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LABORATORY SERVICES SERIES - A PROGRAMMED MAINTENANCE SYSTEM 

D .  C .  Tuxbury 
Maintenance Engineering 

B. E .  S r i t e  
Computer Sciences 

ABSTRACT 

The d ive r se  f a c i l i t i e s ,  opera t ions  and equipment a t  a 
major n a t i o n a l  research  and development l abora to ry  r e q u i r e  a 
sys temat ic ,  a n a l y t i c a l  approach t o  ope ra t ing  equipment mainten- 
ance. 
descr ibed  inc luding  program development, equipment i d e n t i f i c a -  
t i o n ,  maintenance and inspec t ion  i n s t r u c t i o n s ,  schedul ing,  
personnel ,  and equipment h i s t o r y .  

A computer-scheduled prevent ive  maintenance program i s  

INTRODUCTION 

The need f o r  a computerized prevent ive  maintenance program was not 

so obvious during t h e  i n i t i a l  development of t h e  Laboratory.  Many of t h e  

research  p r o j e c t s ,  and need f o r  r e l a t e d  mechanical equipment f o r  t hose  

p r o j e c t s ,  were of r e l a t i v e l y  s h o r t  du ra t ion .  Research p r o j e c t s  could be 
completed o r  discont inued wi th in  a matter of  months leaving equipment 

i d l e  o r  a v a i l a b l e  f o r  sa lvage .  Building u t i l i t i e s  were serv iced  with 

some degree of  r e g u l a r i t y ,  bu t  t h e  f u t u r e  of  t h e  Laboratory was undeter-  
mined t o  t h e  po in t  t h a t  a s o p h i s t i c a t e d  prevent ive  maintenance program 

had not  ye t  been considered as a r e a l i s t i c  func t ion .  

The growth of  t h e  Laboratory through t h e  1950's with many new f a c i l -  

i t i e s  and expanded programs r e s u l t e d  i n  more permanent s t r u c t u r e s  and 

equipment and a d i f f e r e n t  philosophy i n  maintenance planning.  
c l e a r  t h a t  t h e  maintenance func t ion  would have t o  a d j u s t  from a " f i r e -  

f i gh t ing"  opera t ion  t o  a wel l -organized maintenance a c t i v i t y  with long- 
range planning.  

I t  was now 

This  r epor t  summarizes t h e  major elements o f  a computerized preven- 

t i v e  maintenance program, and how it i s  adminis tered by t h e  P lan t  and 

Equipment Divis ion f o r  Oak Ridge Nat ional  Laboratory.  



2 

In addition to this report there is a detailed Plant and Equipment 

Division procedure, QA-PE-18/D.1.14, covering the use of Programmed Main- 

tenance Schedule Cards and History Cards attached as Appendix D. 

PROGRAM DEVELOPMENT 

The preventive maintenance project was one of the steps taken to im- 

prove the planning function of the existing maintenance operation. 

a survey was completed to determine the scope of a preventive maintenance 

program for the Laboratory. The items listed below were factors considered 

in determining the format for an effective maintenance program: 

In 1961 

1. 

2. 

3 .  

4 .  

What type of equipment should be included in 

the program? 

Will the program be of such complexity that 

computer utilization can be effective? 

Should a special crew be assigned to handle 

only preventive maintenance tasks? 

Who should be assigned the responsibility 
for the administration of the program in- 

cluding initial start up, updating, and 

program improvement? 

In summary the survey recommended that: 

1. Equipment for which the Plant and Equipment 

Division has primary responsibility, such 

as, building service equipment, should be 

covered first on the program. 

2 .  A computer program could be utilized effec- 

tively to store and schedule preventive 

maintenance data for an estimated 20,000 

pieces of equipment. Utilizing a computer 

program resulted in identifying the new 

maintenance planning function as "program- 

med maintenance". 
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3 .  The programmed maintenance activities of 

routine inspections, adjustments, and lub- 

rication could be accomplished with the 

existing personnel. A special crew would 

obviously have some desirable features 

but it would not be mandatory to assure 

the success of the program. 

4. A staff function should be created within 

the Plant and Equipment Division to collect 

and establish a data base, coordinating with 

an assigned computer programmer who would be 

responsible for the program format. The 

programmed maintenance staff would also be 

assigned the responsibility of developing 

the program to whatever level of sophisti- 

cation was necessary to provide the mainten- 

ance line function with a useful and effec- 

tive management tool. 

Programmed maintenance personnel were recruited and oriented to 

program objectives shortly after the survey had been completed. 

puter programmer located at Computer Technology Center (ORGDP) was 

assigned to write the program format to the requirements specified by 

the programmed maintenance staff. 

in October of 1962 after staff personnel and programmer had reached 

agreement on most of the significant details. 

A com- 

The original data collection started 

In order to build a significant data base in minimum time, the 

staff personnel established priorities as to which facilities would be 

the first ones included on the program. This was done on the basis of 

the concentration of equipment, consequence of breakdown, and servicing 

frequency. 

responsibility includes maintenance of equipment for facilities to which 

they are assigned, assisted the staff personnel by outlining maintenance 

needs in their individual areas. A critical area, for example, would 

be one where the success of a particular project was dependent on 

The Plant and Equipment Division field engineers, whose 
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r e l a t i v e l y  cons tan t  temperature .  

ment f o r  t h i s  type of  research  p r o j e c t  would then take preference  over  less 
c r i t i c a l  items. 

Maintenance of  t h e  a i r -handl ing  equip- 

A t h ree -  t o  four-year  pe r iod  was requi red  t o  inventory equipment t h a t  
could be r e a d i l y  i d e n t i f i e d  as equipment f o r  which t h e  Divis ion had primary 

r e s p o n s i b i l i t y .  Equipment t h a t  e x i s t e d  only  t o  make the  bu i ld ing  operable  

such as a i r -handl ing  systems, e l e v a t o r s ,  sump pumps, and e l e c t r i c a l  d i s -  

t r i b u t i o n  systems, was considered t h e  primary maintenance r e s p o n s i b i l i t y  

of  t h e  P lan t  and Equipment Divis ion.  

o r i en ted  equipment was added t o  t h e  program as research  personnel learned 
o f  t h e  a v a i l a b i l i t y  of  programmed maintenance. The small  vacuum pump 

used i n  l abora to ry  a reas  probably accounts f o r  30 percent  o f  a l l  research  
equipment now l i s t e d  on programmed Maintenance. 

A s i g n i f i c a n t  amount of  research-  

The o r i g i n a l  program format provided t h e  staff with two sets of  

p r i n t e d  schedule cards ,  an o r i g i n a l  and dup l i ca t e  s e t .  The dup l i ca t e  se t  

was used t o  manually match the  o r i g i n a l  card as i t  re turned  from t h e  f i e l d  

a f t e r  t h e  maintenance r eques t s  were complete. 
schedule cards  t h a t  remained a f t e r  a “reasonable” per iod of  t ime cons t i -  

t u t e d  t h e  f irst  backlog schedule .  

Those dup l i ca t e  weekly 

This s i t u a t i o n  i l l u s t r a t e s  t h a t  even wi th  an organized computerized 
approach t o  schedul ing rou t ine  prevent ive  maintenance it is  d i f f i c u l t  t o  

a n t i c i p a t e  a l l  o f  t he  requirements i n  advance. This  procedure has  s i n c e  

been modified t o  take  f u l l  advantage of  t he  cu r ren t  d a t a  processing 

techniques.  

Other program developments inc lude  a maintenance h i s t o r y  program 
which i s  covered i n  d e t a i l  i n  another  s e c t i o n  of t h i s  r e p o r t .  A programmed 

maintenance aud i t ing  func t ion  and t h e  i n t e g r a t i o n  of  prevent ive  and r e p a i r  

maintenance h i s t o r i e s  are two p r o j e c t s  t h a t  w i l l  be developed i n  t h e  nea r  
f u t u r e .  A formal aud i t ing  func t ion  w i l l  provide t h e  staff more s p e c i f i c  

information about c l a r i t y  of i n s t r u c t i o n s ,  thoroughness of  prevent ive  
maintenance work, e f f e c t i v e n e s s  of  e s t a b l i s h e d  f requencies ,  and changes i n  

p roduc t iv i ty .  

p a i r  h i s t o r y  w i l l  c e n t r a l i z e  a l l  c o s t s  expended f o r  i nd iv idua l  u n i t s  of 
equipment and provide a b e t t e r  b a s i s  f o r  replacement dec i s ions .  

An i n t e g r a t i o n  of prevent ive  maintenance h i s t o r y  wi th  re- 
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In order to evaluate the effectiveness of programmed maintenance it 

is necessary to review the objectives that have been established prior 

to and during the early development of the program. 
below were published in an earlier report, and as of this date, are re- 

cognized as valid criteria: 

The objectives listed 

1 

1. To reduce unanticipated equipment downtime and 

emergency repair orders through a repetitive 

maintenance program of inspections, adjustments, 

replacement of parts, and lubrication. 

2. To provide centralized responsibility for re- 

petitive maintenance to ensure consistency in 

planning, organization, administration, and 

control of the repetitive maintenance and in- 

spection functions with which the Plant and 

Equipment Division is involved. 

3 .  To study equipment operating conditions, manu- 

facturer's recommendations and repair histories 

to determine optimum service frequencies. 

4. To standardize lubricants whenever possible. 

5. To maintain all necessary records on repetitive 
maintenance activities. 

6. To provide a history of maintenance activities 

for critical equipment covered by the program. 

7. To improve planning, budgeting, and work load 

leveling for maintenance manpower. 

8. To effect economies in the use of maintenance 

manpower and materials. 

9. To review equipment specifications and facility 

design to provide recommendations affecting 

'W. 0 .  Graves and B. S. Bishop, Programmed Maintenance for Oak Ridge 
National Laboratory, ORNL-TM-2161, October 1968. 
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r e l i a b i l i t y  and m a i n t a i n a b i l i t y  of equipment. 

10. To i d e n t i f y  materials requi red  f o r  r e p e t i t i v e  
maintenance t o  minimize de lays  i n  drawing p a r t s  
and materials from S t o r e s ,  and t o  assist with 

s t anda rd iza t ion  of materials. 

If t h e  p re sen t  l e v e l  of  maintenance performance is s a t i s f y i n g  t h e  
o b j e c t i v e s  which have been e s t ab l i shed ,  then it  would seem reasonable  t o  

assume t h a t  programmed maintenance i s  an e f f e c t i v e  func t ion  accomplishing 

what it was designed t o  accomplish. 

The remainder of t h e  r e p o r t  provides  d e t a i l e d  information on tech-  

niques and procedures t h a t  have been developed by t h e  programmed mainten- 
ance s ta f f  t o  meet t h e  above ob jec t ives .  

EQUIPMENT IDENTIFICATION 

Careful  cons idera t ion  was given t o  developing a method o f  i d e n t i f y i n g  

an equipment i t e m  so t h a t  it would be r e l a t i v e l y  easy t o  l o c a t e  i n  one of  
approximately 120 bu i ld ings  i n  an area covering seve ra l  square mi les .  In 

add i t ion  t o  being easy t o  l o c a t e ,  i t  was necessary  t o  be a b l e  t o  i d e n t i f y  

an equipment item so t h a t  it could be c l a s s i f i e d  with similar equipment or 
so r t ed  i n  a number of  ways depending on t h e  r epor t ing  requirements .  

The f irst  s t e p  i n  iden t i fy ing  t h e  equipment item i s  t o  inventory by 

phys ica l ly  examining t h e  u n i t  and determining t h e  manufacturer,  model, 

s i ze ,  se r ia l  number, p roper ty  number and any a d d i t i o n a l  information t o  

e s t a b l i s h  a unique i d e n t i t y  t h a t  i s  d i f f e r e n t  from any o t h e r  similar p i e c e  

of  equipment. 

The f i e l d  d a t a  shee t  (Fig.  1)  was designed t o  accomplish t h i s  s t e p .  
Notice t h a t  t h e  top  f i v e  l i n e s  of t h i s  shee t  are used s p e c i f i c a l l y  f o r  

desc r ib ing  t h e  u n i t  and r e l a t e d  power source such as an e l e c t r i c  motor. 

The t e n - d i g i t  l o c a t i o n  number i n  t h e  upper l e f t  corner  of t h e  d a t a  shee t  

i s  t h e  primary i d e n t i f i c a t i o n  number assigned t o  each ind iv idua l  p i e c e  o f  
equipment. 
equipment des igna te  t h e  bu i ld ing  l o c a t i o n  us ing  a geographical  g r i d .  
dash i s  used i n  column f i v e  f o r  those  bu i ld ings  i d e n t i f i e d  with four  

The f i r s t  f i v e  d i g i t s  ass igned t o  each ind iv idua l  p i ece  of  
A 
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d i g i t s  only.  

t i c u l a r  bu i ld ing  using 01 f o r  t h e  f irst  f l o o r .  The last  t h r e e  d i g i t s  

l o c a t e  t h e  exact  p o s i t i o n  of  i nd iv idua l  equipment on a s p e c i f i c  f l o o r  
l e v e l .  Equipment loca t ion  f l o o r  p l ans  (Fig.  2 )  a r e  maintained by t h e  

Programmed Maintenance s ta f f  and i ssued  t o  a l l  work cen te r s  t o  assist 

craftsmen, engineers ,  and bui ld ing  s e r v i c e s  coord ina tors  i n  l o c a t i n g  

equipment with minimum d i f f i c u l t y .  

The next  two d i g i t s  i d e n t i f y  t h e  f l o o r  l e v e l  within a pa r -  

The equipment c l a s s i f i c a t i o n  number on l i n e  f i v e  i s  a v a i l a b l e  t o  
c l a s s i f y  similar types  of equipment (Fig.  3)  and may be requested i n  
r e p o r t  form (Fig.  4) as one of s eve ra l  computer program opt ions .  This  

r e p o r t  summarizes every p i ece  of  equipment t h a t  has  been assigned a 

s p e c i f i c  number, such as,  510 f o r  a i r - cond i t ion ing  equipment under two 

tons .  With t h i s  s o r t  o f  f l e x i b i l i t y  it i s  p o s s i b l e  t o  review equipment 
with common maintenance c h a r a c t e r i s t i c s  f o r  t h e  e n t i r e  Laboratory. 

The f i n a l  s t e p  i n  i d e n t i f y i n g  equipment i s  t o  mark each ind iv idua l  

p i ece  of equipment so t h a t  it can be e a s i l y  v e r i f i e d  with t h e  programmed 
maintenance card when s e r v i c e  i s  scheduled. A b r i g h t  orange l a b e l  i s  
used t o  i d e n t i f y  each u n i t  scheduled f o r  programmed maintenance. The 

l a b e l s  are a v a i l a b l e  i n  continuous form and a r e  p r i n t e d  on a s tandard  

d a t a  processing p r i n t e r  from t h e  master t a p e  conta in ing  loca t ion  numbers, 
work o rde r  numbers, respons ib le  foremen, work o rde r s ,  and equipment de- 

s c r i p t i o n s .  The l a b e l s  a r e  made with a p res su re - sens i t i ve  backing, making 

them easy t o  apply and a r e  reasonably durable  i f  appl ied  on c lean  su r -  

faces .  Several  hundred can be p r i n t e d  i n  a matter of  minutes so t h a t  
dup l i ca t e  l a b e l s  a r e  e a s i l y  produced when needed. Fas t ,  accu ra t e  i d e n t i -  

f i c a t i o n  i s  e s s e n t i a l  f o r  both l o c a t i n g  equipment when scheduled f o r  s e r -  
v i ce  and f o r  easy i d e n t i f i c a t i o n  when c o l l e c t i n g  and r epor t ing  r e p a i r  

d a t a  f o r  maintenance h i s t o r y  records .  

MAINTENANCE AND INSPECTION INSTRUCTIONS 

The next  s t e p  toward schedul ing a p i ece  of  equipment f o r  programmed 

maintenance i s  t o  develop t h e  i n s t r u c t i o n s  and inspec t ion  procedure which 

are completed under t h e  po in t  of  s e r v i c e  sec t ion  on t h e  f i e l d  d a t a  s h e e t .  
(Fig.  1) 
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EQUIPIENT CLASSIFICATION NUMBERS 

AIR COMPRESSOR 

AIR LINE FILTERS t; 
LUBRICATORS 

AIR CONDITIONING MISC. 

Package A/C Units* 

Under 2 t o n ,  including 

2-4 Ton 

11-15 Ton 
Over IS; Ton 
heat Pumps 

all Window Units 

5- 10 To11 

A/C Compressor & 
Condenser tinits 

Under 2 Ton 
2-4 Ton 
5-9 Ton 
10-19 Ton 
20-29 Ton 
30-69 Ton 
70-llY Ton 
120-299 Ton 
300-700 Ton 
Over 700 Ton 

AI C Compressor & 
Evaporator Units 

Under 5 Ton 
5 Ton and Over 

A/C Compressors 

Under 20 Ton 
20-40 Ton 
Over 40 Ton 

A/C Air-Cooled Condensers 

Under 1 hp 
1-5 hp 
Over 5 hp 

400 

420 

500 

501 
502 
503 
504 
5 05 
507 

510 
511 
512 
513 
514 
515 
516 
517 
518 
519 

521 
522 

525 
526 
527 

530 
531 
532 

A/C Evaporative Condensers 

Under 5 hp 
5 hp and Over 

Fan Coil Units 

Under 1 hp 
1-4 hp 
5-9 hp 

20-30 hp 
31-50 hp 
Over 50 hp 

Cooling Towers 

Under 5 hp 
5-10 hp 
Over 10 hp 

10-19 hp 

Centrifugal Water Pumps 

Under 5 hp 

11-20 hp 
21-50 hp 

Over 100 hp 

5-10 hp 

51-100 hp 

Turbine Water Pumps 

Under 50 hp 

100 hp and Over 
50-99 hp 

A/C Purge Units 

Under 0.5 hp 
0.5 hp and Over 

A/C Filters 

AIR PRESSURE REDUCING 
STATIONS 

AUXILIARY GENERATORS 
(Diesel G Gasoline) 

ALiX I L IARY LI GKTS 

535 
536 

540 
541 
542 
543 
544 
545 
546 

550 
551 
552 

555 
556 
557 
558 
559 
560 

565 
566 
567 

570 
571 

575 

600 

610 
620 

BICYCLES 

CAFETERIA EQUIPMENT 

CELL WINDOWS 

COMPRESSORS FOR SPRINKLER 
SYSTEMS 

CONTINUOUS AIR MONITORS 

CORDED EQUIPMENT 

CRANES 

DOORS 6 GATES 

ELECTRICAL 

E LEVATORS 

EXHAUST FANS 

Filtered 
Unfiltered 

FILTERS, MISC. 

FLOOR TILE 

GROUND FAULT INTERRUPTERS 

HEATERS 

HEATERS - WATER 

HOISTS 

INSPECTIONS 

LAUNDRY EQUIPMENT 

MACHINE TOOLS 101 

MAN I PULATORS 

MOBILE EQUIPMENT 

MOTOR GENERATOR SETS 

MOTOR POOL 

PAINT, EXTERIOR 

PAINT, INTERIOR 

625 

630 

635 

640 

65 0 

660 

670 

680 

690 

700 

710 

712 
715 

717 

720 

725 

730 

735 

740 

745 

760 

-268 

765 

770 

790 

795 

810 

812 

PRECISION INSTRUMENTS & 
TOOLS 

Balances 

PRESSURE REDUCING VALVES 

Steam 

PUMPS OTHER THAN A/C 

sump Pumps 

ROOFS 

SAFETY SHOWERS 

STEAM PLANT PROCESS 
EQUIPMENT 

(Including Compressed 
Air Equipment) 

STEAM VALVE PITS 

STRUCTURES 

TRANSFORMERS 

VACUUM PUMPS 

VIBRATION ANALYSIS 

WATER STILLS 

820 

821 

870 

890 

895 

910 

920 

930 

94 0 

943 

945 

950 

960 

970 

* 
Some small split systems are 
listed as package units. 

F i g .  3 .  Equipment Classification Numbers 



P R U G & A H M E O  HA I N T E N A N C E  D A T A  S H E t T  

L O L A 1  IUN 
7930- 3 0  ~. ~ 

7 9 3 0 -  3 0  
7920- 3 0  
7Y 20- 3 0  
7 9 7 3 -  J O  
7 Y 1 0 -  3 0  
7920- *o  
7 Y 3 0 -  30 
793.- 30  
7 3 3 0 -  9 7  
7 9 3 0 -  88 
7930- 8 5  
7920- Y O  
7930- 91  
79-10- 99 
7923P 00  
793oP 10 
79 302 1 0  
7930P 20 
Z Y 3 W  2 0  
7 9 3 O P  2 5  
7931- 30 
7 9 3 1 -  00 
7931- lo _. 
7931- 10 
7931- 10  
7 9 3 1 -  10 
7 9 2 1 -  1 0  .. 
7931- 8 5  
79316' 10  
7 9 3 2 -  0 0  
7932- 1 0  
7 9 3 2 -  10 
7932- 89 
7 9 2 3 -  0 1  
7 9 3 3 -  0 1  
7 9 3 3  0 1  
7 9 3 3 -  0 1  
799c- 00  
7956- 00  
7952- 00 
7952- 0 0  
7952- 00 
7952- 0 1  
7952- 0 1  
7952- 0 1  
795- 00 
7953- 0 1  
7 9 5 3  20 
7953- 2 0  

9 82 
983 
9 A S  
5 B t  
987 
9 8 M  
5 84 
990 
991 
133 
1 3 0  
1 0 1 
100 
100 
490 
01') 

-3 7 
7b0 
7 7 0  
d10 
010 
023 
010 
020 
03i) 
C 4 0  
3 7  3 
103 
030 
010 
005 
015 
100 
110 
120 
130 
140 
001 
010 
045 
0 5 0  
Ot 0 
010 
020 
030 
050 
110 
010 
025 
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E O U I  P M E N T  D E b C R I  PT I O N  
B U F F A L O  t X H A U S T  F A N  l b  
3 W Y - H  P H U L I J H E L  IC GAUCIC 
G R A V I T Y  OAMPLF. T H l h D  FL. k M - 3 0 2  
Y U F F A L L  I P 4 D . t X H 4 U b T  F A N  S Y b - E - 1 1  
B U F F A L L  I W V  E X H A U S T  F A N  SYS-k-b 
5 I k A L U  E X H A U S T  R L d W E h  bY5.E-8 
3 U F F A L U  A / C  H / V  S Y S T L Y  s-9 
S U F F A L O  A / C  I I /V  SYSTEM S - 1 0  
K R A N K O  C R A N E  30 T U N  
I h 9 E C T  F L O : I H  T I L E  
M A L N T E N A N C C  LF 5 T C U C T U f  LS 
P A I Y T I N 6  U F  S T R ' J C T U K F S  ( fXTthIbR 1 
R M S .  M A I N T E N A N C E  OF 
P A I , q T  I N T T H I U R  OF d U I L 3 1 t ~ 6  
SHOYEII S A F E T Y  
C O O L I N G  TOY'R P U M P  U a P A R t  P A h I i  
J O Y  A l l -  COUPF 7-1/2 X 5 SPAHF P A k T S  
JOY A I h  C O P 4  11-1/4 X 3 b P A h C  P A 9 1 5  
P E L F L E S S  P U q P S  i4OD 2 0 s - 1 2 H  PAF\T> 
? E t k L r 5 S  P U U P S  IIJIJ 305-3Ro P A h T S  _ _  ~ _ _ .  
YOR< T U H ' W P A K .  160 TON* S P A R E  P A R T 2  
B U F F A L U  E X  T A N  S V S  E - l ( N J 5 T A C K  A H t A  
D U F F A L L  E X  F A h  S Y S  f - l ( S )  S T A C K  A R t  
G U U L D S  FUEL PUhP 
E 4CdCEhCY L I G H T  
flNA'4 A C I X I L I A F Y  SEIUEFIATJQ U N I T  
N E S l l I T T  S P A C E  H t A T C K  
C.F. .S* ITCI i  b F A i <  ( 4 F A . )  
r ' A I N T I N G  OF b T R U C T U h t S  ( E X T C U I U U  
0 N A . c  A u k  G E N t l R A T O K  S P A R E  P A h T S  
Y U F F A L O  E X H A U S T  B L O b € H S  S Y S  C-3 
H O h t Y Y t L L  W A I S T  P 1 T  J € T  C C N T H G L  
N t L > I T T  U N I T  h E A T F W  
P 4 1 , d T I N G  OF S T P U C T U V t S  ( t k T E R I U R  
A / C .  CLOW 5 .  THAILrF b e  Uk 7930 
A/C.  R O O M  + TWAILEF; h- OF 7939 

A/C. YOGM 4.  T R A I L L R  k. OF 7930 
C O R D t D  t U U I P H f  NT I N S P E C T I O N  
C O R V E O  C Q U I P M L N T  I N S P E L T I U N  
FFANKLN S U M P  P U M P  LLb P S T A  * I t 4  
GOULDS PUI(P-'CA?rT U N I T  
GOULDS PUMP--*EST U N I T  
C H C L I Y A L U X  W A L L  H E A T E U  
PENN EXHAUST FAN 

G O U O S  P U M P S .  EAST AND WEST 
C O N 1  I N E N T A L  A U X  P U Y E R  U N I T - G A S O L  
P U M P  F C R  D C S A R  ( U N I T  w) 2 )  
P U M D  FOR D O S A R ( U N 1 T  N 0 . 3 )  

A/C. nooM 3 ,  T W * I L E *  W. LIF 7 9 x 1  

YALE 1-112 TON n o i s i  

'L v 

: N€ 

NLIV 12.1975 

310. T I M E  P R O P L R T Y  
19.:) 

X I 0 2 3 3 5  
X 1 0 2 3 3 0  
X 1 0 2 3 3 7  

L2.0 

X 1 0 2 5 0 8  
x 1 O d L S 5  

19 .5  
1 4 . 3  

52.n 

b6.3 

90.8 
90.3 
90.6 
90.d 

x-93249 

E Q P  C L A S 5  Q I  
7 1 2  
5 0 0  

7 1 2  
712 
7 1 2  
5 4 2  
5 12 
0 70 
720 
9 u 3  
3 1  il 
9 IO 
n 1 2  
9 C J  
558 
925  
Y C 5  
8 9 0  
5 36 
516 
71 5 
715 
A 9 0  
620 
61 0 
7 30 
690 
M 1 J  
92 5 
T I L  

730 
810 
531 
5J1 
L O 1  
501 
660 
b h O  
B Y 5  
890 
890 
730 
715 
700 
& Y O  
7 70 
890 
8 90 

J A L l l Y  L t V L L  
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
'+ 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
J 
4 
Y 
4 
4 
4 
4 
4 
4 

4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
1 
4 

JCE U n u t R  
H 7 9 3 0 t - F  1 

* t C  
* L C  

H7933t-F 1 
H 7 9 J O t - F  1 
H 1 9 J  3t -F 1 
n 7 ~ 3 0 ~ - L  1 
H 7 9 3 J ~ - t  1 
n H ~ F J O L - L I  754 JOL-IJ 1 

r4 79 3 0 t - o  1 

;wJIL)L-Jb  

H l Y J O E - C I  
H 7 Y J O t - C  1 
t i 7 9 3 0 L - h l  
H 1933iz- L 1 

H 9 9 9 9 E - F  1 
HTYJOL-t I 

H9999t-F 1 
n9994 L-K I 
H 9 9 9 9 t . - K i  
H5999t..-K 1 
~ 9 9 w t - c i  
H4%49t -K  1 
r i G Y Y Y L - u u  
HYSYYE-K1 
H 791JL--F 1 

H 7 9 J O k - C l  
t i ' > 4 9 4 ~ - M F  
b 1 7 9 1 t - A A  
G 1 7 9 1 t - A A  
6 1 7 ' 9 1 L - A A  
G 1 7 9 1 1 - A A  

c)P 
UP 

G 0 4 4 8 k - A l  
6 J 4 4 9 E -  A 1 
C I 0 4 4 9 t - A l  
G J 4 4 8 t - A l  
E J 4 4 8 L - A I  
G O 4 4 8 E - A 1  
6 0449 t - A  I 
V 9 9 9 9 k - 6 1  

Fig .  4. Computer L i s t ing  of  Equipment C l a s s i f i c a t i o n s  
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The maintenance instructions determine: 

1. 

2. 

3 .  

4. 

5.  

6 .  

7.  

What is to be done. 

When it is to be done. 

Which craft will do the work. 

How often each maintenance instruction will 

be scheduled. 

What lubricants should be used. 

How many points should be lubricated. 

What size belts, filters and other materials 

should be procured and taken to the job 

location. 

The instructions are developed by careful review of the manufacturers' 

maintenance recommendations, especially if the piece of equipment is 

unique or if the equipment is under warranty and must be maintained 

specifically to manufacturers' recommendations. 

A previously developed set of instructions is used if the equipment 

is identical or similar to another unit already included on programmed 

maintenance. Most often, the instructions are developed using both 

experience and manufacturers' maintenance procedures. 

The instructions are sequenced in such a way that a craftsman 

servicing the equipment can start at the power or drive component and 

service the entire unit from one end to the other with a minimum of back 

tracking. 

plex equipment. 

A lubrication diagram is available to the craftsman for com- 

The primary objective in developing maintenance instructions is to 

make them as concise and easy to interpret as possible. This goal is 

accomplished through careful planning and continuous upgrading of the 

program. 

The number under the start column designated (S) on the computer 

listed data sheet (Fig. 5) represents total number of weeks from the date 
at the top of the sheet that the item will be scheduled for programmed 
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maintenance. 

The weekly schedule tape is determined by scanning the master tape 

each week for those items of instruction reading zero under the start 

column. One week is subtracted from the start figure each time the tape 

is scanned. When the start figure reaches zero, the maintenance instruc- 

tion appears on the weekly schedule and the start figure resets according 

to its designated frequency. 

Weekly frequencies reset to 0 

2 week frequencies reset to 1 

Monthly frequencies reset to 4 

3 month frequencies reset to 12 

6 month frequencies reset to 24 

Yearly frequencies reset to 48 

The program utilizes a 48-week calendar for the purpose of sequencing 

different frequencies so they can be scheduled individually and still coin- 

cide with annual service when due. This system allows for scheduling a 

monthly item every four weeks o r  a three-month item every twelve weeks and 

having it coincide with annual service which is due every 48 weeks. 

The program has been designed to print on the schedule card only those 

items which are due for a particular week. The craftsman can then be in- 

structed to do everything on the card and does not need to review the en- 

tire schedule to determine which point of service needs to be completed. 

An alternate computer code is used so that one line of instruction can take 

priority over another. 

and replaced with new oil would take priority over checking the oil only. 

This feature prevents the craftsman from checking the oil level, adding 

oil, and then reading the next instruction which instructs him to change 

the oil. 

An item requesting that crankcase oil be drained 

The lubricants are coded according to a Union Carbide Corporation - 
Nuclear Division procedure which has been developed by a Four-Plant Lubri- 

cation Committee. A comprehensive report is available which gives detailed 

information on the lubrication program at ORNL (Ref. ORNL/TM-5426). 



Df OCPA~. (WC[ l  M A I N T E N A N C F  O A T 4  S t I E C T  3 L C  3 i . L U 7 7  

L C C A T  I!:N EQU I P M E N T  L)F 5 C Q  I P T  I O N  
2001-  2 1  & 7 C  C A U h I F T I <  C O M * ’ G C j S O W  A/C U N I T  

S r l i  T l W i  P H i l P t P T Y  O V A L  L c V L L  JClb O k V E R  F O k E M A h  
304.7 X- 20146 4 H 2 C O  1 c-C 1 BU9R I S  

- - O U I P M . N T  M A Y U F A C T U k t  c’ MI I 5  LL T Y P E  St7L > t R  I A L  NClMhtF. V t  N 3 0 R  
S F 2 3 1 0 3  5 - T U N  7 3 1  Y 1  

F U N C T I U N  
4 A S F  MOD 5 F 2 0 3 R 9  SEW 7 3 1 3 4  

MC TOO M A  NCJF AC T UHF k HC M P M  J G L T S  
L CtJ I S ALL I S 5 1 7 5 0  

SE.b 1 A L  N U H t r E E  
l i 3 R 4 4 R  

‘ R h M F  
244 

CLASS 

SF ? t i  C Y  A C / D C  T V P t  AMP 5 
1 4 1  7 1)c.L; 3 60 

s T Y L t  CIJDE 
ti 

t II C L A s S  
51 2 

l T E M  P r l N T  C’F S F R V I C F  L J H  ’ T N G  NO FUEO 5 OR S T b - T I M L  Cf-!Ml-T S k A S O N  H k H A k K s  
I L U H  M1‘J BUNGS T J  GF 2 Y 1 1  .9 w 

C K  ‘ 3 L L T  YEA W TL N S  10h. A L I  G N Y E h T  2 U M  1 1  .O B E L T  t L - ~ 3 0  P f C K  C R A N K C A S E  ‘31L LEVLL AD 3 M  11 4 I r t  
4 OK.FLU5H.HFFL C R A V K C A S r  A 3  Y I 1  271.5 
4 C L E A h l  U T R . C O M P P E S S O C  HJUSIN;  z r  59 i? .G 
6 C K  A U T O * A T I C  C f 2 N T Q Q L c  c. C L E W  b M  I 1  r . s  

Fig.  5.  Computer Lis ted Data Sheet 
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The remarks section of the maintenance instructions is a provision 

that allows for additional information and helps to clarify a particular 

instruction under point of service. The information may include a catalog 

number for a V-belt or filter or special instructions such as sending a 

crankcase oil sample to Analytical Chemistry to check for glycol content. 

Craftsmen and foremen are encouraged t o  improve scheduled mainten- 
ance instructions so they can be easily understood. The individual 

craftsman's advice is sought in many cases in preparing instructions for 

a particular piece of equipment. 

The master tape is updated every two weeks by changing instructions 

on existing equipment, adding new equipment, and deleting equipment no 

longer requiring routine maintenance. 

Probably the most unique characteristic of ORNL's programmed main- 

tenance is the flexibility that allows for "tailor-made" instructions for 

each piece of equipment. 

significant disadvantages which are described in detail under Equipment 

History. 

The amount of flexibility realized causes some 

SCHEDULING 

After the field data sheet has been completed, it is forwarded to 

the Computer Technology Center (CTC) located at an adjoining facility 

(ORGDP). The field data sheets are key punched at this point, and the 

input sorted on to a master tape by programmed maintenance location number. 

The master tape is then scanned to determine which pieces of  equip- 

ment are scheduled for service. The weekly schedules are requested two 

to three weeks in advance to allow the maintenance crew foremen time to 

schedule individuals and crew and to order any materials necessary to 

complete the job. 

The weekly schedule cards are printed on continuous format, plain 

card stock to take advantage of the high rate printing speeds available. 

The cards are perforated so they can be machine separated prior to dis- 

tribution via plant mail. Extensive scheduled maintenance instructions 

such as annual service, are printed on several cards with a note at the 
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bottom t o  "see next  card" and are s t a p l e d  toge the r  as so r t ed .  

The craftsman reviews t h e  schedule cards  making c e r t a i n  t h a t  he 
knows where t h e  job  i s  loca ted ,  what l u b r i c a n t s  o r  o t h e r  m a t e r i a l s  are 
necessary t o  complete t h e  job ,  and t h a t  t h e  assigned jobs  are geograph- 
i c a l l y  arranged t o  minimize t h e  amount of t ravel  t i m e  requi red .  

f i c a n t  e f f o r t  has  been made t o  schedule programmed maintenance work 
geographical ly  by bui ld ing  and by area s i n c e  t h e  f a c i l i t i e s  a t  ORNL cover 

such an ex tens ive  area. 
a i r  handling equipment should be scheduled. 

j obs  f o r  r e f r i g e r a t i o n  compressors, condensers,  and fan  c o i l  u n i t s  a r e  

obviously scheduled f o r  off-season.  

A s i g n i -  

Seasonal p r i o r i t i e s  determine when most of t h e  

Major prevent ive  maintenance 

Reactor shutdown schedules  determine t h e  scheduling f o r  s t i l l  another  

catagory of equipment. General ly ,  programmed maintenance can only be 
performed on r e a c t o r - r e l a t e d  equipment when t h e  r e a c t o r  i s  not i n  opera- 

t i o n .  Occasionally,  it becomes necessary t o  r e d i s t r i b u t e  p a r t  o f  t h e  
work load t o  a p a r t i c u l a r  work c e n t e r  due t o  t h e  add i t ion  of  new fac i l i t i es  

i n  t h a t  a r e a  o r  a change i n  manpower a v a i l a b l e  t o  complete t h e  work. 

Scheduled f requencies  f o r  i nd iv idua l  p o i n t s  of  s e r v i c e  are determined, 

using both manufacturer ' s  d a t a  and experience gained from similar p i eces  

of equipment as previous ly  mentioned. The f requencies  a v a i l a b l e  f o r  u se  

i n  t h e  program are as fol lows:  

CODE FREOUENCY 

W 
2w 

M 
6W 
3M 
4M 
6M 
8M 

Y 
2Y 

Every Week 
Every 2 Weeks 
Every Month 
Every 6 Weeks 
Every 3 Months 
Every 4 Months 
Every 6 Months 
Every 8 Months 
Every Year 
Every 2 Years 

CODE 

3 Y  
4Y 
5 Y  
6Y 
7Y 
8Y 
9Y 

1 OY 
S 

FREQUENCY 

Every 3 Years 
Every 4 Years 
Every 5 Years 
Every 6 Years 
Every 7 Years 
Every 8 Years 
Every 9 Years 
Every 10  Years 
Standby - No 

Serv ice  
Scheduled 

Since programmed maintenance i s  scheduled on t h e  b a s i s  of  a 48-week 

year ,  it i s  necessary t o  omit t h e  13th week of  each q u a r t e r .  This  "extra1' 
week i s  then  used t o  ca t ch  up on p a s t  due work. 
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A programmed maintenance s l i d e  r u l e  (Fig. 6) 
count t h e  number of e lapsed  weeks between any two 

skipped o r  omit ted weeks. I t  i s  a convenient a i d  

has been developed t o  
d a t e s  without inc luding  

used t o  determine t h e  
s t a r t  t ime (number of weeks t h a t  must e l apse  before  a po in t  of  s e r v i c e  

w i l l  appear on a schedule card)  which appears i n  t h e  s tar t  column (S) on 

t h e  I B M  Data Sheet and which must be computed on t h e  F ie ld  Data Sheet .  

Standard t imes have been developed f o r  many of t h e  programmed main- 

tenance jobs  and are under t h e  s tandard  time column f o r  each po in t  of 

s e r v i c e .  

and t h e r e f o r e  vary  depending on which times are t o  be serv iced .  

s tandard  t imes  a r e  compared t o  a c t u a l  t imes  (obtained from t h e  programmed 

maintenance h i s t o r y  card)  t o  produce a p roduc t iv i ty  f i g u r e .  A l l  computa- 

t i o n s  a r e  performed, u t i l i z i n g  computer programs developed s p e c i f i c a l l y  f o r  

ORNL programmed maintenance wi th  necessary  r e p o r t s  a v a i l a b l e  as requested.  

The times are computed each time scheduled maintenance i s  due 

The 

The reschedule  r epor t  (Fig.  7) i s  a l i s t i n g  of  scheduled programmed 

maintenance t h a t  has no t  been repor ted  as completed work wi th in  a reason- 

able length  of  t ime. The r e p o r t  i s  a c t u a l l y  an accumulation of  severa l  

o r i g i n a l  weekly schedule l i s ts  with t h e  completed jobs  d e l e t e d  as of a 

s p e c i f i e d  cu t -o f f  da t e .  

p l e t i o n  depends on t h e  frequency p r i n t e d  on t h e  schedule  card .  

least  f requent  items e s t a b l i s h e s  p r i o r i t y  i f  s eve ra l  d i f f e r e n t  f requencies  

appear on t h e  same schedule card.  The fol lowing t a b l e  i s  used as a guide: 

The reasonable  length  of time allowed f o r  com- 

The 

SCHEDULED 
FREOUENCY 

TIME ALLOWED FOR 
COMPLETION 

Weekly 
2 Weeks 
Month 1 y 
2 Months 
3 Months 
4 Months 
6 Months 
Yearly 

Regular day wi th in  t h e  week 
2 2 days * 5 days 
2 8 days 
5 2 weeks 
t 2 weeks * 3 weeks * 4 weeks 

Allowances a r e  made f o r  shutdowns o r  o t h e r  ex tenuat ing  circumstances.  

The reschedule  r e p o r t  i s  d i s t r i b u t e d  t o  each work c e n t e r  and reviewed 

by t h e  genera l  foreman t o  determine why equipment has  not  been serv iced  
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L O C A T  I O N  

4500N 0 0  CP5 

4 5 C O N  00  020 

4500N 00  02t 

4530N 00 328 

4500N 00 031 

4500N 00 033 

450ON 0 1  005 

4 5 0 0 ~  0 1  048 

*SOON a i  140 

4 S O O N  0 1  160 

45OON 01 160 

4500N 01 160 

4500N 01 170 

*SOON 01 170 

4500N 6 1  173 

4500N 01 170 

4500N 0 1  200 

450ON 0 1  2 0 0  

4500N 01 200 

4 5 C O N  0 1  205 

45CON 0 1  225 

450ON 0 1  225 

4500N 0 1  225 

4 5 0 O N  01  250 

4500N 01  290 

R E S C - I E O U L F  L f  ST FOR AUG 28.1979 

EO P NO 

9 4  0 

94 0 

94 0 

94 0 

94 3 

94 0 

72  5 

89 5 

95 0 

9S 0 

95 0 

950 

95 0 

95 0 

95 0 

950 

95 0 

950 

620 

61 0 

61 0 

61 0 

54 4 

O E S C R  I P T  ION 

VALVE.".R.I 517 NORTH. P I T  26 

VALVE.P.F.I 51a. NORTH. PIT 26 

VALVE.P.R.# 537. NORTH.  P I T  27 

S T E A M  VALVE PIT NO 28 

VALVE.P,Ro# 519. EAST. P I T  31 

V A L V E .  PIRO # 520.  E A S T .  P I T  31 

GRCUN> F A U L T  I N T E P R U P T E R  N O  72 

S U M P  P U M P  

U T I L I T Y  P I P E  T U N N E L  W I N G  1 

F U L L F R  V A C U U M  PUMP.VACUUM P U M P  ROOY 

F U L L F R  V A C U U M  PUMP.VACUUM P U M P  ROOM 

F U L L E R  V A C U U M  PUMP.VACUUY P U Y P  ROOY 

F U L L E R  V A C U U M  P U M P  .VACUUM P U Y P  R O O M  

F U L L F R  V A C U U M  PUMP.VACUUW P U M P  ROOM 

F U L L F R  V A C U U M  PUMP.VACUUM P U M P  ROOM 

F U L L E R  V A C U U M  PUMP.VACUUM P U M P  ROOM 

V A C U U M  P U M P  ( F U L L E R )  N - C E N T E R  UNIT 

VACUUM P U M P  ( F U L L E R )  N-CENTER U N I T  

V A C U U M  P U M P  ( F U L L E R )  N - C E N T E R  UNIT 

S U R S T A T  I U N  R A T T E R I E S . C H A R G E R  

O N A N  4 U X  E L F C T  DIESEL G E N  U N I T  

O N A N  A U X  E L E C T  D I E S E L  G E N  U N I T  

O N A N  4 U X  ELECT D I E S E L  G E N  U N I T  

S U P P L Y  F A N  NO 3 A / C . H E A T I N G  W I N G  2 

U l f L I T V  PIPE TUNNEL W I N G  2 

P R O P E R T Y  

X - 5 5 0 0 9  

X- 5 5 0  09 

X- 550 09 

X - 5 5 0 0 1  

X - 5 5 0 0  1 

X - 5 5 0 0 1  

X - 5 5 0 0 1  

X - 5 4 9 9 2  

X - 5 4 9 9 2  

X- 5499 2 

X- 83 05 7 

X-83057 

X - 8 3 0 5 7  

JOB ORDER 

G3637E-AA 

G3637E-AA 

G 36 37E- A A  

C 3637E-AA 

G3637E-AA 

G 36 3 7E- AA 

H9999E- 13 

H4500E-01 

H 4 5 O O E - K l  

H 4 5 0 0 E - C  

H I S O O E - C  

H 4 5 O O E - C  

HISOOE-C 

H ~ ~ O O E - C  

H*F~OOE-CI 

HISOOE-c I 

H~SOOE-c 1 

H ~ ~ O O E - C I  

HI~OOE-C 1 

HI~OOE-KI 

H I S O O E - K l  

H I S O O E - K l  

H I S O O E - K L  

I445 0 0 E- k 1 

H4500E-K 1 

F O R E M A N  

KEENEY 

K E E N E V  

K E E N E Y  

K E E N E Y  

K E E N E Y  

K E E N E Y  

G E N T R V  

W I L S O N  

G€NTRY 

W I L S O N  

W I L S O N  

W I L S O N  

W I L S O N  

WILSUN 

M I  LSON 

I I L S O N  

W I L S O N  

l l l L S O N  

W I L S O N  

F A I R  

G E N T R Y  

GEM TRY 

G E N T R Y  

MONTGOMRY 

G E N T R Y  

S T D  T I M E  

72.6 

72.6 

72.6 

72.b 

396.6 

A U G  6 

JUL 23 

JUL 30 

A U G  6 

JUL 23 

D A T E  S C H E D U L E 0  

MAR 26 1579 

MAR 26 1979 

MAR 26 1979 

JUN Id l Y 7 9  

MAR 26 1979 

AUG b 1979 

JUL 9 1979 

h P R  2 1979 

M A Y  14 1579 

97 9 

979 

479 

579 

97 9 

JUL 30 1979 

JUN I t )  lY7Y 

A U G  6 1979 

JUL 23 1979 

JUL 30 1979 

JUN I 6  1 9 7 9  

AUC 6 1979 

JUL 23 1979 

JUL 30 1979 

N A Y  28 1979 

UAY 14 I979 

Fig.  7. Reschedule List 
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and how critical the equipment i s  to the facility where it is located. 

This review is significant since the past-due work is not rescheduled for 

programmed maintenance but must be completed as a non-routine maintenance 

job if the general foreman determines the risk of waiting for the next 

scheduled maintenance is too great. 

Planning, scheduling, and coordination should be directed toward 

aiding, complementing and strengthening naintenance supervision. Care 

must be taken to not encroach upon the authority or responsibility of 

individual supervisors. 2 

PERSONNEL 

The programmed maintenance staff is organized under the Maintenance 

Engineering Department of the Plant and Equipment Division. A three-man 

staff is responsible for collecting data, reviewing manufacturer's 

maintenance manuals, developing programmed maintenance instructions, 

scheduling facilities and equipment for servicing, distribution of 

schedule cards, updating program to add new equipment and changing 

instructions on existing equipment, providing necessary reporting and 

developing the program for maximum effectiveness. 

The group leader determines priorities when not clearly established, 

acts as liason between CTC programmers and Plant and Equipment staff in- 

cluding programmed maintenance personnel. He is responsible for the 

continued development of the program and works to satisfy the requests 

which are submitted by the Division staff. 

A maintenance engineer develops programmed maintenance instructions, 

specifies frequencies, and determines which lubricants best meet the 

requirements for each application. 

spent on reviewing lubrication requests and determining the best lubri- 

cants for specific research-oriented applications as well as for utility- 
type equipment. 

A significant part of his time is 

2Borden M. Coulter, DeveZoping A Sound Maintenance Program, Plant 
Engineering, May 29, 1975. 
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A maintenance planning s p e c i a l i s t  a l s o  develops programmed mainten- 
ance i n s t r u c t i o n s ,  and i n  add i t ion ,  p repares  d a t a  s h e e t s  f o r  changing 
i n s t r u c t i o n s  and adding equipment, reviews and v a l i d a t e s  computer output  
and schedule ca rds  before  d i s t r i b u t i n g  t o  t h e  work c e n t e r s ,  p rovides  

equipment numbering sequences, and c o l l e c t s  and prepares  h i s t o r y  d a t a  

t o  document completion and ex ten t  of  scheduled work. 

F i e ld  engineers  and engineer ing s p e c i a l i s t s  a r e  a v a i l a b l e  wi th in  

t h e  Divis ion t o  assist programmed maintenance staff  personnel  with 

developing maintenance i n s t r u c t i o n s  and providing t echn ica l  e x p e r t i s e  

when reques ted .  Engineers a t  ad jo in ing  p l a n t  f a c i l i t i e s  wi th in  t h e  

Nuclear Divis ion are consul ted wi th  r e g u l a r i t y  e s p e c i a l l y  i n  a reas  such 

as l u b r i c a t i o n  requirements .  

The f i r s t - l i n e  supe rv i so r  i s  t h e  key t o  s a t i s f a c t o r y  completion of  

a l l  programmed maintenance assignments.  I t  i s  h i s  r e s p o n s i b i l i t y  t o  d i s -  
t r i b u t e  t h e  ind iv idua l  schedule  ca rds  t o  h i s  crew and determine t h e  p r i -  

o r i t y  s i n c e  he is  a l s o  r e spons ib l e  f o r  r e p a i r  maintenance. The f i rs t -  
l i n e  supe rv i so r  w i l l  determine t h e  u l t i m a t e  success  of t h e  program be- 
cause i n  a d d i t i o n  t o  a s s ign ing  jobs  and superv is ing  h i s  crew, he i s  r e s -  

pons ib le  f o r  t h e  i n t e r p r e t a t i o n  o f  t h e  programmed maintenance func t ion  
and t h e  a t t i t u d e  toward s a t i s f y i n g  t h e  program o b j e c t i v e s .  Over f i f t y  

f i r s t - l i n e  supe rv i so r s  p a r t i c i p a t e  i n  programmed maintenance a c t i v i t i e s ,  
some t o  a greater ex ten t  t han  o t h e r s ,  depending on t h e  type  craf ts  assigned 

and t h e  f a c i l i t i e s  f o r  which they  are  r e spons ib l e .  

With t h i s  degree of  involvement which inc ludes  some 400 craf tsmen,  it 

i s  no t  d i f f i c u l t  t o  understand why t h e  Divis ion maintains  an ongoing 

superv isory  development program with s i g n i f i c a n t  emphasis on communication 

and human r e l a t i o n  s k i l l s .  

EQUIPMENT HISTORY 

The manpower, planning,  and r e l a t e d  e f f o r t s  expended on t h e  programmed 

maintenance func t ion  would be of l i m i t e d  va lue  without some procedure t o  

measure r e s u l t s  and record  maintenance a c t i v i t y .  

t h e  program f i rs t  s t a r t e d  t o  c o n t r o l  t h e  programmed maintenance e f f o r t  by 

us ing  d u p l i c a t e  schedule  cards .  When t h e  o r i g i n a l  schedule card r e tu rned  

An at tempt  was made when 
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from the work center, with items checked off and initialed by the craftsman, 

it was matched with a duplicate card and both were filed as maintenance 

history. Those duplicate cards remaining to be filed were regarded as the 

programmed maintenance backlog and were the input data for the first manage- 

ment report called the "Reschedule List". 

As the program approached its present level of issuing approximately 

25,000 schedule cards per year, a more sophisticated program for recording 

maintenance activity evolved. 

A decision was made, during this interim period, to retain the maximum 

Designing a program with flexibility originally designed into the program. 

the capability to develop maintenance instructions to fit the individual 

characteristics of each piece of equipment has some significant disadvan- 

tages when reviewing the total system which includes recording maintenance 

activity . 
The most obvious disadvantage of not using a standardized set of 

maintenance instructions becomes more apparent when attempting to design 

some method for recording maintenance activity. An equipment history card, 

for recording maintenance activity, had to be designed with enough fexi- 

bility to collect meaningful information that documented scheduled pro- 

grammed maintenance jobs that had been initiated from individualized in- 

structions. 

After an exhaustive design and review procedure, a series of  three 

maintenance history cards (Fig. 8) was developed with enough flexibility 

to record scheduled and non-scheduled maintenance activities. The history 

cards are distributed to each work center and are designed to be filled in 

by craftsmen performing either programmed maintenance or non-scheduled re- 

pair work. If the maintenance activity is one that is scheduled, the 

identification number and date are noted on the schedule card and written 

in the appropriate spaces on the history card. If it is not scheduled 

maintenance, the identification number can be located on the piece of 
equipment needing repair. 

The orange card (UCN-10046) is designed primarily for scheduled main- 

tenance and provides check-offs for inspections and adjustments. The blue 
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\ I /  

1 1  . COIL REPAIRED 

1 2  COIL REPLACED 

1 3  SOLENOID REPL 

1 4  1 GAShET REPL 

1 5  7 PILOT REPL 

16 MOTOR REPL 

t ?  FUSESREPL 

1 8  -< AIR MTR REPD 

99 7 AIR MTR REPL 

20 II] I8 BRNG REPL 

! 

21 7 D B B R N G R E P L  

2 2  ] SHEAVEREPL 

23 ~ GAGE REPL 

24 1 COMPRESSOR REPL 

zs -J COMP VLVS REPD 

26 1 SEAL REPLACED 

27 -1 OIL PUMP REPL 

28 ) VALVE REPD 

29 J VALVE REPL 

30 2 COUPL ALIGNED 

. I  1 
LL- -L 

I I  11 GREASE ADDED 

1 2  3 O I L C H E C K E D  

13 3 OIL ADDED 

14 3 O I L C H A N G E D  

15 9 B E L T C H E C K E D  

16 3 B E L T  ADJUSTED 

17 -3 B E L T  REPLACED 

38 7 STRAINER CLNL, 

19 3 DIRT L E G  CLND 

20 3 EQUIPMENT CLND 

1 

- - - - L  
R X ' c  

ZI :l T R A P C H E C K E D  

22 1 TRAP REPAIRED 

23 3 F I L T E R  CHECKED 

z i  2 F I L T E R C L E A N E D  

25 9 F I L T E R R E P L A C E D  

26 3 PACKING ADJ 

27 7 GLANDREPACKED 

ZB 3 DRAINEDWATER 

zg 7 CHECKEDREFRIG 

30 2 REFRIG ADDED 

1 EIlUlPMENT MAINTENANCE RECORD 

3 1  j COUPL REPLACED 

5 2  7 CONTACTS TIGHTD 

3 3  3 CONTACTS REPL 

34 7 TRSFRM OIL TEST 

35 1 MOTORREWOUND 

36 OAMPR LINK REPD 

37 - ,  MOUNTS REPAIRED 

38 J 

39 - 
40 '2 

( B L U E )  

I EOUIPMENT MAINTENANCE RECORD 
I ,  

31 0 VISUAL INSP 

32 L] CONTROLSCKD 

33 3 BATTERY SPG 

34 fl WATER ADDED 

3s a BATTERY REPL 

36 7 SWITCH CHECKED 

37 SWITCH REPAIRED 

u1 0 SWITCH REPLACED 

39 3 CK F L E X  DUCT 

40 2 TEST RUN 

(ORANGE) 

4 1  0 BRAKESCHECKED 

4 2  3 BRAKESADJ 

43 0 CONTRL V L V E  ADJ 

u 3 CHECK BRUSHES 

45 REPLACE BRUSHES 

0 C K O P E R A T I D N  

47 LEAK TEST 

UI 0 CHEM TREATMENT 

49 a CK GLYCOL CONT 

Y) 3 REPAIR LEAKS 

R E P A ' R  

ri'l 

REPAIR 0 
Y 

DATE COMPLETlD 

I I i I MA;~ERIAL[OST , 
P R O G .  M A I N T E N A N C E  N U M B E R  D A T E  O N  P R O G .  M A I N T .  C A R 0  m E O U  I P M E N T  M A I N T E N A N C E  

RECORD L_YLI1 B L D G  'CJ D 51 5 6  
5 b R o j ~ t 7  8 L G C .  I n  - 
A D D I T I O N A L  M A I N T E N A N C E  I N F O R M A T I O N  mr? 71 TI1 L I l - n r n  

E Q U I P M E N T  N O T  S E R V I C E D  T H I S  TIME 

S O  

J C N -  1 0 0 4 6 8  
3 3 1 - 7 3  

(WHITE) 
SEE O T H E R  SIDE FOR I N S T R U C T I O N S  

P R O G .  M A I N T E N A N C E  us, 
n5. 

j M ; T E y ! A L , C O S i  ~ 

70 7a 

I N I T I A L S  

75 m 77 
P U N C H  4 I N  C O L U M N  80 

Fig. 8 .  Equipment History Cards 
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card (UCN-10046A) i s  designed p r imar i ly  f o r  r e p a i r  maintenance and i n -  

c ludes  mostly check-offs f o r  r e p a i r i n g  and r ep lac ing  p a r t s .  

(UCN-1004SB) i s  provided as a supplemental card f o r  a d d i t i o n a l  information 

o r  when t h e  o t h e r  cards  do n o t  appear adequate f o r  t h e  type  o f  equipment 

being serv iced .  The cards  may be interchanged;  i . e . ,  t h e  r e p a i r  card 

(UCN-10046A) may be used f o r  scheduled maintenance al though t h e  information 

c o l l e c t e d  would not  be as complete as it could be i f  t h e  appropr ia te  card 
were used. 

The white  card 

The manila h i s t o r y  card  (UCN-10046C) i s  a c t u a l l y  p r i n t e d  on t h e  re- 
v e r s e  s i d e  of  a schedule  card (Fig.  9) and a t  t h e  p re sen t  time i s  used 

only  f o r  maintenance of machine shop equipment. I t  combines s e v e r a l  fea- 
t u r e s  from t h e  o t h e r  h i s t o r y  ca rds .  

After a maintenance job  has been completed and t h e  h i s t o r y  card  f i l l e d  

i n ,  it i s  re turned  t o  t h e  Programmed Maintenance o f f i c e  and forwarded with 
schedul ing d a t a  t o  CTC f o r  process ing .  
punched and t r a n s f e r r e d  t o  a d i s c  s to rage  u n i t  l oca t ed  a t  t h e  Computer 
Technology Center where equipment h i s t o r y  accumulates u n t i l  a reques t  i s  
made t o  review a p a r t  o r  a l l  o f  t h e  a v a i l a b l e  records .  

The h i s t o r y  information i s  key- 

Equipment h i s t o r y  can be reviewed from t h e  ORNL s i t e  by us ing  a IBM 

2740 remote processing u n i t  l oca t ed  i n  t h e  P lan t  and Equipment Divis ion 

o f f i c e  o r  by submit t ing a r eques t  t o  personnel  a t  CTC assigned t o  developing 

programmed maintenance r e p o r t s .  

The h i s t o r y  r e p o r t  i s  a v a i l a b l e  wi th in  minutes when reques ted  from 
t h e  IBM 2740 which i s  similar t o  a t e l e t y p e  u n i t .  After t h e  r eques t  is  
submitted by en te r ing  t h e  equipment i d e n t i f i c a t i o n  number, t h e  d i s c  u n i t  

i s  searched and t r ansmi t s  t h e  t e n  most r e c e n t  maintenance t r a n s a c t i o n s  

l i s t i n g  them on t h e  Maintenance His tory  Report (Fig.  10) .  If  a complete 
h i s t o r y  r epor t  i s  needed, a r eques t  must be submitted t o  CTC personnel .  

A complete h i s t o r y  r e p o r t  can u s u a l l y  be prepared wi th in  t h e  day depending 
on how many p ieces  of equipment are included i n  t h e  r eques t .  

The r e p o r t  i n d i c a t e s  i f  t h e  maintenance a c t i v i t y  was scheduled o r  
r e p a i r  work, t h e  completion d a t e ,  t h e  craftsman completing t h e  work, what 
work was requi red ,  t h e  c o s t ,  and manhours r equ i r ed  t o  complete t h e  job.  
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P Q O U K A M W ~ ; D  M A I N T r N A h C E  F IG d t k K  bF U C T  l t r  1 S 7 t  F J R E M A N  L L c l Y D  
G U P L I T Y  L f V E L  4 

L K A T  I( 1\1 E u u I ; - M L N T  OF : C h I k ' T I U N  P f i O P z R T Y  JGl3 C f i L - R  
3 3 0 3 -  e6 1 3 9  L A T H T  M C U A F S k  1 0  Ih  x - 7 3 7 3 7  2525 

I T F M  P C I  r T  ClF S L F . V I C -  LUP i T N t i  N C  F K € C  R C M A k K S  
1 L U L  +-*-Ah a P I N O L C  b k U C  LJ 2r( 1 P T o  CAP.  
2 L!JU F m F N T  b P I N D L t  t 2 h b  D J  2h 1 P T .  C A P .  
J CK t i F 4 f ? S T C C K  k C S V  O I L  LcVEL b G  2 b  3 QT, CAP. 
5 LbiI T A I L S T O C K  S P I h u L E  tic 2 w  
6 LUt l  T A I L S T O C K  * i*YcJ B G  tic 2 k  
7 ( J i P 4 d t i X  F I L L I N G  P L l U T  2 Y  
R CK a F 4 F t i O X  u IL  L E V t L  HS 2 k  

1 0  C K  A P ~ J I J  k F S V  O I L  L t V F L  t3G 2 w  
12 LLt-' L = A U b C k F k  E N D  L R h G  H C  oc 2 W  
15 CK >PLED ktkDUC I N 6  L I L  Lt VEL &G 2 b  
17 C K  C O O L A h T  S U M P  L k V E L  Z W  3 b A L . C A P .  
23 Lut. L-TADZCRErr  A 3 J  M r C H A h I S H  U G  oc 2* 

PROG MA1NlENANCE N U l 0 E R  

L.__--. BLOC 

I 8  E INSPECTION 

I2 GREASE A D D E D  

I3 E C O O L A N T  

14 r z  OIL ADDED 

1 %  O I L  CHANCED 

16 F I L T E R  C H E C K E D  

17 F I L T E R  C L E A N E D  

%(I 3 F I L T E R  R E P L A C E D  

19 C SIGHT GLASS R E P L  

20 WAY WIPERS R E P L  

T __ 

EaUlPMENT MAINTENANCE RECORD 
I , i I a  I_-. d R O U l f  1 8 LOC 10 

21 G I B S A D J U S T E D  It TRANSMISSION 48 n IYSTALLATION 

22 H E A D  R E P A I R E D  32 5 C L U T C H E S  12 i; LIMIT SWITCH R E P L  

23 C B E L T S  ADJUSTED 13 O I L  PUMP R E P A I R E D  43 E C O I L  R E P L A C E D  

24 B E L T S  R E P L A C E D  Y [7 E O U I P M E N T L E V E L E D  4a L7 R E L A Y  

ZI C SPEED GEARS IS GRINDING WHEEL R E P L  I S  Ly OVERLOADS 

46 i: CORD R E P L A C E D  

47 5 P L U G  R E P L A C E D  

26 1 F E E D G E A R S  ?& C; F U S E S R E P L A C E D  

27 2 E L E V A T I W  UNIT 37 L: DIODE R E P L A C E D  

28 E BEARINGS R E P L  38 5 SOLENOID REPLACED UI i.7 REWIRED 

39 C] BRUSHES R E P L A C E D  49 c, MOTOR 29 C BRAKES ADJUSTED 

30 BRAKES R E P L A C E D  40 CI: VACUUM TUBE R E P L  Y) rl C L E A N  E L K  C O M  

ADDlTIONAL YI\INTENANCE INFORMATION 

D A T E  OF RLPUEIT 

Fig.  9 .  Fab r i ca t ion  Shop His tory  Card 
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The h i s t o r y  

t i m e ,  r e p r e s e n t s  
somewhat l imi t ed  

d a t a ,  which i s  being c o l l e c t e d  on t h e  program a t  t h i s  
an accumulation of  l e s s  than  fou r  years  and i s  t h e r e f o r e  

when examined f o r  equipment replacement j u s t i f i c a t i o n .  

As t h e  h i s t o r y  records  cont inue t o  accumulate, t h e  t r ends  usua l ly  sought 
f o r  equipment and r e l a t e d  engineer ing a n a l y s i s  w i l l  become more apparent ,  

i nc reas ing  t h e  c r e d i b i l i t y  of t h e  Programmed Maintenance func t ion .  

COMPUTER PROGRAMMING 

The computer program system f o r  t h e  maintenance scheduling i s  de- 
s igned t o  provide,  along with t h e  s p e c i f i c  programmed-maintenance objec-  

t i v e s ,  a few a d d i t i o n a l  p o i n t s  which served as t h e  o r i g i n a l  c r i t e r i a  f o r  

developing t h e  computer program. The major purposes f o r  which t h i s  pro- 

gramming e f f o r t  was undertaken are as fo l lows:  

Or ig ina l  Programming Cri ter ia  

1 .  

2 .  

3. 

4. 

5. 

To provide weekly schedule ca rds  which c l e a r l y  i d e n t i f y  t h e  equipment 

se rv iced ,  i t s  loca t ion ,  t h e  p o i n t s  of  s e r v i c e  t o  r ece ive  a t t e n t i o n ,  

and any ma te r i a l  s p e c i f i c a t i o n s  a s soc ia t ed  with s e r v i c e  requirements .  

O f  t h e  l i s t i n g  of  t o t a l  s e r v i c e  requirements ,  only those  p o i n t s  o f  
inspec t ion  and s e r v i c e  t o  be performed on any s p e c i f i c  week o f  t h e  

schedul ing appear on t h e  schedule ca rds  f o r  t h a t  week. Space must be 
allowed f o r  t h e  craftsmen t o  record evidence of  t h e  s e r v i c e  performed. 

To provide f o r  a record  of  equipment s p e c i f i c a t i o n s  and manufacturers 

nameplate da t a .  These d a t a ,  a long with t h e  l i s t i n g  of  s e r v i c e  r equ i r e -  
ments make up t h e  master d a t a  shee t  and are maintained on magnetic 

t a p e  as t h e  master  d a t a  record .  

To provide counting techniques f o r  a wide range of s e r v i c e  f requencies  

from one week t o  t e n  yea r s .  

To provide f o r  weekly schedul ing.  

load w i l l  be made a t  t h i s  t i m e .  

To s k i p  schedul ing t h e  13th  week of each q u a r t e r  t o  c o r r e c t  f o r  t h e  
months having f i v e  weeks. Nei ther  schedul ing f o r  no r  count ing of  

t h e s e  weeks w i l l  be r equ i r ed .  This  e s t a b l i s h e s  1 2  schedul ing pe r iods  

No at tempt  t o  d e f i n e  t h e  d a i l y  work 
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per year with four weeks in each period. 

performed on a 48-week year. 

Scheduling is therefore 

6 .  To provide for a "standby" frequency to be used for those units of 

equipment currently out of service, which will not require maintenance, 

but which will be reactivated at a later date. 

7. To provide flexibility in establishing the time for the first schedule 
card to appear when new equipment is introduced into the program. 

8. To provide for craft designations and time estimates for each point of 
service. 

kept flexible, and there will be no need at this time for programmed 

work-load leveling, but weekly work-load levels by craft will have to 

be reported. 

The manpower level of craftsmen assigned to this work is 

9. To provide for overriding shorter-term schedules with semiannual, or 

longer interval schedules. This is necessary when an annual operation, 

such as the draining and flushing of a crankcase, takes precedence 

over a monthly schedule of checking the oil level. 

cable when a five-year equipment overhaul would take precedence over 

an annual inspect ion. 

It is also appli- 

10. To provide f o r  listing spare parts and stock numbers associated with 
critical equipment items. 

11. To issue duplicate sets of  schedule cards weekly. 

12. To provide coding for seasonal service. Service instructions from 

November 1 through April 30 may read differently than instructions 

from May through October 31. This would be the case with seasonal 

air conditioning and is also applicable when lubricant codes change 

from summer- to winter-grade viscosity. 

13. To maintain a summary-type record of  scheduled work that has become 
delinquent. 

14. To provide a method of maintaining and updating of the original data 

through input data sheets. 

15. To provide for optional listings of the master information. 
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A s e r i e s  o f  f i v e  computer programs named PROMUP, FORLIS, RESKID, 

RESFOR, and PROMLIS, have been developed t o  meet t h e  above c r i t e r i a  and 

make up t h e  - Programmed - Maintenance - System (PROMSYS). The d a t a  are 

maintained on magnetic tape i n  the  form o f  master records ,  where a 

master record  i s  assigned a job  number i d e n t i f i e d  by a 12 -d ig i t  equip- 

ment l oca t ion  number conta in ing  d a t a  f i e l d s  f o r  a bu i ld ing  number, a 
rou te  wi th in  a bu i ld ing ,  a machine number and a sub-assembly number. 

The sub-assembly number is  used t o  extendathe record when a p i ece  of  

equipment conta ins  more than  60 items of s e r v i c e .  
t he  form o f  punched cards ,  and output  i s  i n  t h e  form of  p r i n t e d  l is ts  and 

p r i n t e d  cards .  The cu r ren t  programs are w r i t t e n  i n  ANS COBOL f o r  t h e  I B M  

OS/360 computer and a r e  b r i e f l y  descr ibed  as fo l lows:  

Data a r e  en tered  i n  

Program PROMUP inpu t s  update information i n  the  form of  punched 

d a t a  cards  which are s o r t e d  i n  job i d e n t i f i c a t i o n  s o r t  o rde r .  The d a t a  
a r e  then merged with t h e  master- tape information and a schedule  i s  prepared 

f o r  each week o f  reques ted  schedul ing.  A master-output  t ape  i s  w r i t t e n  

with t h e  update information.  Two a d d i t i o n a l  tapes  are w r i t t e n :  1) t h e  
p r i n t e d  schedule cards  and 2) a one- l ine  summary l i s t  o f  schedule  informa- 

t i o n .  Program FORLIS, run a s  a second s t e p  of  t h e  PROMUP r u n ,  is used t o  

s o r t  t h e  schedule t ape  information i n  foreman s o r t  o rde r  and produce a 
l i s t  of t h e  s o r t e d  information.  

Program RESKID i s  designed t o  add t h e  one- l ine  schedule information 

t o  a de l inquent  schedule  master. A s  t h e  work is  performed the  p r i n t e d  

cards  are r e tu rned  and a punched card i s  prepared as input  d a t a  t o  t h e  
RESKID program. 

master and a r e  d e l e t e d  from t h e  master  when a match i s  found. The remain- 
i ng  master  information i s  l i s t e d  as p a s t  due work on an output  l i s t ,  i n  
job  i d e n t i f i c a t i o n  s o r t  o rde r .  Program RESOR prepares  t h e  same de l inquent  
master l ist  information i n  foreman s o r t  o rde r .  

The d a t a  are matched a g a i n s t  t h e  de l inquent  schedule  

Program PROMLIS provides  f o r  a v a r i e t y  of  op t iona l  l i s t i n g s  of  t he  

master information c rea t ed  by program PROMUP. 
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Program PROMUP 

Program PROMUP i s  designed i n  seve ra l  s e c t i o n s  which are used t o  

maintain and update master t a p e  information,  scan master t a p e  records  and 

produce t h e  appropr ia te  schedule cards ,  p r i n t  a s soc ia t ed  information 

l ists ,  and l i s t  t h e  e n t i r e  master t ape  information upon r eques t .  
master t ape  i s  c rea t ed  by blending information from an o ld  master t ape  

with input  t r a n s a c t i o n s  formed from t h e  programmed maintenance d a t a  s h e e t s .  
The f irst  record on t h e  master t a p e  conta ins  a set  of  t a b l e s  used t o  
e s t a b l i s h  t h e  skip-week da ta ,  de f ine  and update t h e  ca lendar  d a t e ,  de f ine  

t h e  numerical equiva len t  of  t h e  frequency codes,  and record t h e  week of 

t h e  next  schedule due t o  be run on t h e  new tape .  

by records  where each record conta ins  t h e  information p e r t i n e n t  t o  one 
job  i d e n t i f i c a t i o n .  

Appendix A.  

The new 

The t a b l e s  are followed 

A d e t a i l e d  l i s t  o f  t h e  master t ape  i s  given i n  

An input  d a t a  set  i s  prepared by punching ca rds  from input  d a t a  

shee t s .  The f irst  card i n  t h e  d a t a  set i s  used t o  con t ro l  t h e  flow of t h e  

program log ic .  The beginning schedule d a t e ,  op t iona l  d a t a  input  and 

op t iona l  master  l i s t  output ,  a long wi th  t h e  master t a p e  con t ro l  and season- 
a l  item s e l e c t i o n  are included on t h e  con t ro l  card .  The next  s e t  of input  

d a t a  is  op t iona l  and updates t h e  master t a b l e s  upon r eques t .  

de r  of t h e  d a t a ,  a l s o  op t iona l ,  are punched from t h e  programmed maintenance 

d a t a  shee t s .  The d a t a  shee t  input  ca rds  are blocked by t h e  program i n t o  
t r a n s a c t i o n  records  where one t r a n s a c t i o n  con ta ins  a l l  t h e  update  informa- 

t i o n  f o r  one l o g i c a l  master record .  The t r a n s a c t i o n s  are so r t ed  by job  

i d e n t i f i c a t i o n  and are merged with t h e  master records  i n  t h a t  o rder .  A 

l i s t  of  t h e  input  d a t a  i s  given i n  Appendix B .  

The remain- 

A s  t h e  input  d a t a  are read  from t h e  s o r t e d  d a t a  set  they  are scanned 

f o r  some poss ib l e  e r r o r s .  If an e r r o r  is  encountered, an e r r o r  message 
i s  p r i n t e d  and t h e  d a t a  are de le t ed .  

during t h e  master record merge process .  Again, an e r r o r  message i s  p r i n t e d  

and t h e  erroneous d a t a  are not  t r a n s f e r r e d  t o  t h e  master record .  Some 
e r r o r s  may be found i n  t h e  t a p e  record during t h e  schedul ing process ,  due 
t o  f a u l t y  t ape  w r i t e s ,  and are r epor t ed  with an e r r o r  message. A l i s t  of  
t h e  poss ib l e  e r r o r  messages i s  given i n  Appendix C .  

Other e r r o r s  may be encountered 
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For t h e  i n i t i a l  computer run,  no o l d  master t ape  i s  a v a i l a b l e  f o r  

updating. 
s i t u a t i o n .  The rea f t e r ,  t h e  parameter i s  changed t o  a l low t h e  update of 

an e x i s t i n g  master schedule t ape .  

One of  t h e  con t ro l  card  parameters may be set  t o  allow f o r  t h i s  

S t a r t -up  Run 

When no o l d  schedule master t ape  i s  a v a i l a b l e ,  a t ape  con t ro l  code of  
"0" on t h e  con t ro l  card  (See Appendix B) w i l l  cause t h e  program t o  bypass 

t h e  reading of an o ld  master t ape  and proceed d i r e c t l y  t o  t h e  reading of  

input  d a t a  f o r  t h e  master t a b l e s .  

t r a n s a c t i o n  d a t a  are processed.  Only record-addi t ion  t r a n s a c t i o n s  (See 
Appendix B) are allowed dur ing  a s t a r t - u p  run, any o t h e r  type  of  t r a n s -  

a c t i o n  c o n s t i t u t e s  an e r r o r .  

ca rds  and from 1 t o  60 i tem cards .  

When t h e  t a b l e s  have been read,  t h e  

The add i t ion  of a record r e q u i r e s  5 header 

Update of  Master Tape 

Records may be added t o  o r  de l e t ed  from t h e  schedule  master t ape ,  o r  

information on an e x i s t i n g  master  record  may be changed as a p a r t  o f  t h e  

update procedure.  The master t a b l e s  may be changed by s e t t i n g  t h e  

appropr i a t e  con t ro l  card  and e n t e r i n g  t h e  t a b l e  ca rds  as shown i n  

Appendix B. If more than one t a b l e  i s  en tered  dur ing  one computer run,  

t h e  ca rds  must be s tacked i n  t h e  o rde r  l i s t e d  i n  t h e  Appendix. 

t a b l e  ca rds  should be placed immediately behind t h e  con t ro l  card .  The 
ca lendar  t a b l e  must be changed each l eap  year  t o  change t h e  number of  

days i n  February from 28 t o  29 and changed aga in  t h e  year  fol lowing l eap  

year  t o  change t h e  February days from 29 t o  28. The skip-week t a b l e  must 
be en tered  each year  t o  reset t h e  skip-week d a t e s  a t  t h e  beginning of t h e  

week f o r  t h e  fou r  skipped weeks. 

a t  t h e  r eques t  of  t h e  program use r .  

The 

The frequency-code t a b l e  w i l l  be changed 

The t a p e  d a t e ,  which i s  c a r r i e d  i n  t h e  t a b l e s  record ,  i s  t h e  d a t e  

o f  t h e  next  schedule  t o  be run from t h e  t a p e  information.  The da te  i s  

compared with t h e  schedule d a t e  given on t h e  con t ro l  card ,  and t h e  

computer run i s  abor ted  with t h e  e r r o r  message "WRONG CONTROL DATE FOR 

THE TAPE DATED (Tape Date)" i f  t h e  d a t e s  do not  match. The t a p e  da t e  
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which i s  normally ca l cu la t ed  during a schedule run (skip-week da te s  

a r e  excluded) ,  bu t  t h e  t ape  da t e  may be changed by s e t t i n g  t h e  t a b l e -  

read con t ro l  code on t h e  con t ro l  card  t o  "7" and inc luding  a tape  d a t e  
card as  shown i n  Appendix B .  
t h e  t ab le - r ead  con t ro l  code i s  set  t o  "6" which reads  a l l  of t h e  t a b l e  
ca rds .  

The tape-da te  card w i l l  a l s o  be read with 

Each job  loca t ion  record may s t o r e  the  information from 5 header 
cards  and from 1 t o  60 work item ca rds .  The header cards  conta in  d a t a  
t h a t  a r e  p e r t i n e n t  only t o  the  equipment a t  t h e  given job  loca t ion  and 
have no bear ing  on the  work t o  be performed on the  equipment. 

cards  conta in  the  information necessary t o  reques t  a s p e c i f i e d  amount 

of  work and a r e  i ssued  a t  t h e  given po in t  i n  a p e r i o d i c  schedule .  

item card may conta in  only  one frequency code which determines t h e  

pe r iod ic  cyc le  f o r  schedul ing t h e  work item, however, s eve ra l  i tems may 

be en tered  on one job  loca t ion  conta in ing  d i f f e r e n t  frequency codes. 

The i tem 

Each 

The type of d a t a  being en tered  ( add i t ion ,  d e l e t i o n ,  o r  change) 
during an update  procedure i s  determined by card-codes i n  columns 73 

and 74 of  t h e  f i r s t  header card and column 7 3  of  t h e  item card.  The 

header card codes (see Appendix B) f o r  column 73 are as fo l lows:  

Code Function I 

1 

2 

3 Change header 1 o f  an e x i s t i n g  record  
4 Change header  2 o f  an e x i s t i n g  record 
5 Change header 3 of  an e x i s t i n g  record 
6 Change header  4 of  an e x i s t i n g  record 
7 Change header 5 of an e x i s t i n g  record 

8 Read t h e  next  card as an i tem card 

9 Change t h e  job  loca t ion  number 

Add new record t o  t h e  master tape  

Delete o l d  record  from t h e  master t ape  
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When codes 4 t o  7 are used, t h e  header ca rds  t o  be changed should fol low 

header ca rd  1. The card  codes f o r  74 of t h e  f irst  header card  a r e  as 
fol lows : 

Code Function 

1 Change t h e  foreman on master record  header 1 

2 

3 

Change t h e  work o rde r  number on master record 
header 1 

Change t h e  foreman and work o r d e r  number on 
header  1 

9 Signal  f o r  beginning of  a new job  loca t ion  
number when 1, 2 ,  o r  3 i s  not  used 

Since it i s  necessary  f o r  t h e  program t o  determine which of t h e  input  

d a t a  cards  are header cards ,  any p o s i t i v e  number i n  column 74 i s  used 

t o  i n d i c a t e  a header card  1. No o t h e r  d a t a  ca rd  may conta in  information 

i n  column 74. 

card codes a r e  needed f o r  header ca rds  2 through 5. 

Enough card  codes a r e  given i n  t h e  above l i s t  so t h a t  no 

If header ca rd  1 con ta ins  an lt8" i n  column 73, t h e  next  card  read  
is  an i t e m  card ,  and updat ing i s  con t ro l l ed  by t h e  i t e m  card  codes i n  

column 73  of  t h e  item card .  The item card  codes (See Appendix B) are 
as fol lows:  

Code Function 

1 

4 

5 

Add given item number. If an item a l r eady  
e x i s t s  with t h e  given item number, a l l  t h e  
items wi th  t h a t  number and h igher  a r e  given 
t h e  next  h ighes t  item number. 
Delete  t h e  given i tem number. The i tems with 
h ighe r  i t e m  numbers than  t h e  given item are 
given t h e  next  lowest item number. 
Change item. The master information i s  re- 
p laced  with t h e  ca rd  information f o r  t h e  given 
i t e m  number. 
Change s tandard  time and c raf t  code. Only t h e  
s tandard  t ime and craf t  code on t h e  master 
information are rep laced  with t h e  card  d a t a  
f o r  t h e  given i t e m  number. 

Change s t a r t - s c h e d u l e  counter .  
weeks before  schedul ing occurs  i s  rep laced  with 
t h e  ca rd  d a t a  f o r  t h e  given item number. 

The number of 
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Code Func t i on 
7 Change frequency-code and s t a r t - schedu le  counter  

s e t t i n g .  The frequency-code and s tar t  counter  
i n  t h e  master record  a r e  replaced with t h e  card 
d a t a  f o r  t h e  given item number, and a new restar t -  
schedule counter  i s  obtained from t h e  master 
frequency-code t a b l e .  

The schedule master  tape i s  arranged by job  loca t ion  number, and t h e  

input  t r a n s a c t i o n s  a r e  s o r t e d  i n  the  same o rde r .  Master records a r e  read 

from t h e  master tape  u n t i l  a matching job loca t ion  number i s  found f o r  

d e l e t i o n  o r  change t r a n s a c t i o n s  o r  u n t i l  t he  job  loca t ion  number f o r  an 

add-record t r a n s a c t i o n  i s  i n  the  proper  s equen t i a l  o rde r .  A s  each master 

record i s  moved i n t o  the  computer core memory, i t  i s  f irst  updated with 
the  input  t r a n s a c t i o n  d a t a  ( i f  such d a t a  are p resen t )  and then  checked 

f o r  schedul ing and output  i n s t r u c t i o n s .  When a l l  t h e  des i r ed  ac t ion  has 
been performed on the  record ,  i t  i s  w r i t t e n  on a new master t ape ,  thus 

t h e  o ld  master tape  may be r e t a ined  f o r  a backup copy. 

Scheduline of Work Items 

P a r t  o f  t h e  information obtained from the  con t ro l  card read a t  the  
beginning of  t he  program (see Appendix B ) ,  i s  t h e  d a t e  o f  t h e  first week 
t o  be scheduled during t h e  computer run and t h e  number of  weeks t o  be 

scheduled. The computer c a l c u l a t e s  t h e  ac tua l  da t e s  of weeks t o  be 

scheduled ( s t a r t i n g  from t h e  da t e  obtained from t h e  con t ro l  card)  us ing  

t h e  calendar  t a b l e  given in Appendix B .  As each da te  i s  ca l cu la t ed ,  i t  

i s  checked aga ins t  t h e  skip-week t a b l e .  If a match i s  found, t he  da t e  

i s  omit ted,  and the  next  da t e  i s  ca l cu la t ed .  The omit ted da t e  i s  not  
included i n  the  t o t a l  number o f  weeks t o  be scheduled during t h e  computer 

run.  The schedul ing procedure of  t he  program scans t h e  work i tems 
assigned t o  each job loca t ion  number on the  schedule  master and determines 

if t h e  i tem i s  due t o  be scheduled. 

Work-item schedul ing i s  accomplished through t h e  combined use of  

t he  s t a r t - s c h e d u l e  counter  and r e s t a r t - s c h e d u l e  counter  c a r r i e d  as p a r t  
of each i tem i s  added o r  changed during the  updating procedure.  
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The frequency-code table used at present is as follows: 

Frequency Code Restart Schedule Counter 

W 
2w 
6W 

M 
2M 
3 M  
4M 
6M 
8M 
Y 
2Y 
3Y 
4Y 
5Y 
6Y 
7Y 
8Y 
9Y 
10 

S 

(Week 1 y ) 

(Month 1 y ) 

(Yearly) 

(10 Years) 
(Standby) 

1 
2 
6 
4 
8 
12 
16 
24 
32 
48 
96 
144 
192 
240 
288 
336 
384 
432 
480 
- 1  

Thus the restart-schedule counter indicates the number of weeks between 

scheduling the item. A standby item will not be scheduled once the start 

counter becomes negative. 

For each calculated schedule date, the time-start-schedule counter 

is reduced by 1 until the start schedule counter reaches tlOt'; the computer 

then adds the item to the printed card list, adds the standard time for 

the item to the total standard time scheduled for the job  location, and 

moves the restart-schedule counter to the start-schedule counter in order 

to repeat the schedule cycle. 

with a positive start-schedule counter which will allow the item to be 

scheduled one time; however, once the restart-schedule counter has re- 

placed the start-schedule counter, the item will not be scheduled. The 

standby item may be reactivated by overriding the start-schedule counter 

to a positive number or changing the frequency code and start-schedule 

counter to a different value. 

A standby item may be originally added 

Restraints may be placed on scheduling an item by the use of an 

alternate item number. For example, maintenance forces would not want 
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t o  cont inue with a weekly schedule  of adding o i l  t o  a crankcase i f ,  on 

t h e  same week, they  were scheduled t o  d r a i n  and r e f i l l  t h e  crankcase.  I f  
a s p e c i f i e d  a l t e r n a t i v e  item i s  due t o  be scheduled a t  t h e  same time as a 
given item, t h e  given item i s  no t  added t o  t h e  schedule l i s t ,  and t h e  
s t a r t - schedu le  counter  i s  rep laced  by t h e  r e s t a r t - schedu le  counter  as i f  

t h e  i tem had been scheduled. 

R e s t r a i n t s  on schedul ing an item may a l s o  be based on seasonal  

des igna t ions .  The se rv ic ing  of  some equipment i s  seasonal ;  f o r  i n s t ance ,  

checking a n t i f r e e z e  p r o t e c t i o n  i s  no t  done i n  t h e  summer season and i s  
designated a win ter  (W) i tem. The des i r ed  season f o r  t h e  upcoming weeks 

of  schedul ing i s  given on t h e  con t ro l  card  s o  t h a t  v a r i a t i o n s  i n  seasonal  
changes can be accounted f o r .  A year  with a l a t e  win ter ,  f o r  i n s t ance ,  

r equ i r e s  checking t h e  a n t i f r e e z e  p r o t e c t i o n  f o r  a few weeks longer  than  

those  years  with an e a r l y  spr ing .  

When seasonal  items are ready f o r  scheduling ( ind ica t ed  by reading 

a zero on t h e  s t a r t - schedu le  coun te r ) ,  t h e  season f o r  t h e  item i s  checked 

aga ins t  t h e  season on t h e  con t ro l  card .  

t h e  s t a r t - schedu le  counter  is  replaced with t h e  r e s t a r t - s c h e d u l e  counter  
with t h e  i t e m  no t  being scheduled. If t h e  season on t h e  con t ro l  card i s  
l e f t  blank, o r  s e t  t o  e i t h e r  an "A" o r  " O " ,  a l l  items due t o  be  scheduled 

a r e  scheduled r ega rd le s s  of  t h e i r  seasonal  des igna t ion .  
season of ''0" o r  blank space are no t  subjec ted  t o  t h e  seasonal  r e s t r a i n t .  

When a l l  i tems f o r  one job  loca t ion  number have been examined, t h e  

appropr i a t e  information is  t r a n s f e r r e d  t o  t h e  p r i n t e d  card  list and t h e  

one- l ine  schedule t ape  f o r  use  by program RESKID. The p r i n t e d  card  i n -  

formation i s  w r i t t e n  on a d a t a  set t h a t  i s  s o r t e d  i n  ascending d a t e ,  

foreman and job  loca t ion  number o rde r  before  they  are  w r i t t e n  on t h e  
p r i n t e d  card l i s t  t ape .  

If t h e  season does not  match, 

Items with a 

O U t D U t  

Output from t h e  computer i s  i n  t h e  form of p r i n t e d  l i s t s  and 
p r i n t e d  cards .  

performed. 
a f t e r  t h e  new d a t a  have been p laced  on t h e  record  and a l l  items have 

The so r t ed  t r a n s a c t i o n s  are l i s t e d  before  updating i s  
The updat ing procedure l ists  each update  master record 
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been scheduled. By s e t t i n g  t h e  proper  con t ro l  (See Appendix B) t h e  

e n t i r e  master t a p e  may be l i s t e d  during t h e  update and schedule  pro- 

cedure.  
and l i s t e d  i n  job  l o c a t i o n  number o rde r .  The next  output  i s  a foreman 

job  summary where t h e  number of j obs  f o r  each foreman f o r  each week of  
schedul ing i s  p r i n t e d  i n  t a b u l a r  form with a t o t a l  given a t  t h e  end o f  

t h e  t a b l e .  

l e t e d  are given followed by t h e  t o t a l  number of j ob  records  on t h e  

master t ape .  

A t  t h e  end of t h e  run,  t h e  one- l ine  schedule  t ape  i s  rewound 

A l i s t  o f  t h e  job  records  added and t h e  job  records  de- 

If header card  1 code o f  "99" (change t h e  job  l o c a t i o n  number) i s  

used, t h e  master must be s o r t e d  t o  maintain t h e  master t ape  job  loca t ion  

number s o r t  o rder .  When t h i s  occurs ,  a summary l i s t  of t h e  master i s  
p r i n t e d  a f t e r  t h e  s o r t  i s  complete. 

The card  d a t a  a r e  passed t o  a d i s k  d a t a  set  during t h e  schedul ing 

procedure and so r t ed  i n  mechanical equipment o r  non-mechanical equipment, 
schedule d a t e ,  foreman name and job  l o c a t i o n  number order .  The s o r t e d  

d a t a  set i s  w r i t t e n  on a magnetic t a p e  and removed t o  an o f f - l i n e  p r i n t i n g  

computer, where t h e  mechanical equipment jobs  are w r i t t e n  on t h e  back of  

a p rep r in t ed  continuous card form and t h e  remainder of  t h e  schedule  i s  
p r i n t e d  on a p l a i n  continuous card  form. 
t o  be sen t  t o  t h e  f i e l d  foremen. 

The ca rds  are then  t o r n  a p a r t  

The one- l ine  schedule  t a p e  is  passed t o  a second s t e p  of t h e  computer 

run where program FORLIS s o r t s  t h e  information i n  foreman s o r t  o rde r  and 
p r i n t s  t h e  s o r t e d  d a t a  set  on an output  l i s t .  

A flow diagram f o r  program PROMUP i s  shown i n  Figure 11. 

Program RESKID 

Delinquent work l i s t s  are  l i s t i n g s  o f  programmed-maintenance and 

assignments t h a t  have n o t  been completed by t h e  maintenance crews. 

Provis ion has  been made f o r  fu rn i sh ing  t h e  de l inquent  l i s t s  on whatever 
frequency i s  deemed necessary,  a l though a monthly review of del inquent  
work i s  considered d e s i r a b l e .  Work t h a t  has  no t  been completed wi th in  

30 days of i t s  scheduled d a t e  i s  considered de l inquent .  With t h e  
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delinquciit  l i s ts ,  forenien and o t h e r  departmental  superv isors  can keep 

cu r ren t  with t h e  s t a t u s  of t h e  work. (Fig.  12) 

Program RESKID (Fig. 1 2 )  i s  designed t o  maintain a master t ape  
of  del inquent  information on a l l  jobs  scheduled t h a t  are  n o t  considered 
as work completed. 

PROMUP through t h e  one- l ine  schedule t ape ,  placed on t h e  del inquent  work 
master t ape  and de le t ed  from t h e  master t ape  through punched d e l e t e  cards .  

Schedule information i s  t r ansmi t t ed  from program 

When t h e  p r i n t e d  cards ,  produced by program PROMUP, are sen t  t o  t h e  
f i e l d ,  t h e  work items shown on t h e  card  a r e  performed by t h e  maintenance 

craftsmen. Upon completion o f  t h e  work, t h e  craftsmen r e t u r n s  t h e  cards  
t o  t h e  foreman, who r e t u r n s  t h e  cards  t o  t h e  computer group. 

card  i s  prepared from t h e  re turned  p r i n t e d  card and i s  used as input  f o r  
t h e  RESKID program (de le t e  ca rd ) .  

l oca t ion ,  schedule d a t e  s o r t  o rde r  and a r e  matched aga ins t  t h e  del inquent  
work master t ape  u n t i l  a match i s  found f o r  both job  loca t ion  number and 

schedule da t e .  When t h e  match i s  found, t h e  schedule  information i s  

de le t ed  from t h e  master tape .  The remainder of  t h e  master t ape  informa- 
t i o n  i s  p r i n t e d  as t h e  del inquent  l i s t  and s e n t  t o  t h e  foreman i n  charge 
of  t h e  work. A new del inquent  work master i s  c rea t ed  each time informa- 

t i o n  is  added from t h e  one- l ine  schedule t ape  o r  de l e t ed  by t h e  punched 

d e l e t e  cards .  
shown i n  Appendix A. 

The flow of  t h e  program l o g i c  i s  c o n t r o l l e d  by con t ro l  parameters obtained 

from t h e  f irst  input  da t a  card ( con t ro l  card)  as shown i n  Appendix B.  

A punched 

The d e l e t e  ca rds  are s o r t e d  i n  job  

The information recorded on one master t ape  record is  
The punched d e l e t e  card  i s  shown i n  Appendix B. 

When no o l d  master t a p e  i s  a v a i l a b l e ,  a master t ape  i s  o r ig ina t ed  

by s e t t i n g  t h e  master- tape-control  code t o  "O'T on t h e  con t ro l  ca rd  and 
providing a one- l ine  schedule t a p e  from program PROMUP. The con t ro l  
card schedule- tape con t ro l  i s  set  t o  "1" (schedule t ape  information t o  
be added t o  t h e  mas ter ) .  

t o  t h e  del inquent  work master t a p e  and a l i s t  of t h e  t a p e  i s  given as 
output .  

The d a t a  from t h e  schedule t a p e  is  t r a n s f e r r e d  

I t  i s  p o s s i b l e  f o r  t h r e e  sepa ra t e  input  condi t ions  t o  occur during 

an update run; e i t h e r  t h e  schedule  t a p e  i s  a v a i l a b l e ,  t h e  d e l e t i o n  ca rds  
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a r e  a v a i l a b l e  o r  both t h e  schedule t ape  and t h e  d e l e t i o n  cards  are a v a i l -  

ab l e .  The t apes  and d a t a  input  are manipulated by t h e  combined use  of  t h e  

card- input -cont ro l  and t h e  schedule- tape-control  code on t h e  con t ro l  card .  

If d e l e t i o n  cards  are a v a i l a b l e ,  t hey  are s tacked behind t h e  con t ro l  card ;  
i f  t h e  cards  are not  a v a i l a b l e ,  only t h e  con t ro l  card i s  en tered  as da ta .  

The master t ape  i s  always ordered according t o  job  loca t ion  number wi th  a 

subsor t  on schedule d a t e  (da tes  are i n  a lphabe t i c  o rde r ,  no t  ca lendar  

o rde r ) .  

as t h e  master t ape  before  being used t o  d e l e t e  master records .  

l e t i o n  card  i s  en tered  and a matching job  loca t ion  number and schedule 

da t e  cannot be loca ted  on t h e  master t ape ,  an e r r o r  message is  p r i n t e d  and 

a new d e l e t e  card i s  punched t o  be included i n  a subsequent run.  

c o r r e c t s  t h e  s i t u a t i o n  where a p r i n t e d  d a t a  card i s  re turned  before  t h e  
schedule information i s  added t o  t h e  master  t a p e  information.  

The d e l e t i o n  cards  are so r t ed  by t h e  program i n  t h e  same o rde r  

If a de- 

This  

Any e r r o r s  encountered during an update run are l i s t e d  (see Appendix 

C f o r  poss ib l e  e r r o r s ) ,  and a l i s t  of new master information fol lows t h e  
e r r o r  l i s t .  A master- tape-control  code of "2" i s  used t o  omit t h e  up- 

da t ing  func t ion  and t o  l i s t  t h e  information contained on t h e  master t ape .  

In  t h i s  procedure t h e  master t a p e  t o  be l i s t e d  i s  p laced  i n  t h e  "new" 

master t ape  p o s i t i o n  f o r  reading,  and t h e  new master t a p e  i s  no t  c r ea t ed .  

A second program RESFOR, is run as a second s t e p  of t h e  computer 

run and i s  used t o  s o r t  t h e  newly c rea t ed  master t ape  i n  foreman s o r t  

o rder .  The information i s  l i s t e d  a f t e r  t h e  s o r t  i s  complete. 

A flow diagram f o r  Program RESKID i s  shown i n  Figure 1 2 .  

Program PROMLIS 

Since t h e  schedule master t a p e  tends  t o  become r a t h e r  lengthy,  it 

i s  d e s i r a b l e  a t  times t o  be a b l e  t o  look a t  s p e c i f i c  p o r t i o n s  o f  t h e  
master t a p e  records  without t ak ing  a f u l l  master t a p e  l i s t .  Program 

PROMLIS has been designed t o  produce op t iona l  t ape  l i s t s ,  us ing  a 

punched con t ro l  card  t o  determine t h e  type  of  l i s t  des i r ed  from t h e  
schedule master t a p e  produced by program PROMUP. 

t r o l  card i s  shown i n  Appendix B. 

The form of  t h e  con- 
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One of  t h e  parameters on t h e  con t ro l  card  i s  t h e  l i s t  opt ion  code and 
t h e  op t ions  are as fo l lows:  

Code Opt ion  

0 L i s t  a l l  o f  t h e  master t a p e  records .  

1 

2 

3 

4 

5 

6 

8 

9 

L i s t  s e l e c t e d  master records  from a beginning job  
loca t ion  number through an ending job  loca t ion  
number. 

L i s t  t h e  master records  conta in ing  a s e l e c t e d  fo re -  
man. 

L i s t  t h e  master r eco rds  conta in ing  a s e l e c t e d  work 
o rde r  number. 

L i s t  t h e  master records  belonging t o  a s e l e c t e d  
equipment class. 

L i s t  t h e  master records  wi th  a s e l e c t e d  rou te  
number. 

L i s t  t h e  master records  with a s e l e c t e d  r o u t e  
number, s o r t e d  by p rope r ty  number. 

L i s t  t h e  master records  with a s e l e c t e d  work o rde r  
s u f f i x .  (Last  two d i g i t s  of  t h e  work o rde r  number). 

L i s t  t h e  master records  whose work items conta in  
an a l t e r n a t e  item number. 

L i s t  t h e  master  records  whose work i tems contain 
a seasonal  des igna t ion .  

When t h e  chosen opt ion  r eques t s  a s e l e c t e d  opt ion  l i s t ,  a s e l e c t i o n  

card  must fo l low t h e  con t ro l  ca rd  t o  s p e c i f y  t h e  s e l e c t i o n .  The form 

of t h e  s e l e c t i o n  ca rds  i s  shown i n  Appendix B. 

A t  times it i s  necessary  t o  see t h e  f u l l  r e p r e s e n t a t i o n  of t h e  

master record  and a t  o t h e r  times only  a one - l ine  summary l i s t  i s  needed. 

A second parameter on t h e  con t ro l  ca rd  provides  f o r  t h e  output  t o  be a 
f u l l  master record  o r  a summary l i s t .  

Appendix B. 

The parameter va lues  are given i n  

Although space i s  provided on t h e  con t ro l  card f o r  a run d a t e  t o  be 

en tered ,  t h e  d a t e  is  used f o r  card r e fe rence  only.  The output  l i s t  
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d a t e  i s  obta ined  from t h e  t a p e  d a t e  i n  t h e  fir:;t record  on t h e  master 

t ape .  

The only e r r o r  messages included i n  t h e  program are f o r  f a i l u r e  t o  

inc lude  input  con t ro l  o r  s e l e c t i o n  ca rds  and t h e  mounting of  a master 

t ape  with no records  on t h e  t ape .  
Appendix C .  

The e r r o r  messages a r e  given i n  

The flow diagram of  program PROMLIS i s  shown i n  Figure 13. 

Maintenance His torv  Pronramminn 

Seven computer programs have been developed t o  maintain and r e t r i e v e  

h i s t o r y  of programmed maintenance and r e p a i r  work. 

s to red  on magnetic t ape  i n  t h e  form of  a master record which i s  i d e n t i f i e d  

by a t e n  p o s i t i o n  equipment number. 

t o  52 occurrences of h i s t o r y  which con ta in  information about t h e  scheduled 

and completion d a t e s ,  t h e  person who performed t h e  work, t h e  type  of work, 

and a d e s c r i p t i o n  of  t h e  work performed (Fig.  14) .  The cu r ren t  programs 

are w r i t t e n  i n  ANS COBOL f o r  t h e  IBM OS/360 computer and are descr ibed  

as fol lows:  

This  h i s t o r y  i s  

Each p i e c e  of equipment r e t a i n s  up 

BSD02037. 

punched d a t a  ca rds .  

equipment master record ,  i f  t h e r e  i s  a corresponding equipment number on 

t h e  PROMUP master f i l e .  An a c t i v i t y  r epor t  #2380 i s  p r i n t e d  and an up- 

dated programmed maintenance master f i l e  i s  w r i t t e n  on magnetic t ape .  

This  updated f i l e  i s  t h e  b a s i s  f o r  t h e  o t h e r  programs i n  t h e  PM h i s t o r y  

system. (Fig. 14) 

The update program reads  h i s t o r y  information i n  t h e  form of 

Each h i s t o r y  card  is added t o  i t s  corresponding 

BSD02040. 

c l a s s e s  o f  equipment. 
punched d a t a  cards .  

p i eces  o f  equipment t h a t  a r e  i n  t h e  s e l e c t e d  classes. These s e l e c t e d  

h i s t o r i e s  are then  s o r t e d  i n  class and PM number o r d e r  and r e p o r t  #2381 
i s  w r i t t e n .  (Fig. 15) 

This  program i s  used when PM h i s t o r y  i s  needed f o r  s e l e c t e d  

The s e l e c t e d  classes are fed  i n t o  t h e  system v i a  
The PM h i s t o r y  master f i l e  is  read  t o  p ick  o f f  t h e  

BSD02076. When changing PM numbers, t h e  PM number t o  be changed and t h e  
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FIG.  14 .  PM HISTORY MASTER TAPE RECORD 
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new PM number are read by t h i s  program i n  t h e  form of punched d a t a  cards .  

The updated PM master i s  read  u n t i l  t h e  equipment number t o  be changed 

i s  found. The number i s  then  modified,  t h e  master  f i l e  i s  s o r t e d ,  and 
a new Pbl h i s t o r y  master f i l e  i s  w r i t t e n .  (Fig.  16) 

BSD02041. 

p i eces  of  equipment o r  a l i s t i n g  of  t h e  complete h i s t o r y  f i l e .  

d a t a  cards  are used t o  t e l l  t h e  program which p i eces  o f  equipment t o  

select  from t h e  PM h i s t o r y  master f i l e .  

h i s t o r i c a l  da t a .  (Fig.  17) 

This  program i s  used when PM h i s t o r y  is  needed f o r  s e l e c t e d  
Punched 

Report #2382 l is ts  t h e  s e l e c t e d  

BSD02052. 
equipment o r  t h e  e n t i r e  f i l e .  

program as punched d a t a  cards .  
t h e  l a b e l s  i s  ex t r ac t ed  from t h e  master f i l e  and w r i t t e n  t o  magnetic t ape .  

This  t a p e  i s  then  processed o f f - l i n e  t o  p r i n t  t h e  l a b e l s .  

Labels f o r  PM equipment can be p r i n t e d  f o r  s e l e c t e d  p i eces  of 

These equipment numbers are read i n t o  t h e  
Descr ip t ive  information t o  be p r i n t e d  on 

(Fig.  18) 

BSD02038. This  program uses  t h e  d a t a s e t  c r ea t ed  i n  BSD02039 (Fig. 19) t o  

r e t r i e v e  PM h i s t o r y  v i a  an I B M  2740 remote te rmina l .  When a reques t  f o r  

h i s t o r y  i s  made, t h i s  d a t a s e t  is  searched and t h e  t e n  most r ecen t  occur- 

rences  of  maintenance h i s t o r y  are l i s t e d  on t h e  remote te rmina l .  

CONCLUS IONS 

In  at tempting t o  eva lua te  t h e  e f f e c t i v e n e s s  of t h e  programmed main- 

tenance func t ions ,  t h e  ob jec t ives  l i s t e d  a t  t h e  beginning of t h i s  r epor t  
a r e  reviewed r o u t i n e l y  t o  determine i f  t h e  p re sen t  l e v e l  of  performance 

meets a l l  program ob jec t ives .  
l e v e l  of  performance appears t o  support  t h e  program o b j e c t i v e s  with 

poss ib ly  one except ion.  
somewhat l imi t ed  without a formal programmed maintenance a u d i t  procedure 

t o  a s c e r t a i n  i f  a l l  j ob  requirements were completed, i f  t h e  job  i n s t r u c -  
t i o n s  are being c o n s i s t e n t l y  i n t e r p r e t e d  as intended,  and i f  t h e  frequency 

can be extended without any s i g n i f i c a n t  l o s s  i n  equipment r e l i a b i l i t y .  
An a u d i t  procedure w i l l  be developed wi th in  t h e  next  t h r e e  months t o  pro- 

v ide  t h e  a d d i t i o n a l  con t ro l  necessary  t o  maintain an e f f e c t i v e  program. 

A r ecen t  review confirmed t h a t  t h e  p re sen t  

The amount of  con t ro l  over j ob  performance i s  
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BSD02041 SELECT EQUIPMENT HISTORY 
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Fig. 18. Select Equipment History Flow Diagram 
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Fig. 19. Print Label Flow Diagram 
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e3 END RUN 

Fig.  20. Create TP Dataset F l o w  Diagram 
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Programmed maintenance has  been an e f f e c t i v e  t o o l  f o r  opt imizing 
manpower and providing a high degree of  equipment r e l i a b i l i t y  f o r  t h e  

p a s t  seventeen yea r s .  
i s  t h e  f l e x i b i l i t y  designed i n t o  t h e  program. 
was requi red  t o  provide s e r v i c e  f o r  unique research  equipment i n  add i t ion  

t o  s tandard  i n d u s t r i a l  equipment. 

A primary reason f o r  t h e  success  of t h e  program 

The amount of f l e x i b i l i t y  

The r e s p o n s i b i l i t y  f o r  performing q u a l i t y  work on t h e  schedule re- 
The s u p e r v i s o r ' s  working quested rests with t h e  f i r s t - l i n e  superv isor .  

i n  conjunct ion with t h e  programmed maintenance s taff  t o  provide feedback 

d a t a  f o r  t h e  program i s  e s s e n t i a l .  3 

The continued e f f e c t i v e n e s s  of Programmed Maintenance a t  Oak Ridge 

Nat ional  Laboratory w i l l  depend no t  only on improved schedul ing and d a t a  

c o l l e c t i n g  techniques  but  w i l l  depend j u s t  as much, i f  no t  more, on t h e  
a t t i t u d e  o f  foremen and craftsmen r e spons ib l e  f o r  completing t h e  ass ign-  

ments. 

worthy of t h e i r  b e s t  e f f o r t s .  

A l l  must understand why t h e  job  they  are doing i s  e s s e n t i a l  and 

3Graves and Bishop, op. cit. 
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APPENDIX A 

MASTER TAPE RECORDS 

Program PROMUP (Schedule Master Tape) 

TABLES 

01 Tables 
02 Table 1 

03 Skip-week occurs 4 times 
04 Date 

05 Month 
05 Day 

02  Table 2 
03 Calendar occurs 

04 Date 
05 Month 
05 Day 

03 Schedule-code 

05 Frequency 
05 Frequency 

02 Table 3 

04 Codes 

02 Tape-date 

J O B  RECORD 

01 Master record 
02  Header 1 

x (3) 
99 

x (3)  
99 

occurs  24 times 

code 
t i m e  

03 
04 
04 
04 
04 

03 
03 
03  
03 

Job loca t ion  
Building 
Route 
Machine number 
Sub - assemb 1 y 

Descr ipt ion 
Property number 
Foreman 
Work-order number 

02  Header 2 
03 Equipment manufacturer 
03 Model number 
03 Type 
03 S ize  
03 S e r i a l  number 
03 Vendor 

02 Header 3 
03 Function 
03 Shaf t  s i ze  
03 Dimension 
03 Qual i ty  Level 
03 Spare d a t a  f i e l d  
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J O B  RECORD - contd.  

02  Header 4 
03 Motor manufacturer x (20) 
03 Horsepower x (6) 
03 RPM x (9) 
03 Volts  X(11) 
03  Amperes X(8) 
03 Phase xx 
03  Cycles xx 
03 AC o r  DC xx 
03 Motor type x (6) 
0 3  Serv ice  f a c t o r  X (6) 

03 Motor proper ty  number X(7) 
03  Motor se r ia l  number x (16) 
03  Frame number x ( 6 )  
03 Motor model x (10) 
03 Motor c l a s s  x (6) 
03  Motor s t y l e  x (6) 
03 Motor code x (4)  
03 Design x ( 4 )  
03 Design x (4)  
03 Temperature x (5) 
03 Spare d a t a  f i e l d  X(5) 
03 Equipment c l a s s  X ( 3 )  

03 Poin t  of s e r v i c e  X(3) 
03 Lubricat ion xx 
03 F i t t i n g  x (3) 
03  Number of  f i t t i n g s  99 
03 Frequency code xx 
03  S t a r t  schedule counter  9 ( 3 )  
03 Al t e rna te  item 99 
0 3  Standard time 9 (3)V9 
03 Craft code 99 
03 Remarks X(18) 
03  Season X 
03 R e s t a r t  schedule  counter  9 (3) 

02 Header 5 

02 Number of work items 
02 Item occurs 1 t o  60 t imes depending on number o f  work items 

Program RESKID (Delinquent Work Master Tape) 

RECORD 

01 Master 
02 Master number 

03 Location 
04 Building 
04 Route 

x (5) 
xx 
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RECORD - contd.  

04 Machine 
04 Sub-assembly 

04  Month 
04 Day 
04 Year 

03 Schedule d a t e  

02 Equipment Class 
02 Descr ipt ion 
02 Property number 
02 Foreman 
02 Work o rde r  number 
02  Tota l  s tandard  time 

x (4) 
X 

The numbers t o  t h e  l e f t  of  t h e  d a t a  desc r ip t ion  a r e  da ta - leve l  

numbers, where t h e  h igher  l e v e l  numbers r ep resen t  d a t a  p e r t i n e n t  t o  the  

preceding lower l e v e l  numbers. The numbers t o  t h e  r i g h t  of t h e  da t a  

d e s c r i p t i o n  r ep resen t  t h e  amount and type of  information t o  be en tered  
i n  t h e  d a t a  f i e l d ;  f o r  i n s t ance ,  a "9" r ep resen t s  one cha rac t e r  of  

numeric information and an "X" r ep resen t s  one cha rac t e r  o f  alphanumeric 

information.  The numbers enclosed i n  the  pa ren thes i s  i n d i c a t e  t h e  number 

o f  times a tf9" o r  "X" i s  repeated;  thus a 999 o r  9(3)  w i l l  r e se rve  t h r e e  

spaced f o r  numeric da t a .  

decimal p o i n t .  
8.56 b u t  cannot conta in  t h e  number 237.8. The "occurs" c l ause  i n d i c a t e s  

t h a t  a l l  t h e  fol lowing h ighe r  l e v e l  numbers of d a t a  w i l l  be repeated 

times. For  example t h e  term: 

A "V" i n s e r t e d  i n  a series of  9 ' s  i s  an assumed 

The d a t a  f i e l d  99V999 may conta in  t h e  number 64.92 o r  

02 Item occurs  1 t o  60 times depending on number of work items 
03 Point  o f  s e r v i c e  ~ ( 3 0 )  

0 

0 

03 Res ta r t  schedule  counter  9 (3) 

w i l l  r e se rve  a v a r i a b l e  number of items and a s soc ia t ed  d a t a .  The minimum 
number of  items w i l l  be 1 and t h e  maximum number of  items w i l l  be 60. The 

a c t u a l  number o f  i tems s t o r e d  on t h e  t ape  w i l l  depend on the  va lue  i n  t h e  
da t a  f i e l d :  

02 Number of work i tems 99 



55 

APPENDIX B 

INPUT DATA CARDS 

Program PROMUP 

CONTROL CARD 

Column Data 

1 

2 
3-5 
6 - 7  

8-11 
1 2  
15 

16 
1 7  

18 
19 

Tape con t ro l  code 
0 - S t a r t u p  (no o ld  master)  
1 - Update master  and schedule  
2 - Schedule only (no input  da t a )  

Blank 
Month Date of f i r s t  week t o  be scheduled 
Day Date should be a Monday 
Year 
B 1 ank 
L i s t  con t ro l  code 

0 - List updated records  only  
1 - L i s t  a l l  of master t ape  

Blank 
Table-read con t ro l  code 

0 - Do not  read  t a b l e s  
1 - Read skip-week t a b l e  
2 - Read ca lendar  t a b l e  
3 - Read frequency t a b l e  
4 - Read skip-week and ca lendar  t a b l e s  
5 - Read calendar  and frequency t a b l e s  
6 - Read skip-week, ca lendar ,  frequency t a b l e s ,  

7 - Read tape-da te  
and tape-  d a t e  

B 1  ank 
Season 

S - Summer 
W - Winter 
A ,  0 ,  o r  blank - a l l  seasons 
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T.4BLE CARDS 

Skip-week Table (one card requi red)  

Column Data 

1-3 
4-5 
6 -9 

9-10 
11-13 
14-15 
16-18 
19-20 

Month ( a lphabe t i c )  
Day (numeric) 
Month 

Month 

Month 

Day 

Day 

Day 

NOTE: Four skip-week d a t e s  p e r  year  w i l l  be suppl ied by t h e  
programming maintenance s t a f f .  The t a b l e  should be changed 
a t  t h e  beginning o f  t h e  yea r .  
t a b l e  i s :  

A sample of t h e  skip-week 

MAR20JUN19SEP18DEC18 

Calendar Table (one card  requi red)  

Co 1 umn Data 

1-3 
4-5 
6-8 

9-10 
0 

0 

0 

56-58 
59-60 

Month ( a lphabe t i c )  
Number o f  days i n  month (numeric) 
Month 
Number of days i n  month 

Month 
Number o f  days i n  month 

NOTE: The calendar  t a b l e  should be changed a t  t h e  beginning of  
each l e a p  year  and t h e  year  following l e a p  yea r .  The 
ca lendar  f o r  a non-leap year  i s :  
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Frequency Table (two cards  requi red)  

Column Data 

1-2  Frequency code (a lphabet ic )  
3-5 Frequency time (numeric number of  weeks) 
6- 7 Frequency code 

8-10 Frequency t ime 

56-57 Frequency code 
58-60 Frequency time 

0 

NOTE: The frequency t a b l e  should be changed a t  t h e  reques t  of 
t he  programmed maintenance s t a f f .  The cu r ren t  t a b l e  
follows : 

W0012W0026W006 M0042M008M0124M0166MO248MO32 
YO482YO963Y1444Y1925Y2886Y2887Y3368Y3849Y43210480 S -1 

Tape Date Card 

Column Data 

1-3 Month 

6-9 Year 
Date of next  schedule run 4 -5 Day 

J O B  EQUIPMENT DATA 

Header Card 1 ( F i r s t  l i n e  of  d a t a  shee t )  

Column Data 

1-5 
6- 7 

8-11 
1 2  

13-47 
48-54 
55-63 
64-72 

7 3  

Building Equipment loca t ion  number 
Route Some t y p i c a l  numbers are:  
Equipment number 5408 210285 
Sub-assembly number EGCR 010345A 

4500N011011B 
Equipment d e s c r i p t i o n  
Proper ty  number 
Foreman 
Work o r d e r  number 
F i r s t  card code on Header Card 1 

1 - Add t h i s  p iece  of  equipment 
2 - Delete  t h i s  p i ece  of equipment 
3 - Change header  card  1 
4 - Change header  card 2 
5 - Change header  card 3 
6 - Change header  card 4 



J O B  EQUIPMENT DATA - contd.  

Column Data 

74 

7 - Change header  card 5 
8 - Read item card f o r  t h i s  p i ece  of 

equipment and fol low t h e  i n s t r u c t i o n s  
i n  column 73 of  t h a t  card.  

Second card code on Header Card 1 
1 - Change foreman on header 1 
2 - Change work o rde r  on header 1 
3 - Change foreman and work o r d e r  on header  1 
9 - Ind ica to r  f o r  header card 1 when code 1, 

2 ,  o r  3 is  no t  used. I f  1, 2 ,  o r  3 i s  
used t h e  f i r s t  code must be 3. 

Header Card 2 (Second l i n e  of  d a t a  shee t )  

Column Data 

1-25 Equipment manufacturer 
26-33 Model number 
34-29 Type 
40-45 S ize  
46-59 S e r i a l  number 
60- 72 Vendor 
73-74 Blank 

Header Card 3 (Third l i n e  of d a t a  shee t )  

Co 1 umn Data 

1-45 Function of t he  equipment 
46-51 Shaf t  s ize  
52-66 Dimensions 

68-74 Blank 
67 Qual i ty  l e v e l  

Header Card 4 (Fourth l i n e  of d a t a  shee t )  

Column Data 

1-20  Motor manufacturer 
21-26 Horse power 
27-35 Speed, rpm 
36-46 Volts  
47-54 Load, amp 
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.JOB EQUIPMENT DATA - contd.  

Column Data 

55-56 Phase 
57-58 Cycles 
59-60 AC o r  DC 
61-66 Motor type 
67-72 Serv ice  f a c t o r  
73-74 Blank 

Header Card 5 ( F i f t h  l i n e  of d a t a  shee t )  

Column Data 

1-7 
8-23 

24-29 
30-39 
40-45 
46-5 1 
52-55 
56-59 
60-64 
70-72 

73-74 

Motor proper ty  number 
Motor s e r i a l  number 
Frame number 
Motor model 
Motor c l a s s  
Motor s t y l e  
Motor code 
Design 
Temperature-r ise  r a t i n g  
Equipment c l a s s i f i c a t i o n  

1 - A i r  Condi t ioning 
2 - Pumps 
3 - Compressors 
4 - Generators 
5 - Heaters (heat  exchangers) 
6 - Valves 
7 - Lights 
8 - Buildings 
9 - Fans 

10 - Manipulators 
11 - Monitors 
1 2  - Fi l t e r s  
13 - Gates 
14 - A i r  system 
15 - E l e c t r i c a l  
16 - Motors 
17 - Mater ia l s -handl ing  equipment 
18 - Hois ts  
19 - Cranes 
20 - Elevators  
2 1  - Doors 
22 - Mixers 
23 - Shop equipment 
24 - S t r a i n e r s  

Blank 
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S ix th  and subsequent l i n e s  of d a t a  shee t  f o r  maintenance i n s t r u c t i o n  

Column Data 

3-32 
33- 34 
35-37 

38-39 

40-41 

1 - 2  Item number - up t o  60 items of  maintenance 
When more than 60  i n s t r u c t i o n  may be used. 

i tems a r e  requi red ,  mu l t ip l e  equipment loca t ion  
d a t a  shee t s  should be submitted and coded o r  
numbered s e q u e n t i a l l y  i n  the  subassembly block 
of t h e  equipment-location s e c t i o n  f o r  header 
card 1. 
Point  o f  s e r v i c e  of  maintenance i n s t r u c t i o n s  
Lubricant code 
Type f i t t i n g :  

BHF - Button-head f i t t i n g  
CLO - Constant- level  o i l e r  
G C  - Grease cup 
GF - Grease f i t t i n g  
GFF - Grease f l u s h  f i t t i n g  
LS - Lube screw 
OC - O i l  cup 
OH - O i l  ho le  
OR - O i l  r e s e r v o i r  
SGC - Screw-down grease  cup 
CO - Spring o i l e r  

Number of  p o i n t s  t o  be se rv iced ,  as t h e  number 
of  f i t t i n g s ,  t h e  number of d r i v e  b e l t s ,  o r  t h e  
number of  f i l t e r s  
Code f o r  s e r v i c e  frequencies  : (See Frequency 

Code 

W 
2w 

M 
6W 
2 M  
3 M  
4M 
6M 
8 M  

Y 
2 Y  
3 Y  
4Y 
5Y 
6 Y  
7Y 
8Y 
9Y 
10 
s 

Code 

I n t e r p r e t  a t  ion 

Every week 
Every 2 weeks 
Every month 
Every 6 weeks 
Every 2 months 
Every 3 months 
Every 4 months 
Every 6 months 
Every 8 months 
Every year  
Every 2 yea r s  
Every 3 years  
Every 4 yea r s  
Every 5 years  
Every 6 years  
Every 7 years  
Every 8 years  
Every 9 years  
Every 10 yea r s  
Standby - no s e r v i c e  

Table) 

Schedule 
Counter 

1 
2 
4 
6 
8 

1 2  
16 
24 
32 
4 8  
96 

144 
192 
240 
2 88  
336 
3 84 
432 
4 80 
-1 
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A s  t he  computer scans the  master t ape  during t h e  
schedul ing procedure,  t h e  schedule counter  i s  
reduced by 1 each week u n t i l  t h e  counter  reaches 
7 t O t f ,  a t  which time t h e  s e r v i c e  i tem i s  p r i n t e d  
on a schedule card .  The computer than resets 
t h e  counter  t o  t h e  appropr i a t e  frequency. 

Column Data 

42-44 

45 -46 

47-50 

51 

52-53 

S t a r t :  t h e  number of weeks t o  e l apse  before  
scheduling i s  t o  commence f o r  each l i n e  item. 
The weeks a r e  counted from t h e  d a t e  i n  the  upper 
r i g h t  corner  of  t h e  d a t a  shee t  and may s t a r t  with 
0 f o r  immediate schedul ing.  A nega t ive  number i s  
used when the  l i n e  o f  d a t a  i s  not  t o  be p r i n t e d  
on a schedule card .  

A l t e rna te  i tem: these  columns are used when 
two i tems o f  s e r v i c e  are r e l a t e d  and one should 
p e r i o d i c a l l y  t ake  precedence over  the  o t h e r .  
To i l l u s t r a t e :  i f  Item 1 2  s t a t e s  "check o i l  
l e v e l  and add as required" on a weekly schedule ,  
and Item 13  s t a t e s  "drain and r e f i l l  crankcase" 
on a six-month schedule ,  t h e r e  would be meaning- 
l e s s  dup l i ca t ion  i f  both items of i n s t r u c t i o n s  
were p r i n t e d  on a six-month i n t e r v a l .  By in -  
s e r t i n g  a "13" i n  columns 45 and 46 of l i n e  
Item 1 2 ,  we are g iv ing  an i n s t r u c t i o n  t o  
schedule and p r i n t  Item 1 2  u n t i l  Item 13 becomes 
due on the  same week. A t  t h a t  time, Item 1 3  
t akes  precedence, and Item 1 2  i s  not  p r i n t e d  
out  on the  schedule card .  

Standard time: man-minute time es t imates  f o r  
each po in t  of s e r v i c e .  Minutes a r e  shown i n  
columns 47, 48, and 49. Tenth of  minutes are 
shown i n  column 5 0 .  The decimal i s  au tomat ica l ly  
programmed t o  f a l l  between columns 49 and 50.  

B 1  ank 

Craft codes 

Code 

2 2  
23 
26 
2 7  
28 
29 

I n t e r p r e t  a t  i on 

Sheet metal  
Welders 
E l e c t r i c i a n s  
Subs ta t ion  Operators 
P i p e f i t t e r s  
Mil lwrights  
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54- 7 1 

72 

73 

Code 

30 
31 
33 
34 
35 
38 

I n t e r p r e t  a t  ion 

Boilermakers 
P a i n t e r s  
Riggers-Iron Workers 
Laborers 
Carpenters  
Auto and Equipment Mechanics 

Remarks: i n s t r u c t i o n s  and supplementary i n -  
formation t o  assist t h e  foreman and craftsman 
i n  performing t h e  job assigned.  This  space i s  
o f t e n  used f o r  s t o r e s  s tock numbers on rep lace-  
ment p a r t s ,  f o r  materials s p e c i f i c a t i o n s  
information,  f o r  trade-name d a t a ,  and f o r  o t h e r  
miscellaneous d a t a .  

Season: the  l e t t e r s  "W" and "S" a r e  used t o  
s p e c i f y  win ter  o r  summer s e r v i c e  t h a t  i s  d i s -  
continued during t h e  of f - season .  The 
programming i s  s e t  up t o  p r i n t  t hese  s e r v i c e  
items only  when seasona l ly  appropr i a t e .  
To i l l u s t r a t e :  reques ts  f o r  monthly checks 
on a n t i f r e e z e  p r o t e c t i o n  would be designed 
with a "W" f o r  w in te r  s e r v i c e  and would not  be 
requi red  during t h e  summer months. Programming 
d e l e t e s  t h e  out-of-season s e r v i c e  r eques t s .  

Item card code: when code 8 ( f o r  reading i tem 
cards)  has been used on t h e  f irst  l i n e  o f  t h e  
d a t a  s h e e t ,  the  fol lowing codes a r e  used on t h e  
appropr ia te  l i n e  i tems o f  po in t s  of s e r v i c e :  

Code 

1 
2 

7 

Add t h e  item ( f u l l  l i n e )  
Delete i tem (note t h a t  remaining item 
numbers w i l l  au tomat ica l ly  be 
renumbered; t h e r e f o r e ,  mu l t ip l e  de- 
l e t i o n s  must be l i s t e d  i n  r eve r se  
numerical sequence) 
Change item ( f u l l  l i n e )  
Change time and c r a f t  code 
Change season 
Change counter  s ta r t  t i m e  (show p l u s  
o r  minus t h e  number of  weeks change 
requi red)  
Change frequency and counter  s e t t i n g  



63 

Program RESKID 

CONTROL CARD 

Co 1 umn Data 

1-3  
4-5 
6-9 

10 
11 

1 2  
13 

14  
15 

16 
17-25 

26 
27-35 

Month 
Day 
Year during run 
Blank 
Tape con t ro l  code 

Date o f  l a s t  schedule  en tered  

0 - S t a r t u p  (no o ld  master t ape  a v a i l a b l e )  
1 - Master t ape  t o  be read 
2 - L i s t  master t ape  only .  Place master t o  

be read i n  p o s i t i o n  of "new" master .  
B 1  ank 
Schedule t ape  con t ro l  

0 - Do no t  add schedule  tape  i n  update run 
1 - Add schedule t ape  i n  update run 
2 - Sor t  schedule t ape  i n  job loca t ion  number, 

schedule  d a t e  o rde r  and add so r t ed  
information i n  update run.  

B 1 ank 
Card Control 

0 - No d e l e t e  cards  t o  be read 
1 - S o r t  i npu t  d e l e t e  cards  i n  j o b  loca t ion  

number, schedule  d a t a  s o r t  o rde r  before  
reading.  

Blank 
DMDATE: d e l e t e  any records  previous t o  t h i s  

d a t e  from t h e  master  t ape .  
Blank 
DTDATE: d e l e t e  any punched cards  with a d a t e  

previous t o  t h i s  d a t e .  

DELETION CARDS 

Column Data 

1-5 Building 
6- 7 Route 

13-15 Month 
16- 17 Day Schedule d a t e  
18-21 Year 

8- 1 2  Machine number 
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Program PROMLIS 

CONTROL CARD 

Column Data 

13' 
14  

1 -3  Month 

6-9 Year 
4 -5 Day 

10 Blank 
1 1 - 1 2  L i s t  opt  ion  

0 - List a l l  o f  t h e  master t ape  
"1 - L i s t  s e l e c t e d  po r t ion  of  master t ape  
*2 - L i s t  s e l e c t e d  foreman 
*3  - L i s t  s e l e c t e d  work o rde r  number 
*4 - L i s t  s e l e c t e d  equipment class number 
"5 - List s e l e c t e d  rou te  number 
"6 - L i s t  s e l e c t e d  rou te  number i n  proper ty  

*7 - Lis t  s e l e c t e d  work o r d e r  number s u f f i x  

8 - L i s t  r ecords  with a l t e r n a t e  number i n  

9 - List records  with season i n  items of  

number s o r t  o rde r  

( l a s t  2 d i g i t s )  

item of s e r v i c e  

s e r v i c e  
Blank 
L i s t  type 

1 - F u l l  record l i s t  
Any o t h e r  c h a r a c t e r  - l is t  summary of  
records  

*These opt ions  r e q u i r e  cards  fol lowing t h e  con t ro l  card.  

SELECTION CARDS 

Selec ted  po r t ion  of t h e  master t ape  

Column Data 

1 - 1 2  S t a r t - p r i n t  l oca t ion  number 
13  B 1 ank 

14-25 End-print  l oca t ion  number 

Se lec ted  foreman card 

Column Data 

1-9 Foreman ' s name 
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Selec ted  work o rde r  card 

Column Data 

1-9 Work Order Number 

Se lec t ed  equipment c l a s s  card 

Column Data 

1- 3 Equipment class number 

Se lec ted  rou te  card  

Column Data 

1 - 2  Route number 

Se lec ted  work orde r  s u f f i x  

Column Data 

1 - 2  Su f f ix  ( l a s t  2 d i g i t s  of  work orde r  number) 
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APPENDIX C 

ERROR MESSAGES 

P r o g r a m  PROMUP 

NO CONTROL CARD 
NO RECORDS ON OLD MASTER TAPE 
WRONG CODE TO READ LIBRARY CARDS 
INCORRECT NUMBER OF LIBRARY CARDS 
WRONG CONTROL DATE FOR TAPE DATED (TAPE DATE) 
NO HEADER CARD FOLLOWING LOCATION 
NO CARD CODE FOR HEADER CARD 1 
NO HEADER CARD 2 FOR ADD RECORD 
NO HEADER CARD 3 FOR ADD RECORD 
NO HEADER CARD 4 FOR ADD RECORD 
NO HEADER CARD 5 FOR ADD RECORD 
NO HEADER CARDS FOR ADD RECORD 
NO HEADER CARD 2 FOR HEADER CHANGE 
NO HEADER CARD 3 FOR HEADER CHANGE 
NO HEADER CARD 4 FOR HEADER CHANGE 
NO HEADER CARD 5 FOR HEADER C W G E  
WRONG CARD FOR STARTUP RUN 
RECORD NUMBER I S  NOT ON MASTER TAPE 
RECORD NUMBER I S  ALREADY ON MASTER 
MORE THAN 60 ITEMS 
FREQUENCY CODE I S  NOT I N  MASTER TABLE 
WRONG ITEM COUNT 
ITEM COUNT EXCEEDS 60 - CANNOT ADD ITEM 
COUNT WRONG TO DELETE ITEM 
NO RESTART COUNTER FOR LOCATION 
ALT COUNT BEYOND RANGE 
MORE THAN 40 FOREMEN SCHEDULED 

P r o g r a m  R E S K I D  

NO CONTROL CARD 
SCHED TAPE ALREADY ON MASTER 
RECORD I S  NOT ON MASTER TAPE 
MONTH PUNCHED WRONG ON CARD 

P r o g r a m  PROMLIS  

NO CONTROL CARD 
NO L IST  TYPE CONTROL 
NO RECORDS ON MASTER TAPE 
NO SELECTION CARD FOR SELECTED MASTER 
NO FOREMAN SELECTION CARD 
NO WORK ORDER SELECTION CARD 
NO EQUIPMENT SELECTION CARD 
NO ROUTE SELECTION CARD 
NO WORK ORDER SUFFIX CARD 
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This  procedure covers  Programmed Maintenance (PM) job  assignment and 
job  completion u t i l i z i n g  Programmed Maintenance Schedule Cards (PMSC) 
and Programmed Maintenance His tory  Cards (PMHC) i n  providing t h e  de- 
t a i l e d  check list t o  accomplish l u b r i c a t i o n ,  inspec t ion  and similar 
r e p e t i t i v e  maintenance a c t i v i t i e s .  
e l e c t r o n i c  d a t a  processing equipment. 

Scheduling i s  provided by u t i l i z i n g  

11. GENERAL: 

A. 

B. 

C.  

D. 

E.  

Qual i ty  Requirements - Each p iece  of equipment i n  t h e  PM system 
s h a l l  be assessed  t o  determine QA e f f o r t  t o  apply i n  maintaining 
t h e  equipment (QA-L-100). 

Deviat ions and Non-Conformances - Sha l l  be handled i n  accordance 
with QA-PE-6/D.1.11 t i t l e d  "Nonconformance and Deviation". 

Qual i ty  Assurance Audits - QA a u d i t s  s h a l l  be conducted t o  as -  
c e r t a i n  t h a t  equipment i s  being maintained t o  meet t h e  assigned 
q u a l i t y  requirements.  

Documentation - 
ORGDP Computer program and information r e t r i e v e d  through t h e  ORGDP 
program as wel l  as through t h e  computer te rmina l  i n  Building 2518. 
Temporary f i l e  p o i n t s  s h a l l  be maintained a t  t h e  work cen te r s  f o r  
PM cards  t h a t  a r e  i n  work process .  
F i l e  f o r  a l l  equipment t h a t  is on t h e  PM system s h a l l  be maintained 
by t h e  PM staff i n  Building 2518 (Refer t o  P 6 E Document Control 
Procedure, QA-PE-3/D.1.12). 

Documentation s h a l l  be accomplished through t h e  

A Master Equipment L i s t ing  

Def in i t i ons  and Descr ip t ions  

1. 

2. 

Programmed Maintenance (PM) - PM i s  t h e  d e t a i l e d  planning,  
schedul ing,  and accomplishment of i n spec t ions ,  adjustments,  
l u b r i c a t i o n ,  recondi t ion ing  and o t h e r  r e p e t i t i v e  maintenance 
a c t i v i t i e s  of t h e  Plant and Equipment Divis ion t h a t  a r e  
c a r r i e d  ou t  according t o  s p e c i f i c  s e r v i c e  recommendations 
intended t o  prevent  f a i l u r e s  i n  s e r v i c e  and t o  r e t a r d  wear 
and d e t e r i o r a t i o n  of  equipment. 

Programmed Maintenance Schedule Cards (PMSC) Fig.  1. 

This  i s  a computer output  ca rd  conta in ing  t h e  fol lowing i n -  
formation: 

a. Date PM i s  scheduled. 

b. Responsible foreman. 
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PROGRAMMED MAINTENANCE 

C .  

d. 

e. 

f .  

g. 

h. 

i. 

j .  

Qual i ty  Requirements. 

PM number c o n s i s t i n g  of  a th ree -pa r t  number: 

(1) 

(2) The next  se t  of d i g i t s  i n d i c a t e  t h e  f l o o r  l e v e l  

First 4 d i g i t s  des igna te  t h e  bu i ld ing  number. 

where t h e  equipment i s  loca ted .  

The last  t h r e e  d i g i t s  des igna te  an exact  equip- 
ment l oca t ion  on t h a t  f l o o r  l e v e l  and can be 
v e r i f i e d  by reviewing PM equipment des igna t ion  
r o u t e  s h e e t s  f o r  any p a r t i c u l a r  bu i ld ing .  

(3)  

Equipment Descr ip t ion .  

Property Number. 

Job Order Number. 

Item Number. 

Point  of  Serv ice .  

Type of  l u b r i c a n t ,  type  o f  f i t t i n g ,  number of  items 
t o  s e r v i c e ,  frequency of service and remarks. 

The fol lowing codes and corresponding range of  f requencies  
can vary  from weekly t o  a ten-year  i n t e r v a l  as shown i n  
t a b l e  below: 

CODE 

W 
2w 

M 
6W 
2M 
3M 
4M 
6M 
8M 

Y 
2 Y  
3Y 
4Y 
5 Y  
6Y 

FREQUENCY 

Every week 
Every two weeks 
Every month 
Every 6 weeks 
Every 2 months 
Every 3 months 
Every 4 months 
Every 6 months 
Every 8 months 
Every year  
Every 2 yea r s  
Every 3 yea r s  
Every 4 years  
Every 5 yea r s  
Every 6 yea r s  
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PROGRAMMED MAINTENANCE Subject: 

CODE - 
7Y 
8Y 
9Y 

1 OY 
S 

FREQUENCY 

Every 7 years  
Every 8 years  
Every 9 yea r s  
Every 10 yea r s  
Standby -- no s e r v i c e  
s chedu 1 ed 

The PMSC's are p r i n t e d  every two weeks and ind ica t ed  a t  t h e  
t o p  o f  t h e  card  t h e  week f o r  which t h e  work has  been scheduled. 
The time allowed f o r  completion of  t h e  job  i s  dependent on t h e  
frequency ind ica t ed  on t h e  schedule  card .  
on ly  weekly s e r v i c e ,  then  t h e  weekly i tems must be completed 
wi th in  t h a t  week. 
e s t a b l i s h e d  f requencies  should be as ind ica t ed  by t h e  fol lowing 
t a b l e  u n l e s s  s i t u a t i o n s  a r i s e ,  such as shutdown, e t c . ,  when 
maintenance w i l l  be performed t h a t  w i l l  no t  n e c e s s a r i l y  fol low 
t h e  PM schedule .  

I f  t h e  card i n d i c a t e s  

The time allowed f o r  t h e  completion of t h e  

Scheduled 
Frequency 

Weekly 
2 Weeks 
Monthly 
2 Months 
3 Months 
4 Months 
6 Months 
Yearly 

T ime  Allowed For 
Completion 

Regular day wi th in  t h e  
? 2 days 
2 5 days 
5 8 days 

2 weeks 
? 2 weeks 
-+ 3 weeks 
2 4 weeks 

week 

3 .  Programmed Maintenance His tory  Cards (PMHC) Figs .  2-4 

A PMHC must be completed f o r  any PM job ,  scheduled o r  non- 
scheduled. 
man and foreman i n  fu rn i sh ing  information p e r t a i n i n g  t o  t h e  
maintenance h i s t o r y  f o r  a s p e c i f i c  p i e c e  of  equipment. 
information i s  accumulated and s t o r e d  on computer t a p e  f o r  
r e t r i e v a l  as needed. 

The PMHCs have been designed t o  assist t h e  crafts-  

This  

a.  The orange PMHC (Fig.  2 )  should be used f o r  r o u t i n e  
programmed maintenance and has  been designed t o  i n -  
c lude  items such as checking and adding l u b r i c a n t s ,  
f i l t e r  replacement,  e tc .  

b. The b lue  PMHC (Fig.  3 )  should be used f o r  non- 
r e p e t i t i v e  maintenance such as breakdowns, motor 



I 
70 

Pea&?dkle 
OAK RIDGE NATIONAL LABORATORY 

N U C L E A R  DIVISION 

QUAL I TY ASSURANCE 
PLANT AND EQUIPMENT DIVISION 

APPENDIX D 

OPERATED B I  

UNION CARBIDE CORPORATtON 

~ 

QA-PE-lS/D.1.14 Number: 

Issued: 

Supersedes: 

Page 

October 15, 1979 

Issue  of 4-1-75 

of 4 8  
~~- ~ _ _ ~ ~  ~ _ _ _ _  

su bi ': PROGRAMMED MAINTENANCE 

replacement,  and bear ing  replacement. I t  is  important 
t h a t  a h i s t o r y  card  be f i l l e d  out f o r  non- repe t i t i ve  
maintenance so t h a t  t h e  h i s t o r y  records  w i l l  be complete. 

c .  The white PMHC (Fig.  4) i s  a v a i l a b l e  t o  f u r n i s h  h i s t o r y  
d a t a  when a d d i t i o n a l  information would be more appro- 
p r i a t e  t o  ref lect  an accu ra t e  h i s t o r y  record.  
has seve ra l  spaces  provided f o r  wr i t e - in  information 
and can be used i n  p l ace  o f  t h e  orange o r  b lue  cards  o r  
used as a supplement t o  e i t h e r  card which provide a 
check l i s t  only.  

This card 

I I I .  OBJECTIVES : 

I V  

A. Reduce equipment downtime. 

B. 

C .  S tandard iza t ion  of equipment, p a r t s  and l u b r i c a n t s .  

D .  

E.  

F .  Reveal problems before  equipment f a i l u r e .  
G .  Provide s tandard times t o  perform maintenance. 

Provide Maintenance c o s t s  f o r  i nd iv idua l  equipment by r e t r i e v a l  
through the  P E E computer te rmina l .  

Provide a h i s t o r y  o f  maintenance a c t i v i t i e s .  
To effect  economies i n  t h e  use  of manpower and materials. 

RESPONSIBILITIES: 

A. The Programmed Maintenance s ta f f  s h a l l  be respons ib le  f o r  t h e  
following: 

1. Tssuing t h e  PMSCs and PMHCs (on r eques t )  t o  t h e  Work 

2 .  

Center.  
Supplying input  da t a  t o  t h e  Cent ra l  Data Processing 
F a c i l i t y  when it is  necessary  t o  update a PMSC t o  
reflect  r ev i sed  o r  new in fo rna t ion .  

3 .  Check t h e  output  and t h e  schedule before  submit t ing 
schedule  cards  t o  t h e  f i e l d .  

4. Provide f l o o r  p l ans ,  conta in ing  equipment check rou te  
t o  t h e  work c e n t e r .  

5.  Provide computer d a t a  t o  check work completed aga ins t  
work scheduled. 

6. Maintaining a supply of PMHCs. 
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7. Supplying input data to Central Data Processing Facility 
to include new equipment information in the PM Scheduling 
system. 

8 ,  Performing PM audits as required. 

9. Standardizing of lubricants. 

10. Providing technical assistance in the use of proper lub- 
ricants. 

B. The work center supervisor shall be responsible for the following: 

1. Planning with the foreman in ascertaining that future PM 
scheduled work, as listed on the PM Data Sheet, will be 
started and completed in the alloted time. 

, 2. Transmitting PMSC received from PM office to the designated 
foreman who have specific responsibilities for an area 
or to a research group. 

3 .  Coordinating work scheduled to complete as required on 
PMSC . 

4 .  Reviewing PMSC to make certain work has been completed and 
that a PMHC has been completed for each PMSC. 

NOTE: The white PMHC must be completed when equipment 
is not serviced or additional maintenance in- 
formation is required. 

- 

5. Returning the completed PMHC to PM office. 

6 .  Maintaining a supply of PMHCs. 

C. The foreman shall be responsible for the following: 

1. Issuing PMSCs and PMHCs to the craftsmen. 

If for any reason work is not accomplished on 
a PMSC when its succeeding PMSC is received, 
the work should not be duplicated; but all 
work called for should be accomplished and 
PMHCs completed for both PMSCs. A PMHC must 
be filled out for the superseded PMSC showing 
only the PM number and date on the PMHC. 
is necessary to delete the superseded PMSC 
from the backlog list. 

This 
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2 .  

3 .  

4. 

5. 

6 .  

7. 

D .  The 

1. 

Ascer ta in ing  t h a t  PM scheduled f o r  equipment i s  completed. 
Completion i s  noted by checking item on PMSC and PMHC. 
See Figs .  1-4 (Attached) f o r  sample of completed PMSC and 
PMHCs . 
NOTE: When Block No. 57 is  checked on PMHC, t h i s  i n -  - 

d i c a t e s  t h a t  a l l  equipment has  been serv iced  as 
s p e c i f i e d  on PMSC. Block No. 58 i s  t o  be checked 
when r e p a i r  work i s  done t o  equipment o t h e r  than  
scheduled PM. 

Ascertaining t h a t  white PMHC (Fig. 4) i s  completed l i s t i n g  
s e r v i c e  performed on equipment no t  appearing on PMSC. 

Returning ca rds  t o  work c e n t e r  superv isor .  

Reporting equipment no t  on PM t h a t  should be on PM. 

Maintaining a supply o f  PMHCs and making c e r t a i n  each 
craftsman performing PM is i ssued  PMHCs a t  t h e  time t h e  
PMSCs are i ssued .  

Notifying PM s ta f f  i f  t h e  information on t h e  PMSC i s  
i n c o r r e c t  o r  no t  appropr i a t e  o r  i f  a change i n  frequency 
would be more app l i cab le .  

craftsman s h a l l  be r e spons ib l e  f o r  t h e  fol lowing:  (Figs .  1-4) 

Completing a PMHC f o r  each PMSC. 
craftsman is unable t o  complete t h e  PMHC, because of i n -  
s u f f i c i e n t  information,  t h e  work c e n t e r  superv isor  s h a l l  
f i n i s h  completing t h e  PMHC. 

In  in s t ances  when t h e  

Following are some c l a r i f i c a t i o n s  o f  i n s t r u c t i o n s  appearing 
on t h e  PMSC: 

a.  Check s h a f t  alignment.  This  i s  considered a v i s u a l  
check un le s s  t o l e r a n c e s  are provided. 

b.  Check b e l t  wear, t ens ion ,  and alignment.  This  i s  
a v i s u a l  check un le s s  t h e  equipment may be r e a d i l y  
shut  down. 

c. Check f i l t e r s  and change as requi red .  (On a i r  
condi t ion ing  equipment, dus t - s top  f i l t e r s  should 
be changed un le s s  it i s  known t h a t  t hey  have been 
r e c e n t l y  changed.) 
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d .  Check and c l ean  motor, f a n ,  e tc .  This  i s  considered 
su r face  c leaning  and no t  a disassembly. 

e.  Check e l e c t r i c a l  components. This  i s  t h e  device and 
i t s  a s s o c i a t e d  s tar ter  o r  switch:  Includes c leaning ,  
t i g h t e n i n g  and a d j u s t i n g  . 

2. 

3. 

4. 

5. 

6 .  

7. 

8 .  

9. 

10. 

11. 

Recording FM number i n  proper  blocks j u s t  as it appears  on 
PMSC . 
Recording d a t e  on PMHC i n  proper  blocks j u s t  as it appears 
on PMSC. 

Completing a l l  t h e  items l i s t e d  on t h e  PMSC by checking 
o f f  each item on PMSC and PMHC as they  are completed. 

- NOTE: When information i s  unknown, r e f e r  t o  s ta tement  
D - 1  above. 

L i s t i n g  a d d i t i o n a l  maintenance information on white  PMHC 
(Blocks #11-49, Fig.  4 ) .  

Ind ica t ing  i f  work i s  PM (Block #57) o r  r e p a i r  (Block 
#58), never  both.  

Marking block #50  on white  PMHC when equipment i s  no t  
s e rv i ced  o r  scheduled and w r i t i n g  a no te  o f  explana t ion  
on both ca rds  (PMHC and PMSC). 

Using l u b r i c a n t s  as shown on PMSC. For ques t ions ,  con tac t  
PM o f f i c e  (Phone - 4-4274). 

L i s t i n g  on t h e  f r o n t  of  t h e  PMSC t h e  s i z e  of b e l t s  and 
f i l t e r s  no t  a l r eady  l i s t e d .  In  a d d i t i o n ,  l i s t  unusual 
cond i t ions ,  such as v i b r a t i o n s ,  no i se s ,  and changes i n  
environmental  cond i t ions  no t  covered by t h e  PMSC in -  
s t r u c t i o n s .  

Completing a PMHC on a l l  r e p a i r  work on equipment t h a t  has  
a PM number. 

- NOTE: When information i s  unknown, refer t o  s ta tement  
D - 1  above. 

Recording information i n  Blocks #59-77 on PMHC. 

- NOTE: If material c o s t ,  Blocks 70-74, i s  unknown, 
estimate o r  inform supe rv i so r  s o  t h e s e  blocks 
can be completed by t h e  supe rv i so r .  
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12. Recording date completed on PMHC. 

13. Returning all cards to foreman when completed. 

E. The field engineer shall be responsible for the following: 

1. Providing technical assistance in the installation, main- 
tenance and operation of equipment on PM in the area of 
his responsibility. 

2 .  Assigning Quality Requirements with the assistance of the 
equipment custodian, to each piece of equipment in the 
PM system. Consideration of existing reliability studies 
and the nature of equipment use shall be parameters in 
establishing the Quality Requirements. 

3 .  

4 .  

Notifying the PM staff when new equipment is installed. 

Providing technical assistance to the PM staff in establishing 
points of service and establishing a programmed maintenance 
schedule for new equipment. 
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