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I N A FINA+i REPORT. 

SERVICE PERFORMANCE MEASU~EMENTS ON 

B .R. 'rYPE 4 LOCOMOTIVES. 

1o INTRODUCTION. 

1 .1. Recent service exper ience with t he 16 CSVT MK 2 Engines in Type 
4 (2700 bhp) locomotives on B.R. has included a rumber of piston 
seizures. Exami nation of the pi~ton assemblies from several 
engines, some with and some without pi ston seizure history, 
has revealed heavier th~n expected piston ring wear and cracking 
in t he piston crown bowls transverse to the gudgeon pin axis, 

1.2. Measurements of engine performance during servi ce were requested 
in order to determine the type and severity of l oading on the 
pistons and the degree of performance deterioration from new. 

1.3. This report gives results obtained from service measur ements on 
t wo locomotives, Nos. D.409 and D,413 , duri ng July and August 
1970. The r eport also refers to examinations of the blowers, 
aftercoolers and pi stons from D.413, shortly after completion of 
the service trials, the results of which have already been 
circulated. 
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The engj nes i.nvolved i .n thc:se t ests were as t'ollo1'1S ~=• 

Seoonn. run ·~ 

Lo C;omo 't i ve 

D, l . C'9 

DJ-U 

rn r.954 

'l'hey had r,m fo1: 110(0 and 11 060 hour.3 :rc::speot,i,.rely sinco F·nter-ing 
service o 

Ap1,e nd i.x .C to tM s repoi-t ~rives details of nhgine build and f;1..1tU nge o 

2 o 2 o INS:£.B.mQ~tJ! r.J)S2.11:l> 

Ins trLtmont s wero:: ar:!:anged to mea.1.mr•e the f'ollt,vt.i.ng quantit.iE:ls g=, 

Engine Speedo 
Main generator output ,, 
:i.<u el Pu.!np rank o 

Air tE:mpe:L•a-t.ures at l1l o,wr.• enc:t"i.~n~ ·1-3b 're i:-y and. aft(,c-(;ooler uutlst~ 
llfter cool er water Jn.1.>:l l. 
Hlower speed.a 
Blovi0r de] i veY',f air p re3::;t1l'.'e ~ 

BlovH:tr' irrLakc f l l t eI' nuot ion dJ::'011 ~ 
Cyl inder exhaust and tm.'bi.ne inlet ga s tempereJ,urcs c 

Engim, water 1mt1_,t temperatur0 0 
Engine luh o o:il Ol'lt ld, t ew.pi;;;ratur e o 
G-overno:.c• con-tro1 afa· p '!'eastn•a ( 2nd l'ltn ilnly) " 

In addi tionv l ocom.ot.ive speed A.nd posi tic n o.n. 11 0n I e wo:1.'H notAd 
at suitabl~ times o 

AppencHx II e;JV'.:8 more detail (11'' q ,f! in:;fa·~ c,nts ()r)llOE-!l'nt~d and notes 
on measuring pl'.'ocedur e , en.gin;..: nntpl • ,,,:d-i1,,rtitn:.D et,@' 

3 o 1 o I n each case the l nstntmentation was f'i tted- to the l ocomotive a.t 
the iiiesel Depot at Crewe during a s cheduled aer v'ioe withdrawal f'o:r 118 
hourso A longer time would have been pr efer•x•edD because d.:iff'i Olll.ties 
i n installation and the cr anipod working cond i-1:;ions r esulted in very l ong 
hours b eing worked in order to meet the departure times o 

~"" " The runs with l oco Do!,09 t ook plac~ on ''!o·Jr:esday~ 8th July» wo1°Jdng 
t he l'lo?5 train f rom Crewe to Gla.sgow Central and. t ho:: i GoOO train baok to 
Crewe o Those with Dol1-13 took place on ThursdayD 13th Ai.tr:11:,t v taking the 
s ame trai.n northwarcls and the 15 o 7>0 train backo Doth test s ware double 
headed9 the coupled l oco being Dol126 w1th Dol~09~ and Doli.-15 wJth Dolf1 3 o 
The train wei ght was stated to b~ l,55 'fons t'or each 0£· -c,he testa o 
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On th) runs north the instrumented loco was in the leading position, 
with t he observers and instruments in the rear cabo During the intervals 
bet ween trains at Glasgow the locos ran light to Polmadie Depot for 
fuelling but were not turned, so that the observers were in the forward 
cab of the trailing loco for the return jouraeys •• , 

3
0
4

0 
For the tests on both locos 9 the Honeywell re corders - measuring 

gas~ air and water temperatures and fuel pump rack ~ were operated through­
out the j c1.11mey~ , Manually recorded readings were taken whenever a 
period of suff i cient length on full power occurredo In fact p the 
continuous periods at full power were found to be very short ~ usually 
only 2 ~ 3 minutes, with t he exception of the climbs up Shap and 
Beattock i nclines and even these were interrupted by several checks on 
three out of the four occasions~ 

4., RESULTS . 

4 .1. Typical sections of the recorder traces are reproduced in 
Figse 1 and 2. From the traces the individual readings have 
been extracted at times corresponding t o t he m1anual recordings at times 
of iull power., 

4.2. The times at full power were very short 9 usually only 2 - 3 minutes. 
Temperatures took 4 - 5 minutes to settle and a similar time was 
necessary to get from t ~e cab to the engine room and talce blower-­
speed, having noted that the electrical meters indicated full 

power. For these reasons (amplified in Appendix II) very few full 
sets of readings at full power are availableo Howevers the gas 
temperatures repeatedly reached to within 10 - 20° Co of the results 
tabled below which were talcen from the longest periods at full power, 
on Shap and Beattock inclines. These results are therefore considered 
to be fully representative. 

4 c3o For each locomotive~ the most representative sets of readings 
at full power have be.en tabled, Table I 9 together with the corresponding 
new engine performance . For comparison, the performance of the 
original development engine is also shown~ both new and after rijnning 
for about 150 hours., Typical individual cylinder exhaust and turbine 
inlet temperatures for each locomotive are shown in Table II. 

4.4., For loco Do409 the measured maximum output diminished during 
each jour ney., Since it is al~ost certain that the driver was demanding 
full power for most of the train accelerations, it is fairly certain that 
the maximum speed and power given by the engine at a repeated constant 
control lever setting did diminish with time from journey starto 
Results which demonstrate this are shown in Table III., 

4o5o The measured blower speed on loco D~409 was very low compared with 
the observed boost pressur 0.. I t seems likely that the blower selected was 
running slower than the othe s on this engineo Two blowers measured on 
D.413 showed a difference of 1500 t o 2000 rpm under constant load 
conditions. 
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4.6. Table IV shows an estimation of the time spent on full power~ 
taken f rom the f'uel pllI!lpruck recording on the f irst t es t o The overall 
figures were 26-j& northwo.rds ancl 33% southwards o The most notabl e 
differen e between the two runs was the much hi gher figure of 53% for 
t l1e h•aston=CrP.Vff itretch on the return journey. The gradients on 
this stretLh are only light but there were hardly any (if any) signal 
checks. The overall load f actor could be a little higher because 
no account has been t aken in this estimation of the times at ower 
povrerso 

5 c DI SCUSSION. 

5 o1 o The results at maximum power, Tables I and II, show obvious high 
gas temperatures with much more than the normal scatter between cyl inder s . 
These are consistent with fouling or the turboblowcr compressors ana/or 
aftercoolers . A similar trend. , ms demonstr ated on the original 
development engine after only 150 hours 0 running i n a fai rly oily 
atmosphere , which was l argely recovered by cleaning t he blower 
compressors and ai r filters. 

5 . 2 . Examination of the blower compressors and afteroool ers fully 
confirmed these deductions . Three out of the four bl ower/ cooler 
groups wer e heavily fouled though on some the fouling was on the 
blowers while on others it was on the coolers . The magnitude of 
the deterioration was considered to be sufficient to cause t he degree 
of performance deterioration recorded. 

f-i o.., ~ TL:--~"' '!. ucomotive f were _ ovided vr.ith t wo stage inlet air 
filtration and 1ar.er washing faciliti es for the compressor s to 

prevent; !'ouling r eaching significant proportions . I n view of this 
the degree of fouling found was unexpected. Because the inlet f ilters 
and ducts were clean and the .deposits on the cool ers were on their 
inlet f aces, the oil f ouling must have originated from the blowers . 
I t is most likely that the c:..use was runnine.- ,.,.,th t urboblower sump 
breathers blanked off, a modification ' introduoed on al l l ocos to 
redu ce fuming in the engine room o DurinB the r ecent tri al on D.413, 
the pressure in the sump blew oil out of the compressor end axial pl ug 
hol e when the plug was removed for speed measurement , so that it is highly 
l ikely that oil was also blown into the compressors and thence to the 
cool erso 

5 o4 o EF.amination of other components on the ongine 9 such as the fuel 
equipment condition and settings 9 valve timing 9 etc. did not show 
variations of sufficient magnitude. to affect the engine performance 
seriously. 

5 o5 o The diminishing of full speed ,mi powP-r .. t const ant control levt r 
setting on Dol~09 is most likely to have -:;;en due to a fault in the 
control system or governor and not i n the engine itself. All owing for 
the generally l ower powers Balled for on this locomotive the 
deterioration in engine perf ormance of both engines was s i milar. I t 
seems very likely that this det erioration is common throughout the 
fleet t o a greater or l esser degree . 
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5.6. The high gas temperatures measured are indicative of piston 
thermal conditions well i n excess of those anticipated during normal 
serviceo 'I'he comparatively short periods at these maximum conditions 
have probably saved the pi s tons from seizure in most cases but t he 
piston crown cracking must be largely attributed to these conditions. 
They could also adversel y affect the running and lubrication conditions 
of the piston rings and hence i ncrease the ring wear race o 

5o7o Examination of the pi ston assemblies from Do413 showed the 
typical high rate of piston ring wear; four piston crowns were cracked, 
on l ines B1, B2 , B3 and B4 o ~ 3 at the end of this report shows 
t he se in relation t o t he measured t emperatures, from which it will be 
seen that the cracked pistons were _on four of the highest t emperature 
lines including the three highesto 

5 .80 The average of 30% of the j ourney time at full power is not excessive . 
Comparable figures of 30 - 35% wer e measured on the S.R. 4SRKT raiJ. car sets 0 
On E. A.R. 1 90 ° cl as s l ocos checked some years ago, while the over a~ 
factors were much lower the dut i es on certain sect ions did involve 
periods of two hours on continuous full power . 

6. CONCLUSIONS. 

6.1. Measureme nts on two locomotives have shown gas tempe~atures to be 
well in excess of those anticipated in normal service. They indicate 
excess ive t hermal conditions for the piston assemblies. These would 
be expected serious l y to affect the piston and r i ng life . 

6020 Subsequent examination of the pistons from one of these engines has 
shown crown cracking associated with t he highest temperatures, supporting 
the above. 

6.3. Examination of the t urboblowers and aftercool ers has revealed severe 
fouling of the air s ide of three out of four of the blower/cooler groups . 
This would certainly cause the type of performance deterioration found and 
was probably sufficient to give the degree of deteriorat ion measured. 

6.4. Fouling appears to have originated at the blowers and is probably 
connected with blanking of t he blower sump breathers to reduce engine -roam t'umes 

0 

Water washing of t he compres sors does not appear to have proved successful 
in keeping the ass emblies cl ean under these abnormal circums tances and 
may well have made matters worse by t ransferring deposits from the blowers 
to the coolers . 

6.5 . Deterioration of other components, such as fuel equipment, may 
be contributory t o the perf~~mancedeteri oration but is not thought to 
be a major cause . On t he one engine i horoughlyexamined so far , r el evant 
component s, other t han the blowers and cool ers ~ showed no seriousl y 
significant defects. 

6.60 It seems likely that t hese conditions 
extent to all this batch of locomotives . 

apply to a greater or lesser 

~,~ -~ 
D. RUSSELL. 

Senior Development Engineer. 
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speed rprn 
enerator ) amps 

) volts 
) bhp 

bhp 

t air °C 
before a/cooler 
after a/cooler °C 
to a/cooler °C 

er exhaust temp. 

pump rack, mm 
press 

oc 

TABLE I 

REPRESENTATIVE SERVICE READI NGS . 

~ mean 
max 

) mean 
) max 

1 • 2 . 4. 

~ ~409 ➔ ! ~ : 
"--- IH69 34- _,,. I <'=--Il 
In service Shop r• In ser 1 

Trial 1 

8.7 .70. 8.7.70. 6.7.67. 3."8. 701 
16.30. 17.53 12.4 . 112 .47. 

860 830 850 I s69 
1680 1700 1800 , 1530 
1040 • 980 970 I 1110 
2500 2400 2500 2400 

* * 2700 * 

23 
0 91 

3q C, 52 

35 

490 
567 
612 
642 

9 
18.5 

1 . 5 

19 
0 86 

) Jl51 

34 

470 
545 
595 
613 

12 
16 
1. 2 

24 
g 82 

'). it54 
41 

446 
471 
552 
588 

1 Qi, 
~ 02 

25 
, 78 

-'.l.~t 50 
34 

494 
545 
616 
672 

1 oJ, 2 
19.5 

ion fil ter depressor ( 1. 7) 
speed )A bank fly.w. 13000 12200 17500 ( 16500) 
rpm ) B bank free 18000 18200 

Notes: * Total output estimated at 2700 -
/; Measured on A bank flywheel Tolow1 

Readings in brackets are inter ·,po: 
readings at other times during tl 
test run. 
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TABLE II 

INDIVIDUAL CYLINDER. EXHAUST TEMPEr'lATURES IN ° C, DJi-13 
CORRESPONDING TO COLUMN 5 IN TABLE I 

Cylinder No: 1 2 3 Ii- 5 6 7 8 

A Bank 485 467 495 X: 496 495 454 482 
B Bank 532 537 555 518 X 520 532 493 

Average 504 

Corresponding Turbine Inlet Temperatures. 

Pipe:- 1 and 4 2 and 3 5 and 8 6 and 7 

A Bank 630 614 599 593 
B Bank 687 613 631 643 

Individual Cylinder .c;.xnau·:st Temperature , Loco D.409 , Corresponding to Columr.i 
1 on Table !. 

Cylinder No: 

A Bank 
B Bank 

1 2 3 4 

470 480 501 X 

465 582 l~70 567 

Average 490 

Corresponding Turbine Inlet Temperatures . 

Pipe :­

A Bank 
B Bank 

1 and 4 2 and 3 

634 622 
X 590 

Note: (x not read due to inaccesibility.) 

5 6 7 

541+ 490 492 
X 465 525 

8 

440 
470 

5 and 8 

619 
618 

6 and 7 

556 
642 



TABLE III 

REDUCTION OF ENGINE POWER DURING JOURNEY1 LOCO n409 

CREWE to GLASGOW GLASGOW to CREWE 

Time 09.30 10.38 11.08 12.37 16.10 16.18 16.30 16.58 17.50 18.0S 

llilepost 163 249 265 45 100 93 85 52 290 272 
Q) 
.µ 

~ 
•rl 
c., 

i tlO ~ ] 
~ Dl ..\4 

Place Q) c., ..c:: 0 .µ 

r.t Q) 0 g t/l 0 ;:j 
c., ~ g. .µ Q) •rl .µ 0 I .µ re !;I: .µ t/) 

f+-i 0 
~ 

c., ff.i •rl m 
0 ~ 

Q) 0 t/l r.t Q) r.t 
p::i ~ 

Q) p::i Q) '·" 
~ 

Q) +> .µ .µ 

~ 
p. p.. 8 c., 

~ g, ~ g, 
0 p p ~ 

hgine speed 
rpm 84-5 805 783 810 860 850 862 822 828 817 

Maia generator 
amps 1600 1550 1680 1730 1700 1720 

I • volts 950 980 104-0 920 980 935 
bhp 2200 2200 2500 2300 2400 2300 

Boost psi 10 8 7.5 8.5 10 9 9 8.5 8 7.8 

\ 


