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Date: March 17, 1909 

To: J. Harmon, CHO, USAID/Zambia 

From: R. Pl"eeS 

Subject: Southern Africa Regional Transport Development 
(Zambia Railways) Workshop Evaluation 
Contract No. OTR-0000-I-00-7200, Delivery Order 
No. 03 - Effective 02-20-89 

ARTICLE I - Evaluation of Regional Transport Development (Zambia 
Railways) 

ARTICLE II - 'I'tae objecti v~ is to examine the locomotive 
rehabilitation work in terms of overall and speci£ic 
workshop operations, task preparations and 
interconnection of tadks, efficiency of operations 
and quality control. 'rhe interrelation of workshop 
cperations with stores and supplies, plus the set-up 
for future maintenance and >:epair operations. 

ARTICLE III - The contractor shall conduct an evaluation which 
addresses the following areas: 

1.00 ·'l'he storage, accessibility, checkout and aV'lilability of 
locomotiVe parts-. 

1.01 FINDINGS 

(a) The facilities for storage of all AID material and 
iu~uance or check out of spare parts are located in a 
warehouse called Ward 315 (see Attachment No.1, a layout of 
the motive power shops). These facilities are adjacent to 
the locomotive power shops, under the daily direct 
supervision of the Senior Engineer of Spares and 
Reconditioning - Mr. R.S. Chugh. (b) No material can be 
released without Mr. Chugh or his assistant, a 
superintendent, signing the material requisition (see 
Attachment No. 2)*. (c) In addition to the material 
requisition, the employee requiri,ng the material for tr.e 
job must fill out a material request form (see Attachment No. 
3)*. This form is signed by the foreman, who completes the 
material draw card (see Attachment No. 4)*. (d) The material 
draw card form is then given to the material planner who 
makes up the material requisition. (e) Upon presentation of 
the material requisition to the storekeeper the material is 
then issued. (f) In the store there are records maintained 
for evary piece of material both incoming and outgoing by 
part number and name. (g) There is also a monthly computer 
inventory status report run out on A.I.D. material. (h) In 
addition to the warehouse, there are 13 locked containers 
(8'x 0' x 20' type) within a fenced area adjacent to the AID 
warehouse. These containers are dedicated also only to AID 
material. (i) The efficiency of the employees obserVed 
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within the material area is excellent, but overall efficiency 
could be improved by switching from a manual to a 
computerized material requisition system. While the current 
manual system is sufficient for control purposes, it is a bit 
too slow. ij) Each piece of material, when signed out is 
charged to the respective locomotive it will be 'lsed 'In. (k) 
The availability of locomotive parts is good, howl;.ve'; there 
are some critical parts not available - this issue is 
addressed in the following Item No. 11 of this report. This 
list of critically needed spares is attached as Attachment 
No. 21 and should be procured on an emergency basis from the 
manufacturer to avert a potential serious delay in project 
implementation. These materials could not have been procured 
under the main batch of spa(es procured earlier, due to a 
recent design change in certain assemblies. These design 
changes require approximately $25,000 C.I.P. Lusaka in 
miscellaneous small parts such as gaskets, O-rings, seals, 
etc. It would not be practical to carry out a competitiVe 
procurement of thid ~ide range of items due to quality 
assurance problems in dealing with jobbers. The potential 
delays in sorting out incorrect parts delivered to ZR could 
continue indefinitely. Purther, it would not be commercially 
viable to approach all the G.E. vendors of these items 
because the required quantities are too small. 

1.02 RECOMMENDATIONS 

Install a computerized card system for: 

A. Incr~ased efficiency 

B. Better overall control of m~terials. 

1.03 LESSONS LEARNED 

A h!~t.ter material control l'Iystem should be instituted. This 
wa.lld: 

A. Reduce production costs 

B. Increase the :eliability of the records of materials 
needed or on hand. 

• Note: Attachments 2, 3 and 4 are standard acceptable industry 
forms. 

2.00 -The overall set up of workshop operations for major 
components of workshop operations and the interrelationship 
of such components-. 
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2.01 PINDINGS 

(a) See Attachment No. 1 for a general concept of the 
~orkshop and components repair area, wnich is adequate for 
the work being performed. (b) The entire main motive power 
(MP) workshop area is approximately 525'x 225', not including 
the blacksmith and foundry which is another building 75'x 
525' located 50' north from the main MP workshop area. (c) 
As you will notice there are 3 tracks (24, 25 and 26) into 
the workshop that run the entire length of the shops. (d) 
The A.I.D. Program locomotives are dismantled on the west end 
of track 24 and reassembled on track 25 or 26. The major 
components are indeed repaired within a few hundred feet of 
the dismantle and assembly area. (e) hll major components 
are removed and taken to their respective component (i.e., 
mechanical or electrical) areas for overhaul, by crane and/or 
fork lift truck. (f) After the locomotive has been 
dismantled the locomotive chassis is then thoroughly cleaned 
and inspecLed for any damages or cracks and repaired as 
necesuary. (g) The components are then cleaned and inspected 
and testeu. Those compc;nent:-.; which are within allowable 
tolerances and in good condition are retained, the bad ones 
are ceplaced by npw components, if available (see item No. 11 
of this rC(JCJrt). (hi The locolnoli'l<:! is then rebuilt with all 
component,:; reconditioned. (il Stage ct:ecf;s are carried out 
during the reassembly process (see item No. 7 of this report 
- Quality Control). (j) There are stored inside and outside 
the shops over 100 traction motor stators, basically with 
mismatched axle bearing caps and grounded fields. An equal 
number of traction motor armatures are in need of rewinding. 
(k) 'rhere is an historical file maintained by Zambia RaLways 
of '~'lch locomotive, from the Lime it is purchased to the 
present. Each time lhe loco~otive goes into the shops for 
repairs, or a major event occurs, it is recorded and put into 
that locomotive's history record. This is a requirement in 
the U.S.A. by the Federal Rail~ay ~dministration (FRA). It 
is a factual way of determining future programs foe any 
locomotive fleet. Through these rec0rds, Zambia Railways 
determined the necessity of the present A.I.D.-financed 
program. Zambia Railways should keep up the good work in 
maintaining these most vital records of their loco~otives. 

2.02 RECOMI4ENDATIONS 

A. Purchase a vacuum impregnation (VIP) tank so reWinding 
of stators and armatures can start immediately. The 
initial cOot would be made up quickly by getting all 
theae much needed motors back into serVice, and by doing 
contract work for Tazara, etc. 

8. Re-bore the t~action motor mismatched caps. 
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c. Utilize unit exchange, (possibly through G.E.) for used 
traction motor frames and caps.* 

D. Procure Tungsten Insert Gas Welding (TIG) Machine. 
Offset initial cost by doing contract work for other 
Railuays in Southern Africa. 

2.03 LESSONS LEARNED 

A. Not to mix traction motor bearing caps. They are matched 
pairs for the life of the motor. 

B. Stage checks carried out during the roassembly process 
are very effective and adequate for the program. 

C. Have not seen stage checks carried 0ut in Tazara Railroad 
shops in Dar-es-Salaam or Mbeya, Tanzania, thus transfer 
of certain Zambia Railways technology and procedures may 
be beneficial to Tazara and other regional railroads. 

-"Unit Exchange" - G.E. provides a rebuild component in 
exchange for a damaged component with a salvage credit in the 
bi 11 in9 • 
. -"Repal r F. Retu rn" - Orig i nal bu ilde r rebu ilds component and 
returns ·,.,ith billing for new parts and labor. 
-"Rebui lrl '['rade-in" - Similar to 'Unit Exchange", except they 
are handleJ in tru~k ()r carload Lots rather than single 
compolle n b; . 

3.00 "The ava~lctbility a·d effici~ncy of appropriate machinery, 
benches, tooling ilnd crane operations". 

3.01 FIN~ 

ta) All nece~sary machinery is available, as are work 
oonchp.s, tooling and there are twu fifty ton cranes over the 
locomotive work area. (See tllustrative combined LocomotiVe 
and machine sho~ equipment listing included as Attachment No. 
22). (b) There is one ten ton crane over the bogie, traction 
motor and electrical component sections, and one ten ton 
crane over the machine shop and mechanical component areas. 
(c) In addition to the aforementioned cranes there are at 
least eight jib cranes (1 to 3 ton) in various sections to 
facilitate component repair activities. (d) In th~ machine 
shop there are many (15-20) lathes and general pur~ose 
milling machines. (e) The fabricating shop has all the 
necessary shears, bending and profile cutting equipment 
needed for this type of operation. (f) In addition there is 
also a complete blacksmith and foundry capable of producing 
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all necessary casting required in the program. (g) There is 
a new hand sand blasting machine (purchased by A.I.D.) for 
cleaning all valves, piston rings etc. (h) There is a room 
with machines and tools for testing the governors, fuel 
pumps, inject~rs and all related equipment. There is 
anot~er room for electrical instrumentation testing i.e., 
voltage regulator cards and panels, transition cards and 
panels, load meters, speedometers, battery ammete:s, vacuum 
and pressuro gauges, lubricating fuel oil gauges, etc. (i) 
There Ls antiquated Westinghouse Air Brake Co., (AB) air 
valve teat rack presently being used to test only 4 of the 15 
or more valves which must be tested on each annual overhaul. 
These are A9, SA9, Nl and HS4. The valves not tested after 
rework are 26C, 5A26, H5, Fl, P2A, Jl, 28VB, KU2B, AI, VAlB, 
VAl, etc. 'I'hese valves dre put on the locomotives and then 
tested when the locomotive has built up sufficient air 
pressure (approximately 125 psi). If any of these valves 
leak, the air must be cut off, and the lea .ing valve returned 
to the bench for further repair. This is an expensive and 
time consuming procedure. (j) Hand tc,ols are drawn by each 
man from the common tool room. There are not enough tools to 
do an efficient job. Several instances ot one man standing 
and waiting patiently for anothcr man to complete his task 
with a 3/4" Docket were observcd. Therefore much time of 
production and money is lost in non producing situations. 
(k) Other specific larger hand tools, i.e., large (I" and up) 
open nnd wrenches, box wrenche:; and socket sets with torque 
handles Hhould be spucifically assigned to the A.I.D. 
program. (1) A few other small tools that are needed are an 
auxiliary generator ye~r gauge, an axle gear gauge, and a 
wheel tape gauge. All of these gauges are essential to good 
running and alignment of the locomotive. (m) A brush holder 
spring tension tester with a range of 0 to 50 pounds is 
needed. The present tester only has a 25 pound range. 
Springs with a tenuLon (as required by the O.E.H.) beyond 25 
pounds ate not tcsted presently. (n) In the blacksmith shop 
is a Henry Berry Spring Testing Kachine that has been out of 
service nincc 1971, consequently nonc of the springs for the 
bogies (trucks) are presently tested. According to AAR 
regulations and the O.E.H., these springs must be tested each 
time the bogies (trUCKS) are rebuilt. (0) When a traction 
motor or any motor with brushes is rebuilt and gets new 
brushes, the brushes must be seated, this is done to prevent 
a flashover of the motor. If a flashover occurs the motor 
has to be removed, dismantled and the commutator put in a 
lathe to be trued and undercut again. This is another time 
consuming and costly situation. None of the motors 
rehabilitated under the A. I.D. project have had their brushes 
seated due to the l~cK of brush seater. 

II 
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3.02 RECOMMENDATIONS 

A. Add a Zlow meter to the Air br~ke (AB) test rack. 

B. !?urchaoe a number of personal hand tool boxes with socket 
oets included. Have them r.hecked out and returned each 
day to the tool room with the employee financially 
responoible for his tools. 

C. Purchase wheel gauges and tapes. 

D. Purchase 25 pound spring tester. 

E. The apring testing machine to be repaired and placed in 
service or a now one purchased. 

P. Procure an air compressor for the AB test rack. 

G. We would recommend the immediate purchase of brush 
seaters for all motors. 

~ Sorne of the aforementioned srnall value items should be 
procured from the limited residual funds in the A.t.D. 
Project Grant 

3.03 LESSONS LEARNED 

A closer look must be taken to ensure that the day to day 
operations equipment is sufficient for a program of this 
magnitude. 

4.00 "The set-up by labor and materials by man-hours, quantities 
and costs for all fixed operations". 

4.01 PINDINGS 

(a) Por the aet-up of labor by man-hours see Attachment No. 
14, Utilization of Manpower, a recently instituted management 
control system. (b) Por information on the utilization of 
the materials by man-hours, quantities and costs of fixed 
operations, see Attachments 14 (Utilization of Manpower), 16 
(Projected Targets for Assemblies - Mechanical), and 17 
(Projected Target Aoscmblies - Electrical). (c) Atta~hment 14 
gives an overview of the utilization of manpower in a key 
assembly operation aD follows. The fuel eqUipment planned 
for two locomotives a month requires 491 man-hours at an 
average of KlS per hour· K7,36S.00 to produce the proje~ted 
total (Attachment No. 16) of 7 governors, the 96 fuel 
injection pumps (P.I.P.) and the 236 injectors. Cd) An 
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analysis of Lha sat of facts in ~oint (c) above indicates the 
use of. too much overtime and its effect on overall 
efficienc1' You will notice in column 13, they were only 82% 
efficient, because column 7 shows 72 hours of overtime. 
Without tho overtime they would have been 94' efficient. (e) 
Note in Attachment No. 14 the column 10 "Idle Time" which is 
about equivalent to the overtime (column 7). The explanation 
of this idle time is contained in Attachment No. 15 (~nalysis 
of Idl& Time). In the opinion of this evaluator Zambia 
Railways is incorrect in not deducting this idle time from 
their total hours (colu~n 9 of Attachment No. 14), even 
though it is non productive. 

4.02 RECOHMEN DA'rIONS 

A. That ZambioJ Railways re-evaluate their manpower utilization 
chart ~o take into dccount idle hours that are lost. The 
current procedures are not adequate to compare with a budget 
for manpUder utilization or to evaluate the efficient 
utilization of manpower. 

4.03 LESSONS LEARNED 

The recently instituted Utilization of Manpower System has 
assisted zambia Railways greatly aa a management tool and 
should be further refined ao time goes on. 

5.00 "The assessment of ::;r.i 11s available for such operations·. 

5.01 FINDINGS 

(a) There are 247 employees available to perform all the 
necessary work on this project. They includel managers, 
engineers, superintendents, quality controllers, foremen, 
diesel fitters (machinists, pipe fitters, air men, sheet 
metal men, etc.,) diesel electricians, instrument 
technicians, crane operators, fork truck operators, general 
workers (laborers), painters, clerks and typists. (b) 36 or 
15% of the above people were observed doing various phases of 
their respective jobs. This sampling represented a thorough 
cross section of the total range of skills in the workohop. 
(c) They were found tc be very competent in the performance 
of their oj'lties. However, there is also room for 
improvement, such as additional training (see point 6). 
d) Presently there are 15 job vacancies in various r.rafts due 
to retirements. None of these vacancies are constraints. 

5.02 RECOMMENDATIONS 

Zambia Railways should continue the periodic refresher 
courses for their employees within their training center and 
reinstitute their previously ouccessful apprenticeship 
program. 

1.3 
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5.03 LESSONS LEARNED 

The training under the A.I.D. project appears to have been 
beneficial as the individuals evaluated in the various 
positions appeared to be very knowledgeable in their 
respectiv~ fields of endeavor. Their skills are adequate to 
complete the AID Project. 

6.00 "The backgroun~ and t 'aining required and presently available 
for the oper~tions·. 

6.01 FINDINGS 

{a) The training center for Zambia Railways was set up in 
1970. 'rheoretical dnd prllctical training in various fields 
of locomotivu maintenance is taught. (b) A.I.D. financed 
out3ide e~perts have been brought in from various companies 
i.e., WAReo (Weotinghouse Air Brake Co.,), G.E. (General 
Electric Co.,), Woodward Governor Co., etc., to instruct on 
thai r reGpective components. In addition, G.E. provides 
periodic !olhop floor assistance from a qualified eqUipment 
service engi1l!er. (c) The wurkers are very knowledgeable 
in thei r re:;pE:C ti Ve fields, ilOWCVe r, many of them expressed 
the need ~nd deHire for additional training o~ the latest 
technolo'.l i c.l1 advances. (d) ~lallY of th" workers have 
exprenGcd tile desir.e to attend "Ghools put on periodically by 
1!;·Llv~f.; ,;uppliers ouLside Zillni)iiJ, (or ill·;tance on 
tU[boGlJilr~el.a, ,)OY'irnOrs, airurakes etc:. This may ~ costly, 
hUw2VI!r, it eould 1,'., used as an incentive for the oLltstanding 
e,nployee(:;) in their ..:raft !lcnt to the :.;chools. 'l'he 
suppller~ dleo pick up some of the cosLn. The results of 
this tYPl! uf progr<liil would be imm<!.:J:Jur,lhle because the 
~Ifll'loyec wuuld wor~. harder and better to be the chosen one to 
91..' to the .;chool. His atti~lIde ilnd the quality and 
pr'J<1uctiul'I Q( his work would 1.1II!l(uve. ','~is typt' of 
mutlv~ti()11 j 'J uti li7.e<1 in marlY r,d 1 ro,,<.1 ,; in the U.S.A. (e) 
'l'h,! Zalll!>l;' Hai lwCJ.YCi Lrainin'J co:ntt'r h,,,; :,et up a schedule for 
tC<linill'.l ill II1CChilllicill (see flttildllnenr rIo. 12) and electrical 
(;.;oe Attd..:hlllcnt Nu. 13) subjects. 

6.02 RECOMMENDATIONS 

Institute additional training recommended by various 
manufacturers, both In-country and funds pecmitting, abroad. 

6.03 LESSONS L~ARNED 

Zambia Railways is indeed doing their utmost to train their 
mechanics, rowever there is always room for improvement. 
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7.00 ·The qu~lity control and interrelationship to operations·. 

7.01 PINDINGS 

(a) ~here are 4 quality controllers equivalent to 
supflr intendents work ing on th is project. (b) They do not 
report to th~ motive power manager but report to the 
technical manager of production, planning and control (see 
Attachment No.5, Organization Chart). (c) The 4 quality 
controllers are as follows: mechanical overhaul, mechanical 
components, electrical overhaul and electrical components. 
(d) A sampling of a few quality control check lists as 
pertains to the interrelation of operations are attached as 
Nos. 6,7,6,9,10 and 11. TheRe a[o only 6 of the many forms 
completed. (e) The men who hav.., these 'luali ty control jobs 
are very knOWledgeable, aggre~~ive and conscientious. They 
are a credit to their craft. (f) However, there is a need to 
establish oJ quality control .:;ystelll with adequately trained 
personnel for pre-in$pection of all incoming materials on 
arrival. 

7.02 RECOMMENOhTIONS 

Add a quality control person to monitor and check all 
incoming materials. 

7.03 LESSONS U':ARNED 

It is apparent that the present quality control team is well 
staffed and knowledgeable. If properly maintained, this 
present l~vel of performance will pay diVidends regarding the 
reliabillLy of rehabilitated locomotives. 

8.00 "'rile critique of planneli operations versus actual operations 
and reasons ',o/hy certain operations have not occurred or are 
delayed" • 

8.01 FINDINGS 

(a) Planned operations are detailed in Attachment No. 23, and 
further outlined in Attachment No. 14, column No.3 
(Utilization of Manpower), and Attachments No. 16 and 17 
(Hate rial Compollent Assemblies). This schedule has been set 
up for 2 locomotives a month. (b) This in a very good, 
scheduled program Zambia Railways has planned. However, the 
plan has not materialized and it has ~oen d~layed. (c) 
Delays in the plan are not because of lack of knowledge of 
personnel, but due mainly to lack of materials listed in 
Attachment 21, and also wrongly supplied and rejected 
materials. (See item 12A). (d) Consequently, they are 
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producing only one locomotive per month. (e) Additional hand 
tools have been ordered and many have already arrived in the 
storehouse. (f) Hr. Singh advised me that complete tool 
boxes will be given to the employeea before the end of March 
(or sooner if the balance of tte tools arrive). (g) Some of 
the critical materials urgently needed are all types of 
gaskets, seals, 0 rings, special nuts and bolts, special 
connectors for the governor, special flexible hoses to the 
governor, manganese wear plates for the trucks, standard size 
traction motor armatures, step size traction motor bearings, 
suspenaion bearings and teat cocks. (h) In addition to the 
above item (g), there have been other supplier problems, see 
Attachment No. 20 and item l2A of this report. 

8.02 RECOMHENDA'l' IONS 

A. Purcha~e critically needed materials. (Approximately 
$45,OUO - see Attachment 21). 

B. Supply the hand tools needed. 

C. Extend the Project Assistance Completion Date to December 
31, 1990 to be consistent with the current schedule t~ 
complete locomotive rehabilitation. 

8.03 LESSONS L~AHNED 

Two locol!luti'/es a 'nollci, (the present pr'Juram) cannot be 
prodllc~d :1" long as U,,!se crit.iGal materials and hand tools 
arc· not "" c.he job. 

9.01) o'rlle te:;Un<j and tri:ds of 10Colllotivell at each major stage. 
Ar~ ther: recognized trends ;n f~ilures and how can these be 
minimized! ~re there failureH due to specific lack of G.E. 
locomotive experienc~ '" 

9.01 F IN1HNGS 

(a) The Quality Control Department does the testing of the 
locomotive from the time it arriVe . ., in the shops to when it 
is released for service, including testing of all cOlnponents 
before r",-applying to the locomotive. (b) tlhen the 
locomotive is released for service a Q.c. rider goes with it 
for its first roundtrip. (~) A stage or trial inspection 
report (see Attachment No. 18) is issued to the 
superintendent for his edification and action as may be 
required. :1) There have been no specific trends in failures 
of the 5 locomotives released to date. (e) A nut or bolt may 
not have been tight enough or a wire may have vibrated loose 
during its first round trip. (f) There have been no failures 
due to specific lack of G.E. locomotive experience. 

I~ 
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9.02 RECOMMENDATIONS 

Zambia Railways is very efficient in their testing of 
locomotives. Keep up the good work. 

9.03 LESSONS LEARNED 

Zambia Railways Quality Control Department has instituted 
procedures under the A.I.D. rehabi UtaHon program which has 
resulted in a marked increased reliability of locomotives. 

10.00 "The assessment of the current usc of computers for inventory 
control, locomotive maintenance schedules, locomotive 
rehabLlitation schedules and spare parts procurement in 
comparison with recommene'ltions made by Price Waterhouse.· 

10.01 FINDINGS 

(a) The only reference observed to d computer was a run out 
of material which was termed ·Stores Depot Ledger 16-10-01". 
This run out, the storekeeper claims, is received monthly 
from the data processing depar.tment (DP). (b) As one can see 
in item No.1 of this report, their procedures are 
antiquated, time consuming and many items are lost thru the 
shuffle of paper. (c) I concur with the recommendatioas ,)f 
the Price Waterhouse review and evaluation of Januar1 1988 to 
improve regular proilipt moni tor ing of th.: status of orders, 
improve co:nmunications with suppl iclrs and between various 
department~ at Zambia Railway~ and stricL adherence to the 
control ~ystem already in place. (d) Nu computers are being 
used by till': mechanical or stor~s co':partlll"nts in Kabwe fo: 
inv<:<&tory control, l:,comotive m.s.intenanc,~ schedules or 
loc'));lOti VI: rehabil it at ion sched ule:::. A system for spare 
parts procurement tracking eXists, but has not yet been 
utilized effectively as a manag<:munt tool. 

LO.02 RECOMMENuATIONS 

A. The computerizeci procurement tracl:ing system should be 
more effectively utilized. The investment of time and 
energy would greatly enhance the control of ordering, 
purchasing, delivery etc., of all parts needed. 

B. Imned i.l tely establi sh a compu ter sy:J tern for locomotive 
maintenance schedules, locomotive rehabilitation and 
spare parts utilization within tho mechanical department. 

C. Hire a consulting engineering firm to evaluate the 
current situation in point B and install a computerized 
system. The coots would be minimal and offset through a 
more efficient, less time consuming operation. 

17 
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10.03 LESSONS LEARNED 

Efficiency in control of costs could be greatly improv~d if 
there was an efficient computer system utilized within the 
mechanical department. 

11.00 -Hake an overall assessment of the locomotive rehabilitation 
operation and how it could be improved. Is the current 
rehabilitation progCilm progre::;sing too slow, too fast or at 
the right pace 1" 

11.01 FINDINGS 

(a) 'fhe program is progressing tuo slowly for the number of 
people working on the project and the amount of overtime 
expended, (b) See Attachment No. 14 (Utilization of 
Manpower) for hours and No. 15 for analysis of idle time. 
(c) Nowhere did we see an analy~is of overtime performance. 
(d) Most of the overtime is spent on Saturdays and Sundays 
searching for and trying to reclaim old used parts for the 
pro'1ram. (e) This situation again comes back to the lack of 
much needed critical materials, as outlined in item No.8 of 
thid report. Neither skills of personnel nor adequate 
faeiliti(~.:; appears to be a mujur constraint. (f) Hr. Singh 
advised t.hat as of Murch 1 he has had an assistant; this will 
giVe Mr. Singh more time to personally pursue this problem. 

11.02 RECUMMENDAT!ONS 

A. The program wIll be greatly improved when Hr. Singh 
organizes these every day critical materials (see 
Attachment 21), and gets them to the workshops. 

B. These critical cunsumable materials must be kept flowing" 
to the shops in order to ~"eep up wi th the planned 
projection of two locomotiVes per month. 

11.03 LRSSONS LEARNED 

Overtime is currently related more to searching for 
acceptable used materials in the shop than to more productive 
work such as actual assembly of components, etc. 

12.00 -Hake an t)verall assessment in terms of the above for normal 
maintenance and repair operations. Are the maintenance 
repair opeLations adequate for the rehabilitation program 1 
Can they be improved 1 If so, how 1" 



13 

12.01 FIND[NGS 

(a) Systems for normal maintenance exist and are adequate in 
most cases. However, a shortage of spare parts has led to a 
deferred and inadequate routine maintenance program in the 
past. (b) Under the present circumstances the rehabilitation 
operations (components or unit exchange system) are adequate 
b~t not efficient enough to support the rehabilitation 
program set up for two locomotives a month. (c) They are 
only completely rehabilitating one locomotive a month with 
the same manpower projected for two locomotives a month. (d) 
Rehabilitation production has decreased 50% while labor has 
increased Ill' as much as 22%, see Attachment No. 14 column 3 -
booked hours dnd column 7 - oVertime. (e) If this trend is 
allowed to continue they will over expend on budgeted labor 
funds long before the last locomotives are even placed in the 
shops for the A. I .0. rehabilitation program. (f) Another 
point that c')n be improved is the employee's "Gate Attendance 
Card" or time card. 

12.02 RECOMMEND~~~~~IS 

Notes: 

A. ProYisiollCl sho..!lJ be made for adequate funding of spares 
for rOlltlnp. rr.aiutenance.* 

B. Get the much nueJed critic&l material (as previously 
outlined in Ho.IU) and hand tools to the shops.*· 

C. Eliminate the necessity to work overtime on saturdays and 
Sunday8 Lv ruclaim usable part~.**· 

D. Zambia H~ilwdy9 should continue to keep a record of these 
usab Ie (!.ioill G I 'JOits, nuts, <]askets, etc.) parts being 
dpplied to A. r .D. loromotivu:.l. Records of this should be 
kept fur futur~ refelence in case of locomotive 
fai lure,;. ** 

E. A mor~ efficient time keepiny method must be set up.*** 

F. Do not use old reclaimed parts in component rebuilds, 
i.e., <]askets, seals, 0 rings, nuts, bolts, small 
fittin<]s, etc.*** 

* routine maintenance 
U rehabilitation 
*** both routine maintenance and cehabilitation 

12.03 LESSONS LEARNED 

Records of employeo time charges must be improved and 
maintained so the true total costs of a locomotive 
r.ehabilitation can be established. 
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l2.A 'Supervise and document the results of quality control tests 
conducted with Zambia Railway personnel on master and 
articulated conn rods supplied by Arbaco Engineering Company 
under ~.I.D. Funded Purchase Order No. za/UD00005!86 issued 
by Zambia Rail,Id:"s·. 

On Friday Harch 3, 1989 Hr. Jackson C. Hubuka (Foreman 
Components II) und the writer took a master conn rod and an 
'articulated conn rod f rom the above Purchase Order of Arbaco 
Engineering Company, 

Equipment used for testing: 

We used the standard acceptable alignment checking fixture 
with the standard acceptable mandrels. See Attachment No. 19 
(Connecting Rod Checking Fixture). Fixture has the two 
normal dial indicators (one positive (+) and one negative 
(-). Also a set of norm~l small feeler gauges (0.001 to 
0.010) 

Procedure foc testin~: 

Lift with a I ton jib crane the rod (main or articulated) 
with its proper mandrels attached into the alignment checking 
fixture on the work bench. Release the crane hook once the 
rod is in place. Set each dial indicator (+ & -) to zero on 
the upper mundrel. Use the feeler gauge to be sure the 
mandrels are not t',Jisted away fcom the alignment fixture. 

If t~/i5ted, this fi<JllCe must il<Jdin be checked after the 
follOldn<J 1(31)0 rotation - if not the saine, the results are 
included i.n the tJLal twist. Once this reading is taken and 
the dials il~~ Get ilt zero (0), hook up the jib crane to the 
rod and pull it away from the ali<;lnment fixture, turn the rod 
180 0 and reinstall in the attachment fixture, releasing the 
jib crane. ~o~ read the + and - dial indicators. The sum of 
the~e two indicator3 gives you the total twist of the rod 
plu,,; or minu~ <illY fe..?ler gauge deviation. 

FINDINGS: 

(a) Master ~onnecling rod dial readings were 0.004 + and 
0.006 - [or a total of 0.010 twist. Maximum acceptable 
deviation, by the manufacturer, from zero (0) for this rod is 
0.004. Consequently the rod is twisted by 0.006 more than 
the maximum allowable and is therefore tagged rejected. 
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(b) Articulated conne,:ting rod dial readings were 0.0035 + 
and 0.0035 - for a tol:al of 0.007 twist. Maximum acceptable 
deviation, by the manufacturer, from zero (0) for this rod is 
0.0027, consequently this rod is twisted by 0.0043 more than 
the maximum allowable and is therefore tagged rejected. 

(c) Other (6) master and (16) articulated rods were check~d 
and all foulIl! twisted beyond the milnufacturers allowable 
deviatioll9 and all are tagg~d rejected. 

(d) In addition to (a) above, the master rods were found to 
have their brass pin bushing windows too narrow on the 
innide, cdu~;ing thel,: to bind when installed. These bushings 
are installed cooled - 1300 F an~ the master rod is heated to 
2500 to 275 0 ~. the tJllshing is th'~n installed with il bushing 
inserting tool. Ollc:e thill bU:.lhin'J is ilwtulled and the rod 
and bushing return to room temperature it cannot be r~moved 

without cutting it ,jllt. If the · .. indows are too small nothing 
can be dOlle .:xcepl [.!place the bu,;hing. All the master conn 
rods inspecled her0 have the windows too small and are 
therefon' rejected, In additioll, the bearing surfac~s appear 
worn ilnd scuffed, indicating u3ed rods. Given that the 
observed test results proved that these master and 
articulated conn rous were found to be in excess of the 
deViation allowed by G.E. quality assurance limits, one has 
to concludf: that they were originally rejected by G.E. 
qUolllty <'anI. rol p,~r';l)nnel and th.~refore not sold by G.E. as 
new part:;, TrlU <Jillj logical conclusion is that the:.;e parts 
wer.~ rej<!-:L"J by (;,1" and resold by tht; 'Jendor who originally 
manu[ilct:,j(",~ the ~·J.L; for. G.!::, 

(el CmosilJf, Dedrill']:> (00) of tni" order were also checked 
an'l found '.,ll11 nu m •• r.ching numbers (they are il511embled in 2 
halves), til· outsiLie diameter i~ too large to fit in the 
en':) inc bl.).;" ,ifiLl tlJe inside surface had some previous holes 
welded <llld Jro.lnd do.;n. They are all tagged rejected. 

Thls is J s~riou9 situation. lambia Railways has spent a 
considerable dmount of time and money just checking this 
order. A reputable firm wo~ld have replaced the entire order 
upon notification by the railroad, let alone an official u.s. 
Mission cable. Replace the entire order. Production has 
been severely delayed. 

LESSONS LEARNED 

In this developing country it may be prudent to stay with the 
original equipment manufacturers (OEM) to the greatest extent 
practicable, without sacrificing the ability to negotiate 
fair prices. Th~ rationale is mainly because of warranty, 
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quality aasurance3 and expediency of replacement parts. This 
is particularly true on major rehabilitation exercises where 
thousands of line items are procured in one exercise because 
the logistics related to procuring from multiple suppliers 
can be an unreasonable management burden. 
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.-----------------------------------------, 
ZAMBIA RAILWA"S 

MATEI-iIAL REQUISITIOI\1 
FORM No. 8J·29·52~1·2 

I 

\ 
I 

TO TilE SHJHES LJEI'OT ;, I......... ... ..... ..... ...... .... WARD No ..................... . 

!'LEASE SIII'I'I.Y TilE I UII OWING M.\ I HtlAI.S TO:. 

,m.~) l-·i-::7·(i~)\:,:~·! ; I:~·;:;lml~:.:;·;~ ~_, rt:i-!!";; .\·III)~~ "10 DE (·li,~~-~:{;~~·l 

[ fl'fT-(": : '-r-\"' , 'i '-r r-I-r-'I .... j II 
1 .J .. 1 . .I.. .....l-l __ . ! L. J -L-l_ ... L.L.!. .L.· 

II 'I>UIJ','. ,.)jllU:,ill·.J· '')I'II[,II(1'''ACffll''lE 

sIn ~~·T--·~~~'~~· ... ~~;;-. "l~~_~\~~~~ ~~~~;;; ·-ill!QUflt .. : 
--\._-_..... \._--_ .... _- -._-_.-.. : ._.,\ -~---"r'---"-- _._ ... \ 

11I ..... ---'·----·I·UIII'OSE FfJ:! WitH II HH~I-;;-I~ "-""i 
............ I 

'.DE5PATCIIINSII<ULlIU;~S I ...................... , ............................... ~-==: .. · .. ·· ........ · ........ 1 
1'011 Fl'HfIIER INFORMATION ' 

!'LEASE CONTACT TEL: tilt ........... ~J 
, 

DATE U\' WHICH IlUJL'II\EO 
r---- -------

.1 
Il'\ TE 5T AMP IlATESTAM!' I 

J\I'PIWVED iJy: ................................ ~ .HEQUISrrJUNED UY:. ................. . 

DlsnuHtrrlON: 
I'mk. "'lIppilt"S .\(:(:':11" 1111I1'.lyt!! 

• Hlu~ - Stu. cs after ac~,:u", IdQcrner,t 
Gtt'cn - Indentur! Supplier 

~'I;I{:~Y::: S~~n::ontr\ll 
Whitc -- Durer lrolicnt", 

I 
I 
I 

I ________ ... ~J 

~ . 
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ZAHB IA RAILWAYS LIHITED 
~ U R K SEC r S 

\TTACHHEI\T NO. 3 

PL\NNING AND MATERIALS ACQUISITION MECHANICAL 

\L; J'LRI.;!.- REQ[EST FORN 

ITEM DESCRIPTION ITEM CODE NO. OR I QCA..'TITY QCAXTITY I\EEDED WHERE ELSE IS APPROX 
OR NOMENCLATURE PART NO/SPECIFICATION REQUIRED PER LOCO. COACH THE SAUE ITEM/S AVERAGE 

NUMBER t':AGO~;, OTliER EQY'JP. USED YEARLY USAGE 

---

REQUESTED BY~: ____________________ __ FOR MAI,AGER (PMA) USE ONLY 
DATE REQUESTED~: __________________ __ REQUEST APPROVED: ________ _ 

APPROVED BY: __________ _ DATE: ______________________ ___ 

DATE: ___________________ ~ ACTION TAKEN: __________ _ 

SHOP NO. OR SECTION: _________ _ 

~\ 

STOCK 0;. HAND 

I 

.. 



PLANNING AND MATERIAL ACQUISITION MEca~ICAL 
HATERIAL DRAW CARD FOR}! (PETTY STORE) 

ATTACHMENT NO. 4 

DEIlOT .. ~' ....... '~.~' •• ,. ...... •. ~.... DATE: ............................ . 

DRAWER'S FULL NAME •••••••••••••••••••••••••• ~ •••• 

SIGNATURE .•••..•••••••••••••••••••••••••••••••• ~ • 

ITEM MATERIAL DESCRIPTION CODE NO. QUANTITY REQUISITION QUANTITY END USE .. 
REQUIRED NUMBER(S) .. ISSUED '. : .. : .. :.'<.;' 

.. 

'.' 

.. 
.. 

'. 

' . 

. ... .. 
" -~ ~ . 

. , •..... " 

-

WITHDRAW APPROVED BY:- MATERIAL COLLECTED BY:-
(FORafAN' S FULL NAME) •••••••••••••••••• ~ ••• " •••• FULL N.AlfE •••••••••••••••••••••••••• • 0 •• ~'~'.' 

51 GNAT'URE ...................................... . SIGNATURE •••••••••••••••• • 0 ••••••••• ' ••• ~.;.~' 

DATE •••••••••••••••••••••••••••••••••••• ; •••• • '. DATE •••••••••••••••••••••••••••••••••• ~. •. 

MATERIAL ISSUED By: ••••••••••••••••••••• SIGNATURE •.••••••••••••••• DATE. • • • • • • • • • • • • • • • • • • • • • • •• • 
(FULL NAME) 

.. 
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#AMBI~ RAIWAY,S ll~ITED 

TECHNICAL SERVICES DEPARTMENT 
• WORK S~~ 

PRE-ANtRAL TE.'ll: 

LOCOMOTIVE NUHB£Ra- ____________ ~QU~A~L~I~TY=:=C~O~NT~R~O~L 
TYPE OF INSPECTIOIlI- ________ _ 

DATEI~ ________________ _ 

1. Chock and record for leakd In the 

(i) 
(U) 

(iii) 
(iV) 

(11) 

Fuel 011 nystem 
Cooling syst.1II 
Edgiae Air Syate. 
Lub~icating oil system 
Broko oystem 

"OCATION 

2. Listen to nny llbnormul noi •• for the .follc)winS and record. 

3. 

(i) 
(ii) 

(iii) 
(iv) 
(v) 

(1) 

(ii) 

~lIgine 
Compree6or Exhauster 
:run olutch unit 
Trac-llon motor Blower 
Any other Lo~ation 

. - .s ..... ------------.. -
--------------------
~----------------

Check nnd record the deficiencies and break_sea 
observed visually 

.---------------~-Inspect the super 6tructu~e and reeord tor 
repaire 

I,. Chock opt!raticn 01 tht! followiR,~ flud :'tc('rd ebervaticulS.-

(i) Vigilance 
(U)Sanding system 

(iii) Brnke Gystem 
-
.~~--------------
~·-~--------"---9 " 

5. Check compree6o~-exhuuater oil ad p...,,:.ure ___ P.S.I. AT 
IDLE 

ood crankease Y'J.CUUIl CraakCIII3c vacuum ___ Inches 
I. 

6. Check repair book or contact running shed and 
reoord nature of repairs booked repeatedl'1 

Name & Signaturo of Quality Contr~l1~r •• 
; ). 

----~I-·------~--~--~¥---
:·~~,·;------~--~t------: 
-. ., p. 

~""I+----------"""":"'. 
f· - ': --- :.-

.-j 

~ 
n 

~ 
z 
0 . 
C1' 
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. . 

TO : ______ __ . __ !.oco rW~:I:'J;r, : 

, "" , .' .. , . - ----- -
._----:----- -------

- - --
DF.~'ECTS FcrmD: - - _ ._----

---- ----- ---- - - -

--------- --------
---~---------------

ee l 
ee : 

'" /bo 

- - _ ._------ --
- - --- - ----------.---- -- .-----.-
--- --- ------ -- _._ ---

To chnical r.:ll1r.Gcr (l·;F) 
Soni or EnGi noor (PP & C) 
Sonior Enginoor ( MP) 

z o 
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" , STANDoinDS 

to inspect tho locomo tivo 

, Check tho defioienoios of loeomotiv~. 

Basio 

(1) 

(ii) 

(iii) 

(iv) 

Sotting Chuckst-

Engino spood 1.110 - 8th notch l Aux . Sonol'atar vol tUI)O 11111.1 - 8th notoh 
No load voltago ' Gt .. 8th notoh 

) 

13t notch ourrtint ) 

Roaord tho ronding of lond 0ll1l1lotur6. 

Rocord th.Q difloronco o f rOllding in bo th 

l ond nr.lI~oto re. 

Ro1'ur 

Stununrdo 

El(lct rico.l 

Value s 

( v) Take fir s t notch curront pC!liiion end check 

llIillivolt dr op nerose WS' t1. 2 . 3 oporatinG coile. 

Ho Ccr f>t :.mdard EI Ctctrictol vfllutre . 

(vi) Hnnun! o po r ntieoD. of Ground hOlllZ: 

(vii) 

... Ruillo oOlline "spood vi til r(:Yoraer bnndlo in 

nautral ponition ond thon ope rate ground re:loy 

~Cl.nuol1y (i . o ., .... pO l·l1 t o orr:n turo by hnnd) 

( n ) EnCi no epc') !l c (: r~ .. ' .~ t o i dlo) , 

(b ) Gr ullud R.!le y indi cfl tio ll licht gluws "brichtn. 

(e) B Ul~or Dound oh 

fu ko firs t no tch vurrc r,t -' IOU opcrnt\: {\r ound r tl l uy 

mUllutllly . 

1'Iw I'tl t.dinG in bo th l urJu nmmc t\.!rll tlropo i n 

nud it;ic,m to : t; round :'<11 ,,1' int1ie:tti ,," lig ht 

Slows "BRIGJlT!' :lnd Bu;w"l' Dount.l". 

c:.IJ'nOtl: Lo co Air brukc !:l us t Lu in c:. ppJiclt ti on 

c ottdition . 

Hanunl opo rC' tion of ~Ihoel Slip 1I0)oys: 

Tnko firut no tch cu::unt tlnd operate usn u,a nunlly 

(i . 6 . t 

(.Il ) , 
(b) • 

epera te o.r0otur\.! ~nnuol17) ' 

The rending in lOlld OI~llIotor dropo. 

~Ihool Slip' indicotion lisht Slowo "Bright.n 

Qc) "larm boll s ounds. 

CAUTION, Loco Air Brake muat be in npplioation 

c ondition. 

s . 
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ZAMBIA RAILWAYS WORKSHOPS 

~UALITY CON'rRO!· REPOR'f 

COMPONENT REJECTIOll CER'rIFIC!·TE 
(ELECTRICAL) 

COMPONENT 
IJ • 

SERIAL NO. 

REPAIRS UNDERTAK!N 

DATE INSPECTED 

REASONS FOR REJECTION 

RSCOlll,,;WDi'l' I uN: 

QUALITY COBTnOLLEH'S NAME 

SIGNATURE 

GENIOR ENGIN:':EII (S&R) 

ce SENIOR ENGINFER (pP&C) 
ec FILE --. . - ... ,~---- ... 

• r '. •. 

-

w 

;:-

I 
H 

Z o . 
.... 
o 



COl-lPONENT 

:';"~.g.~iH.JIM.UWi\YS LIl1lTED 

/lEW· 1.'Om:SHOFS 

, 
QUALI'l'Y CONTROLL REPORT 

9.!.!£1-ITY ·If.' t l R!',!lCE eLI, 'I IFICATE 
(ELECTRICAL) 

:',-"':', , 

SERIA.L NO. 

DATE INZP~;CTED 

.. FITTED ON LOCO NO. ,? 
-.....;---~ ......•. , ------. ...... -

".': '.IIi 

. . 

REPI'.IRS' urmtRT .n'i 
., 

CHECKS CARI!l:'D 0lI':: BY QU.,LITY COI-'TIWLl,ER AND THE RESULTS 

-------,-_._---_._--'-------"'--------.;. 
--------~-----------------.--------------------~------
---~.-'-~---.,;~~-- ...... ~ ... . -._------------..:.. 

;'.' , --'-., ------:-. ------- .. - .. _._------------
" .:. 

:1, 

------~.~------------------------------, ,~~. . .. ;, ".' :' ~ ': .~ -------.. - ----_ .... .. , .~I_.- . ____ .. ____ ._._, ....... -.---_____ .-_ . 

QUhL.ITY CONTROLLE'·,' S NAME 

S!GNA~'lRE 

SENIOR ENGINEEr (':&R) 

cc SENIOR ENGnIE~:R (PP&C) 
oc FILE 

len. 

.... '.; 

... ~ . 

i 
. '." . . .. ~ ~). 

-,-,:: :: . ,- ~" :.".'.' 
j, 

13 



APR MAY 

BASIC COURSE FOR MACHINISTS 
SIX WEEKS 1///",. "'A 

GEN. WORKERS FO~ 
, 

PROMOTIONAL COURSES FOR 
DIESEL FITTERS LEVEL -1 
SIX WEEKS 

G6-G7 

FO,JNDRY COURSE (MOULDER) 
SIX lo.T£EKS 
GENERAL WORKERS 

ADVANCED COL"RSE FOR 
MACHINISTS 
SIX tolEEKS 
GENERlu. WORKERS 

?RO~TIONAL COURSE C & W 
FITTERS " 

LEVEL -I I 

SIX t."EEKS 
G7-G6 
GS-:ERAL w"ORKERS 

PROMOTWNAL Cut."RSE DIESEL 
tITTERS 
LEVEL - II 

• ;:iIX ~ffiEKS G6-GS . 

ATTACHMEKT NO. 12 

JUN 

,,/, 

,-

" 

SUBJECT TO .;VA:::LABILITY OF LECTURERS 
TRAINn:G r'ROGRAM FOR 1989-1990 

TECHNICAL 

JULY AUG SEPT OCT 

"A 

., 

NOV 

10,/ /,/A 

--'--

" " 

DEC JAN 

, ' 

1/A 

1 Bas~c course for C&W examiners & 2 advanced courses for C& W 
examiners not included 

FEB MAR 

!'. 

.' 

1//// '////////-

I • 

• 



ATTACm;tENT ",,0. 13 

TRAINING PROGRAM FOR ELECTRICAL COURSE FOR 1989-1990 

DESCRIPTION AND DURATION 
OF COURSE APR MAY JUN JULY AUG SEPT OCT NOV DEC JAN FEB MAR 

1. PROMOTIONAL COURSE FOR 
D.T.E.S. (SIX WEEKS) '// /, r77A 

G6-G5 

2. COACH ELECTRICAL SYSTEMS 'lZZ2J 
(ELECTRIClANS) TWO WEEKS 

0', 

3. COACH ELECTRICAL SYSTEMS 
(SUPERVISORS) ~ 
ONE WEEK 

4. WOODWARD GOVERNOR COURSE 
(REFRESHER) m 
ONE WEEK 

5. PRO~~TIONAL COURSE FOR " 

ELECTRICIANS ASSISTANTS V//h 

(CF~ERAL) SIX WEEKS 

" . 
6. PROMOTIONAL COURSE FOR 

, , 

D.T.E.;). 
G5-G4 

, -~, ' 

7. TRACTION ~!oTOR SEMINAR wa 
. 

.--- . 



, . , . '.J. . . r 

2:'2.. WeAk ~~, -
, p .q YS . .. ,A:rACHME~ 1m 

r.;':lol"oP iJlD s",nON 
1 ;~:E TII;1; ClUTPU'l. IN I mCUNc~.!C~r . -' . 

, 

HOURS CLOCKED , 
l~ I 1 STANDARD trr~AtI.PR OF, .~A! 

I 
, I ! 

I NORMAL 

, HOURS ro'llEJI ~) : _ - . 
; COL . 12 'x 100 

L 
PROJECTED tARGET BOOKED SICK O\'£R~ltiE I TOTAL H:1S ~;"G , COL!~ 9 

HOURS LE;..VE j llOURS ( FOR Pro- : 
IT£'tS 

(2 ux::os. ~SDjT i COL3i - IHRS ;';:,GS = 
PER. m. COlA T!\lG:IS) 

~) 
HRS ,: ' GE I 2 4 5 1 6 ? t 9 r 10._ 11 12 " 

, 1 "'OTIVE ?oWER i r -' 
t) (tiECH;JUCIU. J 

56} I Fue l Equipment · " 491 NIL 
. 491 12 15 ?5 1} 460 82 - , 

fbi 1414 108 
I 

1}66 224 16 ! 265 1288 81 COl:ponent(; I • 'I , 1590 1? 

r) CotlpooentG II - 16}8 16 1 1622 }98 25 2020 271 1} 14,6 ?1 

d) J;.nnuol 819 1}1 16 688 105 15 79} 1}7 17 t 306 . ~L 
(.c) R(!build -(pROO . o/'HAU ) . 11117 56 5 109' 688 63 1779 188 11 1154 67 , 
t; Ccsual 1966 104 5 1862 4S0 2. Z}42 I 290 12 1931 82 

Bogi e • 2457 168 7 2289 I!BS 21 2777 356 13 2095 75 

th
) 

1 
:'ir brake • 655 128 20 52? e? 1? 6-' 11 6 19 },8 55 . 0 

i) Fabrication 1966 1}6 7 18;0 5}6 29 2}66 522 22. 1686 71 

f 

. 
2 hOTIVE POWSR 

(ELECTRICAL) 

.) Gonerator • 819 56 7 12} 11 2 15 ' 875 120 14 596 71 

b) ,Traction Mot or- 2293 96 4 2197 480 22 2677 :)05 2} 1722 64 

c) Compo nent s • 819 168 21 651 }2 5 68, 153 22 502 7} 

~d) J.nnual 655 40 6 615 }2 5 64? 96 15 236 % , 
lo) RebuHd (PinT. 0/H!WI ) 1147 16 1 11';1 26' 2} 1}95 I }1:; 22 .96' 69 
, 
~r) Casual 98} eo 8 9O} 212 }O 1175 1," 12 977 8} 

,. c) Inctruoen t~ t .o~ ~ ' 40 1 56 " 4}5 tilL - 4" 71 .. "!..6. ~ 32' ?4 

Total f or Hl p · Sho:) I 10820 , ,,4 ? 1841? 4272 23 2260,1 -;722 16 ! 1f.Q43 71 



I . 

I ~ 
I~ 

I 
I 

C:.~SE HISE f.Nt.LY3IS OF' 1:"L:::: TUIE BOOKING 

~----~--~-----.---,----~--__ +'--~'r---~----~ 
M:"CHrrn; lJ.Wf;.ITIrlG :n:;i!USSIOI: ~UIiE?:.L5 ;m;:'T1!iGS 'P;.Y D ... 7 NO G;'S ,'OTHER Jror;'L 

SNol SHOP/SECTIOn 

! 
~~~~ f-_~_g_~T:~_' __ ~i_C_R_~t; =_- __ ~ __ c-____ ~I __ ~ __ -+I ______ -+ ______ ~~_~~_~_1~~~_'_kL~ ________ ~i ________ ~ 

:!.gS j~hG:;' HRS1%"GE: :HRS f " G!: HRS \~:;:;E !!-!as ~:.G':: HrtS ~; .. G~ Er.s ;'::'G::I HRS 

I-"-:"·f-:-:~-~-:-~-~-~-~~-o ":u.-, E-~--+---5-6-'-+--;j-1L-+' -. --+-il-l-L!i----~I.,..!I-,-+L! _-----+-6+--,-+--,--TI--6-+--
3
-1 

:; ~::::::: : ~, :~:~ ;: ~~I = ::~~ II = I : i~ : ~ ~: ~ ~ ~~ I ; ~ ~~ ~ J!:;11~.5 
d) ;"ir Bra lw 6 , 6 NIL · NIL - 16! 3 raL - 52 8 1,£ () lI n. -

e ) An nua l 79} NIl> - 2 O .. } NIL t - NIL - 87 11 48 6 NIL -

, 
in!.! -

r) Robuild · 1719 NILI- ." 0.2 20 .1 17 1 93 5 72 '+ NIL -

g) C::u;ual 2342 NIL - 12 1 NIL - 4 0 . 2 1}2 6 138 6 4 0.2 

b) BogiE 277? NIL I liIL - lilLI' - ""4 1 164 6 'i 68 £ HILI-
i} F:J.bricat ion 2366 IIIL = NIL - . 61 c.} 40 2 332,4 ' 1 1, 1 ~ 6 NIL -

SC:AGE a&::; %AGE 

NIL 1-

!-
i -

tilL 

NIL 

l~IL 1 -

HIL 1 -

NIL 
NIL 

filL' -
I 

NIL I _ 

i 
I 

75 , 13 

265 117 
271 13 

116 119 
137 17 

188 11 
290 12 
356 ' 13 

522 22 

3LECTRIC!..L I j 
:1,) Gcncr~tor 835 r;IL

1

- !/lL - 13 , Z 1 0 . 5 49 6 51., 6 NIL - filL - '20,4 

B) Traction Hotor 2677 Nn - Nn - 611 2 27 1 34~ ' 3 , W 6 Tin. - tnL - 605 . 23 

c) CocponcDts 683

1 

i!!.L j - ?In - 181 :; 6 1 87'3 1.,2 G nIL - NIL - 153122 

d) 1l.."1Dua l 647 HIL - NIl - lUL'I' - 4 1 44 7 48 7 HIL - NIL I - 96 115 

c) R('build 13951 1lIL - I rj~ - 36 :; 4 0 . 3 189 14 eli 6 rin. - rlIL I - 313 i 2::' 

r) Ca sual 1175 NIL - ~~ 1 r~ILI' - ,ill - 60 5 6.5 6 510 •4 NIL I - 144 i 12 

LI..5.l ' :)-+'6n~.!'-'ttl~:!!!;;'!! • .!!n.!.'""'t~1~Ol!L ___ 4!!."~-'-l'!I.!IlL+=--__ f..!!N.!:rr.;!j-.:.-__ ¥Nc!IL"l--=--__ -tN!!l]n!j-:-'---I-"Uj- 8 28 .?. 10 2 NIL : - 71 16 
j TOTJ.L i 22693 : ri IL ! - }1' 0.1 1162! 1 2 1 ~ 1 11928 ~13~O' G 2910.1 lIlL ! - 3722 l 16 
: . ! 1 I .! I t ; t 

_ ______ ~, ____ .!., _L.....:,..;_--:... I _ ' -_. !-:--f- - ---:--1_, _____ .'. _____ .. __ 1. 
.~:..::..; . .-;-

, 
_ I.... 



PROJECTED TARGETS FOR ASSEMBLIES 
(MECHANICAL) 

--I. CYLINDERS 

2. CONRODS/PISTONS 

3. WATER PUMP COMPT.II (c) 
- t-. 

II. LUBE OIL PUMP 

5. INTERCOOLERS -1 

6. GOVERNORS --
(a) 

7. FUEL INJECTION PUMP (FIP) 
FUEL 

t-EQUIP 

8. INJECTORS -
9. OVERSPEED GOVERNOR ----:-

, 
10. COMPRESSOR I 

: 

I!. TURBO CHARGER 1- (b) 

I COMPT. I 
, 

12. TP~'l.CTION HOTOR BLOWER: 
1 

13. RADIATOR FAN _-l 

14. RADIATOR ""'-

(c) 

15. LUBE OlL COOLER r- COMPT. II 
i-----

16. DRIVE SIIAF'j' .... I 
c---

17. BRAKE VALVES ::. HORfl~r 
c--- -

18. SANDER AIR BRAKE 
0---r- - .n ... ' 

'''J 
19. WIPERS 

i--
ZU. VIGILANCE - .-- . 

BOGIE ITEMS (g) 

1. WHEEL SETS (WITH EQUALIZER) 
... 

2. BOGIE FRAMES W/HANGERS ETC. 

3. GEAR CASES 

4. BRAKE CYLINDERS 

5. SNUBBERS 

6. I1RAKl:: SHOES 
... 

" AXLE 1I0XEf. 
L_~.: 

2LOCOS/MO PLOCOS/MO 

POH AOH 
~lD . PROJECT 

24 6 

24 4 

2 3 

2 1 

4 6 

2 3 

24 36 

24 36 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 SETS 3 SETS 

2 SETS 3 SETS 

2 SETS :3 SET3 

2 SETS 3 SETS 

12 16 

4 6 

12 18 

16 -
20 30 

24 36 

24 36 

CASUALITY 
SHED 

35 

2 

3 

1 

2 

2 

36 

176 

4 

3 

9 

4 

2 

7 

4 

4 

5 SETS 

3 SETS 

3 SETS 

-

15 

2 

30 

4 

30 

30 

60 

TOTAL 

65 

30 

8 

4 

12 

7 

96 

236 

9 

8 

14 

9 

7 

12 

9 

9 

10 SETS 

8 SETS 

8 SETS 

5 SETS 

45 

12 

60 

20 

80 

90 

120 

7-o 



PROJECTED TARGETS FOR ASSEMBLIES 

I 
(ELECTRICALJ 

,--
;1. THACTION MOTORS (b) 
~ --

12• ~L\IN GEN. ".-

I 
\ 3. EXCITER ~ GEN. (a) 
i 
I ' I,. AUX.GEN. 

I r 
J. EDDY CURRENT CLUTCH-

.6. FUEL PUMP W/NOTOR _ .. -

. 7. AXLE ALTERNATOR 
I 

8. ~lASTER CONTROLLERS I 

9. REVERSER 
._. 

LD. ELECTRO.PNEUM.CONl'ACT. j 

l1. FIELD SHUNT CONTACTOR 1 

l2. GEN. FIELD CONTACTOR :"'ELECT 

[3. CRANKING CONTACTOR (2) (c) 
-

[I,. RADIATOR FAN CONTACTOR , 
, 

15. GROUND RELAY 

[6. WHEEL SLIP RELAY (l,2,3) I 
i 

[7. WHEEL SLIP RELAY (4,5) 

1.8. GENERAL PURPOSE RELAY (10) 
-

L9. SIGNAL RELAY 

!O. TRANSITION PANEL W/CARDS (SETS) -. 

!l. VOLTAGE REGULATOR & CARDS (SETS) 

~2 • AIR BRAKE GAUGES (g)INST_ 

~3. SPEEDOMETER 

!4. LOAD AMMETERS -
!5. CRANKCASE OVER PRESSURE SWITCH(c) 

2 LOCOS/No 3 LOCOS/MO 

POH AOH 
(AID PROJECT) 

12 RECOND.) 18 (O/H) 

2 -
2 -
2 -
2 -
2 3 

2 3 

2 -
2 -

15 2 

28 10 

2 1 

4 1 

4 1 

2 1 

6 2 

4 -
20 6 

2 1 

3 3 

2 3 

2 SETS -
4 6 

4 6 

2 3 

"AS UAL ITY 
SHED 

~o (SERV) 

2 

1 

1 

1 

4 
.\. 

4 

-
2 

-. 
-
3 

-
-
-
-
-

-
-
7 

16 

-
-
-
1 

TOTAL 

50 

4 .. 

3 

3 

3 

9 

9 

~~U~~E 
4 

17 

38 

6 

5 

5 

3 

8 

4 

26 

3 

12 

21 

2 SETS 

10 

10 

6 

34 

~ 
o 
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OIESEL ENGIN[ TOULS 

CONNECTII-JG HOD 

ROD CHECKING FIXTURE 

This rod checking fixture is dcsisncd 10 checl: wlln~cting 
rolls ior sidewise bending. twist and bOle par~!I!Ij,m, A.n 
expandable cr~nk mandrel is furnished tll III in,k J11aster 
connecting rod :'~arillg bore Jfrer the cap h:lS been iOrqllcd. 
t\ piston pin ::nj an JrliculJted pin manllrcl ore also ~upplicd 
to cumplete th~ ,el. Two dl::.lllldicators and brackets mount 
Jt Ihe top of Ih~ /inure 10 gi\'c an cas)' allJ prcci~t r~ading, 

All mJndreh except thc c>:p:l!ld!lI~ mandrel must bc torqued 
to the rods so :10 CIIC/:COU, ItJtlings are obtaincd when 
checking the CJlIllcctin,' 10J(i>. III' 'J the rod checking fixture 
~hould be mounted in (I Idat,\'Cly :'I,'(1n area to ;\Void getting 
eli:t hetwcen the 111:1.'1\;;,,: .'Ild ru":. 

NOTE: Eosul,' tile f1X\;l!c i~ lJh.tllilt(1 securely ~,l' it will not 
!;i\'e f:i1',c rc(Hi;:.·,. Rt ;'c: I'J imtrll~ri":I~ furnished 
with !!Ie lixtllrc 

All COllnect!'I" /lids :.L'.:lid be dl(d,l'd on (Iii, prcd~ion 
:ixlurc dUrir,;: (;v,'lh;,1l1 I ' emllre l,,~,g clI~ine life, 

Ref. No. 

I 
2 
3 
4 
S 
6 
7 
8 

GE PiIIl No, 

147X:!2:!<) 
147XI502 
147XIS03 
147X150,1 

. 147:\1913 
147XI506 
147XI5Q7 
147XISOM 
147XIS09 

Tool 

Rod Checking Kit (includes It',rns I thru ~.) 
Fixture, Rod Checking 
Diai Intlicator (2 req'd,) 
Bracket, lJi"llndic~llur (~ req'd.) 
Feel, Hutton (4 rq'tI.) 
Mantlrd Expanding Crank 
Mantlrd Articulated Pin J-I/2 in, 0,0. 
Mantlrcll'iston Pin J.ltB in, 0,)), 

Eyeholt 

Appiit:<lli()fl 

B. 12 & 16 Cylintler 7FIJL Engines 

Lf( 

" ,
~ 

I~. 

~, t, 
I-



SUPPLIER PROBLEMS (REJECTED MATERIALS) 

DESCRIPTION PART NO. 

CIRCUIT BREA\<ER 25AMP. - 994864G2 
I 

QTY. QTY. 
ORD. REJ 

21 21 

SUPPLIER REASON FEJECTED 

KESSLER SUPPLIED 50 ANI'ERE 

~-=--=============4=======4====~=+========4==============--
CRANKSHAFT 

CYLINDER LINERS 

556608 

553399 

24 

30 

06 

03 

WABCO 

" 
RUSTED - PACKING NOT 

SEAWORTHY 

1=-==-=============1=====--------1,.----+---+-=--=-=-=-=-=:::::11======-========-
cAMSHAFT BEARINGS 116X1070-1 

K~STER CONNECTI~G RODS 117X1060 

AR1'ICULATEU CONN,HODS 117XlO12 

(SEE ALSO ITEl>! j 2 OF 
THIS REPORT MURE INFO) 

80 

65 

78 

80 ARBACO 

65 " 

16 .J 

00 TOO LARGE to NO 
~IATCHING NOS, .'L~;O. 

WELDED INSIDE. i 
I 

'l'WISTEU FIWN O. OU5 Tu i 
0.010+ our OF LINE & I 
/JUSHING W[NUOW~; TOO I 

SMALl. CAUSING lliNDINC, \ 

'I'IHSTED OUT OF ALl_OW
ABLE TOI.EI!ANCE (0.0027)\ 
TO 0.007+ ! 

~: =.'-===---:-==~- -- -=t====·-:-:::::::t:===-1==::t=-.-======:t=::===~:=-----··-~ :-=~:::. 
ROTOR W/CUL. RIl.'; 

RI~C AND LINER 

HOLT Gfu\R CASE HALVES 

8855769(:2 

493A7721'-J 

67047711'1 

09 

04 

96 

llOLTS COK'1UTA't'IN(j !'OLI_ 41A2383081' 1 23 

ARTICULATED CONN.IW/)S 117XJOI2 66 

09 

04 

96 

23 

31 

lfiHON SNYDER 

" 
" 
" 

" 

SUPPLIED 1~l{LlNl; ~I()DEL 

SUPPLIED HIW:lG I'IODEL 

SOPPLlEU WRONG MonEL 

SOPPLIIm WRONG HODEL 

TWISTED OUT OF LINE -
0.005 to 0.018 (MAX. 
DEVIATION 0.004) 

----------------'--------"----'-----------f------------- ------. 



LISTING OF FMERGENCYSPARE'REQUIREMENTS 

ITEN 9776026 89/03/02 13136 
FROH: B59DV 
10: 96581230 
CC z 96545050 

B59DV 

ATTN PURCHASING: STORES·HGR·.,'ZAHBIA RWY'S"KABWEZfHBU 
'~IP.C COpy D BARKER. !tlD SPEC SUppLy,,: LUSAKA·ZAHnlA.< 

3/UBQ 

RUSH 

REF OUR 2~7-FJK6n145 YOUR ZR/02798/88-ZR/0283a/a~ 
CONFIRM ITEM 6 TO READ (10) PCS 

FOLLOWING PRices APPLY ITEMS 42 THRU 46 

IT QTY PART NBR DESCRIPTION UHIT· PRICE, EXTD PRI'::€ 42 15 41A203D32P2 BREAKER '332.14 7982.1'10 ' 43 45 41B544907P2 BREAKER 64.40 289B.OO 44 20 41 BS44907P4 BREAKER 64.38 1287.60 45 15 41 B54(1901P1 BREAKER 64.38 965.'10' 46 200 491A911P1 SWITCH 7.74 1548.00 

TOTAL FOB VALUE 2~123.20 
ESTD GR \1T - 625 POUNDS 
ESTD CIF (2) SHIPMENTS VIA AIR NEW YORKr6 LUSAKA 2455.00 L~r, 
REGARDS 

F KALETA; GENERAL ELECTRIC CO ERIE PA. USA rLX'103531 
-E~ID-

IN ADDITION TO THE ABOVE 5 ITEMS (42 THRU 46) A QUOTATION FOR 41 OTHER 

CRITICAL IT~IS (1 THRU 41) HAS PREVIOUSLY BEEN RECEIVED FROM GENERAL 

ELECTRIC COMPANY IN THE AMOUNT OF $12,442. PLUS $2,500. THIS TOTAL IS 

$14,942. 

THE BOTTOM LINE FIGURE FOR THE ENTIRE ORDER WILL BE APPROXIMATELY $45.000. 

il3 

~ . 
N .... 

http:27123.20


\3 
!'Ih . 0 
",!" " 

;-;:~ r~1t 
Mti !~5' /.:,. .':6. 
M~ ..:1'( 
'~8 c {3 

LISTING OF LOCOMOTIVE (LO) 

AND 

~tlICHINE SHOP MACHINERY (HS) 

\ltRT. DORI:IG ~CHINE lU 1 
lYRE TUIINIrIG ~THE LO 2 
i!"" D, E. != LUOR GiUNDF.R LO 3 
200r Wf-E ::~ PRESS LO lj 

lVR" Ll;" RQLLlNG MACH. LO S 
ELeCTR IC TYR~ HEATER LO .:. 
IS " U.Ii:. rLOGR GRINDER LO 1 
GAUlNt.:HU; 1~I1CIiINE LO e 
Wl\.VE GRI~llER 1.0 9 
VERflCOL fCR I/l:G MILL LO 10 
OSi: CeIIT ;;": LATHE t(l 11 
OVEN lO 1 ~ 
GDVF.p.rJO'l '1 !.S'f STANI), l.1) 13 
BRAzt N£: i~,;,:IlWE 1.0 Jf, 
COLL tJi NIJ 1Mj I'IACHu.e La !5 
l(nSENT GV;: , ~ . . lO .;16 , 
AIR DIIRi\E IF..3T!Nti EUUI P. l'!/~ll : LlI ... 17: ... 
"GRHCO" 1:,l::HIIIG 'lACHINE . • ~. lO.,l.B'''t ' 
W!'lU!Nli P,'::!.. r lf.J.t~...! _ __ : :'''::':':_,... l O...J9 ::,,. 
WELDING ReCTIFIER ' La 1'3A 
WELDING RECTIFIER ", LO ' 19D 
WEI.DING RECTIFIeR La 19C 
WELDING RECTIFIER ,";. • La 19D -- ._-- ------~-~-. -
J.lElDINO RECTIFIER lO 19~ 
MAGNA flUX EQUIPMENT 1.0 20 

• NOZZLE TESTING I'tACHINE 1.0 21 
NOZZLE TESTING MACHINE lU ?1I1 
NOllLE TESTWS MACH IN!: 1.0 21Ei 
[4DlZlE LrlPP ING MACHINE LO 22 

• NOllL}: I.flI:.j;)Jrffi MACHINE 1.0 ;;"?n 
10 . ·'UN O\,EllH~nJ) CRRm:: . tn ;;"3 
:\(. rwf UVI :W!!:fll) eRma, t o 2', 
:,.) lUU (lV: 1\111;01) r.WtliI' I', ?S 
1(1 1011 nv. !.HEIUJ r.nm,[ I u 26 
I fl.! . I ) U,~~' r:I\l. llJ llnrUll I.U ~7 
ulfl rllNG 1if.~I!ilf1tl loU f:'a 
TUllNTtlIlLI'S I.u ::!9 
~IR IIUI!j( LO 3(.1 
10" f:EtICH t>RHIUt;R lIJ 3. 
PILUiR JI!) CRAIIE LO 32 
l:RflU( Df.TI:.CTCII Lil 33 
DYNAMIC flALANC ING l~nCH, La 3ft 
flRMARTUHE U/CUTT ING MACH. La 35 
PORTAblE vn~ . DUST COLLECTOR 1.0 36 
IUGH FllEU. ~iUIlGE TE5TER ll:' 37 
POR1RIlLE fiRAlER La 38 
lOW RESI STAtlCE OI~"1EIER LO 39 
BAYeD CURI NG OVEN La ftO 
ULTRASON IC CLEANING EUU IP. La 4. 
I(ASENIT OVEN La ft 2 
1000 KG COLUMN JIB CRnNE LO 43 '00 KG COLUMN JIB CRANE La '.ft 
3000 KG COI.UI'\N JIB CRnNE 1.0 ~~ so. K~ PILLRR JIB CRAI~E La ft6 
3m V-G P ILLOH JIO CRAt-iE LO ft7 

KG PI LLRR J IB Ci;AtlE LO Ita 
300V Kt.; P ILLRR JIB CRUNE L(J ft '3 
1000 KG P ILLAR JIB CRANE LO ~o 
INJECTtlH ~I'" TESTER La ~I 
NOllLE RECONO ITIONcR LO 52 
WICK II'lSI1ING MACHINE LO :;3 
SWill uLII!>'f WG MACHINE LO ~'1 
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O(OMOTIVE OVERHAUL PROGRAMME - 25 LOCOMOTIVES ::> 
.J 
'J U.S. AID PROJECT ' : 
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