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Line Capacity vs. Speed for Same Speed Railways 

Volume 2 

Summary 

The initial edition of this article was never foreseen as a mere volume 1, but effectively it has outgrown 

its natural scope, and a volume 2 is clearly required, to handle the more advanced aspects of Same Speed 

Railways. 

The problem became acute when I added the very involved (surprisingly so) subject of change of line 

speed, while maintaining line capacity at the same level. I felt that this completely unbalanced the article, 

and was likely to prove confusing to the readership; after all, the whole purpose of the article(s) is to 

introduce the important subject of line capacity to an intelligent but non-specialist audience. 

Accordingly, the entire section on change of line speed has been removed from volume 1, replaced by a 

stub, and an entirely new exposition of the topic, with a more rational presentation sequence, has been 

written for volume 2. 

This is preceded by the entirely new topic of different switch types for different speed ranges, including a 

rigorous distinction between speed ranges for which the Extended Train Separation standard is 

appropriate, and those where the Basic standard must be used. 
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Introduction and Background 

The (implicit) first volume of this article introduces the concept of the Same Speed Railway, and explains 

how the line capacity is determined. This, it notes, has a precise value, (strictly, a precise maximum 

value,) for a particular line speed; it is in fact a property of the model. 

Initially, capacity was all that the article was concerned with. But the seemingly ridiculous values that the 

model offers caused me increasing unease, so that eventually, (beginning in April 2020,) I found myself 

obliged to consider the timetabling of Same Speed railways, from the initial point of interest of how to 

combine non-stop and stopping services, allowing overtaking at stations, without losing line capacity. 

This introduced the Capacity Slot Model, which I had originally developed earlier, for another purpose, 

but which showed itself to be of fundamental importance in timetabling, and then introduced the concepts 

of the Slot Stream Advance and Sweet-Speeds into the public domain. I believe I have demonstrated that 

the promised capacity values are in fact perfectly legitimate, if still astonishing. 

The main reason for writing a separate volume 2 is a consequence of dealing with the topic of variation of 

line speed while maintaining constant line capacity. I found this an extraordinarily difficult section to 

write, mainly because I sensed that the whole focus of the article was being compromised: having 

explained the concept of Sweet-Speeds, the very few values of line speed which enable a usable timetable 

to be constructed, I was now showing how to circumvent this, to any speed of choice, provided less than 

the Sweet-Speed for that capacity. The readers must have found it confusing. (I myself found it 

confusing.) I decided that the treatment of this astonishingly complicated subject was unsatisfactory, and 

have removed it from volume 1. A completely new and, I believe, greatly improved exposition has been 

written for volume 2. 

I began the original article very much from the standpoint of High Speed railways. It was only later that I 

realised that Medium and Low Same Speeds shared most or all of the same properties. But the tendency 

persisted, still to think primarily in High Speed terms, (often quite unconsciously). For this second 

volume, I will ensure that all speed ranges are treated equally. As a consequence of this, a whole range of 

switch types is now included, allowing the Extended Train Separation Distance standard to be used over 

as wide a speed range as possible, the Basic standard being restricted to only the lowest speeds, where it 

is unavoidable. 

Volume 2 is specifically for the more advanced issues of Same Speed, initially the two topics just 

described. Further advanced topics will be added as they are recognised and investigated.  

It is assumed that the reader is familiar with the contents of volume 1. If that is not the case, then don’t 

waste your time with the present article until you have command of the earlier one. 
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The Speed Ranges of Same Speed Railways 

Volume 1 recognised High, Medium and Low speed ranges, and set the boundary between High and 

Medium at the Buffer-end Speed, since that is the speed at which the following train, still travelling at full 

line speed, is precisely the absolute minimum distance behind the diverging train, and also the point 

where the switch has just been reset to point to the direct (main) line, so that the diverging train is no 

longer in the path of the following train. This is perfectly correct, and entirely rational, but is, nonetheless, 

a prime example of thinking in High Speed terms exclusively, as deprecated above. 

The original treatment considered only one type of switch, the Ultra-High-Speed Swing Nose Crossing 

with Manganese Cradle. This is fine for High Speed lines, but a ridiculous overkill for Medium and Low 

Speed ones. With the recognition that the Same Speed model applies to all speed ranges, a whole series of 

switch types is now proposed, allowing the benefits of the Extended TSD standard to be extended to the 

widest possible range of speeds. (There is a minimum speed, below which TSD(e) is not available, and 

recourse must be had to the basic standard, TSD(b). That is not much of a problem, in practice.) 

Generally speaking, if the TSD(e) standard applies, there is no point whatever in using a switch whose 

turnout limit speed is higher than the line speed – it would work, of course, but offers performance (and 

price!) way beyond what is required. (If the Basic TSD standard applies, then the turnout limit speed of 

the switch type in use must be equal to or exceed the line speed, since the trains are already the minimum 

distance apart, and no deceleration is possible on the main line.) It was not recognised as such, originally, 

but having just the one switch type available effectively restricts the Extended TSD standard to just the 

High Speed range; that was, indeed, taken as a definition of that range. 

All Same Speed railways are designed for a particular chosen capacity. A particular model of switch is 

selected with a turnout limit speed below that of the Sweet-Speed which corresponds to that capacity, but 

not too far below. In all speed ranges for which TSD(e) is available, trains decelerate on the main line 

down to the turnout limit speed as they reach the switch, continuing their steady deceleration across the 

switch and on the diverging track. The basic standard TSD(b) allows no deceleration on the main line; the 

trains are already the minimum permissible distance apart, and the line speed is less than or equal to the 

turnout limit speed of the switch type in use. The consequence of this is that a diverging train must travel 

a distance equal to the buffer length for that switch type onto the deverging track, and the switch be reset 

behind it, before it can even begin its deceleration. 

This means that the boundary between speed ranges is now indeed the turnout limit speed for the higher 

speed range, as one would naturally expect, and this is determined by the switch type in actual use. 

Switch Types: 

This present section derives the Capacity vs. Speed relationships for four different switches from Vossloh 

Cogifer. (I must stress that I am in no contractual relationship with Vossloh Cogifer, but since they were 

so helpful in supplying me with the relevant technical data, their reward is that their products get quoted!) 

These are: 

1. The UHS switch dealt with so far: 

Turnout Limit Speed vt = 63.889m/s / 230kph / 142.95mph 

Length of moving switch parts 194.5m 

(Maximum) time to reset switch 4s (NR standard for swing nose crossings). 
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2. Switch Type HV: 

Turnout Limit Speed vt = 40.225m/s / 144.81kph / 90mph 

Length of moving switch parts 89.693m 

(Maximum) time to reset switch 5s (NR standard for switch lengths SG – J). 

3. Switch Type Type GV: 

Turnout Limit Speed vt = 31.286m/s / 112.63kph / 70mph 

Length of moving switch parts 65.136m 

(Maximum) time to reset switch 5s (NR standard for switch lengths SG – J). 

4. Switch Type FV 

Turnout Limit Speed vt = 22.347m/s / 80.45kph / 50mph 

Length of moving switch parts 49.816m 

(Maximum) time to reset switch 4s (NR standard for switch lengths up to F). 

To these I add a fifth switch type, for reasons which will very quickly become apparent: 

5. Switch Type EV 

Turnout Limit Speed vt = 17.878m/s / 84.36kph / 40mph 

Length of moving switch parts 40.457m 

(Maximum) time to reset switch 4s (NR standard for switch lengths up to F). 

 (The speeds in red are the values specified in the source documentation.) 

Let’s call the speed ranges corresponding to the first four types of switch High Speed, Medium Speed, 

Low Speed and Slow Speed. 

With the notation: 

 vl = line speed (m/s) 

 vt = turnout limit speed (m/s) 

 b = buffer length (m) 

 vb = buffer-end speed (m/s) 

 ad = (uniform) rate of deceleration (m/s
2
) 

 cl = line capacity (tps – multiply by 3600 to get tph) 

then we have the following results (which are constants for a particular switch): 

b = train length + length of moving switch parts + distance travelled (decelerating) in time to reset switch  

(train length value taken as 400m: 16 or 2*8 carriages of 25m each) 

vb = √(vt
2
 – 2adb). 

The buffer length is rounded up to the next multiple of 5. 

So we have the following, constant values: 

1. UHS switch type vtH = 63.889m/s bH = 830m vbH = 57.02m/s 

2. Switch Type HV vtM = 40.225m/s bM = 655m vbM = 31.03m/s 

3. Switch Type GV vtL = 31.286m/s bL = 575m vbL = 20.10m/s 

4. Switch Type FV vtS = 22.347m/s bS = 475m vbS = 4.94m/s 

5. Switch Type EV vt5 = 17.878m/s results not available – see later. 
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The standard formulae for Train Separation Distance (TSD) are: 

Basic, TSD(b)  = vl
2
/2ad + b 

Extended, TSD(e) = vl
2
/2ad + b + e 

 where e = (vl – vb)
2
/2ad  (the separation distance extension). 

Finally, line capacity = line speed / TSD, basic or extended, i.e. 

cl = vl/(vl
2
/2ad + b) or 

cl = vl/(vl
2
/2ad + b + e)  

as appropriate. Multiply result by 3600 for tph. 

If vcmax is the line speed at which the line capacity, calculated on TSD(b), is at its (theoretical) maximum, 

 then vcmax = √(2adb) m/s  and thus cmax = √(ad/2b) tps (*3600 for tph); 

or, calculated on TSD(e),  

 then vcmax = √(vb
2
/2 + adb) m/s and thus cmax = ad/[2√(vb

2
/2 + adb) – vb] tps (*3600 for tph). 

So the values for the four switch types are: 

1. UHS switch type vcmax = 28.81m/s cmax = 62.48tph 

2. Switch Type HV vcmax = 25.59m/s cmax = 70.33tph 

3. Switch Type GV vcmax = 23 98m/s cmax = 75.07tph 

   vcmax = 22 12m/s cmax = 74.53tph (NB calculated on TSD(e).) 

4. Switch Type FV vcmax = 21.79m/s cmax = 82.59tph 

   vcmax = 15.80m/s cmax = 67.51tph (NB calculated on TSD(e).) 

 (These have been calculated, where appropriate, for both cases, since both appear on the graph.) 

There now follow (after the remarks, below, on switch type EV) four graphs of line capacity vs. speed, 

for the four switch types. Elucidatory commentary follows. 

 

Switch Type EV and Below: 

The results are not available for switch type EV. What this actually means is that the Extended Train 

Separation Distance standard is no longer available. This relies on trains decelerating on the main line 

down to the turnout limit speed by the time they reach the switch, and continuing their deceleration 

during and after crossing the switch, down to the buffer-end speed, by the time they reach a distance 

equal to the buffer length beyond the switch points, at which point the following train, still travelling at 

line speed, is precisely the minimum distance, TSD(b), behind the first train, but the switch has reset, so 

the diverging train is no longer in the path of the following train. (Pause for breath.) The buffer-end speed 

is given by vb = √(vt
2
 – 2adb). 

As can be seen for switch type FV, this is already dangerously low. The buffer length b varies semi-

linearly with speed; the quadratic vt
2
 decreases much faster, and very soon the quantity whose square root 

is required goes negative. Hence the Extended TSD standard is no longer applicable. This does not mean 

capacity calculations are no longer possible. What it does mean is that at these low speeds, the Basic 

Train Separation Distance standard applies. 

TSD(b) means that there can be no deceleration on the main line. For this standard, therefore, the turnout 

limit speed for the applicable switch type must indeed be greater than or equal to the line speed (thus 

contradicting the second paragraph of the current section, for this special case). A diverging train must 
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travel the buffer distance beyond the switch points at constant line speed, with the following train 

precisely TSD(b) behind it, throughout. Only at that instant, when the switch has reset behind it, so that it 

is no longer in the path of the following train, can it begin its deceleration. 

Whereas with the switch types dealt with above, their speed range of applicability is greater than or equal 

to their turnout limit speed, the switch types used with the basic TSD standard have speed range of less 

than or equal to their turnout limit speed. Switch type FV thus has two speed ranges of applicability, its 

above details being for TSD(e). In all the following switch types, the maximum time to reset the switch is 

4sec. I deal with this by including a component equal to the distance travelled in 4s at the switch’s turnout 

limit speed. This will be a slight over-estimate in most cases, but no matter. 

Further switches from Vossloh Cogifer: 

6. Switch Type DV: 

Turnout Limit Speed vt = 13.408m/s / 48.27kph / 30mph 

Length of moving switch parts 29.174m. 

7. Switch Type CV: 

Turnout Limit Speed 11.174m/s / 40.23kph / 25mph 

Length of moving switch parts 24.877m. 

8. Switch Type BV: 

Turnout Limit Speed 8.939m/s / 32.18kph / 20mph 

Length of moving switch parts 21.337. 

So we have the following, constant values: 

4. Switch Type FV vt = 22.347m/s  b = 540m 

5. Switch Type EV vt = 17.878m/s  b = 515m 

6. Switch Type DV vt = 13.408m/s  b = 485m 

7. Switch Type CV vt = 11.174m/s  b = 470m 

8. Switch Type BV vt = 8.939m/s  b = 460m 
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Capacity vs. Line Speed for the High Speed range, using Vossloh Cogifer Ultra High Speed Swing Nose Crossing with Manganese Cradle. 

  



Line Capacity vs. Speed for Same Speed Railways – Volume 2 v1.0  Page 9 of 47 

 

Capacity vs. Line Speed for the Medium Speed range, using Vossloh Cogifer switch type HV. 
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Capacity vs. Line Speed for the Low Speed range, using Vossloh Cogifer switch type GV.. 
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Capacity vs. Line Speed for the Slow Speed range, using Vossloh Cogifer switch type FV. 
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Four characteristics stand out very clearly from the graphs: 

1. All the available capacities (except 64tph) could be operated in all four speed ranges. (64tph is 

actually above the theoretical maximum capacity for the High Speed range, and its Sweet Speed 

for the Medium Speed range is below the turnout limit speed.) 

2. The Sweet-Speeds corresponding to the available capacities are very strongly dependent on the 

switch type chosen. (Note that the available capacities, i.e. those that enable a usable, clock-face 

timetable, are the same for all speed ranges, except for 64tph, as noted above. This is unsurprising, 

as they are determined solely by integer arithmetic. But the Sweet Speeds corresponding to those 

capacities do depend intimately on the parameters of the speed range.) 

3. For all speed ranges below Medium, the extended Train Separation Distance standard, TSD(e) 

applies to all speeds at or in excess of that of the theoretical maximum capacity. (And even for 

Medium, this is very nearly true. High Speed is the only range with a significant amount of only 

TSD(b) above the Maximum capacity. Refer to the graph on p.8.) 

4. As the switch turnout limit speed decreases, the (theoretical) maximum capacity (calculated on 

TSD(b) increases, and the speed to which it corresponds decreases. The hump in the graph thus 

becomes higher and steeper. . 

The summary tables of capacities and Sweet-Speeds are now given, for the four switch types. These apply 

for the case of a mixture of non-stop and overtaking services, and as usual, my recommendations are 

highlighted in red. But note that I recommend only for capacities relevant to the speed range. Specifically 

this means that recommendations for the High Speed range are given only for capacities of 45,40,36,32 

and 30tph. For the other ranges, however, recommendations are given for all capacities greater than or 

equal to 48tph, provided the Sweet-Speed exceeds the turnout limit speed for that switch. Thus capacities 

48, 50 and 60 are added for switch type HV, but not for 64tph since its Sweet-Speed is less than the TLS 

for that switch. Likewise 64tph is added to the Low Speed range, but not 72tph. Finally, 72tph disappears 

altogether from the Slow Speed range, as it is now over the maximum capacity, as are 75 and 80tph. The 

reason for this is that there are several considerations to be taken into account when deciding which 

capacity to select, Most important is the Sweet-Speed itself but also of note are the minimum inter-station 

distances and the station wait times. 48tph may well be appropriate for all three speed ranges, offering the 

ideal speed of 120mph for routes such as the WCML, ECML, GWML and MML, which already have 

significant stretches of 125mph. Likewise, 105mph could be ideal for routes such as Birmingham to 

Bristol and the West Country, which has superb alignments, but has never been properly developed as an 

express route, rather than cross-country. Finally, 80mph could bring palpable enhancement to country 

lines.  

Note further that these are genuine Sweet Speeds. They are the maximum speed possible for that capacity 

in that speed range. The slot time is constant for a particular capacity, in any speed range, but the slot 

length depends on the line speed, and is at its maximum, equal to TSD(e), when that line speed is equal to 

the Sweet Speed. 

(I am being necessarily pedantic here, because it is possible to operate at any line speed less than the 

Sweet Speed, while maintaining the same line capacity. In such a case the slot length is simply the 

distance travelled in the slot time at that lower speed, and while it is less than the value for the Sweet 

Speed, it is nonetheless larger than TSD(e) for that (non-sweet) speed. The slot length is at its maximum 

for that capacity and speed range, and is precisely equal to TSD(e), when the line speed is equal to the 

Sweet Speed. This sounds wrong, but the key fact here is that the slot length, calculated as slot time 
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multiplied by line speed, depends linearly on the speed, but the Train Separation Distance depends on the 

square on the line speed. It thus both increases and decreases faster than the linear slot length. 

(This is conceptually very difficult stuff, and it has taken me several months to get at ease with it.) 

UPS Switch type: 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

60 60 38.37 138.12 85.83 3.92 / 2.44 4 / 5 / 6 138 / 198 / 258 4  / 5 / 6 

50 72 57.58 207.29 128.81 8.84 / 5.49 5 206 6 

48 75 61.15 220.13 136.79 9.97 / 6.19 4 / 6 / 8 212 / 287 / 362 5 / 7½ / 10 

45 80 69.01 248.44 154.38 11.68 / 7.26 5 216 6⅔ 

40 90 74.71 268.94 167.12 14.88 / 9.24 5 / 8 251 /  521 7½ /  12 

36 100 82.19 295.90 183.87 18.02 / 11.19 4 / 6 181 / 381 6⅔ / 10 

32 112.5 90.80 326.87 203.11 21.98 / 13.65 4 / 8 208 / 433 7½ / 15 

30 120 95.70 344.51 214.08 24.42 / 15.17 5 / 6 345 / 465 10 / 12 

25 144 110.57 398.04 247.34 32.60 / 20.24 5 425 12 

24 150 114.14 410.92 255.34 34.74 / 21.57 6 / 8 596 / 896 15 / 20 

 

Switch Type HV: 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

64 56.25 37.70 135.71 84.53 3.79 / 2.36 4 / 8 124 / 349 3¾ / 7½ 

60 60 41.57 149.66 93.00 4.61 / 2.86 4 / 5 / 6 129 / 189 / 249 4  / 5 / 6 

50 72 51.25 184.49 114.64 7.00 / 4.35 5 223 6 

48 75 53.38 192.15 119.40 7.60 / 4.72 4 / 6 / 8 158 / 308 / 458 5 / 7½ / 10 

45 80 56.79 204.43 127.03 8.60 / 5.34 5 249 6⅔ 

40 90 63.24 227.66 141.47 10.66 / 6.63 5 / 8 281 / 551 7½ /  12 

36 100 69.37 249.73 155.18 12.83 / 7.98 4 / 6 215 / 415 6⅔ / 10 

32 112.5 76.74 276.27 171.67 15.70 / 9.76 4 / 8 245 / 695 7½ / 15 

30 120 81.05 291.79 181.31 17.52 / 10.89 5 / 6 384 / 504 10 / 12 

25 144 94.47 340.09 211.33 25.48 / 15.84 5 468 12 

24 150 97.76 351.93 218.68 25.48 / 15.84 6 / 8 639 / 939 15 / 20 

 

48tph is a superb capacity, second in my affections only to 32tph. 
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Switch Type GV: 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

72 50 26.90 96.86 60.19 1.93 / 1.20 4 / 6 / 8 128 / 228 / 328 3⅓ / 5 / 6⅔ 

64 56.25 33.70 121.31 75.38 3.03 / 1.88 4 / 8 135 / 360 3¾ / 7½ 

60 60 36.79 132.46 82.31 3.61 / 2.24 4 / 5 / 6 142 / 202 / 262 4  / 5 / 6 

50 72 45.29 163.04 101.31 5.47 / 3.40 5 239 6 

48 75 47.23 160.04 105.66 5.95 / 3.70 4 / 6 / 8 174 / 324 / 474 5 / 7½ / 10 

45 80 50.38 181.37 112.70 6.77 / 4.21 5 266 6⅔ 

40 90 56.42 203.12 126.21 8.49 / 5.28 5 / 8 300 / 570 7½ /  12 

36 100 62.23 224.03 139.21 10.33 / 6.42 4 / 6 234 / 434 6⅔ / 10 

32 112.5 69.28 249.41 154.98 12.80 / 7.96 4 / 8 265 / 715 7½ / 15 

30 120 73.43 264.35 164.26 14.38 / 8.94 5 / 6 404 / 764 10 / 12 

25 144 86.43 311.16 193.35 19.92 / 12.38 5 490 12 

24 150 89.64 322.69 200.51 21.43 / 33.32 6 / 8 661 / 961 15 / 20 

 

Switch Type FV: 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

80 45 28.09 101.12 62.84 2.10 / 1.31 4 / 5 / 8 105 / 150 / 285 3 / 3¾ / 6 

75 48 34.05 122.58 76.17 3.09 / 1.92 5 149 4 

72 50 37.25 134.09 83.32 3.70 / 2.30 4 / 6 / 8 101 / 201 / 301 3⅓ / 5 / 6⅔ 

64 56.25 21.39 77.01 47.85 1.22 / 0.76 4 / 8 168 / 393 3¾ / 7½ 

60 60 24.92 89.71 55.74 1.66 / 1.03 4 / 5 / 6 174 / 234 / 294 4  / 5 / 6 

50 72 33.48 120.53 74.90 2.99 / 1.86 5 271 6 

48 75 35.38 127.38 79.15 3.34 / 2.07 4 / 6 / 8 206 / 356 / 506 5 / 7½ / 10 

45 80 38.44 138.40 86.00 3.94 / 2.45 5 297 6⅔ 

40 90 44.30 159.49 99.11 5.23 / 3.25 5 / 8 332 / 602 7½ /  12 

36 100 49.94 179.78 111.71 6.65 / 4.13 4 / 6 267 / 467 6⅔ / 10 

32 112.5 56.79 204.45 127.05 8.60 / 5.35 4 / 8 299 / 749 7½ / 15 

30 120 60.83 219.01 136.09 9.87 / 6.13 5 / 6 438 / 558 10 / 12 

25 144 73.54 264.76 164.52 14.42 / 8.96 5 524 12 

24 150 76.68 276.06 171.54 15.68 / 9.75 6 / 8 696 / 996 15 / 20 

 

Note the discontinuities in speed, inter-station distance and station wait times between the capacity values 

72 and 64. The maximum capacity value when operating with the extended TSD standard, TSD(e), is 

67.51m/s. Capacities 72, 75 and 80tph simply do not exist for that standard; the values quoted in the table 

are for TSD(b), hence the discontinuities. This should be perfectly clear from the Capacity vs. Line Speed 

graph for switch type FV. 
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The equivalent results for pure metros are: 

Switch Type HV: 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

64 56.25 16.46 59.26 36.83 0.72 / 0.45 2 / 4 69 / 181 1⅞ / 3¾ 

60 60 14.35 51.65 32.10 0.55 / 0.34 2 / 3 / 4 / 

5 / 6  

82 / 142 / 202 / 

262 / 322 

2 / 3 / 4 / 

5 / 6 

50 72 10.68 38.81 23.90 0.30 / 0.19 2 116 2.4 = 2m24s 

48 75 10.09 36.33 22.57 0.27 / 0.17 2 / 3 / 4 123 / 198 / 273 2½ / 3¾ / 5 

 

Switch Type GV:25 

 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

72 50 17.93 64.54 40.11 0.86 / 0.53 2 / 3 / 4 52 / 102 / 152 1⅔/ 2½/ 3⅓ 

64 56.25 13.43 48.34 30. 04 0.48 / 0.30 2 / 4 77 / 189 1⅞ / 3¾ 

60 

 

60 11.97 43.10 26.78 0.38 / 0.24 2 / 3 / 4 / 

5 / 6 

88 / 148 / 208/ 

268 / 328 

2 / 3 / 4 / 

5 / 6 

50 72 9.15 32.93 20.47 0.22 / 0.14 2 120 2.4 = 2m24s 

48 75 8.67 31.21 19.39 0.20 / 0.12 2 / 3 / 4 127 / 202 / 277 2½ / 3¾ / 5 

 

Switch Type FV: 

Line 

Cap-

acity 

(tph) 

Slot  

time 

(sec) 

Line  

Speed 

(m/s) 

Line  

Speed 

(kph) 

Line  

Speed 

(mph) 

Minimum 

Inter Station 

Distance  

(km / miles) 

Slot Stream  

Advance 

(integer  

Slots) 

Station Wait 

Time (sec) 

Clock-Face  

Timetable 

(every  

↓ min) 

64 56.25 11.67 42.02 26.11 0.36 / 0.23 2 / 4 81 / 194 1⅞ / 3¾ 

60 60 10.02 36.07 22.42 0.27 / 0.17 2 / 3 / 4 / 

5 / 6  

93 / 153 / 213 / 

273 / 333 

2 / 3 / 4 / 

5 / 6 

50 72 7.46 26.85 16.68 0.15 / 0.09 2 124 2.4 = 2m24s 

48 75 7.06 25.41 15.79 0.13 / 0.08 2 / 3 / 4 131 / 206 / 281 2½ / 3¾ / 5 

 

These are not indicated explicitly on the graphs, but correspond to the point where the horizontal red line 

for that capacity intersects the ascending side of the graph. 
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Change of Line Speed for a Same Speed Railway 

Basic Principles: 

While the line speed of a Same Speed Railway remains constant within each section of the route, it is 

possible that the line speed may be different in adjacent sections. In such a situation, trains travelling from 

the higher speed section into the lower speed one must perform all their deceleration in the higher speed 

section, crossing the section boundary only when they have reached the lower speed. (Going in the 

reverse directions, trains would cross the section boundary, and begin their acceleration once completely 

inside the higher speed section. There is no problem with this; the problems are all concerned with 

deceleration.) 

For new-build High Speed routes, (or at least for the High Speed trunk portions thereof,) this really 

shouldn’t be an issue. All sections should be implemented for the same line speed, and trains should 

perform the entire journey at that line speed.  Note that this includes provision for intermediate station 

calls, with or without overtaking. What this section is about is the global deceleration of the entire traffic 

stream, with trains and their containing capacity slots decelerating in lockstep together, the capacity 

slot(s) changing in size during the process. On completion of the deceleration, the traffic stream continues 

with the new values of line speed and capacity slot. Note further that the deceleration begins, for all 

trains, at a particular, fixed location, and is complete by a second, fixed location. 

For Same Speed Railways in the Medium Speed range, this is a much more serious issue. These will 

normally be conversions to Same Speed standards of conventional routes, and will almost certainly have 

line speed variations as a legacy of their origins, which it will often not be practicable to correct. Even 

new High Speed routes may have the requirement as a (hopefully!) temporary implementation issue, 

where sections of conventional route are incorporated in order to get some services running as soon as 

possible, rather than wait for the whole thing to be complete before opening. 

This is an extraordinarily complicated subject, with seemingly endless ramifications.  We first need to 

establish some basic principles. 

Deceleration behaviour is depicted on Deceleration Graphs, for which the independent variable is elapsed 

time, and the graphs are focussed on either speed or distance travelled, since different scales are required, 

to display these legibly and intelligibly. The next page contains a simplified Deceleration / Speed graph. 

The same graph will be encountered again later, with much extra detail, but, for now, I wish to focus 

attention on its characteristic lozenge shape. The behaviour of two adjacent trains is illustrated, but it 

must be clearly understood that these represent a continuous stream of identically-behaving trains. The 

graph represents the behaviour of trains travelling at the Sweet-Speed, 90.80m/s, for line capacity 32tph, 

in the High Speed range, and decelerating to a Target Speed of 38.37m/s in the Low Speed range. This 

latter value has no intrinsic significance, beyond its location in a lower speed range. Remember that the 

quantities on the horizontal scale are elapsed times, not distances; do not even think of distances, in the 

present context. The vertical scale is line speed. 

Elapsed times are included, but ignore them for now. Train 1’s speed history is defined by graph line 2, 

and Train 2’s by graph line 4. Manifestly, the times taken to decelerate from the Sweet-Speed to the 

Target Speed for trains 1 and 2 are identical (the inclined sides of the lozenge). Therefore, so are the times 

taken by train 2 in travelling at Sweet-Speed until it begins its own deceleration, and that taken by train 1 

between reaching the Target Speed and train 2 reaching the Target Speed (the horizontal sides of the 

lozenge).  The two trains travel the same amount of time at different speeds. What this means is that they 
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Deceleration / Speed Graph. 
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Speed Range for Line Capacity 32tph (Sweet-Speed in HS Range). 
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are travelling with the same level of capacity, 32tph. They do not travel the same distances at different 

speeds, but they do travel the same times. This is the capacity slot time, 112.5s, for 32tph, and is the same 

for this capacity for all speeds in all speed ranges. (Of course it is; it is equal to 3600 divided by the line 

capacity in tph.) 

This is a fundamental property of Same Speed Railways: they naturally, ordinarily and automatically 

maintain constant line capacity while reducing line speed. (Strictly speaking, they have the same line 

capacity after decelerating as they had before; the instantaneous capacity value while one train is 

decelerating while its successor isn’t – yet – is moot.) 

One might well describe them as ιϭος χωρητικοτητα  (iso-choritikotita), or constant-capacity. 

The point about the Same Speed model is that, like any mathematical model, it enables the ready 

mathematical analysis of such properties, and thus their discovery and elucidation. The diagram on the 

preceding page is an amended version of the standard Capacity vs. Line Speed graph, with a horizontal 

red line added for capacity 32tph. This intersects the graph (strictly the graph for the extended train 

separation standard) at two points, one either side of the (theoretical) maximum capacity. That on the 

right hand side is the maximum speed at which that capacity is available; that on the left the minimum. 

But the railway may be operated with that line capacity at any speed within that range. For these 

intermediate speeds, that would not be the optimum capacity; a higher value would always theoretically 

be possible. But it does enable enormous operational flexibility, in that a given timetable model may be 

run at any speed. Careful readers will doubtless protest at that claim, quite justifiably, so it is important to 

elucidate precisely what it means. Constant capacity means that a particular number of trains pass a given 

point in a specified time, generally one hour. Alternatively stated, a train passes a given point every n 

seconds, where n is the capacity slot time. As the line speed decreases, the trains get closer together 

(which, incidentally, provides a conceptual proof of the necessity for a minimum speed – if they travel 

sufficiently slowly the front end of one train connects with the back end of its predecessor). If the line 

speed were reduced by 50% at constant capacity, it would be just as busy, in that the same number of 

trains per hour would pass an intermediate point, but they would all take twice as long to reach their 

destination. In a sense, capacity and journey time bear the same sort of relationship as topology and 

geometry. 

Summarising: for any particular capacity value, up to and including the theoretical maximum, there is a 

particular range of speeds, identified by the maximum end of the range, at any intermediate speed of 

which a Same Speed railway could, in theory, be operated. I call these the Deceleration Ranges. In 

practice, there are very, very few capacities and speed ranges for which a viable, usable timetable could 

be scheduled. These, very few, speed ranges have, as their maxima, the Sweet-Speeds. (Their 

corresponding minima, by analogy, would be the Sour-Speeds?) Some imprecise analogy may well apply 

to conventional railways, as a concept though not as a property. 

Referring back to the Deceleration / Speed graph, train 2 is travelling at a higher speed than train 1 until 

train 2 itself reaches the target speed. Throughout this entire time, it would continue to get closer to train 

1, if they were on the same track. Train 1 has used up most of its extended  separation by the time it 

reaches the turnout limit speed (and all of it by the time it reaches the buffer-end speed,) so the main line 

must split into two deceleration tracks at the point at which the turnout limit speed is reached. Train 1 

diverges onto track 1, and, by the time it has reached the buffer-end speed, the switch has been reset 

behind it to point to the other deceleration track, so it it no longer in the path of train 2. 
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This is the second, fundamental aspect of line speed deceleration on Same Speed railways: it always 

involves a pair of deceleration tracks. (As always, I’m dealing with maximum capacity operation, a 

continuous stream of trains.) 

An alternative formulation of this second aspect is that a train cannot simply decelerate at will. 

Deceleration is possible only at prescribed locations, where the necessary infrastructure of deceleration 

tracks is available. 

Same Speed Railways are, naturally and, in practice, almost invariably, constant capacity railways. It 

would, in theory, be possible to change the capacity, but this would involve every train stopping at a 

particular station, and a whole new timetable take effect there. I can’t really see any practical point to this 

beyond the very special case of trans-metropolitan traverses, such as merging the 32tph HS2 services 

from the West Midlands and North West, and the 32tph  HS4 services from Bristol, South Wales and the 

West Country, at Old Oak Common, into a 64tph pure metro service via Euston Cross out to Stratford HS 

South, where they split into 32tph HS1 services to Kent and West Sussex, and 32tph HS11 and HS12 

services to North Kent and East Anglia. (Likewise, the 32tph HS3 services from the East Midlands, 

Yorkshire, the North East and Scotland, and the 32tph HS6 and HS10 services from Humberside, West 

Yorkshire, Lincolshire and West Anglia are merged at Pancras Cross into the 64tph HS5 High Speed 

metro services to Sussex and Hampshire.) 

Deceleration Ranges: 

So, while, having fixed on the capacity for a particular Same Speed route, we have a constant value for 

the capacity time slot, it is worth considering how the capacity distance slot varies, as line speed varies 

within the available range, the Deceleration Range. The next four pages contain illustrative examples for 

each of the four speed ranges (and switch types).The initial speed is the maximum, the Sweet-Speed for 

that capacity and speed  range / switch type. The other end of the deceleration range (of Target Speeds) is 

the Sour-Speed, the minimum speed available for that line capacity and speed range / switch type. (The 

lines on the graph continue beyond the Sour-Speed, but the quantities involved have no physical existence 

below that minimum speed.) 

At the Sweet-Speed maximum, the capacity slot length is equal to TSD(e). At the Sour-Speed minimum, 

the capacity slot length is equal to TSD(b)), (usually – the fourth example, 64tph in the Slow Speed range 

/ switch type FV is an exception; TSD(e) has not yet merged – or ever will – with TSD(b)). Over that 

entire range, the capacity slot length – a straight line on the graph – is greater than TSD(e)/TSD(b). This 

difference is semi-parabolic (the constant value of buffer length is involved also); the maximum value is 

indicated, together with the speed at which it occurs (derived by a simple bit of calculus – no big deal). 

The value of TSD(e)/TSD(b) at their merge point is likewise included, as is its location – at the buffer-end 

speed, of course. 

I well recognise that this stuff is very difficult to envisage, and hope these illustrative examples of the 

deceleration ranges prove helpful. I personally find the deceleration range a very helpful unifying concept 

in the complex of ideas that the Same Speed model generates and displays. 
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Deceleration Range for High Speed Capacity 32tph, Sweet-Speed 90.80m/s. Sour-Speed  7.94m/s. 
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Deceleration Range for Medium Speed Capacity 48tph, Sweet-Speed 53.26m/s. Sour-Speed 10.18m/s. 
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Deceleration Range for Low Speed Capacity 64tph, Sweet-Speed 33.48m/s. Sour-Speed 13.60m/s. 
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Deceleration Range for Slow Speed Capacity 64tph, Sweet-Speed 33.48m/s. Sour-Speed 13.60m/s. 
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Summarising for all relevant capacities in all ranges: 

Line Cap-

acity (tph) 

Slot time 

(sec) 

HS Range 

Switch Type UHS 

MS Range 

Switch Type HV 

LS Range 

Switch Type  GV 

SS Range 

Switch Type  FV 

Sweet- 

Speed 

(m/s) 

Sour-  

Speed 

(m/s) 

Sweet- 

Speed 

(m/s) 

Sour- 

Speed 

(m/s) 

Sweet- 

Speed 

(m/s) 

Sour-  

Speed 

(m/s) 

Sweet- 

Speed 

(m/s) 

Sour-  

Speed 

(m/s) 

64 56.25     33.70 13.43 21.39 11.67 

60 60 38.37 * 21.63 41.57 14.35 36.79 11.97 24.92 10.02 

50 72 57.58 14.41 51.25 10.68 45.29 9.15 33.48 7.46 

48 75 61.15 13.49 53.38 10.09 47.23 8.67 35.38 7.06 

45 80 69.01 12.25 56.79 9.26 50.38 7.98 38.44 6.50 

40 90 74.71 10.43 63.24 7.99 56.42 6.92 44.30 5.64 

36 100 82.19 9.13 69.37 7.05 62.23 6.13 49.94 5.00 

32 112.5 90.80 7.94 76.74 6.16 69.28 5.37 56.79 4.39 

30 120 95.70 7.37 81.05 5.73 73.43 5.00 60.83 4.10 

25 144 110.57 6.02 94.47 4.70 86.43 4.11 73.54 3.38 

24 150 114.14 5.75 97.76 4.50 89.64 3.94 76.68 3.24 

 

* 38.37m/s may look wrong, but it isn’t. Capacity 60tph in the HS range is only available for TSD(b) 

standard. TSD(e) is only available from the Buffer-end Speed of 57.02m/s. (Refer to graph on p.8.) Every 

other Sweet-Speed in the table is for TSD(e). 

Deceleration Tracks: 

An interesting question is how long the deceleration tracks need to be. In order to explain this, we must 

consider precisely how the (notional) distance between the trains – as it would be if they were both on the 

same track – varies. The main-line bifurcates into two deceleration tracks at the point where the 

decelerating train reaches turnout limit speed. When train 1 reaches the buffer-end speed, The switch has 

just been reset behind it, to point to the other deceleration track, so it is no longer in the path of the 

following train. At this point, train 2 is precisely the basic separation, TSD(b), behind it. As the trains 

continue, train 2 continues to get closer to train 1, closer than permissible if they were on the same track. 

This persists until train 2 itself begins its own deceleration. Up until this point, TSD(b) for train 2 has a 

constant value. After this point, train 2 continues to get closer to train 1, but TSD(b), for train 2, since it 

depends on the square on (instantaneous) line speed, decreases faster still, so that, quite quickly, the 

actual separation distance once again exceeds TSD(b). So although the trains are still getting physically 

closer together, and continue to do so until train 2 itself reaches the target speed, they are getting further 

apart relative to the instantaneous value of TSD(b) for train 2. So the deceleration track comes to its end 

when it is no longer needed, when the actual distance between the trains once again exceeds TSD(b), 

calculated on the instantaneous speed of train 2. Hopefully, given the explanatory build-up, that formal 

definition of the end of the deceleration track is now intelligible. 

It will almost certainly come as a surprise that the length of the deceleration tracks is constant, for a given 

speed range and switch type. It is fairly simple to demonstrate (see the ‘Same Speed Railways’ article) 

that the deceleration track length 

    sdt = vt
2
/2ad + b, = TSD(b)vt  

This applies universally (for a given switch and speed range), since vt, b and ad are invariant. The 

length of the deceleration track, for any line capacity and thus (Sweet-) line speed to any target 

speed is the same, and equal to the Basic Train Separation Distance for the Turnout Limit Speed.  
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The values for the four speed ranges and switch types are: 

1. UHS switch  type sdtH = 4.9118km 

2. Switch Type HV sdtM = 2.2731km 

3. Switch Type GV sdtL = 1.5538km 

4. Switch Type FV sdtS = 0.9744km 

Despite much thought, I have yet to find an explanation of this surprising result. I would merely draw 

attention to a similar one (whose justification is, however, immediately clear). The length of the 

(physical) station loop, is also invariant for a given speed range and switch type, since it is the 

deceleration to zero and reacceleration length from and to the Turnout Limit Speed. 

A further interesting quantity is the time that a train spends on the deceleration track: 

`    tdt = vt/ad – (vg
2
/2ad – b) /vg 

This does vary with the target speed, vg, which is not surprising, but with nothing else, which perhaps is. 

Actually, the above result for time is not quite correct. It does, correctly, give the time that the front end 

of the train spends on the deceleration track. But we have also to consider the time taken for the train 

completely to clear the end-of-deceleration-track switch. This is, in fact, trivial: it is: 

 400/vg + 4 or 5 seconds. 

400m is the standard train length, so 400/vg sec for the back end to clear the switch, to which should be 

added the time for the switch to reset behind the train – 4sec for switch types UHS and FV, and 5sec for 

types HV and GV.  

 

It is of mainly theoretical interest, but the length of deceleration track is not constant for operation under 

the Basic TSD standard, but its form is. Here, the formula is: 

    sdt = (vl
2
/2ad + b) + b = TSD(b)vl + b 

This is precisely analogous to the result for the Extended TSD standard, above. But note that: 

1. this depends on the line speed, vl, rather that the turnout limit speed, vt, since that is the speed, 

(which, for the basic standard, is less than or equal to the TLS,) at which the train is travelling 

when it crosses the switch and enters the deceleration track, 

2. the extra buffer-length value reflects the fact that the train passes completely, (i.e. the buffer-

length distance, at which point the switch has just been reset behind it,) onto the deceleration 

track at constant line speed. Only at that point, when it is no longer in the path of the following 

train, can it even begin its deceleration. 

The time it spends on the deceleration track is given by: 

    tdt = b/vl + vl/ad – (vg
2
/2ad – b)/vg 

(plus the end-of-track correction, as explained above). 

Again, this is the same as for the Extended TSD standard, excepting only the aditional time, b/vl, spent 

travelling at constant line speed. (See the ‘Same Speed Railways’ article for the proof.) 

Note that the Basic TSD standard cannot apply to the High Speed range (and switch type UHS) precisely 

because it requires that the turnout limit speed is greater than or equal to the line speed; there is no switch 

type faster than UHS. 
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Although the deceleration track length is no longer constant, it is nonetheless interesting to derive results 

where the line speed is equal to the TLS of the switch: 

2. Medium Speed range but UHS switch type  sdtM = 5.7418km 

3. Low Speed range but Switch Type HV  sdtL = 2.9281km 

4. Slow Speed range but Switch Type GV  sdts = 2.1288km 

5. Extra-Slow Speed range but Switch Type FV sdtE = 1.4494km 

These are, of course, the same as the previous set, above, plus the relevant buffer length. 

Although this case is indeed of almost purely theoretical interest, it is gratifying (and reassuring) to see 

how well it agrees with the Extended TSD standard. 

Specimen Decelerations: 

There are three possible and quite separate types of deceleration to consider: 

1. The Target Speed is in a lower speed range than the normal (Sweet-) line speed. 

The first train decelerates down to the TLS on reaching the switch, and continues decelerating at 

uniform rate on the deceleration track until it reaches the target speed, after which it continues at 

that constant speed until it reaches the end of that track (at which point, as defined earlier, the 

actual separation distance ahead of the following train is, once again, greater than the 

instantaneous TSD(b) value for that train. At that point, the deceleration tracks merge to 

reconstitute the main line and, simultaneously, the section boundary with the following, lower-

speed section is reached, so the train passes immediately onto the lower-speed section. 

The switch type of the diverging switch is of course that corresponding to the speed range. The 

type of switch at the end of the deceleration track, where the two tracks merge to re-form the main 

line, is that type whose TLS is the lowest value which is greater than or equal to the target speed. 

(Thus, decelerating from HS to MS uses the same, UHS switch type at the end of the deceleration 

tracks, but HS to LS would use switch type HV for that purpose – the slowest which will do the 

job, in other words, in line with normal, good engineering practice. 

2. The Target Speed is in the same speed range as the normal (Sweet-) line speed, albeit lower, of 

course. 

The first train behaves exactly as above until it has reached the Buffer-end Speed. That completes 

its actual deceleration, and it continues at that speed until it reaches the end of the deceleration 

track. At this point, now moving back onto the reconstituted main line, it begins its re-acceleration 

back up to the target speed. When that speed is reached, that is the completion of that train’s net 

deceleration, and, simultaneously, the section boundary with the following, lower-speed section, 

and it continues at that speed onto the following section. 

3. For completeness, it is necessary to demonstrate precisely what happens for the Basic TSD 

standard also.  This is almost completely of purely theoretical interest, but it is, I think, necessary. 

It is also, I think, actually interesting. 

Examples are now provided to illustrate all three cases. Two graphs are provided, in each case, with 

elapsed time in seconds as the independent variable. They present the same data, but scaled differently, to 

illuminate and focus on train speed and distance travelled, respectively. For the firat two cases, the same 

capacity, 32tph, in the High Speed range, is used. What is actually being demonstrated is the behaviour of 

the Extended TSD standard, which is the same for all ranges. The third example necessary requires a 

lower speed, so the capacity of 30tph is used, in the medium speed range but using UHS type switches. 
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For the first case only, an extra two graphs are provided, illustrating re-accleration from the target speed 

back up to the original Sweet-Speed. This is purely to illustrate that that process is automatic and that 

separation distances remain adequate throughout. 

Note particularly that, although only two trains are illustrated in the graphs, they must be understood as 

representing a constant stream of trains, each of which affects and is affected by both the preceding and 

the following train. 

 

Case 1 Deceleration between High and Low Speed ranges.  

 Specimen Example 32tph throughout. 

 Decelerating from Overall line speed 90.80m/s to Target line speed 38.37m/s. 

The speed graph is simple to follow. Train 1 decelerates from the overall line speed to the target line 

speed, and then continues at that constant speed. Train 2 travels at constant line speed for a distance equal 

to the capacity distance slot, throughout train 1’s deceleration, and also for a short time beyond, getting 

closer to train 1 until the distance between them is at its minimum, relative to TSD(b) for train 2, at 

which time train 2 has reached the start of deceleration point, and begins its own deceleration. As train 2 

decelerates, train 1 travels at constant target line speed. The distance between them continues to decrease 

– of course it does, train 2 is still travelling faster – but what changes is that the TSD(b) needed between 

them decreases faster still. Train 2’s speed decreases linearly, but TSD(b) decreases quadratically, and 

quite quickly falls below the actual separation distance between the trains. At this point, the deceleration 

tracks merge to re-form the main line, and the same point is also the section boundary between the 

Overall and Target line speeds. This constitutes the completion of the deceleration process, for train 1. 

TSD(b) continues to decrease faster than does the speed until train 2 reaches the target speed, beyond 

which both trains continue at that constant speed. The trains travel on different tracks for the time during 

which their separation distance would be below the minimum TSD(b) for the instantaneous line speed of 

train 2 – if they were on the same track.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

All this is on the speed graph, but much easier to see on the distance graph, where the speed lines are 

omitted, and the vertical scale is four times as big. Concentrate on lines 6 (TSD(b) for train 2) and 7 

(actual separation distance). These lines cross twice: at elapsed time 67.54s, when train 1 reaches the 

Buffer-end point, and at 164.86s, where it reaches the end of the deceleration track. (The deceleration 

track actually begins at 53.82s, where train 1 begins its divergence at the turnout limit speed.) 

0.00s  Train 1 begins its deceleration. 

Train 1, at the start of its deceleration, is 10.2146km, i.e. one capacity slot length, = TSD(e), ahead of 

train 2. This is the normal separation distance between adjacent trains travelling at line speed. Train 2’s 

distance travelled is taken as zero at this point in time, the origin of the deceleration process. 

53.82s  Train 1 reaches the bifurcation of the main line into two deceleration tracks. 

Train 1 has travelled 4.1623km and its speed has fallen to the Turnout Limit Speed of 63.89m/s, 230kph. 

In the same time, train 2 has travelled 4.8863km at overall line speed. The separation distance between 

rhe trains has reduced to 9.4906km. Train 1 is directed by the switch onto deceleration track 1. 
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67.54s  Train 1 decelerates to the Buffer-end Speed on deceleration track 1. 

Train 1 travels the buffer distance, 830m, onto deceleration track 1, at which point it has decelerated to 

the Buffer-end Speed, 57.02m/s. The switch has moved, behind train 1. to point to deceleration track 2, 

onto which train 2 will be routed when it reaches the switch. In the same time train 2 has travelled 

1.2466km at constant overall line speed. The separation distance between the trains is now 9.0741km, 

TSD(b) precisely, the absolute minimum for the overall line speed, at which train 2 is still travelling, and 

will for some time yet. At this instant, train 1 is 830m, the buffer length, constant portion of TSD(b), on 

track 1 beyond the switch, and train 2 is 8.2441km, the dynamic portion of TSD(b), before the switch, 

still on the main line but effectively on deceleration track 2, since that is where it will be routed. Train 1 is 

thus no longer in the path of train 2. 

104.86s Train 1 reaches the target line speed. 

Train 1 travels a further 1.7798km and reaches the target line speed of 38.37m/s. It will maintain that as a 

constant speed from this point on, for the time being on deceleration track 1. In the same time, train 2 has 

travelled 3.3881km at constant overall line speed.  

112.50s Train 2 begins its deceleration.                                                                                                                                                                                                                                                                                                                                                                                                

Train 1 travels a further 0.2931km at constant target line speed. In the same time, train 2 travels 

0.6936km at constant overall line speed. Train 1 has thus travelled a distance 7.0652km from the point at 

which it began its deceleration, at which point it was 10.2146km ahead of train 2, and, in the same time, 

train 2 has travelled 10.2146km, so the separation distance between the trains is now 7.0652km, 

2.0089km less than the minimum, TSD(b), of 9.0741km. 

This is where it gets challenging. The preceding graphs illustrate the interactions between just two trains. 

But the actuality is a continuous sequence of trains, and each train interacts simultaneously with the train 

in front, and the train behind.  

Train 2 now performs precisely, relative to the following, train 3, as train 1 in the preceding paragraphs 

did, relative to train 2. Specifically, the elapsed times, distances travelled, and train separation distances 

are identical.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Train 2, at the start of its deceleration, is 10.2146km ahead of train 3. It is also its minimum distance, 

7.0652km, relative to the required TSD(b), behind train 1. 

164.86s Train 1 reaches end of deceleration track (TSD = TSD(b) for train 2, precisely) 

Train 1 has travelled 2.0089km at constant target line speed since train 2’s start of deceleration, and has 

thus cleared the deficit is separation distance at that location, and reached the point at which it is precisely 

TSD(b) (calculated for train 2’s instantaneous speed of 64.62m/s) ahead of train 2, which has, in the same 

time decelerated from 90.80m/s to 64.62m/s, and travelled a distance of 4.0688km.  

Although the TSD is still decreasing, and will continue to decrease until train 2 reaches the target speed, 

its excess over the instantaneous TSD(b) will continue to increase until train 2 reaches the target speed. 

This (i.e. train 1’s location) is precisely the point at which the deceleration tracks are no longer required, 

and therefore should merge to re-constitute the main line. 

Train 1 has thus completed the deceleration process. 
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Deceleration Graphs at constant capacity 32tph, to a time scale unit of 2sec, to spread out on the page. Annotated, focussed on speed. 



Line Capacity vs. Speed for Same Speed Railways – Volume 2 v1.0  Page 31 of 47 

Deceleration Distance Graphs at constant capacity 32tph, to a time scale unit of 8sec, enlarging the distance graphs by octuplet-scale. Annotated. 
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Re-acceleration Graphs at constant capacity 32tph, to a time scale unit of 2sec, to spread out on the page. Annotated. 
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Re-acceleration Distance Graphs at constant capacity 32tph, to a time scale unit of 8sec, enlarging the distance graphs by octuplet-scale. Annotated.
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The elapsed time taken to travel the deceleration track, for the present case, is 111.04s. The elapsed time 

periods when the trains are on the deceleration tracks are indicated on the distance graph. In the present 

example, the elapsed time at which train 1 reaches the end of deceleration track and train 2 reaches the 

turnout limit speed are almost identical. This is purely fortuitous and has no particular significance. 

166.32s Train 2 reaches the bifurcation of the main line into two deceleration tracks. 

Train 2 has travelled 4.1623km from the start of deceleration, and its speed has fallen to the Turnout 

Limit Speed of 63.89m/s, 230kph. In the same time, train 3 has travelled 4.8863km at overall line speed. 

The separation distance between the trains has reduced to 9.4906km. Train 2 is directed by the switch 

onto deceleration track 2. 

180.04s Train 2 decelerates to the Buffer-end Speed on deceleration track 2. 

Train 2 travels the buffer distance, 830m, onto deceleration track 2, at which point it has decelerated to 

the Buffer-end Speed, 57.02m/s. The switch has moved, behind train 2, to point to deceleration track 1, 

onto which train 3 will be routed when it reaches the switch. In the same time train 3 has travelled 

1.2466km at constant overall line speed. The separation distance between the trains is now 9.0741km, 

TSD(b) precisely, the absolute minimum for the overall line speed, at which train 3 is still travelling, and 

will for some time yet. At this instant, train 2 is 830m, the buffer length, constant portion of TSD(b), on 

track 2 beyond the switch, and train 3 is 8.2441km, the dynamic portion of TSD(b), before the switch, 

still on the main line but effectively on deceleration track 1, since that is where it will be routed. Train 2 is 

thus no longer in the path of train 3. 

Also in the same time, train 1, (which has of course already completed its deceleration process,) travels 

0.5266km at constant target line speed. The separation between trains 1 and 2 is now 4.6644km, as 

compared with TSD(b) for train 2 of 4.0818km. 

217.36s Train 2 reaches the target line speed. 

Train 2 travels a further 1.7798km and reaches the target line speed of 38.37m/s. It will maintain that as a 

constant speed from this point on, for the time being on deceleration track 2. In the same time, train 3 has 

travelled 3.3881km at constant overall line speed.  

Also in the same time, train 1 travels 1.4318km at constant target line speed. The distance between trains 

1 and 2 is now 4.3162km, and will remain constant at that value as long as they are both travelling at the 

target line speed. 

225.00s Train 3 begins its deceleration. 

Train 2 travels a further 0.2931km at constant target line speed. In the same time, train 3 travels 

0.6936km at constant overall line speed. Train 2 has thus travelled a distance 7.0652km from the point at 

which it began its deceleration, at which point it was 10.2146km ahead of train 3, and, in the same time, 

train 32 has travelled 10.2146km, so the separation distance between the trains is now 7.0652km,  

Also in the same time, train 1 also travels 0.2931km at constant target line speed (of course it does!). The 

distance between trains 1 and 2 is now 4.3163km, (still!). 

277.36s Train 2 reaches end of deceleration track (TSD = TSD(b) for train 3, precisely) 

Train 2 has travelled 2.0089km at constant target line speed since train 3’s start of deceleration, and has 

thus cleared the deficit is separation distance at that location, and reached the point at which it is precisely 
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TSD(b) (calculated for train 3’s instantaneous speed of 64.62m/s) ahead of train 3, which has, in the same 

time decelerated from 90.80m/s to 64.62m/s, and travelled a distance of 4.0688km.  

Although the actual separation of the trains is still decreasing, and will continue to decrease until train 3 

reaches the target speed, its excess over the instantaneous TSD(b) will continue to increase until train 3 

reaches the target speed. This (i.e. train 2’s location) is precisely the point at which the deceleration tracks 

are no longer required, and therefore now merge to re-constitute the main line. 

Train 2 has thus completed the deceleration process. 

The switch type used at the beginning of the deceleration tracks is UHS, the standard for this speed range. 

But the target line speed in this example is sufficiently low – in the Low Speed range – to allow switch 

type HV to be used at the end of the tracks, where they merge to re-constitute the main-line. 

 

There is nothing much to say about the re-acceleration graphs, save that they demonstrate that the original 

state is automatically restored,  and the separation between the trains is comfortably in excess of the 

TSD(b) value for the second train throughout. 

Every case of line speed reduction for Same Speed railways, (providing that they are operating to full 

capacity,) necessitates a pair of deceleration tracks. This should come as no surprise; it is simply one of 

the necessary costs of achieving the high capacities that they make available. 

 

One final aspect of constant-capacity operation at various line speeds needs to be demonstrated: to show 

that overtaking remains possible. It is, but there are subtle differences from the constant Sweet-Speed 

case. The following example should be compared with that in the section ‘Timetabling Considerations 

and Sweet-Speeds’, in volume 1. We consider overtaking at line speed 38.37m/s, the target speed. 

Line capacity = 32tph. Slot time = 112.5sec.  Slot length = 4.3162km. 

Line speed = 38.37m/s =138.12kph = 85.83mph. 

Deceleration time = 76.73sec = 0.6821 slots  Deceleration distance = 1.4720km = 0.3410 slots 

Acceleration time = 127.89sec = 1.1368 slots Acceleration distance = 2.4533km = 0.5684 slots 

Station Loop Travelling time = 204.62sec = 1.8189 slots (Virtual and physical station loops identical.) 

Station Loop distance = 3.9253km = 0.9094 slots 

By the time the stopping train has travelled the length of the station loop, its empty slot, which it gave up 

on entering the loop, has travelled 1.8189 slots (time or distance) on the main line. It is thus 0.9094 slots 

(time or distance) beyond the end of the station loop. In order to make this 1 slot exactly, it must travel a 

further 0.0906 slots (time or distance). This implies that the train must wait for 0.0906 time slots  

= 10.19sec at the station. 

We now follow the progress of slot stream and stopping train. 

Time Slot 1: 

The empty slot advances 1 slot along the main line. It is now 1 slot beyond start of loop, but has also 

(already!) passed the end of loop. It is 0.0906 slots beyond end of loop. 

The slot containing the next stopping train arrives at start of loop. 
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The train decelerates for 0.6821 time slots, and reaches the station, where it waits for 0.0906 time slots. It 

then accelerates for 0.2274 time slots. It thus has 0.9094 time slots of acceleration still to do. 

During Time Slot 2: 

The empty slot advances a further 0.9094 slots along the main line. It is now 1.9094 slots beyond start of 

loop, and the (corrected) slot stream advance is 1 slot exactly beyond end of loop. 

The second empty slot advances 0.9094 slots along the main line. It is now 0.9094 slots beyond start of 

loop. It therefore coincides precisely with end of loop. 

The train performs its final 0.9094 time slots of acceleration. It therefore coincides precisely with end 

of loop and is travelling at line speed. 

(The second stopping train decelerates for 0.6821 time slots, and reaches the station, where it waits for 

0.0906 time slots. It then accelerates for 0.2274 time slots. It thus has 0.9094 time slots of acceleration 

still to do – but so what?) 

 

The timetabling is thus essentially the same as for the constant Sweet-Speed case, but the numerical 

results are very different. 

The slot stream advance is only 1 slot! We still need it to be 4, to be consistent with the original Sweet-

Speed. (The number and types of capacity sub-streams, and thus the slot stream advance must stay the 

same for as long as the capacity does.) An extra 3 time slots must therefore be added to the station wait 

time also, giving 3.0906 time slots = 347.69sec = 5min47.69sec. 

Operating to constant capacity at lower  speeds does have a cost, in efficiency. This has two aspects: the 

trains are further apart than  they would be if operating to the capacity corresponding to that actual speed, 

and the station wait times are inflated. 

 

Case 2 Deceleration within High Speed range.  

 Specimen Example 32tph throughout. 

 Decelerating from Overall line speed 93.60m/s to Target line speed 74.71m/s. 

The speed graph is rather more complicated than for the first example, but still simple to follow. The 

main point to note is that the elapsed time range is 40% greater – 350s vs 250s. Accordingly, the scales 

adopted use units of 4s and 16s, as compared with 2s and 8s, to get the best available spread over the 

page. 

Train 1 decelerates from the overall line speed to an intermediate target line speed of 57.02m/s, the 

Buffer-end Speed, and then continues at that constant speed until it reaches the end of the deceleration 

track, where the two tracks merge to reconstitute the main line, and train 1 begins its re-acceleration up to 

the final Target speed. When it reaches that speed, then its net deceleration process is complete, and it 

maintains that constant speed for as long as required.  

Train 2 travels at constant line speed for a distance equal to the capacity distance slot, exactly the same as 

for the first example, throughout train 1’s deceleration, (which is smaller than for the first example, since 

the intermediate target speed is higher than the (final) target speed of that example,) and thus extends for 

a longer time beyond, getting closer to train 1 until the distance between them is at its minimum, relative 

to TSD(b) for train 2, at which time train 2 has reached the start of deceleration point, and begins its 

own deceleration. 
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As train 2 decelerates, train 1 travels at constant target line speed. The distance between them continues to 

decrease in absolute terms, but increases relative to the (instantaneous) value of TSD(b) for train 2. When 

the separation distance reaches TSD(b) for train 2, then train 1 has reached the end of the deceleration 

track, as mentioned above. Train 1 begins its re-acceleration, while train 2 continues its deceleration until 

it reaches the Turnout Limit Speed, at the bifurcation of the main line into deceleration tracks, and is 

directed onto track 2, on which it continues its deceleration down to the Buffer-end Speed, at which point 

the switch ghas been reset to direct the next, train 3, onto track 1. 

Having reached the Buffer-end Speed, the intermediate target speed, train 2 continues at that speed until it 

reaches the end of the deceleration track, and re-accelerated up to the (final) Target Speed, on reaching 

which it has completed its net deceleration. 

0.00s  Train 1 begins its deceleration. 

Train 1, at the start of its deceleration, is 10.2146km, i.e. one capacity slot length, = TSD(e), ahead of 

train 2. This is the normal separation distance between adjacent trains travelling at line speed. Train 2’s 

distance travelled is taken as zero at this point in time, the origin of the deceleration process. 

53.82s  Train 1 reaches the bifurcation of the main line into two deceleration tracks. 

Train 1 has travelled 4.1623km and its speed has fallen to the Turnout Limit Speed of 63.89m/s, 230kph. 

In the same time, train 2 has travelled 4.8863km at overall line speed. The separation distance between 

rhe trains has reduced to 9.4906km. Train 1 is directed by the switch onto deceleration track 1. 

67.54s  Train 1 decelerates to the Buffer-end Speed on deceleration track 1. 

Train 1 travels the buffer distance, 830m, onto deceleration track 1, at which point it has decelerated to 

the Buffer-end Speed, 57.02m/s. The switch has moved, behind train 1. to point to deceleration track 2, 

onto which train 2 will be routed when it reaches the switch. In the same time train 2 has travelled 

1.2466km at constant overall line speed. The separation distance between the trains is now 9.0741km, 

TSD(b) precisely, the absolute minimum for the overall line speed, at which train 2 is still travelling, and 

will for some time yet. At this instant, train 1 is 830m, the buffer length, constant portion of TSD(b), on 

track 1 beyond the switch, and train 2 is 8.2441km, the dynamic portion of TSD(b), before the switch, 

still on the main line but effectively on deceleration track 2, since that is where it will be routed. Train 1 is 

thus no longer in the path of train 2.  

Until this point, the behaviour of the two trains has been identical to that for the first example. But now, 

the buffer-end speed forms the intermediate target speed, so there is no need for train 1 to decelerate 

further, so it simply continues at that speed. 

112.50s Train 2 begins its deceleration. 

Train 1 travels a further 2.5620km at constant intermediate target speed. In the same time, train 2 travels 

4.0817km at constant overall line speed. These values are much higher for the first example, (c.f. 

0.2931km and 0.6936km, respectively,) because the deceleration has been less. Train 1 has now travelled 

a distance of 7.5543km from the point at which it began its deceleration, at which point it was 10.2146km 

ahead of train 2, and, in the same time, train 2 has travelled 10.2146km, so the separation distance 

between the trains is now 7.5543km, 1.5198km less than the minimum, TSD(b), of 9.0741km (c.f. 

2.0089km in the first example) There is thus less deficit to recover..  
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Deceleration Graphs at constant capacity 32tph, to a time scale unit of 4sec, to spread out on the page. Annotated, focussed on speed. 
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Deceleration Distance Graphs at constant capacity 32tph, to a time scale unit of 16sec, enlarging the distance graphs by 16*scale. Annotated. 
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Train 2, at the start of its deceleration, is 10.2146km ahead of train 3. It is also its minimum distance, 

7.5543km, relative to the required TSD(b), behind train 1. 

139.15s Train 1 reaches end of deceleration track (TSD = TSD(b) for train 2, precisely) 

This, unsurprisingly, happens a lot earlier – over 25s – than in the first example. But although the elapsed 

times are very different, the times actually travelled by train 1 when it reaches the end of the deceleration 

track are identical, at 19.2886km, (from a starting value of 10.2146km when it began its deceleration,)  to 

a rounding error of less than 1 part in a million. The decelerating track distance (from the point at which 

train 1 reached the TLS) is thus 4.9118km (to rounding error) for both examples. 

At this point, (that train 1 has just reached,) the deceleration tracks merge to re-form the main line, and 

the switch had been pre-set to pass train 1, from deceleration track 1, back onto the main line. Note that, 

since this is a converging junction, the only timing consideration is that the back end of the train must 

cross the junction before the switch can be reset. Train 1 is travelling at the Buffer-end Speed as it reaches 

the switch points, and can begin its re-acceleration at that point, as it crosses the switch. Given that the 

train length is only 400m, and the time taken to reset the switch is 4s, then the time taken for train 1 

completely to cross the switch, at constant target or, as here, intermediate target speed, is 630m or 11.05s. 

Note that this has no effect on the location of the end of deceleration track, but it does mean that an extra 

630m or 11.05s is required for train 1 completely to cross the switch, and the switch to be reset to receive 

the next train off the other deceleration track, train 2 on track 2 in this instance.Note a further strange and 

surprising effect: for a very short period of time, the main line will be continuous. At elapsed time 

150.20s, train 1 has completely re-joined the main line from deceleration track 1, and the converging 

switch has been reset to accept the next train, train 2, from deceleration track2. But train 2 has not 

actually moved on to the deceleration track yet – it is about to do so at elapsed time 166.32s, but until 

then is still on the main line before the switch, as also is the following train 3. But for the next 16.12s, 

train 1 is on the main line beyond the deceleration track 2 and trains 2 and 3 are on the main line before 

the deceleration track, and deceleration track 2 is connected to the main line at both ends. Track 1 on the 

other hand is completely isolated, not connected at either end. 

This is, I believe, perfectly easy to understand, nonetheless it came as quite a surprise to me.  

Train 1 now begins its re-acceleration up to the (final) target speed. 

166.32s Train 2 reaches the bifurcation of the main line into two deceleration tracks. 

Train 2 has travelled 4.1623km from the start of deceleration, and its speed has fallen to the Turnout 

Limit Speed of 63.89m/s, 230kph. In the same time, train 3 has travelled 4.8863km at overall line speed. 

The separation distance between the trains has reduced to 9.4906km. Train 2 is directed by the switch 

onto deceleration track 2, while  behind it, the switch is reset to direct the next train, train 3, onto 

deceleration track 1. There is thus no longer a continuous, through route – train 3 will be sent onto track 

1, while train 2 will continue along track 2 until it passes back onto the main line (whereupon the 

converging switch will be reset to accept the next train, train 3, from track 1; track 1 will then form part of 

the through route for next 16s. 

180.04s Train 2 decelerates to the Buffer-end Speed on deceleration track 2. 

Train 2 travels the buffer distance, 830m, onto deceleration track 2, at which point it has decelerated to 

the Buffer-end Speed, 57.02m/s. The switch has moved, behind train 2, to point to deceleration track 1, 

onto which train 3 will be routed when it reaches the switch. In the same time train 3 has travelled 
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1.2466km at constant overall line speed. The separation distance between the trains is now 9.0741km, 

TSD(b) precisely, the absolute minimum for the overall line speed, at which train 3 is still travelling, and 

will for some time yet. At this instant, train 2 is 830m, the buffer length, constant portion of TSD(b), on 

track 2 beyond the switch, and train 3 is 8.2441km, the dynamic portion of TSD(b), before the switch, 

still on the main line but effectively on deceleration track 1, since that is where it will be routed. Train 2 is 

thus no longer in the path of train 3. 

At the same time, train 1, since reaching the end of the deceleration track, has performed part of its re-

acceleration, on the re-merged main line, and has travelled 2.4886km .The separation between trains 1 

and 2, back on the same track, is now 6.5703km, as compared with TSD(b) for train 2 of 4.0818km. 

200.00s Train 1 reaches the (final) target line speed. 

Train 1 accelerates a further 1.2505km and reaches the (final) target line speed of 74.71m/s, and has now 

completed the net deceleration process. It will maintain that as a constant speed from this point on, 

indefinitely. 

Also in the same time, train 2 travels 6.6828km at constant intermediate target line speed. The distance 

between trains 1 and 2 is now 4.3163km. 

251.62s Train 2 reaches end of deceleration track (TSD = TSD(b) for train 3, precisely) 

Train 2 has travelled 4.0817km at constant intermediate target line speed since reaching this speed, 

reaching the end of deceleration track 2, and beginning its re-acceleration to (final) target speed. 

311.73s Train 2 reaches the (final) target line speed. 

Train 2 accelerates for 3.7391km and reaches the (final) target speed of 74.71m/s., and has now 

completed the net deceleration process. It will maintain that as a constant speed from this point on, 

indefinitely. It is now 8.2111km behind train 1, which will likewise remain constant while both trains 

maintain this speed. 
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Case 3 Deceleration between High and Slow Speed ranges. 

 Specimen Example 60tph throughout, but under Basic TSD standard. 

 Decelerating from Overall line speed 38.37m/s to Target line speed 25m/s. 

This example is purely theoretical; it should never actually be used in practice. If anyone, ever, for 

whatever reason, (except in a purely virtual, thought-experiment sense, as here,) wished to operate at 

60tph in the High Speed range, i.e. with UHS switches, this is how it would have to be done, since the 

extended TSD standard is not available for that capacity in that range – look at the graph on p.8 to see 

why. Also, 38.37m/s is well within the turnout limit speed. 60tph is the only usable capacity, in any speed 

range, for which this is true, which makes it the perfect candidate for the current piece of esoterica. 

The speed graph for this case is almost trivially simple: train 1 decelerates from original line speed to 

target line speed and then continues at that speed indefinitely. Train 2 travels 1 capacity slot distance  

(= TSD(b) at original line speed) then decelerates similarly. It may be claimed, correctly, that case 1, 

above, does no more. But for the High Speed case, there is the necessity to perform part of the 

deceleration on the main line (or, at least, while still in the path of the following train,) so there are 

several other features of interest, times, speeds and distances. None of that applies here – by definition, 

indeed. The trains are already travellng the minimum distance apart, at a line speed of less than or equal 

to the Buffer-end Speed. What is, at first sight, quirky, is that the initial section of the train’s 

‘deceleration’ is performed at that constant speed. Train 1 travels a distance equal to the buffer length  

onto deceleration track 1 at constant line speed, a fixed distance, the capacity slot length, ahead of train 2. 

This takes the first 21.63s. At this point it is no longer in the path of train 2, the switch having reset 

behind it to direct train 2 onto deceleration track 2 in due course, and train 1’s actual acceleration begins. 

Note that train 2’s begins at elapsed time 60s, the first 21.63s of it being still at constant line speed.  

Train 1 travels at constant target speed until it reaches the end of the deceleration track, at which point it 

re-joins the main line, and itsdeceleration process is complete. 

0.00s  Train 1 begins its virtual deceleration, at the bifurcation of the main line into two ` 

  deceleration tracks. 

Train 1, at the start of its deceleration, is one capacity slot length, TSD(b), ahead of train 2. This is the 

normal separation distance between adjacent trains travelling at constant line speed. At this instant, train 1 

is at the bifurcation of the main line into two deceleration tracks. The switch is already pointing to track 1, 

onto which train 1 will be routed. Train 2’s distance travelled is taken as zero at this point in time, the 

origin of the deceleration process. 

This is operation under the basic TSD standard, so TSD(b) is the separation distance between adjacent 

trains, i.e. they are already as close to each other as is permissible. No deceleration takes place on the 

main line. 

The bifurcation of the main line takes place at this point, at the very beginning of the deceleration, which 

is actuallya virtual deceleration, initially, since train 1 runs onto the deceleration track at constant line 

speed, and continues at that speed until it has travelled the buffer length ont that track. A Deceleration 

Range diagram is provided for this special case, as it is so unlike the previous examples. The speed range 

itself – 38.27 down to 21.63m/s – is very narrow, and the divergence of TSD(b) from the capacity slot 

length is likewise small, both features typical of operation at the basic TSD standard. 

. 
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Deceleration Range for Hogh Speed Capacity 60tph. Sweet-Speed 38.37m/s. Sour-Speed 21.63m/s. 

   But operating to Basic TSD standard. 
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Deceleration Speed Graphs at constant capacity 60tph, to a time scale unit of 4sec. HS range, so UHS switch, 

`    but operated to Basic TSD standard. 
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Deceleration Distance Graphs at constant capacity 60tph, to a time scale unit of 16sec. HS range, so UHS switch, 

    but operated to Basic TSD standard.
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21.63s  Train 1 begins its actual deceleration. 

Train 1 travels the buffer length, 830m, onto deceleration track 1 at full line speed. At this point, the 

switch has moved, behind train 1, to point to track 2, onto which train 2 will be routed, when it reaches 

the switch. In the same time, train 2 has unsurprisingly also travelled 830m, on the main line. The 

separation between the trains is still 2.3020km. Train 1 is the buffer length beyond the switch and train 2 

is 1.4720km before it, still on the main line, but effectively on deceleration track 2, since that is where it 

will be routed. 

Train 1 is thus no longer in the path of train 2, and may, finally, begin its actual deceleration. 

48.37s  Train 1 reaches the target line speed. 

Train 1 travels the distance 0.8470km, and reaches the target speed of 25m/s. It will maintain that, as a 

constant speed,  from this point on, for the time being, on deceleration track 1. In the same time, train 2 

has travelled 1.0257km at constant overall line speed. 

60.00s  Train 2 begins its virtual deceleration. 

Train 1 travels a further 0.2908km at constant target line speed. In the same time, train 2 has travelled 

0.4463km at constant overall line speed, and reacjed the bifurcation of the main line. 

81.63s  Train 2 begins its actual deceleration. 

Train 2 travels the buffer length, 830m, onto deceleration track 2, at overall line speed. At thie point, the 

switch has moved, behind train 2, to point back to track 1, onto which train 3 will be routed, when it 

reaches the switch. In the same time, train 3 has unsurprisingly also travelled 830m, on the main line. The 

separation between the trains is still 2.3020km; train 2 is the buffer length, 830m, beyond the switch and 

train 3 is 1.4720km before it, still on the main line, but effectively on deceleration track 1, since that is 

where it will be routed. 

Train 2 is no longer in the path of train 3, and may, finally, begin its actual deceleration. At this point it is 

also its minimum distance, 1.6787km, behind train 1. 

106.57s Train 1 reached end of deceleration track (TSD = TSD(b) for train 2, precisely). 

Train 1 has travelled 0.6233km at constant target line speed, since train 2 began its (actual) deceleration, 

and has thus cleared the deficit in separation distance at that location, and reached the point at which it is 

precisely TSD(b) (calculated fror train 2’s instantaneous speed of 25.90m/s) ahead of train 2, which has in 

the same time decelerated from 36.37m/s to 25.90m/s, and travelled a distance of 0.8012km. 

Although the TSD is still decreasing, and will continue to decrease until train 2 reaches the target speed, 

its excess over the instantaneous TSD(b) for train 2 continues to increase until train 2 reaches the target 

speed. This (i.e. train 1’s location) is precisely the point at which the deceleration tracks are no longer 

required, and therefore merge, to re-constitute the main line. 

Train 1 has thus completed the overall deceleration process.  

The length of the deceleration tracks (i.e.since the beginning of the entire process, when train 1 began its 

virtual deceleration) is thus 5.4340 – 2.3020 = 3.1320km. This is no longer, for Basic TSD standard 

cases, a constant value, as it is for normal High Sp3ed,  but is, very clearly, the same thing. 
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108.37s Train 2 reaches the target line speed. 

Train 2 travels a further 0.0458km to reach the target speed. In the aame time, train 1 travels almost the 

same distance, very slightly less, at 0.0450km. 

The distance between trains 1 and 2 is now precisely 1.5km, and will remain at this value while their 

speeds remain the same. 

166.57s Train 2 reaches end of deceleration track (TSD = TSD(b) for train 3, precisely). 

Train 2 has thus completed the overall deceleration process. 

 

 


