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Tabl eR13 LR -\War/iteotnions on a |[ThenRkeport R13 Fig.18R13 Figure 18
How various coefficients giveL Itt?/lfér?lk LR ¢ bFr PéNPHt)]. LB/ Ton
MP H DHL [R13 M[Rd 31 M[Rd 32 Mp dRB3 Mo d F uppljies2o0 9.2
20 9.2 9.1 9. 4 9.2 9.8 9.2 | 1487 1401 30 10.7
30 10.5 10.4 10.7 10. 6 10. 8 10.7/ 1729 1630 40 12.5
40 12.2 12.1 12.4 12.3 12.3 12.5/ 202Q 1904 50 14. 4
50 14.2 14.1 14.4 14.2 14.1 14.4/ 2327 2193 60 16.6
60 16.5 16.5 16.7 16. 5 16.3 16.6/ 2683 2528 70 19.2
70 19.2 19.3 19.3 19.2 19.0 19.2 3103 2924 80 22.0
80 22.2 22.5 22.2 22.1 22.1 22.0| 3555 3351
90 25.5 26.0 25.4 25. 4 25.5 # DHL formula deri
100 29.2 29.8 28.9 28.9 29. 4 empiral data.
R13 figures above 80 ph extrapolated. Shaded cells equal or within
Table 2 For mullap Us 6jh Abgoo e 46225 WRTE v ITE - 50 mph
Formulllast Tlernmd Te8md TerMPH [The | esson h_0250°0 =0.9708x- 545
> satisfactory Sy y=>u X %
DHL # 7.5 V/i20[ V160G 22.2{tting expl
R13 M¢d 7L 5 | V/ 24| V¥55Q 22.5derived res 515000 /
R13 Mo¢d 72 5 v/i16| v¥66Q 22,2curves allo 10000
R13 M{ 7.5 | viis| viread 22.af LExT P tY ] = s000 o~ ‘ ‘
R13 FilgPla&ts as Figure |18 2Relbort R13 'gure




46225 Locomotive Resistance Report R13 Fig, 18 46225 Report R13 Lococomotive Resistance
Alternative Curve Fitting Outcomes
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Identification of the various curves is mostly lost in]l

a closely fitting bundle. Increasing separation
evident above 80 mph.
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Figure1

Notes

1 Figure 18 in report R13 gives the LR in Lb/ton for 46225
2 Table 5 columns C to D are the results for 5 different fo
3 Tabl e 6 sets out the various coefficients assumed to

4 The three part formul & Cofnotthheonfadring refH eR/t\6 # heVidea t hat

resistance will be fixed, some a | inear function of speec
The two part formula (R13 Mod 4) eliminates the middle t
and |ikewise varying the 2nd and 3rd ter ms. The value o
arbitary, any relationship with the causal reality, i f an
5 In reality there is some degee of increasing resisistance

6 WRTE at 50 +@phk H.09BBSI TLTE. Ref Figure 3
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Table 3 BR7 - MEP% of RH Cylinder at 50 MPH
Run No Steamrate Eainibisid ___Maihak 5_obbie Mcinnes
- Lbs/hr Initial Test | Recalibrated Initial Test | Recalibrated
872 13900 100 104 .9 102.29 110.4 107.20
871 17800 700 708.0 702.30 107.5 70436
874 19800 100 109.8 102.30 106.5 103.39
873 23310 100 109.2 102.31 103.7 100.68
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Comparative Indicator Tests January 1953
Farnbro Balanced Pressure v Mechanical Indicators

110

Dobbie Mcinnes Mechanical indicators

107.5
E'\ as recalibrated
e \D\u\
102.5 | Maihak & A A \;
100 {-

Rugby ¢ * * $

MEP Index

97.5 ‘ ‘ ‘ r ‘
12000 14000 16000 18000 20000 22000 24000

Steam Rate Lb/hr Figure 4

CSONHzl NB mMppoY TnnuHpX wdzdoéd @ 5SNbBE& UCI NYyoNRdY
{AYdzZ GFyS2dza GSaida 6SNBE OFNNASR 2dzi i wdaAoe GSai
2LISNF SRZ wdz2o6é& RAFLIKNI IY 2LISNF SR . 20K ?szOezyéli
¢KS NBadzZ 64 6SNB YAESRI G(G(KS 5SNbeé AYyRAOFG2NI NBGdNY
YR 6ARSf&@ IRNAD |G 020K SYRa 2y GSaid Nlzy yodpmod ¢KE
Comparative Indicator Results 1953
70025 RH Cylinder Back End 40 MPH
110
100 /ﬁ
a0 /
5 o s
S 70
60 | . The Derby concave Curve ———
50 is the wrong shape |
40 , . x ' w
10,000 12,000 14,000 16,000 18,000 20,000 22,000
Steam Rate Lb/hr Figure 5
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a9t ® b{yz2g aiGz2N¥yab 2F &0l gSNBR LI 2Gad aSOKIyAOIf
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Comparative Rugby & Derby Farnbro Indicator Tests - 92050 Series 2 1957

These tests, which followed further refinements in the design of both the Rugby and Derby indicators were a notable
improvement. The differences between the two indicators were no more than routinely obtained with the Rugby indicator

when taking a sequence of readings under constant conditions.

Data as Report L116 Figure 4

Table 4 92050 Series 2 Comparative Indicator Tests 1957 . )
P —TesTVaes 92050: Co_mparatlve Rugby/Derby
Steam Rate 75 MPH 30 MPH 50 MPH Indicator Tests 1957
Rugby | Derby | Rugby | Derby | Rugby | Derby 10
50 mph
11900 695 _®
12,300 785 795 1600
13,100 760 758 30 mph
14,900 1000 995 1400
15,500 1045 1053 1021 1003
16,150 964 950 o m
17,400 1203 1165 X
18,500 1290 1260
18,900 1115 1080 1oco
19,100 1310 1292
19,500 1373 1402 8009 Full Lines & Dots = Rugby Indicator
18,750 1188 1128 Dashed Lines & Squares = Derby Indicator
21,400 1510 1512 560 , ; ,
22,400 1254 1265 1520 10000 14000 18000 22000 26000
23,400 1556 1568 1633 1647 ) Steam Rate Lb/hr .
Table 5 Comparative Indicator tests IHP Indices 1957 B Figure 6
IHP - Rugby-Derby Mean Value Indices
Steam Rate 15 MPH 30 MPH 50 MPH 92050 Series 2 IHP Willans Line - 30 mph
Rugby | Derby | Rugby | Derby | Rugby | Derby Rugby and Derby Indicator Tests 1957
12,300 100.6 99.4 26.000
13,100 99.9 100.1 24’000 |
14,900 99.8 100.3 ‘L—=, 22’000 | y = 6511.30.0008x ™
15,500 100.4 99.6 99.1 100.9 o R2=0.9975 /
16,150 99.3 1007 © 20,000 3
17,400 98.4 1016 < 18,000 =
18,500 98.8 1012 < 16,000 —
18,900 98.4 101.6 s 14,000 — ) =
19,100 99.3 1007 & 12,000 Trendineas
19,500 1011 99.0 10,000 T T T combigned .Rugby & |
19,750 99.8  100.2 600 800 1000 1200 Derby plots. 800
21,400 100.1 99.9 "
22,400 100 4 99.6 Indicated Horsepower
23,400 100.4 99.6 100.4 99.6
Averages 99.6 | 100.5] 99.9 | 1001 ] 99.8 | 100.2 R13 Audit 5 Figure 8
Averages Rugby 99.75 Derby 100.26
Table 6 Test Series 1 & 2 IHP & WRHP Comparison - 50 mph 2 i > Exhailist St T
Steam Rate |_!HP_Willans 50 mph | WRHP Willans 50 mph Pipleeles & 40 f,:‘:h gam Temprrare
16,000 | 20,000] 24,000 | 16,000 | 20,000 | 24,000
Series1 | 1,170 | 1,500 | 1,770 | 1,000 | 1,415 | 1,680 400 | |
series2 | 1100 | 1,415 | 1670 | 1.010 | 1,315 | 1,562 ggg l l
S2 AHP -70 85 | 100 | -80 [ -100 | -118 325 Series 2 = 0.0097x + 96.864 =
S2AHP% | -60% | -57% | 56% | -7.3% | -74% | 7.0% | w o0 R?=0.9908
The Series 1 tests 1955, and the Series 2 1957 tests post dated the % 275
final improvementsto the Farnbro Indicator early in 1955. = 250 ) I
< Series 1 = 0.0094x + 89.295
ai 225 — R?=0.9891
The 92050 Series 2 tests at Rugby in 1957 returned reduced IHP 200
and WRHP outcomes relative to the 1955 Series 1 tests. The Series 175
2 tests recorded higher exhaust steam temperatures for given steam 150
rates at 30 and 50 mph. (Comparative data at other speeds 10000 14000 18000 22000 2_6000
unavailable). Such an outcome is symptomatic of steam leakage, Ex 92050.X 81 v 82 Steamrate - Ib/hr Figure 9

The Series 2 tests also showed an increased specific steam
consumption. 92050 was in traffic for 18 months between the test
series and will have clocked up around 35,000 miles in the interim.
The BR Standards with the 3 bar crosshead slidebar assembly were
notorious for high piston valve ring and piston ring wear.

Summary

That the comparative tests of the Rugby and Derby Farnbro indicators in 1957
returned average values within +/- 0.5% of the simultaneous mean values is a credit
to the years of determined development work. The Rugby indicating equipment did
not significantly change after early 1955.




R13 46225 DBHP Plot LR

Crosscheck One: Drawbar Horsepower Derived Locomotive Resistance

A method of approximating LR is from the zero root point of DBHP Vs Steamrate linear trendlines at given speeds, the root point (negative value)
being representative of LR. See Figure 7 below . The proximity of these results to the R13 LR curve is striking - See Figures 8 & 9 below.

The underlying theoretical point is that no horsepower appears at the drawbar until the locomotive resistance has been overcome. The linear
projections represent the tangential mean of the recorded data. This example is atypically accurate suggesting that the R13 LR formula is
likewise. Having explored this method extensively, the outcomes are very sensitive to the steam rate range selected to find a tenable data set.
There is some scope for geometric mean solutions, in the case of the R13 data, this proved unnecessary, no weeding required. Theoretically,
the perfect outcome from this process delivers the tangental mean LR. Under most circumstances outcomes will not be quite so focussed.

Figure 7

My

Table 7 46225 DBHP Vs Steam Rate - Report R13 Table 8 R13 Vs DBHP LR Plot Smoothed
L109 Supplement Ref Drg. L109 Supplement DBHP
Steam Rate| 20 mph| 30 mph | 40 mph | 50 mph | 60 mph | 70 mph | 80 mph MPH|DBHPLR HP|DBHPLR Lb] R13 LR Lb |R13 LR HP LR HP
16,000 827 839 791 690 20 80 1491 1476 79 78
18,000 965 980 940 850 730 30 143 1788 1691 135 138
20,000 1,080 | 1,120 1,090 1015 900 750 40 196 1838 1959 209 217
22,000 1,200 1,260 1,250 1170 1060 925 765 50 317 2374 2281 304 316
24,000 1,320 | 1,390 1,380 1320 1220 1085 925 60 452 2825 2657 425 438
26,000 1,430 | 1,510 1,525 1485 1390 1255 1090 70 605 3238 3086 576 585
28,000 1,515 | 1,630 1,660 1630 1540 1410 1245 80 742 3478 3569 761 761
30,000 1,740 1,785 1780 1700 1570 1400
32,000 1,840 1,910 1900 1830 1705 1540 46225 DBHP LR & R13 LR
34,000 2,010 2010 1940 1830 1680 4000
36,000 2,110 2120 2060 1960 1810
38,000 2195 | 2195 | 2150 | 2060 | 1920 3500 +—  DBHP LR Upper Curve
40,000 2260 | 2220 | 2140 | 2010 3000 +— (unsmoothed)
a 2500
46225 R13 DBHP LR Plot = 2000 |
" Report R13 LR
3000 % 1500
20 =0.0578x-79.5 1000 - The DBHP evaluation (square plots) inevitably has
30 = 0.063x - 143.13 Negative Values Represent 500 some scatter- Columns M & N Table 8.
LRHPs at given speeds R? value 0.98
2500 0 T T T T
40 =0.0648x - 195.6Y 0 20 40 60 80 100
MPH Figure 8
50 =0.0674x - 316.54
2000 —
60 =0.0694x - 452.11 46225 DBHPLR HP & R13 LR HP
800
70 = 0.0707x - 604.55 200 X
1500 600 - DBHP LR HP /
80 =0.0703x - 742.3 a 500 4 (smoothed)
T
e " R13LRHP
% 1000 =i 240
1] 200
o 100
0 . T T T
500 0 20 40 60 80 100
MPH Figure 10
The smoothed Figure10 DBHP LR determination trend line and the
0 : : : R13 Fig.18 trend line are virtually indistnguishable.
/ /000 20,000 30,000 40,000 50,000 The smoothed DBHP LR‘dejtermlnatlons (Table 8 & Figue 10) and the
R13 Fig.18 values are within -2%/+3%
Steam Rate Lb/Hr
-500 . N )
/. This method was inspired by reading Stanley Hooker's,
/ autobiography "Not Much Of An Engineer"
1000 Hooker was an engineer at Rolls Royce, initially specialising

in superchargers. This backwards projection was used to
determine the frictional losses in aero engines.




DBHP LR Crosscheck Two

Machinery friction data (MF) for 46225 is available from the Rugby tests. These values (along with same for other locos) can be
tested by two methods; Firstly by a theoretical estimate of MF, and secondly by the 'stripping out exercise described below

under "Crosscheck Three".

Figure 10 46225 Rugby Machinery Friction
( DHL MF Audit - Lower Curve)
1400
1200 | y =0.1782x2 - 13.29x + 1159.1
R?=0.0346
1000
=2 g0
! []
E 600 s
400
200
0 T T T T T T T
0 10 20 30 40 50 60 70
Figure 11 MPH

80

Rugb MF data for 46225 very limited at speeds other than 50 mph,
Unbalanced outliers discarded at 35 mph (1), 60 (1), 65 (2).

Crosscheck Three

DHL Audit Estimation

This exercise was carried out to ascertain the likely
order of magnitude of locomotive Machinery Friction
(MF). In other words was MF measured in hundreds

or thousands of pounds?

The procedure was the summation of 'elemental
approximations' MF compnents having been broken
down into 9 theoretical modules. This exercise made
no reference to Rugby MF data, but returned values of

similar values generally in the order of hundreds of

pounds. In other words, on a theoretical basis,

the Rugby MF data appeared to be of plausible

magnitude. Audits for 10 locomotive types were

generally consistent with the Rugby data, forming a
logical overall pattern. The audit correlation was not

proof, or claim to great accuracy, but suggests that the

Rugby MF data was within the bounds of probability.

The audit MF modules erred on the pessimistic, or so |
thought. Carling thought the dyanamometer was within

the +/- 2% guarantee.

Itis possible to "strip out from the R13 LR curve estimated values for uncoupled vehicle resistance components, colletively (VRU): Carrying
wheel losses including tender, track & ride losses (2nd term) and aerodynamic drag, plus an augment for the 2nd term adhesion weight losss
peculiar to runing on track rather than rollers. At given speeds VRU is theoretically a constant independent of effort. An acid test,

Table 9 Duchess - VRUe Carrying Wheel Friction Audit - Loco & Tender 94.8 Tons
Carrying No D" Journal Axle Load Journa_{l Ma of R Ibsfton R Total | Davis
Axles dxL" tons Ibs/sq.in lbs Formula
Bogie 2 36 6.5x 105 10.75 176 5.54 0.014 5" 122 96
Truck 1 45 7.5x11.875 16.8 211 6.1 0.0125 4.6 77 57
Tender 3 51 7.5x10.625 18.8 264 6.8 0.01 3.3 186 180
Carrying Wheel Total 94.7 R Total Lbs 385 333
Average Axle load 15.8 Mean Lbs#on 4.08 3.52
Average Lbfton 3.8
Table10 (R13Mod 3LR =7.5 +V/18 + V21630 Lb/ton), VRUe, & Estimated MF 46295 Machinery Friction HP Figure 11
wpn | R13LR | Fixed VRUe \g/gdg; AeroVRU| R13  [DHLWMF [DHL v Rugbys MF| Rugoy MF | o R1§'8F'9' DHL Audit| Rugby
Lb Lb. @ # MFLb Q| AuditLb HP Fig.10 (Squares) | (Triangles)
¥ (Dots)
20 1490 360 120 17 893 1021 -4 964 20 48 54
30 1710 360 180 238 932 896 1 920 30 75 72 74
40 1970 360 240 402 968 839 6 912 40 103 89
50 2290 360 300 608 1022 836 11 940 50 136 111 125
60 2660 360 360 857 1084 878 13 1003 60 173 140
70 3090 360 419 1148 1163 954 a1 1101 70 217 178 206
80 3560 360 479 1482 1239 1100 1 1235 80 264 235
#101.5 sq.ft, Cd 0.76, 3.5 mph HW as average wind record for test series.
0] Carryin: axles 3.8 Lbltonpas Table 8 avergge. (Notional LR VRU constant) 46225 WRTENITES0 mph
AMF (Coll)is _R13 MF HP(Col.G) - Rugby MF HP (Col.J) , 12222 y= 0.9I749x . 63I7.73 P
¥ V/18: AW Ride losses appear largely absent on the test plant: 2/3rds assumed. 5 R2 = 0.9983 P
WRHP data for the Duchess, BR5 and 9F is consistent on this point. 5 14000 /‘/
QR13MF=R13LR-VRU(LR-(®+ ¥ +#) _g 12000 ’
Q
The Rugby MF data for 46225 appears generally compatible with the loco- E 5 10000
motive resistance formula given in report R13. It would be unrealistic to E 8000
expect the theoretical MF values as "stripped out" from the R13 curve in % 6000
Table 9 to exactly fit the Rugby MF trend line given the inevitable experimental 2 6000 8500_ 11000 1_3500 16000 18500 21000
errors involved. Differences of potentially +~ 10 HP are probably uaavoidable. égure 12 Indicedad Tractiva Effort-Lb

Rugby 46225 MF test runs wrte substantialy concentrated at 50 mph.

46225 MF 50 mph, 24000 Ib/hr

HP ITE WRTE MF Ib

1620 12150 | 11207 943







