ET A B REIRB®SE, RITWETS
BHER—RMBOFTH, FK G REBEREHE R, FOFE S OME R, B
o1, R — AN BRAE 23 8], AR AR R BN B 450

5. 4%

(RTINS BEIEE THXL LR LR Tl b0 sl g7 . EMTR M F
MNETIHEBRIGEERNHL . IEMEN IR RERERNEX TRES XM
REARNDERAMEE A EHRBNRERBE R TE L, P RESER7E AR A&
GLEBTFE BEETWFOSRAEER, W T EERAROIISG TAORE LG, &
BRELRT RN (AR T A VIR, WA T S OGN A YT, B R
PR IR T RATHE S (R T VISR BN E O, MUBX TRITESSE T %y
HERZ+EZFLR, M T IZEARMSOE. 0 TRIFEHE = ARSE, &
TUNKLRREMAG AR, FEEEFERR TUIE LR, FREZBORES
HEHRKKHEH,

BREHBBUEHRL MRS HE 5 BT . 52 EEHNEH, B TFXELBNE
FEFEPBFNEE FEFRAEOEWE, B, RELR LRGN E S5 DL
HE ATEREBHREBAFRE, TN RERIROTRETAET T EBREBK,
MEABREFEEC L PR ATIEABRTRANOEN. EHREAZERES L TH

3



MR T R R B SR O B BIE
FHERARE THISTIAAEENARLIREZ RINFEIEHEQIWAMLI—&
BE, RN P EY TRNSGELED TR
EHEEBIRFIEPOER
Y m— ,
\b') !

2001 %6 A



+ 4 ik

FEEIRE TR Bk, P EZFF R AL B A WTO 2 XA, 3 & A
£ B S R b DA A 1T B A0 S A TR X 28 G0 R AU RE ) M3 SR ERBEINAH
BT, FERE, AHRE-SCH#ABR 21 LE"HEXEN, BEENMREEHIAR
TR, FEREAERL AR TS s L milgAR NGBS +2E
REREBETRETVFONRIEE, (BRSO BE—FBETRETLLFL0)
~H(INFRE , R RF AR 1997 5 10 A B0 8 B REA XA T EIRA Tk i gh
MESMEBETIRFT YR ONRE EHREETEY T ERANT#®, EHEM LA
BEESHTHREEELRFRR IR NGEHANE TS, U EEBRETRET Y
L BN GREAH

FRBTIRETVFOHAEF —FRENCLERANANERNEM, MARX G~
REABE - FRAEXARHAERIGE M., HESREREVESNEAE, XFH
HRE, REAL, FANMBH-LHRATHNEEHNNOER ERERER MG S LR
¥ho

ATHAFTEETRE TP OHENGEN BT RS AR SR AR SH AR
MEFE MM BIRE P XN TR, ERRN T HENAHAREVALHRNL, EFRE
WAREFBINXMAETEH. 2EABET S & v o, XIEHEINZE2RZNIIGRE
AR XHEMETSEBAR ERTE. B8 M E8b Mo, Bl
KT REBBETRFLLF OEMARCRENNEANET ST ®, E—H5 RN
HWHIMAHF XHRENBEARART . W—aBo ks 7 HBE T RETVINEREE, G —
BoSFEBEIREIVHONRBERNER SR ABETESHRMME, &
REABPRA(REERSHEHE)MMIMAE B2 MM E L REWENER,
(ZLBAESEE)RAFETARS, AHWEUTEFY. MR EAINL H TR T
Wk 7 EMER,HEEEENSENGTE AP IEFEE T REHNEAE I
WHITESEARAATZX AT &M, B KR

ZENBEETEONRESREFER LRE TP LEFENETLNEHREA
MNP ERRIRM EETRB . CRBSENEE, ARRERNREAEENSMX
REMABEAFHHEE AHBE RETBRM. ASMUAMRECEETBREIRF TP
LCHREEBAVTAEL, NEEETREFLIYFORRETVNGERENT #,

XERMNEBEBBARBEAFHBEARB T o5, RMURLE TRE HBEXEABH I,
HEREMHRH B IR PHT ABHHATE.

REMABHHBAREER T RE B ZMARE FEA¥NEREERELE
FRMANIF. FENAELRSBEI R EER B NBRAERRKEGLENEE

1



AR BT, FE I — RN E O ARG
XENBY ROFHE IR N T, 2 408 50 L 2 R K BT RR IR R R BT
H BOEEEGHEMALE.
£ %
PEF(HTMERRKF)
HE(FBRIRF)
2001 £ 6 A



0 Practical Training in IC - e e (1)
I OBER B e e (7))
2 IBBEAIMRIFEEE e e e (8)
2.1 P EBRMEEE. e (8)
2.1.1 &%mﬁﬁ;%ﬁ ............................ e e e e (8)

2.1.2 WEMNITIEEBR oo e e e e (9)

2.1.3 BrEBUBEERLAR oo R (1

2.2 BBEBEPURTE oo e T USSP TTRI (i
2.0.1 BEEPBENTR oo e (12)

2.2.2 WREBPBRFBEFRARE e P (12)

2.3 BBBBIRETE e e (14)
2.3.1 B#&ﬁ ....................................................................................... (]4)

2.3.2 SEHHBREE coovreeerrerrerrinieeeienie e e e (17)

2.3.3 BEARIMEERRTE -corvvremrrereremmmmn ot e amn

2.3.4 WEBEIBET T EEEIR - e (18)

2.4 BBEILEIE e e (20)
2.4.1 &%g&gmmg%g ................................... N (20)

2.4.2 BEBEEN B L B (22)

2.4.3 BEREEFTE e (22)

3 &ﬁﬁﬁﬁﬂ .................................................................................................... (30)
3.1 ayfﬁggﬂﬁm@ﬁﬂ ....... e e P (30)
3.1.1 ZEMBEEATEY v e (30)

3.1.2 i@mﬁgb% ................................. T N (32)

3.1.3 EERMEREFREE v A (34)

3.2 &%{ﬁ;g%gmgiﬁg?g ........................................................................ (36)
3.2.1 RBEEOAFIRIGA 0 -ovvreererororrmre o e o e (36)

3.2.2 BB ABIBIRE A v ooorreram e e (36)

3.2.3 EAWEERIHIEI e e (37)

4 15%2&{@%1-”]#]& ............................................................................................. (39)
4.1 HEREBHRUBHAAESBHE (39)
4.2 ﬁ-gmﬁﬂhg&{gﬁ“txjfg}g ........................................................................ (39)

4.3 1_,:15‘5;@453(][5@%11—@;&* ....................................................................... (41)
43,1 FEEBEREEIR oo et ee e eas (41)

4.3.2 $EE2&@G§W}%E£§%’J ......................................................................... (41)

§%Iﬂ ................................................................................................ (45)



0 Practical Training in IC

0.1 General Information

0.0.1 Aims and Objectives

This 1s a one-day practical training programme primarily designed for mechanical and manufactur-
ing engineering students. It covers general machine maintenance technology including theories of
planned maintenance and reliability .

The trainees gain fundamental knowledge of maintenance theories as well as practical exposure to
the application of planned maintenance techniques to machinerv such as lathes and milling machines.
The training programme is intended to reinforce the trainees’ academic studies in mechanical or manu-
facturing engineering subjects and provide a good basis for their later work in industry.

By the end of the one-day programme, the trainecs are able to:

1) recognise the need for maintenance;

2) grasp a variety of strategies for maintenance management;

3) understand the benefits of planned maintenance:

4) leam the planned maintenance management approach and methodology;

5) look into the implementation of planned maintenance; and

6) appreciate its applications in machine maintenance.

0.0.2 Requirements

(@ The training programme in PMP is an introductory one that requires no pre-requisite qualifica-
tion on the part of the trainees.

 Trainees are required to read the pre-module handouts and trainee’s handbook before attending
the training.

( Trainees are required to follow appropriate rules of industrial safety and health during the
training. Specific safety precautions to be adopted for each individual process are described elsewhere.

0.0.3 Training Content

The one-day training programme in PMP covers both theory and practice and the syllabus is de-
signed to meet the objectives specified in section 1 above. The training content covers the following:

* Reasons for maintenance

* Strategies of maintenance management

* Planning of maintenance management



* Planned maintenance management
* Implementation of planned maintenance

* Maintenance practice on workshop machinery such as lathes and milling machines.

0.0.4 Training Methodology

The training programme is conducted in three paris:

1) The first involves teaching the basic theorv of planned maintenance and reliability..

2) The second concerns the application of planned maintenance techniques for which the trainees
are divided into groups of five to engage in machine maintenance practice.

3) The last part involves the assessment of the trainees t¢ find out how much they have learned
from the training.

To enhance the leaming atmosphere, computer presentation using multimedia technique is adopted
during the first part of the training, with relevant case studies and group discussions also included.

As for the second part, one of the aims is to give the trainees an opportunity to experience team-
work, thus enabling them to appreciate some key management factors such as communication and coop-
eration. Trainees get involved in routine or breakdown maintenance work. A problem-based leaming
approach is adopted for the practical part, when trainees are faced with some maintenance-related ma-
chine problems. They are then required to apply the maintenance techniques they have learned in order
to solve the problems. The trainer acts as a facilitator to guide the trainees toward the solutions to the
assigned problems.

The final part is a thirty-minute appreciation test to gauge the trainees’ understanding of the sub-

ject matter. The test consists of short, multiple-choice questions covering the syllabus of the training

programme .
0.0.5 Training Schedule

The training activities in PMP are organised on a one-day basis according to the following sched-

ule:
Workshop Description Duration

1. Principles of maintenance and reliability

Maintenance theory 2. Modem management of equipment and r;;é;ﬁnery 3 hours
3. Planned maintenance and applications

Maintenance practice Practice on machine maintenance o 3.5 hours

Aporeciaion et Tesf of the trainees” theoretical and practical knowledge on the o5 hou;
subject of Maintenance

0.0.6 Assessment

The Industrial Centre has a standard assessment scheme covering the training provided. Trainees
are assessed on the following aspects:

2



. Work | Skills ' Technology Workshop \
Ti i : | ‘ Average
mereeping Attitude i Acquisition Appreciation | Report #

Attendance and timekeeping

Are used to assess the manner and willingress of trainecs wward their work. The IC operates like

a model factory and the attendance requirement is 100% . Trainees must attend each moming and af-
temoon session punctually. Unauthorised absence or lateness 1z penalised.

Work attitude

The professional attitude of the trainees is taken inio acrount in the assessment. Trainees are ex-
pected to have a serious and responsible attitude towan! their trairing assignments, and their eagerness
and enthusiasm for their training assignments 1s assessed accordingly.

Skills acquisition

During their training, trainees are expected to carny out the tasks assigned to them efficiently and
effectively. They are assessed on their performance in terms of completing assignments, thinking cre-
atively about solving problems, and ability to master the hardware {equipment) and software .

Technology appreciation test

At the end of each training module trainees are required to take a test (usually in multiple-choice
format) , which is used to assess the level of intellectual appreciation gained by trainees. The questions
cover both the theory and the applications that the trainees have leamt during their corresponding train-
ng.

Workshop report

Trainees are required to prepare a short but thorough technical record of the work they have done,
which is used to assess their report writing abilities and help develop their analytical capabilities. In
the workshop report, each trainee is expected to summarise the projects that he/she has done and pre-
sent corresponding technical sketches. Short discusstons of workshop safety and personal comments/
conclusions are also required.

All the assessed elements are graded according to the following scales. The result of each training
module is the average grade point of all the assessed elements. The overall average is derived as the fi-
nal grade point for the whole training programme.

Grade A (Highest) | B C D (Lowest) F (Failure)

Grade point 4 3

2

1 0

0.2 Training

In the one-day training programme on PMP the trainees are given the theory and principles of
maintenance and reliability in the moming session and are then required to do the maintenance practice
in the afternoon.

The moming lectures and instruction cover the basic principles including discussions on the im-
plementation of planned maintenance and general safety precautions relating to machine maintenance.

3



In discussing the implementation of planned maintenance, the following key elements are explained to

the trainees :

.

Facilities Register

Maintenance Schedule

Work Specifications

Maintenance Programme

Work Orders

Corrective and Emergency Maintenance
Work-in-progress File

Plant History

Stores and Stock Control

Cost and Budgetary Control

Figure 0.1 illustrates the above procedures systematically .

(What is to be
maintained )

B —
Maintenm;;“é
Schedule !
(Howisitto be |
maintained )
S —

| 3
Facilities Register |

L

{

!

Corrective &
Emergency
Maintenance

Work Maintenance
Specifications Programme

{(Whenisittobe |

maintained ) ‘

]
j

Work Ordc*;:L

! Budget Preparation I

Work—in-—

progress File

!

l Plant History

Spares & Stock
Control

‘ Cost Control l

Figure 0.1 Procedures for implementation of planned maintenance

Having gone through the implementation procedures, general safety and other information concemn-
ing machine maintenance is addressed to the trainees, with emphasis on the following:

* Always isolate the machine under service from the electrical mains power supply before doing

any maintenance work on the machine.

* Make certain that maintenance is performed regularly.

* Only use appropriate lubricants.



o Always use lint-free materials (no cotton waste) for cleaning.

* Protective clothing must be worn when using compressed air for cleaning machine parts, .
Compressed air must never be used to clean particles from the operator’s clothing or body.

* Never over-tighten locking bolts or nuts. To avoid over-siressing of bolts or nuts, use a torque
wrench .
* Never replace a component within its useful lifetime .

In the afternoon session, the trainees are divided into groups of five for maintenance practice.
Some groups work on lathes while others work on milling or other machines. A leader is selected within
each group to undertake coordination and decision-making where necessary. A planned maintenance
manual for the individual machine being worked on is provided to each group to give them information/
guidelines on how to adjust, lubricate, and correctly maintain the machine. For example in the routine
maintenance of a centre lathe (Figure 0.2), the work is carried out in accordance with the following
pre-planned schedule:

Maintenance Point No. Description of Work
Daily;
1. Saddle, bed, guide-ways Apply ¢il to the saddle, bed, and guide-ways
2. Tailstock Apply grease gun to the two nipples of the tailstock
Monthly:
3. Gearbox Check and top up oil level
4. Drive belt Check belt tension
Quarterly:
5. Electrical control cabinet Check and clean the electrical control cabinet
6. Spindle brake Check and adjust the spindle braking system
Annually : l
7. Gearbox Oil change
8. Spindle motor Examine the spindle motor
9. Coolant motor Examine the coolant motor
10. Compound slide Measure the backlash of the compound slide
11. Cross slide Measure the backlash of the cross slide
12. Headstock gearbox Measure the backlash of the motor shaft 1o spindle shaft
13. Gears: headstock to feed control Measure the backlash of the spindle shaft to feed drive shaft
14. Feed control gearbox Measure the backlash of the feed drive shaft to the lead screw
15. Spindle nose Check the alignment of the spindle nose
16. Spindle taper Check the spindle taper
17. Headstock and tailstock Check the alignment between headstock and tailstock
18. Half nut Check the backlash of half nut

Before carrying out the above tasks, the trainees are given specific safety instructions on how to
5



