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LABORATORY SERVICES SERIES - A PROGRAMMED MAINTENANCE SYSTEM 

D. C. Tuxbury 
Maintenance Engineering 

B. E. Srite 
Computer Sciences 

ABSTRACT 

The diverse facilities, operations and equipment at a 
major national research and development laboratory require a 
systematic, analytical approach to operating equipment mainten­
ance. A computer-scheduled preventive maintenance program is 
described including program development, equipment identifica­
tion, maintenance and inspection instructions, scheduling, 
personnel, and equipment history. 

INTRODUCTION 

The need for a computerized preventive maintenance program was not 

so obvious during the initial development of the Laboratory. Many of the 

research projects, and need for related mechanical equipment for those 

projects, were of relatively short duration. Research projects could be 

completed or discontinued within a matter of months leaving equipment 

idle or available for salvage. Building utilities were serviced with 

some degree of regularity, but the future of the Laboratory was undeter­

mined to the point that a sophisticated preventive maintenance program 

had not yet been considered as a realistic function. 

The growth of the Laboratory through the 1950's with many new facil­

ities and expanded programs resulted in more permanent structures and 

equipment and a different philosophy in maintenance planning. It.was now 

clear that the maintenance function would have to adjust from a "fire­

fighting" operation to a well-organized maintenance activity with long­

range planning. 

This report summarizes the major elements of a computerized preven­

tive maintenance program, and how it is administered by the Plant and 

Equipment Division for Oak Ridge National Laboratory. 
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In add;i,tion to this report there is a detailed Plant and Equipment 

Division procedure, QA-PE-18/D.l.l4, 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. In 1961 

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: 

1. What typo of equipment 3hould be included in 

the program? 

2. Will the prug1·am b~:: of sud1 complex! ty that: 

computer utilization can be effective? 

3. Should a special crew be assigned to handle 

only preventive maintenance tasks? 

4. Who should be assigned the responsibilit.y 

for the administration of the program in­

cluding initial start up, updating, and 

program lmpr-ovement'? 

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 sho~ld 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. A com­

puter programmer located at Computer Technology Center (ORGDP) was 

assigned to write the program format to the requirements specified by 

the programmed maintenance staff. The original data collection started 

in October of 1962 after staff personnel and programmer had reached 

agreement on most of the significant details. 

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 

frequ~ncy. The Plant and Equipment Divislon field engineers, whose 

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 
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relatively constant temperature. Maintenance of the air-handling equip­

ment for this type of research project would then take preference over less 

critical items. 

A three- to four-year period was required to inventory equipment that 

could be readily identified as equipment for .which the Division had primary 

responsibility. Equipment that existed_ only to make the building operable 

such as air-handling systems, elevators, sump pumps, and electrical dis­

tribution systems, was considered the primary maintenance responsibility 

of the Plant and Equipment Division. A significant amount of research­

oriented equipment wa~ added to thfl program As r~search per~onnol learned 

of the availability of programmed maintenance. The small vacuum pump 

used in laboratory areas prnh:=~h1y at:counts for 30 percent of 1'1-ll resear-c:.h 

equipment now listed on Programmed Maintenance. 

The original program format provided the staff with two qAt.q nf 

printed schedule cards, an original and duplicate set. The duplicate set 

was used to manually match the original card as it returned from the field 

after the maintenance requests were complete. Those duplicate weekly 

schedule cards that remained after a "reasonable" period of time consti­

tuted the first backlog schedule. 

This situation illustrates that even with an organized c.nmput.~:riz~d 

approach to scheduling routine preventive maintenance it is difficult to 

antic1pate all of the requirements in advance. This procedure has since 

been modified to take full advantage of the current data processing 

techniques. 

Other program developments include a maintenance history program 

whid1 ls covered in deta1l in another section of this report. A programmed 

maintenance auditing function and the integration of preventive and repair 

maintenance histories are two projects that will be developed in tht:! near 

future. A formal auditing function will provide the staff more specific 

information about clarity of instructions, thoroughness of preventive 

maintenance work, effectiveness of est.::~hlished frequencies; and changes in 

productivity. An integration of preventive maintenance history with re­

pair history will centralize all costs expended for individual units of 

equipment and provide a better basis for replacement decisions. 

·'1· 
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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. The objectives listed 

below were published in an earlier report, and as of this date, are re-
. d 1" d . . 1 cogn1ze as va 1 cr1ter1a: 

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 act.ivlties. 

n. To provide a history of maintenance activities 

for critical equipmP.nt. covered by the pTogram. 

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 speci.fications and facility 

design to provide recommendations affecting 

1w. 0. Graves and B. S. Bishop, Programmed Maintenance for Oak Ridge 
Nati.onal. Laboratm•y, ORNL-TM-2161, October 1968. 
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reliability and maintainability of equipment. 

10. To identify materials required for repetitive 

maintenance to minimize delays in drawing parts 

and materials from Stores, and to assist with 

standardization of materials .. 

If the present level of maintenance performance is satisfying the 

objectives which have been est~blished, then it would seem reasonable to 

assume that programmed maintenance is an effective function accomplishing 

what it was designed to accomplish. 

The rema1.nder of the report provides detailed information on tech­

niques and procedures that have been developed by the programmed m~inten­

ance staff to meet the above objectives. 

EQU I PMEI'JT lUcN I 1 t- 1 CA I ION 

Careful consideration was given to developing a method of identifying 

an equipment item so that it would be relatively easy to locate in one of 

approximately 120 buildings in an area covering several square miles. In 

addition to being easy to locate, it was necessary to be able to identify 

an equipment item so that it could be classified with similar equipment or 

sorted in a number of ways dependine on the reporting requirement~. 

The first step in identifying the equipment item is to inventory by 

physically examining the unit and determining the manufacturer, model, 

size, serial number, property number and any additional information to 

establish a unique identity that is different from any other similar piece 

of equipment. 

The field data sheet (Fig. 1) was designed to accomplish this step. 

Notice that the top five lines of this sheet are used specifically for 

describing the unit and related power source such as an electric motor. 

The ten-digit location number in the upper left corner of the data sheet 

·is the primary identification number assigned to each individual piece of 

equipment. The first five digits assigned to each individual piece of 

equipment designate the building location using a geographical grid. A 

dash is used in column five for those buildings identified with four 
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Fig. 1. Field Data Sheet 
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digits only. The next two digits identify the floor level within a par­

ticular building using 01 for the first floor. The last three digits 

locate the exact position of individual equipment on a specific floor 

level. Equipment location floor plans (Fig. 2) are maintained by the 

Programmed Maintenance staff and issued to all work centers to assist 

craftsmen, engineers, and building services coordinators in locating 

equipment with minimum difficulty. 

The equipment classification number on line five is available to 

classify similar types of equipment (Fig. 3) and may be requested in 

report form (Fig. 4) as one of several computer program option<>. This 

report summarizes every piece of equipment that has been assigned a 

~pecific number, such as, SlO fur alr-condi'tioninp; P.fpn pml?'nt under two 

tons. With this sort of flexibility it is possible to review equipment 

with common maintenance characteristics for the entire Laboratory. 

The final step in identifying equipment is to mark each individual 

piece of equipment so that it can be easily verified with the programmed 

maintenance card when service is scheduled. A bright orange label is 

used to identify each unit scheduled for programmed maintenance. The 

lauels are available in continuous form and are printed on a standard 

data processing printer from the master tape containing location numbers, 

work order numbers, responsible foremen, work orders, and equipment de­

scriptions. The labels are made with a pressure-sensitive backing, making 

them easy to apply and are reasonably durable if applied on clean sur­

faces. Several hundred can be printed in a matter of minutes so that 

duplicate labels are easily pronuc-.P.cl whf?'n needed. Fa~t, accurate identi­

fication is essential for both locating equipment when scheduled for ser­

vice and for easy identification when collecting and reporting repair 

data for maintenance history records. 

MAINTENANCE AND INSPECTION INSTRUCTIONS 

The next step toward scheduling a piece of equipment for progr~mmed 

maintenance is to develop the instructions and inspection procedure which 

are completed under the point of service section on the field data sheet. 

(Fig. 1) 
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AIR COMPRESSOR 

AIR LINE FILTERS & 
LUBRICATORS 

AIR CONDITIONJNG MISC. 

Package A/C Units* 

Under 2 ten, including 
all Window Units 

2-4 Ton 
S-10 Ton 
11-lS Ton 
Over lS Ton 
Heat Pumps 

A/C CompressJr & 
Condenser Units 

Under 2 Ton 
2-4 Ton 
S-9 Ton 
10-19 Ton 
20-29 Ton 
30-69 Ton 
70-119 Ton 
120-299 Ton 
300-700 Ton 
Over 700 Te-n 

A/C Compresscr & 
Evaporator Units 

400 

420 

soo 

SOl 
S02 
S03 
S04 
sos 
S07 

SlO 
S11 
Sl2 
Sl3 
Sl4 
SlS 
Sl6 
Sl7 
Sl8 
Sl9 

Under S Ton S21 
S Ton and Over S22 

A/C Compressors 

Under 20 Ton S2S 
20-40 Ton S26 
Over 40 Ton S27 

A/C Air-Cooled Condensers 

Under 1 hp 
1-S hp 
Over S hp 

S30 
S31 
S32 

EQUIPI·1ENT CIASSIFICATJ(X\J NUMBERS 

A/C Evaporative Cond~nsers 

Under S hp 
S hp and Over 

Fan Coil Units 

Under 1 hp 
1-4. hp 
S-9 hp 
10-19 hp 
20-30 hp 
31-SO hp 
Over SOhp 

Cooling Towers 

Under S hp 
S-10 hp 
Over 10 hp 

Centrifugal Water ?urnps 

Under S hp 
S-10 hp 
11-20 hp 
21-SO hp 
Sl-100 hp 
Over 100 hp 

Turbine Water Pumps 

Under SO hp 
S0-99 hp 
100 hp and Over 

A/C Purge Units 

Under O.S hp 
0.5 hp and Over 

A/C Filters 

AIR PRESSURE REDUCI.~G 
STATIONS 

AUXILIARY GENERATORS 
(Diesel & Gasoline) 

AUXILIARY LIGHTS 

S3S 
S36 

S40 
S41 
542 
543 
544 
54S 
546 

sso 
SSl 
5S2 

sss 
SS6 
5S7 
558 
SS9 
S60 

S6S 
S66 
S67 

S70 
571 

57S 

600 

610 

620 

BICYCLES 

CAFETERIA EQUIPMENT 

CELL WINDOWS 

COMPRESSORS FO~ SPRINKLER 
SYSTEMS 

CONTI~UOUS AIR MONITORS 

CORDED EQUIPMENT 

CRANES 

DOORS & GATES 

ELECTRICAL 

ELEVA~ORS 

EXHAUST FANS 

Filtered 
Unfiltered 

FILTERS, MISC. 

FLOOR TILE 

GROUND FAULT INTERRUPTERS 

HEATERS 

HEATERS - WATER 

HOISTS 

INSPECTIONS 

LAUNDRY EQUIPMEW1 

MACHINE TOOLS 

MANIPULATORS 

MOBILE EQUIPMENT 

MOTOR GENERATOR SETS 

MOTOR POOL 

PAINT, EXTERIOR 

PAINT, INTERIOR 

Fig. 3. Equipment Classification Numbers 

62S 

630 

63S 

640 

6SO 

660 

670 

680 

690 

700 

710 

712 
71S 

717 

720 

72S 

730 

73S 

740 

74S 

760 

101-268 

76S 

770 

790 

79S 

810 

812 

PRECISION INSTRUMENTS & 
TOOLS 

Balances 

PRESSURE REDUCING VALVES 

Steam 

PlJ!.IPS OTHER THAN A/C 

Sump Pumps 

ROOFS 

SAFETY SHOWERS 

STEAM PLANT PROCESS 
EQUIPMENT 

(Including Compressed 
Air Equipment) 

STEAM VALVE PITS 

STRUCTURES 

TRANSFORMERS 

VACUUI-1 PUMPS 

VIBRATION ANALYSIS 

WATER STILLS 

* 

820 

821 

870 

890 

89S 

910 

920 

930 

940 

943 

94S 

9SO 

960 

970 

Some small split systems are 
listed as package units. 

...... 
0 
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LCH.IIT ION EUUlf'MENT OC:SCRIPTION STDo TIME PRUPt.RTY EC.P CLASS OUALll"Y LIOIILL JCB ORuER Fo.JHEMAN 
7q~o- 30 98?. RUFFALO EXHAUST FAN 1-:> 1 ~. !..i 712 4 H7930E-F1 FlELOS 
79 ::o- 30 9133 DWYE~ PHOLIJHF.L IC .:iAUGE 501) 4 ,.. & l: WALLACE 
79::.0- 30 9R5 G~AVHY DA~IPt.l: THIRD FL. 1-:1'4-302 .. .14 t. (. WALLACI:: 
79:::0- 30 c;a(, 13UFF.II.LL II'ID.EXHAUST FAN SYS-t::-11 X 102 3·35 712 .. li79JO~-F 1 FlcLU~ 
7930- JO 987 OUFf'ALli INO E.XHAIJST FI>.N SYS-E-«> X 102.33t> 712 4 H79.JOE-F1 FiELDS 
7V30- 30 9!HI 3UFFALU EXHAus·r 3LOWE;:. SYSoE-8 X102337 712 4 H1931lt::-F1 FlELLJS 
79.:!Q- 30 'i6S BUFFALO A/C H/V SYSTE'4 5-9 542 4 H7930E-t::l IIIST .. ullLI<W 
7'9 30- 30 990 dUFF ALO A/C li/V SYSTE~ S-10 5~2 4 H793Jc-1::.1 w:.T,.(JHLIIO 
793·)- 30 9'H KF<AN~:O CRANE 50 TON «>70 4 H7!.1JOE->'1 FIELD::. 
N30- 87 1 0;) 1 NSPECT FLO<lt< TILE 720 4 H7'i.JO..:-G1 FIE.LL;S 
793o- 86 1 ~0 14AINTENANCE L;F STFUCTUFL:S 943 4 F1ELC5 
7930- ac; 1 •J:) PAINT INC. UF s rr~uc Tu~E s ( t:OXTi:::Riun !!10 4 fli:OLUS 
7~:::o- 90 100 ;;tUUFS. MAl NTENANC£0 OF 910 4 H79JOt-61 fii:LO;> 
793o- 91 100. PAli'4T lNTEtUUH OF dUlL:> lNG 812 4 flt:.LD:i 

·793o- 99 440 SHOWE" • SAFETY 22.6 9..1<) 4 (i1'4()16t:-i)t; FlELOS 
7·;13·JP 00 010 COOL 1NG TOW2:R PUMP a ::>PARE PAid$ 556 .. ioALLACE 
7<130P 10 210 JOY All-' CO .. PR 7-1/2 X 5 Sj.~AfoiE PAkTS Xi02~08 925 4 H7930E-Cl FIELD~ 
7930.-' 10 23•) JOY A If< (.;0~P 11-1/4 X 9 Sf.' A I.E PA<H$ K10~~\l5 9~5 4 H7930t:c-C1 Flt::Lu5 
7<130P 20 7:.0 PEEFLESS PU.!14PS 1400 20S-12H PAI'.T$ 890 4 1179.J0f.-111 FiELU:i 
7;J30P ?.0 770 ;>EE.fH.:::ss f>UI~PS "101.) 305-08>.; f-'AkTS 5!:>(. .. H79.30E.-i:1 Fl£LU~ 
7930P 20 810 YOR~ TUI'l6Uf.'AK• 1 t>O J.QN. .SPARE PM<TS 51 C. 4 H79.JOE-t::l •..01 MC.kL...U 
7~31- ()0 010 BUFFALO EX FAN SVS E-l(~>~JSTACI<. AI<EA 19o'i 715 4 H9999E-f1 F ltoLO::. 
7931- 00 02() BUFF~LO EX FAN SYS E-1 ( Sl 5 TAO<. ARE 19od 715 4 ~t9999E-F1 I'IELDS 
T>l.31- 10 010 GOULDS FUEL PUMP 890 .. H9999E-K1 flELU:. 
7931- 10 020 E ;~f.>l •:it -'iCY LIGHT 620 4 H99'J9t--K1 uicOIIiN 
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Fig. 4. Computer Listing of Equipment Classifications 
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The maintenance instructions determine: 

1. What is to be done. 

2. When it is to be done. 

3. Which craft will do the work. 

4. How often each maintenance instruction will 

be scheduled. 

5. What lubricants should be used. 

6. How many points should be luhric.at.P.il, 

7. What size belts, filters and other materials 

3hould be p1·ol:un:u ami t;;~.kl;ln to the joh 

location. 

TI1e 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 

maint:ertartce. Most often, the instructions are developed usin~ both 

experience and manufacturers' maintenance procedures. 

TI1e 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 t.o the other with a minimum of back 

tracking. A lubrication diagram is available to the craftsman for com­

plex equipment. 

The prim!lry objective in developing m:;:~intenance 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 or 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 usAd so that one line of instruction can take 

priority over another. An item requesting that crankcase oil be drained 

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. 

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). 
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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 to 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. The amount of flexibility realized causes some 

significant disadvantages which are described in detail under Equipment 

History. 

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 to "see next card" and are stapled together as sorted. 

The craftsman reviews the schedule cards making certain that he 

knows where the job is located, what lubricants or other materials are 

necessary to complete the job, and that the assigned jobs are geograph­

ically arranged to minimize the amount of travel time required. A signi­

ficant effort has been made to schedule programmed maintenance work 

geographically by building and by area since the facilities at ORNL cover 

such an extensive area. Seasonal priorities determine when most of the 

air handling equipment should hP- c;c-.h.€':duled. Major prevcnti vc maintenance 

iob!? fo:r refrigeration c-nmpr.;ossol'li, conden~ors, and fan coil wt.ils an~ 

obviously scheduled for off-season. 

Reactor shutdown schedules determine the scheduling for still another 

catagory of equipment. Generally, programmed maintenance can only be 

performed on reactor-related ~quipment when t.hP. rP.~t:tor is not in opera­

tion. Occasionally, it becomes necessary to redistribute part of the 

work load to a particular work center due to the addition of new facilities 

in that area or a change in manpower available to complete the work. 

Scheduled frequencies for individual points of service are determined, 

using both manufacturer's data and experience gained from similar pieces 

of equipment as previously ment:ioned. The frP.rtuencies available for usc 

in the program are as follows: 

CODE FREQUENCY CODE FREQUENCY 

w Every Week 3Y Every 3 Years 
2W Every 2 Weeks 4Y Every 4 Years 
M Every Month SY Every 5 Years 

6W Every 6 Weeks 6Y Every n yp,;:~rc;. 
3M Every 3 Months 7Y Every 7 Years 
4M Every 4 Months BY Ev~ry 8 Years 
6M Every 6 Months gy Every 9 Years 
8M Every 8 Months lOY Every 10 Years 

y Every Year s Standby - No 
2Y Every 2 Years Service 

Scheduled 

Since programmed maintenance is scheduled on the basis of a 48-week 

year, it is necessary to omit the 13th week of each quarter. This "extra" 

week is then used to catch up on past due work. 
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A programmed maintenance slide rule (Fig. 6) has been developed to 

count the number of elapsed weeks between any two dates without including 

skipped or omitted weeks. It is a convenient aid used to determine the 

start time (number of weeks that must elapse before a point of service 

will appear on a schedule card) which appears in the start column (S) on 

the IBM Data Sheet and which must be computed on the Field Data Sheet. 

Standard times have been developed for many of the programmed main­

tenance jobs and are under the standard time column for each point of 

service. The times are computed each time scheduled maintenance is due 

and therefore vary depending on which times are to be serviced. The 

standard times are compared to actual times (obtained from the programmed 

maintenance history card) to produce a productivity figure. All computa­

tions are performed, utilizing computer programs developed specifically for 

ORNL programmed maintenance with necessary reports available as requested. 

The reschedule report (Fig. 7) is a listing of scheduled programmed 

maintenance that has not been reported as completed work within a reason­

able length of time. The report is actually an accumulation of several 

original weekly schedule lists with the completed jobs deleted as of a. 

specified cut-off date. The reasonable length of time allowed for com­

pletion depends on the frequency printed on the schedule card. The 

least frequent items establishes priority if several different frequencies 

appear on the same schedule card. The following table is used as a guide: 

SCHEDULED 
FREQUENCY 

Weekly 
2 Weeks 
Monthly 
2 Months 
3 Months 
4 Months 
6 Months 
Yearly 

TIME ALLOWED FOR 
COMPLIJTION 

Regular day within the 
± 2 days 
± 5 days 
± 8 days 
± 2 weeks 
± 2 weeks 
± 3 weeks 
± 4 weeks 

week 

Allowances are made for shutdowns or other extenuating circumstances. 

The reschedule report is distributed to each work center and reviewed 

by the general foreman to determine why equipment has not been serviced 



ro 

18 

1976 
1977 

29 DEC 
5 JAN 
12 
19 
26 
2 FEB 
9 0 IG 
23 
I MAR 
15 
22 
29 
~ APR 
12 
19 
26 
3 MAY 
10 
17 
24 
31 
14 JUNE 
21 
?A 
5 JULY 
12 
19 
26 
2 AUG 
9 
16 
30' 

a: 
13 SEPT 
?.0 

"' i1 
OCT 0 z II 

"" 18 

~ ..J 25 

"' I NOV u 8 
15 

~ 22 
2§ 

::::; 13 DEC 
20 

::::l 27 
0 3 JAN 

"" 10 
:I: 17 
0 24 
U) 31 

7 FEB 
14 
21 
28 
14 MAR 
21 
28 • ... 
II 
18 
25 
2 MAY 
9 

0 " "" 23 
:::E 30 
:::E 13 JUNE 

~ 
20 0 gg - -· ET 

(!) 4 JULY 

0 II 

a: 18 

a. 25 
I AUG 

8 
15 
22 
29 

.12 SEPT 
19 
26 
3 OCT 
10 
17 

~· 31 
7 NOV 
14 
21 
28 
12 DEC 
19 
<e 

1976 
1977 8 

oo-

Fig. 6. Programmed Maintenance Slide Rule 



LOCATION 

4500N 00 ~5 

45 CON 00 026 

45 OON 00 027 

45 OON 00 028 

4500N Oci OJt 

·45 OON 00 OJJ. 

4500N 01 005 

45 CON 01 048 

45 OON 01 140 

4500N 01 160 

45 OON 01 160 

4500N 01 160 

4500N 01 170 

45 CON 0 I I 70 

4500N 01 170 

4500N 0 I I 70 

4500N 01 200 

4500N 01 . 200 

4500N 01 200 

45 CON 01 205 

45 CON 0 I l25 

45 OON 0 I 225· 

45 O()N 0 t 22'5 

4500N 01 250 

·-45 OOiii 0 t .. "29C• 
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EO P NO 

940 

940 

940 

940 

940 

940 

725 

89S 

950 

950 

950 

950 

950 

950 

950 

950 

9'50 

950 

620 

610 

610 

610 

544 

DESCRIPTiON 

VALV£,l".RoM 5l7 

VALVE.P.~.M 518o 

VALVEoP.Rol 537, 

NORTH, PIT 26 

NORTH, PIT 26 

NORTH, PIT 27 

STEAM VALVE PIT NO 28 

VALVEoPoRol 519o 

VALVEoPoRoM 520. 

EASTo 

EASTo 

PIT 31 

PIT 31 

GROUND =AuLT INTERRUPTER NO 72 

SUMP PU"lP 

UTILITY PIPE TUNNEL WING 1 

FULLFR VACUUM PUMPoVACUUM PUMP ROOM 

FULLFR VACUUM PUMP oVACUUM PUI'4P ROOM 

FULLER VACUUM PUMP,VACUUM PU~P ROOM 

FULLER VACUUM PUMPoVACUUM PUMP ROOM 

F.ULLER VAC UU!f PUMP • VACUU!f PUMP ROOM 

FULLER VACUUM PUMPoVACUUM PUMP ROOM 

FULLER VACUUM PUMPoVACUUM PU!fP ROOM 

VACUUM PUMP (FULLER) N-CENTER UNIT 

VACUUM PUMP (FULLER) N-CENTER UNIT 

VACUUM PUMP (FULLER) N-CENTER UNIT 

SUASTATIUN 8ATTERIESoCHARGER 

ONAN AUX ELECT DIESEL GEN UNIT 

ONAN AUX ELECT DIESEL GEN UNIT 

ONAN AUX ELECT _DIESEL GEN UNIT 

SUPPLY FAN NO 3 A.IC.oHE .. TING WING 2 

UT.eJTY PIPE TUNNEL WING 2 

PROPERTY 

X-55009 

X-55009 

X-55009 

X-55001 

x-55001 

K-55001 

X-55001 

X-54992 

x-54992 

X-54992 

x-83057 

X-83057 

X-83057 

JOB ORDER 

G3637E-AA 

G3637E-AA 

G3637E-AA 

G3637E-AA 

G3637E-AA 

G3637E-AA 

H9999E-13 

H4SOOE-01 

H4500E-K1 

H4500E-C1 

H4500E.-C1· 

H4500E-Cl 

H4500E-C1 

H4500E-C1 

H4500E-C1 

H4500E-C1 

H4500E-Cl 

H4500E-C1 

H4500E-C1 

H4500E-K1 

H4500E-K1 

H4500E-Kl 

H4500E-K1 

H4500E-E1 

H4500E-K1 

Ff~. 7. Reschedule List 

FOREMAN 

KEENEY 

KEENEY 

KEENEY 

KEENEY 

KEENEY 

KEENEY 

GENTRY 

WILSON 

GENTRY 

WILSON 

WILSON 

WILSON 

WILSON 

WILSON 

WILSON 

WILSON 

WILSON 

WILSON 

WILSON 

FAIR 

GENTRY 

GENTRY 

GENTRY 

·MONTGOMRY 

GENTRY 

STO liME 

72.6 

72.6 

72.6 

72.6 

396.6 

DATE SCHEDULED 

MAH 2«> 1'079 

MAR 26 1979 

MAR 26 1979 

JUN HI 1Y79 

MAR 26 1979 

AUG 6 1979 

JUL 9 1979 

APR 2 1979 

MAY 14 1979 

AUG 6 1979 

JUL 23 1979 

JUL 30 1<;179 

AUG 6 1979 

.JUL 23 1979 

JUL 30 1979 

JUN 18 1979 

AUG 6 1<;79 

JUL 23 1979 

JUL 30 1979 

JUN 18 1979 

AUG 6 1979 

JUL 23 1979 

JUL 30 1979 

MAY 28 1979 

MAY 14 1979 

,_. 
<D 
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and how critical the equipment is to the facility where it is located. 

This review is significant sin~e 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 gaintenance supervision. Care 

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

1 d .. d . 2 n 1v1 ual superv1sors. 

PERSONNEL 

The programmed maintenance staff is .organized under the Maintenance 

Engineering Department of the Plant and Equipment Division. A th:r~e-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, updati~g 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 luh-ri.c;;~nts best meet the 

requirements for each application. A sjgnificant part of hi~ time is 

spent on reviewing lubrication requests and determining the best lubri­

cants for specific research-oriented applications as well as for utility­

type equipment. 

2sorden M. Coulter, Developing A Sound Maintenance Program, Plant 
Engineering, May 29, 1975. 



21 

A maintenance planning specialist also develops programmed mainten­

ance instructions, and in addition, prepares data sheets for changing 

instructions and adding equipment, reviews and validates computer output 

and schedule cards before distributing to the work centers, provides 

equipment numbering sequences, and collects and prepares history data 

to document completion and extent of scheduled work. 

Field engineers and engineering specialists are available within 

the Division to assist programmed maintenance staff personnel with 

developing maintenance instructions and providing technical expertise 

when requested. Engineers at adjoining plant facilities within the 

Nuclear Division are consulted with regularity especially in areas such 

as lubrication requirements. 

The first-line supervisor is the key to satisfactory completion of 

all programmed maintenance assignments. It is his responsibility to dis­

tribute the individual schedule cards to his crew and determine the·pri­

ority since he is also responsible for repair maintenance. The first-

line supervisor will determine the ultimate success of the program be­

cause in addition to assigning jobs and supervising his crew, he is res­

ponsible for the interpretation of the programmed maintenance function 

and the attitude toward satisfying the program objectives. Over fifty 

first-line supervisors participate in programmed maintenance activities, 

some to a greater extent than others, depending on. the type crafts assigned 

and the facilities for which they are responsible. 

With this degree o:f involvement which includes some 400 craftsmen, it 

is not difficult to understand why the Division maintains an ongoing 

supervisory development program with significant emphasis on communication 

and. human relation skills. 

EQUIPMENT HISTORY 

The manpower, planning, and related efforts expended on the programmed 

maintenance function would be of.limited value without some procedure to 

measure results and record maintenance activity. An attempt was made when 

the program first started to control the programmed maintenance effort by 

using duplicate schedule cards. When the orieinal schedule card returned 
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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 

flexibility originally designed into the program. Designing a program with 

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 

ar:tivity 

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 act1v1ty. 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 f-rom 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 malntenance or non-scheduled re­

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

identifica~ion 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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card (UCN-10046A) is designed primarily for repair maintenance and in­

cludes mostly check~offs for repairing and replacing parts. The white card 

(UCN-10046B) is provided as a supplemental card for additional information 

or when the other cards do not appear adequate for the type of equipment 

being serviced. The cards may be interchanged; i.e., the repair card 

(UCN-10046A) may be used for scheduled maintenance although the information 

collected would not be as complete as it could be if the appropriate card 

were used. 

The manila history card (UCN-10046C) is actually printed on the re­

verse side of a schedule card (Fig. 9) and at the present time is used 

only for maintenance of machine shop equipment. It combines several fea­

tures from the other history cards. 

After a maintenance job has been completed and the history card filled 

in, it is returned to the Programmed Maintenance office and forwarded with 

scheduling data to CTC for processing. The history information is key­

punched and transferred to a disc storage unit located at the Computer 

Technology Center where equipment history accumulates until a request is 

made to review a part or all of the available records. 

Equipment history can be reviewed from the ORNL site by using a IBM 

2740 remote processing unit located in the Plant and Equipment Division 

office or by submitting a request to personnel at r.Tr. a~~ignA~ to developing 

programmed maintenance reports. 

The history report is available within minutes when requested from 

the IBM 2740 which is similar to a teletype unit. After the request is 

submitted by entering the equipment identification number, the disc unit 

is searched and transmits the ten most recent maintenance transactions 

listing them on the Maintenance History Report (Fig. 10). If a complete 

history report is needed, a request must be submitted to CTC personnel. 

A complete history report can usually be prepared within the day depending 

on how many pieces of equipment are included in the request. 

The report indicates if the maintenance activity was scheduled or 

repair work, the completion date, the craftsman completing the work, what 

work was required, the cost, and manhours required to complete the job. 

., 
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The history data, which is being collected on the program at this 

time, represents an accumulation of less than four years and is therefore 

somewhat limited when examined for equipment replacement justification. 

As the history records continue to accumulate, the trends usually sought 

for equipment and related eng~neering analysis will become more apparent, 

increasing the credibility of the Programmed Maintenance function. 

COMPUTER PROGRAMMING 

The computer program system for the maintenance scheduling is de­

signed to provide, along with the specific programmed-maintenance objec­

tives, a few additional points which served as the original criteria for 

developing the computer program. The major purposes for.which this pro­

gramming effort was undertaken are as follows: 

Original Programming Criteria 

1. To provide weekly schedule cards which clearly identify the equipment 

serviced, its location, the points of service to receive attention, 

and any material specifications associated with service requirements. 

Of the listing of total service requirements, only those points of 

inspection and service to be performed on any specific week of the 

scheduling appear on the schedule cards for that week. Space must be 

allowed for the craftsmen to record evidence of the service performed. 

2. To provide for a record of equipment specifications and manufacturers 

nameplate data. These data, along with the listing of service require­

ments make up the master data sheet and are maintained on magnetic 

tape as the master data record. 

3. To provide counting techniques for a wide range of service frequencies 

from one week to ten years. 

4. To provide for weekly scheduling. No attempt to define the daily work 

load will be made at this time. 

5. To skip scheduling the 13th week of each quarter to correct for the 

months having five weeks. Neither scheduling for nor counting of 

these weeks w:ill he required. This establishes 12 scheduling periods 
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per year with four weeks in each period. Scheduling is therefore 

performed on a 48-week year. 

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. The manpower level of craftsmen assigned to this work is 

kept flexible, ami 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. 

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

longor interval :Jchcdule~. Tlt.i!> .i::. ut:t:t::::.sary when an annual operat1.on, 

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

over a monthly schedule of checking the oil level. It is also appli­

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

an annual inspection. 

10. To provide for 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 dat:a sheets. 

15. To provide for optional listings of the master information. 
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A series of five computer programs named PROMUP, FORLIS, RESKID, 

RESFOR, and PROMLIS, have been developed to meet the above criteria and 

make up the ~rograrnrned Maintenance ~ystem (PROMSYS). The data are 

maintained on magnetic tape in the form of master records, where a 

master record is assigned a job number identified by a 12-digit equip­

ment location number containing data fields for a building number, a 

route within a building, a machine number and a sub-assembly number. 

The sub-assembly number is used to extend·the record when a piece of 

equipment contains more than 60 items of service. Data are entered in 

the form of punched cards, and output is in the form of printed lists and 

printed cards. The current programs are written in ANS COBOL for the IBM 

OS/ 360 computer and are briefly described as follows: 

Program PROMUP inputs update information in the form of punched 

data cards which are sorted in job identification sort order. The data 

are then merged with the master-tape information and a schedule is prepared 

for each week of requested scheduling. A master-output tape is written 

with the update information. Two additional tapes are written: 1) the 

printed schedule cards and 2) a one-line summary list of schedule informa­

tion. Program FORLIS, run as a second step of the PROMUP run, is used to 

sort the schedule tape information in foreman sort order and produce a 

list of the sorted information. 

Program RESKID is designed to add the one-line schedule information 

to a delinquent schedule master. As the work is performed the printed 

cards are returnecl a.ncl a punched card is prepared as input data to the 

RESKID program. The data are matched against the delinquent schedule 

master and are deleted from the master when a match is found. The remain­

ing master information is listed as past due work on an output list, in 

job identification sort order. Program RESOR prepares the same delinquent 

master list information in foreman sort order. 

Program PROMLIS provides for a variety of optional listings of the 

master information created by program PROMUP. 
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Program PROMUP 

Program PROMUP is designed in several sections which are used to 

maintain and update master tape information, scan master tape records and 

produce the appropriate schedule cards, print associated information 

lists, and list the entire master tape information upon request. The new 

master tape is created by blending information from an old master tape 

with input transactions formed from the programmed maintenance data sheets. 

The first record on the master tape contains a set of tables used to 

establish the skip-week data, define and update the calendar date, define 

the numerical equivalent of the frequency codes, and record the week of 

the next schedule due to be run on the new tape. The tables are followed 

by records where each record contains the information pertinent to one 

job identification. A detailed list of the master tape is given in 

Appendix A. 

An input data set is prepared by punching cards from input data 

sheets. The first card in the data set is used to control the flow of the 

program logic. The beginning schedule date, optional data input and 

optional master list output, along with the master tape control and season­

al item selection are included on the control card. The next set of input 

data is optional and updates the master tables upon request. The remain­

der of the data, also optional, are·punched from the programmed maintenance 

dat:a sheets. The data sheet input cards are blocked by the program into 

transaction records where one transaction contains all the update informa­

tion for one logical master record. The transactions are sorted by job 

identification and are merged with the master records in t.hat. nrrler. A 

list of the input data is given in Appendix B. 

As the input data are read from the sorted data set they are scanned 
' 

for some possible errors. If an error is encmmtered, a.n error message 

is printed and the data are deleted. Other errors may be encountered 

during the master record merge process. Again, an error message is printed 

and the erroneous data are not transferred to the master record. Some 

errors may be found in the tape record during the scheduling process, due 

to faulty tape writes, and are reported with an error message. A list of 

the possible error messages is given in Appendix r.. 
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For the initial computer run, no old master tape is available for 

updating. One of the control card parameters may be set to allow for th.is 

situation. Thereafter, the parameter is changed to allow the update of 

an existing master schedule tape. 

Start-Up Run 

When no old schedule master tape is available, a tape control code of 

"0" on the control card (See Appendix B) will cause the program to bypass 

the reading of an old master tape and proceed directly to the reading of 

input data for the master tables. When the tables have been read, the 

transaction data are processed. Only record-addition transactions (See 

Appendix B) are allowed during a start-up run, any other type of trans­

action constitutes an error. The addition of a record requires 5 header 

cards and from 1 to 60 item cards. 

Update of Master Tape 

Records may be added to or deleted from the schedule master tape, or 

information on an existing master record may be changed as a part of the 

update procedure. The master tables may be changed by setting the 

appropriate control card and entering the table cards as shown in 

Appendix B. If more than one table is entered during one computer run, 

the cards must be stacked in the order listed in the Appendix. The 

table cards should be placed immediately behind the control card. The 

c-.al P.ndar table must be changed each leap year to change the number of 

days in February from 28 to 29 and changed again the year following leap 

year to change the February days from 29 to 28. The skip-week table must 

be entered each year to reset the skip-week dates at the beginning of the 

week for the four skipped weeks. The frequency-code table will be changed 

at the request of the prugram user. 

The tape u~te, which is carried in the tables record, is the date 

of the next schedule to be run from the tape information. The date is 

compared with the schedule date given on the control card, and the 

computer run is aborted with the error message "WRONG CONTROL DATE FOR 

Tim TAPE DATED (Tape Date)" if the dates do not match. The tape date 
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which is normally calculated during a schedule run (skip-week dates 

are excluded), but the tape date may be changed by setting the table­

read control code on the control card to "7" and including a tape date 

card as shown in Appendix B. The tape-date card will also be read with 

the table-read control code is set to "6" which reads all of the table 

cards. 

Each job location record may store the information from S.header 

cards and from 1 to 60 work item cards. The header cards contain data 

that are pertinent only to the equipment at the given job location and 

have·no bearing on the work to be performed on the equipment. The item 

cards contain the information necessary to request a specified amount 

of work and are issued at the given point in a periodic schedule. Each 

item card may contain only one frequency code which determines the 

periodic cycle for scheduling thA work item, however, several it:ems may 

be entered on one job location containing different frequency codes. 

The type of data being entered (addition, deletion, or change) 

during an update procedure is determined by card-codes in columns 73 

and 74 of the first header card and column 73 of the item card. Th.;>! 

header card codes (see Appendix B) for column 73 are as follows: 

Code Function 

1 Add new record to the master tape 

2 Delete old record from the master tape 

3 Change header 1 of an existing record 

4 Change header 2 of an existing record 

5 Change header 3 of an existing record 

6 Change header 4 of an existing record 

7 Change header 5 of an existing record 

8 Read the next card as an item card 

9 Change the job location number 
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When codes 4 to 7 are used, the header cards to be changed should follow 

header card 1. The card codes for 74 of the first header card are ·as 

follows: 

Code Function 

1 Change the foreman on master record header l 

2 Change the work order number on master record 
header 1 

3 Change the foreman and work order number on 
header 1 

9 Signal for beginning of a new job location 
number when 1, 2, or 3 is not used 

Since. it is necessary for the program to determine which of the input 

data cards are header cards, any positive number in column 74 is used 

·to indicate a header card 1. No other data card may contain information 

in column 74. Enough card codes are given in the above list so that no 

card codes are needed for header cards 2 through 5. 

If header card 1 contains an "8" in column 73, the next card read 

is an item card, and updating is controlled by the item card codes in 

column 73 of the item card. The item card codes (See Appendix B) are 

as follows: 

Code 

1 

2 

3 

4 

5 

Function 

Add given item number. If an item already 
exists with the given item number, all the 
items with that number and higher are given 
the next highest item number. 

Delete the given item number. The items with 
higher item numbers than the given item are 
given the next lowest item number. 

Change item .. The master information is re­
placed with the card information for the given 
item number. 

Change standard time and craft code. Only the 
standard time and craft code on the master 
information are replaced with the card data 
for the given item number. 

Change start-schedule counter. The number of 
weeks b.efore scheduling occurs is replaced with 
the card data for the given item number. 
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Function 

Change frequency-code and start-schedule counter 
setting. The frequency-code and start counter 
in the master record are replaced with the card 
data for the given item number, and a new restart­
schedule counter is obtained from the master 
frequency-code table. 

The schedule master tape is arranged by job location number, and the 

input transactions are sorted in the same order. Master records are read 

from the master tape until a matching job location number is found for 

deletion or change transactions or until the job location number for an 

add-record transaction is in the proper sequential order. As each master 

record is moved into the computer core memory, it is first updated with 

the input transaction data (if such data are present) and then chec.ked 

for scheduling and output instructions. When all the desired action has 

been performed on the record, it is written on a new master tape, thus 

the old master tape may be retained for a backup copy. 

Scheduling of Work Items 

Part of the information obtained from the control card read at t.h~ 

beginning of the program (see Appendix B), is the date of the fir.st week 

to be scheduled during the computer run and the number of weeks to be 

scheduled. The computer calculates the actual dates of we-e-ks to he 

scheduled (starting from the date obtained from the control card) using 

the calendar table given in Appendix B. As each date is calculated, it 

is checked against the skip-week table. If a match is found, the date 

is omitted, and the next date is calculated. The omitted date is not 

included in the total number of weeks to be scheduled during the computer 

run. The scheduling procedure of the program scans the work items 

assigned to each jnh location number on the schedule master and detennines 

if the item is due to be scheduled. 

Work-item scheduling is accomplished through the combined use of 

the start-schedule counter and restart-schedule counter carried as part 

of each item is added or 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 (Weekly) 1 
2W 2 
6W 6 
M (Monthly) 4 

2M 8 
3M 12 
4M 16 
6M 24 
8M 32 

y (Yearly) 48 
2Y 96 
3Y 144 
4Y 192 
SY 240 
6Y 288 
7Y 336 
8Y 384 
9Y 432 
10 (10 Years) 480 
s (Standby) - 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 "0"; 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 irt order 

to repeat the schedule cycle. A standby item may be originally added 

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. 

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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to continue with a weekly schedule of adding oil to a crankcase if, on 

the same week, they were scheduled to drain and refill the crankcase. If 

a specified alternative item is due to be scheduled at the same time as a 

given item, the given item is not added to the schedule list, and the 

start-schedule counter is replaced by the restart-schedule counter as if 

the item had been scheduled. 

Restraints on scheduling an item may also be based on seasonal 

designations. The servicing of some equipment is seasonal; for instance, 

checking antifreeze protection is not done in the summer season and is 

designated a winter (W) item. The desired season for the upcoming weeks 

of scheduling is given on the control card so that variations in seasonal 

changes can be accounted for. A year with a late winter, for instance, 

requires checking the antifreeze protection for a few weeks longer than 

those years with an early spring. 

When seasonal items are ready for scheduling (indicated by reading 

a z.ero on the start-schedule counter), the season for the item is checked 

against the season on the control card. If the season does not match, 

the start-schedule counter is replaced with the restart-schedule counter 

with the item not being scheduled. If the season on the control card is 

left blank, or set to either an "A" or "0", all items due to be scheduled 

are scheduled regardless of their seasonal designation. Items with a 

season of "0" or blank space are not suhi~cted t9 th~ seasQnal restraint. 

When all items for one job location number have been examined, the 

appropriate information is transferred to the printed card list and the 

one-line schedule tape for use by program RESKID. The printed card in­

formation is written on a data set that is sorted in ascending date, 

foreman and job location number order before they are written on the 

printed card list tape. 

Output 

Output from the computer is in the form of printed lists and 

printed cards. The sorted transactions are listed before updating is 

performed. The updating procedure lists each update master record 

after the new data have been placed on the record and all items have 
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been scheduled. By setting the proper control (See Appendix B) the 

entire master tape may be listed during the update and schedule pro­

cedure. At the end of the run, the one-line schedule tape is rewound 

and.listed in job location number order. The next output is a foreman 

job summary where the number of jobs for each foreman for each week of 

scheduling is printed in tabular form with a total giyen at the end of 

the table. A list of the job records added and the job records de­

leted are given followed by the total number of job records on the 

master tape. 

If header card 1 code of "99" (change the job location number) is 

used, the master must be sorted to maintain the master tape job location 

number sort order. When this occurs, a summary list of the master is 

printed after the sort is complete. 

The card data are passed to a disk data set during the scheduling 

procedure and sorted in mechanical equipment or non-mechanical equipment, 

schedule date, foreman name and job location number order. The sorted 

data set is written on a magnetic tape and removed to an off-line printing 

computer, where the mechanical equipment jobs are written on the back of 

a preprinted continuous card form and the remainder of the schedule is 

printed on a plain continuous card form. The cards are then torn apart 

to be sent to the field foremen. 

The one-line schedule tape is passed to a second step of the computer 

run where program FORLIS sorts the information in foreman sort order and 

prints the sorted data set on an outp1..1t list. 

A flow diagram for program PROMUP is shown in Figure 11. 

Program RESKID 

Delinquent work lists are listings of programmed-maintenance and 

assignments that have not been completed by the maintenance crews. 

Provision has been made for furnishing the delinquent lists on whatever 

frequency is deemed necessary, although a monthly review of delinquent 

work is considered desirable. Work that has not been completed within 

30 days of its scheduled date is considered delinquent. With the 
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delinquent lists, foremen and other departmental supervisors can keep 

~urrent with the status of the work. (Fig. 12) 

Program RESKID (Fig. 12) is designed to maintain a master tape 

of delinquent information on all jobs scheduled that are not considered 

as work completed. Schedule information is transmitted from program 

PROMUP through the one-line schedule tape, placed on the delinquent work 

master tape and deleted from the master tape through punched delete cards. 

When the printed cards, produced by program PROMUP, are sent to the 

field, the work items shown on the card are performed by the maintenance 

craftsmen. Uport tomp1et1on of the work, the craftsmen returns the cards 

to the foreman, who returns the cards to the computer group. A punched 

card is prepared from the returned printed card and is used as input for 

the RESKID program (delete card). The delete cards are sorted in job 

location, schedule date sort or<;iE;l!' an<;l a.:re matched against the delinquent 

work master tape until a match is found for both job location number and 

schedule date. When the match is found, the schedule information is 

deleted from the master tape. The remainder of the master tape informa­

tion is printed as the delinquent list and sent to the foreman in charge 

of the work. A new delinquent work master is created each time informa­

tion is added from the one-line schedule tape or deleted by the punched 

delete cards. The information recorded on one master tape record is 

shown in Appendix A. The punched delete card is shown in Appendix B. 

The flow of the program logic is controlled by control parameters obtained 

from the first input data card (control card) as shown in Appendix B. 

When no old master tape is available, a master tape is originated 

by setting the master-tape-control code to "0" on the control card and 

providing a one-line schedule tape from program PROMUP. The control 

card schedule-tape control is set to "1" (schedule tape infor.ma.tion to 

be added to the master). The data from the schedule tape is transferred 

to the delinquent work master tape and a list of the tape is given as 

output. 

It is possible for three separate input conditions to occur during 

an update run; either the schedule tape is available, the delet.ion cards 
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are available or both the schedule tape and the deletion cards are avail­

able. The tapes and data input are manipulated by the combined use of the 

card-input-control and the schedule-tape-control code on the control card. 

If deletion cards are available, they are stacked behind the control card; 

if the cards are not available, only the control card is entered as data. 

The master tape is always ordered according to job location number with a 

subsort on schedule date (dates are in alphabetic order, not calendar 

order). The deletion cards are sorted by the program in the same order 

as the master tape before being used to delete master records. If a de­

letion card is entered and a matching job location number and schedule 

date cannot be located on the master tape, an error message is printed and 

a new delete card is punched to be included in a subsequent run. Th;i,s 

corrects the situation where a printed data card is returned before the 

schedule information is added to the master tape information. 

Any errors encountered during an update run are listed (see Appendix 

C for possible errors), and a list of new master information follows the 

error list. A master-tape-control code of "2" is used to omit the up­

dating function and to list the information contained on the master tape. 

In this procedure the master tape to be listed is placed in t.he "new" 

master tape position for reading, and the new master tape is not created. 

A second program RESFOR, is run as a second step of the c:.ompute:r 

run and is used to sort the newly created master tape in foreman sort 

order. The information is listed after the sort is complete. 

A flow diagram for Program RESKID is shown in Figure 12. 

Program PROMLIS 

Since the schedule master tape tends to become rather lengthy, it 

is desirable at times to be able to look at specific portions of the 

master tape records without taking a full master tape list. Program 

PROMLIS has been designed to produce optional tape lists, using a 

punched control card to determine the type of list desired from the 

schedule master tape produced by program PROMUP. The form of the con­

trol card is shown in Appendix B. 
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One of the parameters on the control card is the list option code and 

the options are as follows: 

Code 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Option 

List all of the master tape records. 

List selected master records from a beginning job 
location number thro.ugh an ending job location 
number. 

List the master records containing a selected fore­
man. 

List the master records containing a selected work 
order number. 

List the master records belonging to a selected 
equipment class. 

List the master records with a selected route 
number. 

List the master records with a selected route 
number, sorted by property number. 

List the master records with a selected work order 
suffix. (Last two digits of the work order number). 

List the master records whose work items contain 
an alternate item number. 

List the master records whose work items contain 
a seasonal designation. 

When the chosen option requests a selected option list, a selection 

card must follow the control card to specify the selection. The form 

of the selection cards is shown in Appendix B. 

At times it is necessary to see the full representation of the 

master record and at other times only a one-line summary list is needed. 

A second parameter on the control card provides for the output to be a 

full master record or a summary list. The parameter values are given in 

Appendix B. 

Although space is provided on the control card for a run date to be 

entered, the dat.P. is used for card reference only. The output list 
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date is obtained from the tape date in the first record on the master 

tape. 

The only error messages included in the program are for failure to 

include input control or selection cards and the mounting of a master 

tape with no records on the tape. The error messages are given in 

Appendix C. 

The flow diagram of program PROMLIS is shown in Figure 13. 

Maintenance History Programming 

Seven computer programs have been developed to maintain and retrieve 

history of programmed maintenance and repair work. This history is 

stored on magnetic tape in the form of a master record which is identified 

by a ten position equipment number. Each piece of equipment retains up 

to 52 occurrences of history which contain information about the scheduled 

and completion dates, the person who performed the work, the type of work, 

and a description of the work performed (F:lg. 14). The current programs 

are written in ANS COBOL for the IBM OS/360 computer and are described 

as follows: 

BSD02037. The update program reads history information in the form of 

punched data cards. Each history card is added to its corresponding 

equipment master record, if there is a corresponding equipment number on 

the PROMUP master file. An activity report #2380 is printed and an up­

dated programmed maintenance master file is written on magnetic tape. 

This updated file is the basis for the other programs in the PM history 

system. (Fig. 14) 

BSD02040. This program is used when PM history is needed for selected 

classes of equipment. The selected classes are fed into the system via 

punched data cards. The PM history master file is read to pick off the 

pieces of equipment that are in the selected classes. These selected 

histories are then sorted in class and PM number order and report #2381 

is written. (Fig. 15) 

BSD02076. When changing PM numbers, the PM number to be changed and the 
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FIG. 14. PM HI STORY MASTER TAPE RECORD 
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new PM number are read by this program in the form of punched data cards. 

The updated PM master is read until the equipment number to be changed 

is found. The number is then modified, the master file is sorted, and 

a new PM history master file is written. (Fig. 16) 

BSD02041. This program is used when PM history is needed for selected 

pieces of equipment or a listing of the complete history file. Punched 

data cards are used to tell the program which pieces of equipment to 

select from the PM history master file. Report #2382 lists the selected 

historical data. (Fig. 17) 

BSUU2U!>2. Labels for PM equipment can· be printed for selected pieces of 

equipment or the entire file. These equipment numbers are read into the 

program as punched data cards. Descriptive information to be printed on 

the labels is extracted from the master file and written to magnetic tape. 

This tape is then processed off-line to print the labels. (Fig. lR) 

BSD02038. This program uses the dataset created in BSD02039 (Fig. 19) to 

retrieve PM history via an IBM 2740 remote terminal. When a request for 

history is made, this dataset is searched and the ten most recent occur­

rences of maintenance history are listed on the remote terminal. 

CONCLUSIONS 

In attempting to evaluate the effectiveness of the programmed main­

tenance functions, the objectives listed at the beginning of this report. 

are reviewed routinely to determine if the present level of performance 

meets all program objectives. A recent review confirmed that the present 

level of performance appears to support the program objectives with 

possibly one exception. The amount of control over job performance is 

somewhat limited with9ut a formal programmed maintenance :.:t.udit procedure 

to ascertain if all job requirements were completed, if the job instruc­

tions are being consistently interpreted as intended, and if the frequency 

can be extended without any significant loss in equipment reliability. 

An audit procedure will be developed within the next three months to pro~ 

vide the additional control necessary to maintain an effective program. 
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Programmed maintenance has been an effective tool for optimizing 

manpower and providing a high degree of equipment reliability for the 

past seventeen years. A primary reason for the success of the program· 

is the flexibility designed into the program. The amount of flexibility 

was required to provide service for unique research equipment in addition 

to standard industrial equipment. 

The responsibility for performing quality work on the schedule re­

quested rests with the first-line supervisor. The supervisor's working 

in conjunction with the programmed maintenance staff to provide feedback 

d f h . . 1 3 ata or t e program 1s essent1a . 

The continued effectiveness of Programmed Maintenance at Oak Ridge 

National Laboratory will depend not only on improved scheduling and data 

collecting techniques but will depend just as much, if not more, on the 

attitude of foremen and craftsmen responsible for completing the assign­

ments. All must understand why the job they are doing is essential and 

worthy of their best efforts. 

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 

OS Month X (3) 
OS Day 99 

02 Table 2 
n:; Cahnd:u OCCUl'G 

04 Date 
OS Month X (3) 
05 Duy 99 

02 Table 3 
03 Schedule-code occurs 24 times 

04 Codes 
05 Frequency code XX 
OS Frequency time 9 (3) 

02 Tape-date X(9) 

JOB RECORD 

01 Master rccnrn 
02 Header 1 

03 Job location 
04 Building X (5) 
04 Route XX 
04 Machine number X(4) 
04 Sub-assembly X 

03 Description X(35) 
03 Property number X(7) 
03 Foreman X(9) 
03 Work-order number X(9) 

02 Header 2 
03 Equipment manufacturer .X(25) 
03 Model number X (8) 
03 Type X(6) 
O:J ::ilze X(6) 
03 Serial number X(l4) 
03 Vendor X(13) 

02 Header .3 
03 Function X(45) 
03 Shaft size X(6) 
03 Dimension X (15) 
03 Quality Level X 
03 Spare data field X(S) 



53 

JOB RECORD - contd. 

02 Header 4 
03 Motor manufacturer 
03 Horsepower 
03 RPM 
03 Volts 
03 Amperes 
03 Phase 
03 Cycles 
03 AC or DC 
03 Motor type 
03 Service factor 

02 Header 5 
03 Motor property number 
03 Motor serial number 
03 Frame number 
03 Motor model 
03 Motor class 
03 Motor style 
03 Motor code 
03 Design 
03 Design 
03 Temperature 
03 Spare data field 
03 Equipment class 

02 Number of work items 
02 Item occurs 1 to 60 times depending on 

03 Point of service 
03 Lubrication 
03 Fitting 
03 Number of fittings 
03 Frequency code 
03 Start schedule counter 
03 Alternate i tern: 
03 Standard time 
03 Craft code 
03 Remarks 
03 Season 
03 Restart schedule counter 

Program RESKID (Delinquent Work Master Tape) 

RECORD 

01 Master 
02 Master number 

03 
04 
04 

Location 
Building 
Route 

X (20) 
X(6) 
X(9) 
X (11) 
X(8) 
XX 
XX 
XX 
X (6) 
X(6) 

X (7) 
X (16) 
X (6) 
X (10) 
X(6) 
X(6) 
X (4) 
X ( 4) 
X ( 4) 
X(S) 
X (5) 
X (3) 

number 
X (3) 
XX 
X (3) 
99 
XX 
9 (3) 
99 
9(3)V9 
99 
X(l8) 
X 
9 (3) 

X (5) 
XX 

of work i terns 



RF.CORD - contd. 

04 Machine 
04 Sub-assembly 

03 Schedule date 
04 Month 
04 Day 
04 Year 

02 Equipment Class 
02 Description 
02 Property number 
02 Foreman 
02 Work order number 
02 Total standard time 
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X (4) 
X 

X(3) 
99 
9 (4) 
X (3) 
X(35) 
X (7) 
X(9) 
X(9) 
9(5)V9 

The numbers to the left of the data description are dat.R-level 

numbers, where the higher level numbers represent data pertinent to the 

preceding lower level numbers. The numbers to the right of the data 

description represent the amount and type of information to be entered 

in the data field; for instance, a "9" represents one character of 

numeric information and an "X" represents one character of alphanumeric 

information. The numbers enclosed in the parenthesis indicate the number 

of times a "9" or "X" is repeated; thus a 999 or 9(3) will reserve three 

spaced for numeric data. A "V" inserted in a series of 9's is an assumed 

decimal point. The data field 99V999 may contain the nuinber 64.92 or 

8.56 but. cannot contain the number 237.8. The "occurs" clause indicates 

that all the following higher level numbers of data will be repeated 

times. For example the term: 

02 Item occurs 1 to 60 times depending on number of work items 
03 Point of service X(30) 

Q 

0 

03 Restart schedule counter 9 (3) 

will reserve a variable number of items and associated data. The minimum 

number of items will be 1 and the maximum number of items will be 60. The 

actual number of items stored on the tape will depend on the valuP. in the 

data field: 

02 Number of work items 99 

.. 
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APPENDIX B 

INPUT DATA CARDS 

Data 

Tape control code 
0 - Startup (no old master) 
l - Update master and schedule 
2 - Schedule only (no input data) . 

Blank 
Month 
Day 
Year 
Blank 

Date of first week to be scheduled 
Date should be a Monday 

List control code 
0 - List updated records only 
l - List all of master tape 

Blank 
Table-read control code 

0 - Do not read tables 
l Read skip-week table 
2 Read calendar table 
3 Read frequency table 
4 Read skip-week and calendar tables 
5 .Read calendar and frequency tables 
6 - Read skip-week, calendar, frequency 

7 
Blank 
Season 

and tape-date 
Read tape-date 

S - Summer 
W - Wj.nt.Ar 

A, 0, or blank - all seasons 

tables, 
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TABLE CARDS 

Skip-week Table (one card required) 

Column 

1-3 
4-5 
6-9 

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

Data 

Month (alphabetic) 
Day (numeric) 
Month 
Day 
Month 
Day 
Month 
Day 

NOTE: Four skip-week dates per year will be supplied by the 
programming maintenance staff. The table should be changed 
at the beginning of the year. A sample of the skip-week 
table is: 

MAR20JUN19SEP18DEC18 

Calendar Table (one card required) 

Column 

1-3 
4-5 
6-8 

9-10 
0 

0 

0 

56-58 
59-60 

Data 

Month (alphabetic) 
Number of days in month (numeric) 
Month 
Numbor of days in month 

Month 
Number of days j,n month 

NUTJ::: The calendar table should be changed at the beginning of 
each leap year and the year following leap year. The 
calendar for a non-leap year is: 

~AN31FEB28MAR31APR30MAY31JUN30JUL31AUG31SEP300CT31NOV30DF.C.31 
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Frequency Table (two cards required) 

Column Data 

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

8-10 Frequency time 
0 

56-57 Frequency code 
58-60 Frequency time 

NOTE: The frequency table should be changed at the request of 
the programmed maintenance staff. The current table 
follows: 

Tape 

JOB 

W0012W0026W006 M0042M008M0124M0166M0248M032 
Y0482Y0963Yl444Yl925Y2886Y2887Y3368Y3849Y43210480 S -1 

Date Card 

Column Data 

1-3 Month 
4-5 Day Date of next schedule run 
6-9 Year 

EQUIPMENT DATA 

Header Card 1 (First line of data sheet) 

Column 

1-5 
6-7 

8-11 
12 

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

73 

Building 
Route 

Data 

Equipment number 
Sub-assembly number 

Equipment description 
Property number 
Foreman 
Work order number 

Equipment location number 
Some typical numbers are: 

5408 210285 
EGCR 010345A 
4500N011011B 

First card code on Header Card 1 
1 Add this piece of equipment 
2 - Delete this piece of equipment 
3 - Change header card 1 
4 - Change header card 2 
5 - Change header card 3 
6 - Change header card 4 
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.JOB EQUIPMENT DATA - contd. 

Column 

74 

Data 

.7- Change header card 5 
8 Read item card for this piece of 

equipment and follow the instructions 
in column 73 of that card. 

Second card code on Header Card 1 
1 - Change foreman on header 1 
2 - Change work order on header 1 
3 - Change foreman and work order on header 1 
9 - Indicator for header card 1 when code 1, 

2, ur 3 is not used. If 1, 2, or:) is 
used the first code must be 3. 

Header Card 2 (Second line of data sheet) 

Column Data 
_ _c._;;_;___;_;__ ________ ~_:_,:.;.-----,~~---· -···-· .. ·-·····-··················· 

1-25 
26-33 
34-29 
40-45 
46-59 
60-72 
73-74 

Equipment manufacturer 
Model number 
Type 
Size 
Serial number 
Vendor 
Blank 

Header Card 3 (Third line of data sheet) 

Column 

1-45 
46-51 
52-66 

67 
68-74 

Data 

Funct;ion of the equipment 
Shaft size 
Dimensions 
Quality level 
Blank 

Header Card 4 (Fourth line of data sheet) 

Column Data 
--~~-----------------------

1-20 
21-26 
27-35 
36-46 
47-S4 

Motor manufa~..:turer 
Horse power 
Speed, rpm 
Volts 
Load, amp 
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JOB EQUIPMENT DATA - contd. 

Column Data 

55-56 Phase 
57-58 Cycles 
59-60 AC or DC 
61-66 Motor type 
67-72 Service factor 
73-74 Blank 

Header Card 5 (Fifth line of data sheet) 

Column Data 

1-7 Motor property number 
8-23 Motor serial number 

24-29 Frame number 
30-39 Motor model 
40-45 Motor class 
46-51 Motor style 
52-55 Motor code 
56-59 Design 
60-64 Temperature-rise rating 

_, 70-72 Equipment classification 
1 - Air Conditioning 
2 - Pumps 
3 - Compressors 
4 - Generators 
5 - Heaters (heat exchangers) 
6 - Valves 
7 - Lights 
8 - Buildings 
9 - Fans 

10 - Manipulators 
11 - Monitors 
12 - Filters 
13 - Gates 
14 - Air system 
15 - Electrical 
16 - Motors 
17 Materials-handling equipment 
18 - Hoists 
19 - Cranes 
20 - Elevators 
21 - Doors 
22 - Mixers 
23 - Shop equipment 
24 - Strainers 

73-74 Blank 
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Sixth and subsequent lines of data sheet for maintenance instruction 

Column 

1-2 

3-32 
33-34 
35-37 

38-39 

40-41 

Data 

Item number - up to 60 items of maintenance 
instruction may be used. When more than 60 
items are required, multiple equipment location 
data sheets should be submitted and coded or 
numbered sequentially in the subassembly block 
of the equipment-location section for header 
card 1. 
Point of service of maintenance instructions 
Lubricant code 
Type fitting: 

BHF - Button-head fitting 
CLO - Constant-level oiler 
GC - Grease cup 
~F - ~rA~~~ fttring 
GFF - Grease flush fitting 
LS - Lube screw 
OC - Oil cup 
OH - Oii hoie 
OR - Oil reservoir 
SGC - Screw-down grease cup 
CO - Spring oiler 

Number of points to be serviced, as the number 
of fittings, the number of drive belts, or the 
number of filters 
Code for service frequencies: (See Frequency 

Code Table) 

Schedule 
Code Intorproto.tion Cntmter 

w Every week 1 
2W Every 2 weeks 2 
M Every month 4 

6W Every 6 weeks 6 
2M Every 2 months 8 
3M Every 3 months 12 
4M Every 4 months 16 
6M Every 6 months 24 
8M Every 8 months 32 

y Every year 48 
2Y Every 2 years 96 
3Y Eve:ry 3 years 144 
4Y Every 4 years 192 
SY Every s YP.<ITS 240 
6Y Every 6 years 288 
7Y Every 7 years 336 
BY Every 8 years 384 
gy Every 9 years 432 
10 Every 10 years 480 
s Standby - no service -1 



Column 

42-44 

45-46 

47-50 

51 

52-53 

61 

As the computer scans the master tape during the 
scheduling procedure, the schedule counter is 
reduced by 1 each week until the counter reaches 
"0", at which time the service item is printed 
on a schedule card. The computer than resets 
the counter to the appropriate frequency. 

Data 

Start: the number of weeks to elapse before 
scheduling is to commence for each line item. 
The weeks are counted from the date in the upper 
right corner of the data sheet and may start with 
0 for immediate scheduling. A negative number is 
used when the line of data is not to be printed 
on a schedule card. 

Alternate item: these columns are used when 
two items of service are related and one should 
periodically take precedence over the other. 
To illustrate: if Item 12 states "check oil 
level and add as required" on a weekly schedule, 
and Item 13 states "drain and refill crankcase" 
on a six-month schedule, there would be meaning­
less duplication if both items of instructions 
were printed on a six-month interval. By in­
serting a "13" in columns 45 and 46 of line 
Item 12, we are giving an instruction to 
schedule and print Item 12 until Item 13 becomes 
due on the same week. At that time, Item 13 
takes precedence, and Item 12 is not printed 
out on the schedule card. 

Standard time: man-minute time estimates for 
each point of service. Minutes are shown in 
columns 47, 48, and 49. Tenth of minutes are 
shown in column SO. The decimal is automatically 
programmed to fall between columns 49 and SO. 

Blank 

Craft codes 

Code 

22 
23 
26 
27 
28 
29 

Interpretation 

Sheet metal 
Welders 
Electricians 
Substation Operators 
Pipefitters 
Millwrights 
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72 

73 

Code 

30 
31 
33 
34 
35 
38 

62 

Interpretation 

Boilermakers 
Painters 
Riggers-Iron Workers 
Laborers 
Carpenters 
Auto and Equipment Mechanics 

Remarks: instructions and supplementary in­
formation to assist the foreman and craftsman 
in performing the job assigned. This space is 
often used for stores stock numbers on replace­
ment parts, for materials specifications 
information, for trade-name data, and for other 
miscellaneous data. 

Season: the letters "W" and "S" are used to 
specify winter or summer service that is dis­
continued during the off-season. The 
programming_ is set up to print these service 
i terns only when seasonally appropriate, 
To illustrate: requests for monthly checks 
on antifreeze protection would be designed 
with a "W" for winter service and would not be 
required during the summer months. Programming 
deletes the out-of-season service requests. 

Item card code: when code 8 (for reading item 
cards) has been used on the first line of the 
data sheet, the following codes are used on the 
appropriate line items of points of service: 

Code 

1 
2 

3 
4 
5 
6 

7 

Add the item (full line) 
Delete item (note that remaining item 
numbers will automatically be 
renumbered; therefore, multiple de­
letions must be listed in reverse 
numerical sequence) 
Change item (full line) 
Change time and craft code 
Ch~mge ~eason 
Change counter start time (show plus 
or minus the number of weeks change 
Tequiretl) 
Change frequency and counter setting 



Program RESKID 

CONTROL CARD 

Column 

1-3 
4-5 
6-9 

10 
11 

12 
13 

14 
15 

16 
17-25 

26 
27-35 

DELETION CARDS 

Column 

1-5 
6-7 

8-12 
U-15 
16-17 
18~21 

63 

Data 

Month 
Day 
Year 
Blank 

Date of last schedule entered 
during run 

Tape control code 
0 - Startup (no old master tape available) 
1 - Master tape to be read 
2 List master tape only. Place master to 

be read in position of "new" master. 
Blank 
Schedule tape control 

0 - Do not add schedule tape in update run 
1 - Add schedule tape in update run 
2 - Sort schedule tape in job location number, 

schedule date order and add sorted 
information in update run. 

Blank 
Card Control 

0 - No delete cards to be read 
1 - Sort input delete cards in job location 

number, schedule data sort order before 
reading. 

Blank 
DMDATE: delete any records previous to this 

date from the master tape. 
Blank 
DTDATE: delete any punched cards with a date 

previous to this date: 

Data 

Building 
Route 
Machine number 
Month 
Day Schedule date 

·Year 
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CONTROL CARD 

Column 

1-3 
4-5 
6-9 

10 
11-12 

13 
14 

64 

Month 
Day 
Year 
Blank 
List option 

Data 

0 - List all of the master tape 
*1 - List selected portion of master tape 
*2 - List selected foreman 
*~ - List selected work order number 
*4 - List selected equipment class number 
*5 - List selected rout.e number 
*6 - Lj st. se 1 ec.t.ecl rout.P. numhP.r in p:rope:rty 

number sort order 
*7 - List selected work order number suffix 

(last 2 digits) 
8 - List records with alternate number in 

item of service 
9 - List records with season in items of 

service 
Blank 
List type 

1 - Full record list 
Any other character - list summary of 
records 

*These options require card3 following the control card. 

SELECTION CARDS 

Selected portion of the master tape 

Column 

1-12 
13 

14-25 

Data 

Start-print location number 
'Blank 
End-print location number 

Selected foreman card 

Column Data 

1-9 Foreman ' s name 
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Selected work order card 

Column Data 

1-9 Work Order Number 

Selected equipment class card 

Column Data 

1-3 Equipment class number 

Selected route card 

Column 

1-2 Route number 

Selected work order suffix 

Column 

Data 

Data 

1-2 Suffix (last 2 digits of work order number) 
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APPENDIX C 

ERROR MESSAGES 

Program 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 I·ICADCR CARD ~ f70R 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 CHANGE 
WRONG CARD FOR STARTUP RUN 
RECORD NUMBER IS NOT ON MASTER TAPE 
RECORD NUMBER IS ALREADY ON MASTER 
MORE THAN 60 ITEMS 
FREQUENCY CODE IS NOT IN 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 

Program RESKID 

NO CONTROL CARD 
SCHED TAPE ALREADY ON MASTER 
RECORD IS NOT ON MASTER TAPE 
MONTH PUNCHED WRONG ON CARD 

Program PROMLIS 

NO CONTROL CAAD 
NO LIST 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 utilizing Programmed Maintenance Schedule Cards (PMSC) 
and Programmed Maintenance History Cards (PMHC) in providing the de­
tailed check list to accomplish lubrication, inspection and similar 
repetitive maintenance activities. Scheduling is provided by utilizing 
electronic data processing equipment. 

II. GENERAL: 

A. Quality Requirements - Each piece of equipment in the PM system 
shall be assessed to determine QA effort to apply in maintaining 
the equipment (QA-L-100). 

B. Deviations and Non-Conformances - Shall be handled in accordance 
with QA-PE-6/D.l.ll titled "Nonconformance and Deviation". 

C. Quality Assurance Audits - QA audits shall be conducted to as­
certain that equipment is being maintained to meet the assigned 
quality requirements. 

D. Documentation - Documentation shall be accomplished through the 
ORGDP Computer program and information retrieved through the ORGDP 
program as well as through the computer terminal in Building 2518. 
Temporary file points shall be maintained at the work centers for 
PM cards that are in work process. A Master Equipment Listing 
File for all equipment that is on the PM system shall be maintained 
by the PM staff in Building 2518 (Refer to P & E Document Control 
Procedure, QA-PF.-~/0.1.12). 

E. Definitions and Descriptions 

1. Programmed Maintenance (PM) - PM is the detailed planning, 
scheduling, and accomplishment of inspections, adjustments, 
lubrication, reconditioning and other repetitive maintenance 
activities of the Plant and Equipment Division that are 
carried out according to specific service recommendations 
intended to prevent failures in service and to retard wear 
and deterioration of equipment. 

2. Programmed Maintenance Schedule Cards (PMSC) Fig. 1. 

This is a computer output card containing the following in­
formation: 

a. Date PM is scheduled. 

b. Responsible foreman. 

Q 
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PROGRAMMED MAINTENANCE 

c. Quality Requirements. 

d. PM number consisting of a three-part number: 

e. 

f. 

g. 

h. 

i. 

J. 

The 

(1) First 4 digits designate the building number. 

(2) The next set of digits indicate the floor level 
where the equipment is located, 

(3) The last three digit.s designate an exact equip­
ment location on that floor level and can be 
verified by reviewing PM equipment designation 
route sheets for any particular building. 

Equipment nescripti.on. 

Property Number. 

Job Order Number. 

Item Number. 

Point of Service. 

Type of lubricant, type of fitting, number of items 
to service, frequency of service and remarks. 

following codes and corresponding range of frequencies 
can vary from weekly to a ten-year interval as shown in 
table below: 

CODE FREQUENCY 

w Every week 
2W Every two weeks 
M F.vcl'y month 

6W Every 6 weeks 
2M Every 2 months 
3M Every 3 months 
4M Every 4 months 
6M Every 6 months 
8M Every 8 months 

y Every year 
2Y Every 2 years 
3Y Every 3 years 
4Y Every 4 years 
5Y Every 5 years 
6Y Every 6 years 

,, 
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PROGRAMMED MAINTENANCE 

3. 

CODE 

7Y 
8Y 
9Y 

lOY 
s 

FREQUENCY 

Every 7 years 
Every 8 years 
Every 9 years 
Every 10 years 
Standby -- no service 
scheduled 

The PMSC's are printed· every two weeks and indicated at the 
top of the card the week for which the work has been scheduled. 
The time allowed for completion of the job is dependent on the 
frequency indicated on the schedule card. If the card indicates 
only weekly service, then the weekly items must be completed 
within that week. The time allowed for the completion of the 
established frequencies should be as indicated by the following 
table unless situations arise, such as shutdown, etc., when 
maintenance will be performed that will not necessarily follow 
the PM schedule. 

Scheduled Time Allowed For 
Frequency Completion 

Weekly Regular day within the week 
2 Weeks ± 2 days 
Monthly ± 5 days 
2 Months ± 8 days 
3 Months ± 2 weeks 
4 Months ± 2 weeks 
6 Months ± 3 weeks 
Yearly ± 4 weeks 

Programmed Maintenance Historl Cards (PMHC) Fi~s. 2-4 

A PMHC must be completed for any PM job, scheduled or non­
scheduled. The PMHCs have been designed to assist the crafts­
man and foreman in furnishing information pertaining to the 
maintenance history for a specific piece of equipment. This 
information is accumulated and stored on computer tape for 
retrieval as needed. 

a. The orange PMHC (Fig. 2) should be used for routine 
programmed maintenance and has been designed to in­
clude items such as checking and adding lubricants, 
filter replacement, etc. 

b. The blue PMHC (Fig. 3) should be used for non­
repetitive maintenance such as breakdowns, motor 
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replacement, and bearing replacement. It is important 
that a history card be filled out for non-repetitive 
maintenance so that the history records will be complete. 

c. The white PMHC (Fig. 4) is available to furnish history 
data when additional information would be more appro­
priate to reflect an accurate history record. This card 
has several spaces providP-d for write-in infnrm~tinn 
and can be used in place of the orange or blue cards or 
used as a supplement to either card which provide a 
c. heck list only. 

III. OBJECTIVES: 

A. Reduce equipment downtime. 

B. Provide Maintenance costs for individual equipment by retrieval 
through t~e P & E computer terminal. 

C. Standardization of equipment, parts and lubricants. 

D. Provide a history of maintenance activities. 

E. To effect economies in the use of manpower and materials. 

F. Reveal problems before equipment failure. 

G. Provide standard times to perform maintenance. 

IV. RESPONSIBILITIES: 

A. The Programmed Maintenance staff shall be responsible for the 
following: 

1. Issuing the PMSCs and PMHCs (on request) to the Work 
Center. 

2. Supplying input data to the Central Data Processing 
Facility when it is necessary to update a PMSC to 
reflect revised or new informat1on. 

3. Check the output and the schedule before submitting 
schedule cards to the field. 

4. Provide floor plans, containing equipment check route 
to the work center. 

5. Provide computer data to check work completed against 
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 req~ired. 

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 . 

NOTE: 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. This 
is necessary to delete the superseded PMSC 
from the backlog list. 
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2. Ascertaining that PM scheduled for equipment is completed. 

3. 

4. 

5. 

Completion is noted by checking item on PMSC and PMHC. 
See Figs. 1-4 (Attached) for sample of completed PMSC and 
PMHCs. 

NOTE: When Block No. 57 is checked on PMHC, this in­
dicates that all equipment has been serviced as 
~r~~ifi~rl nn PMSC. Block No. 58 is tu b9 checked 
when repair w·ork is done to equipment other than 
scheduled PM. 

Ascertaining that white PMHC (Fig. 4) is completed listing 
service performed on equipment not appearing on PMSC. 

Returning cards to work center supervisor. 

Reporting equipment not on PM that should be on PM. 

6. Maintaining a supply of PMHCs and making certain each 
craftsman performing PM is issued PMHCs at the time the 
PMSGs are issued. 

7. Notifying PM staff if the information on the PMSC is 
incorrect or not appropriat~ or if a change in frequency 
would be more applicable, 

D. The craftsman shall be responsible for the following: (Figs. 1-4) 

1. Completing a PMHC for each PMSC. In instances when the 
craftsman is _w1able to complete the PMHC, because of in­
sufficient information, the work center supervisor shall 
finish completing the PMHC. 

Following are some clarifications of instructions appearing 
on the PMSC: 

a. Check shaft alignment. This is considered a visual 
check unless tolerances are provided. 

b. Check belt wear, tension, and alignment. This is 
a visual check unless the equipment may be readily 
shut down. 

c. Check filters and change as required. (On air 
conditioning equipment, dust-stop filters should 
be changed unless it is known that they have been 
recently changed.) 

• 

,, 
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d. Check and clean motor, fan, etc. This is considered 
surface cleaning and not a disassembly. 

e. Check electrical components. This is the device and 
its associated starter or switch: Includes cleaning, 
tightening and adjusting. 

2. Recording PM number in proper blocks just as it appears on 
PMSC. 

3. Recording date on PMHC in proper blocks just as it appears 
on PMSC. 

4. Completing all the items listed on the PMSC by checking 
off each item on PMSC and PMHC as they are completed. 

NOTE: When information is unknown, refer to statement 
D-1 above. 

5. Listing additional maintenance information on white PMHC 
(Blocks #11-49, Fig. 4). 

6. Indicating if work is PM (Block #57) or repair (Block 
#58), never both. 

7. Marking block #50 on white PMHC when equipment is not 
serviced or scheduled and writing a note of explanation 
on both cards (PMHC and PMSC). 

8. Using lubricants as shown on PMSC. For questions, contact 
PM office (Phone- 4-4274). 

9. Listing on the front of the PMSC the size of belts and 
filters not already listed. In addition, list unusual 
conditions, such as vibrations, noises, and changes in 
environmental conditions not covered by the PMSC in­
structions. 

10. Completing a PMHC on all repair work on equipment that has 
a PM number. 

NOT~: When information is unknown, refer to statement 
D-1 above. 

11. Recording information in Blocks #59-77 on PMHC. 

NOTE: If material cost, Blocks 70-74, is unknown, 
estimate or inform supervisor so these blocks 
can be completed by the supervisor. 
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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
Lenance 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 he paramP.tP.r5 in 
establishing the Quality Requirements. 

3. Notifying the PM staff when new equipment is installed. 

4. Providing technical assistance to the PM staff in ·establishing 
points of service and establishing a programmed maintenance 
sche-dule for new equipment. 

~· 

"'· 
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