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MVTPS: MULTIPLE. VEHICLE. TRA?iSIT POWER SIMULATION 

MVTPS is a transit program which simulates the power requirements of elec-. 
trical substations in a transit system with multiple vehicles. It has the 
advantage t'tlat up to 45 substations and 90 vehicles can be placed in the 
circuit at any one time; vehicle resistance ca11 be caused to vary with 
mileposts; and it is relatively easy to add or remove ·vehicles or substa
Uons from the system. 

Four data files provide inforJDation o:n trac_k resista_nce, substation voltage, 
civil, and vehicle data. Output includes power, voltage, and current for 
each substation for each step including RMS data for that substation; de.:.. 
ta_ils of vehic1e motion, current, and voltage; a RMS summ,ary of veµicl.e 
data; and a sullllllary of subst.ation RMS data. 

The transit system is divi_ded into a continuous series of Loop Sets (see 
diagram) which are defined as a set of circuits hav·ing a substation 0111 the. 
left and right. Each loop set has electrical characteristics provided a_s 
reshtanc:e an_d voltage data, and civil properties such as the stationi:ng 
of the sub.stations and the origina_l positions of the vehicles. The resis
tances and voltages are computed and placed into a matf1x which is then 
solved to yield the current in eac_h circuit in each loop set. 

The user specif-ies a numb.er of distance steps for which the c:alculatfon_s are 
to·be made. Over the period of these steps each vehicle moves forward- a 
proportional distance toward the next vehicle so that it: ultimately occupi.es 
the starting position of th_e vel:l_ic_le in front of it. The last outbound ve
hicle (in the r-ight hand loop set) moves to the position of t_he first it1bound 
vehicle (also in the right hand loop set) changing direction over the dura
tion of the run. of the program. The last inbound vehicle becomes the first .~ 
outbound vc•hicle. • 

To simplify the equations used by the program, each loop set c_an contain at 
most one outbound vehicle and one inbo.und vehicle drawin.g current at any 
on~ time. Bec·ause of this restriction, a vehicle must. wa:it stopped. at the 
end oi -~ loop set if t_he loop set it is about to enter contains a moving 
vehicle. A stopped vehicle normally is assigne_d a higl:I resistance so that 
it draws a min-imum of current. A vehicle which has sto-pped will travel 
faster later on to reach its destination at the end of the run. If the loop 
set a vehicle i.s about to enter conta-ins a stopped vehicle, the moving vehi~ 
cle may enter that loop set. The vehic_ie that was stopped is dropped~~ • 
of the circuit entirely under the assumption t_hat it draws such litef~ower 
as to be negligible when compared to a moving vehicle. This me.thod of allow
ing a moving vehicle t_o override a stopped vehicle prevents the case of 33 
vehicles waiting stopped in their loop sets until the slowest one,. the 34th, 
moves into the next loop set. 

Calculations are made to solve for ttack currents and voltages at each dis
tance step. Resistances of running and contact. rails are determined matl:le
maticaily from the pos:ition of tl:l_e train and the track resistance per mile. 
Vehicle resistances are determined by interpolation of the vehicle resistance 
file which gives resistance at different mileposts. The vehicle resistance 
file comes from data produced by TOM programs. 



• 1wo hard data output files are produced by the f-irst ha1f of the MVTP·s 

• 

system of programs. These two file_s, a silbst_ation file and a vehicle file, 
are essentially unreadable. They are sotte_d into an appropriate ·ord_e_, by 
the computer ·and then acted on by the second half of the system of porgrams, 
the report ,;,ritit1g program. The report writer produces a detailed, readab1e 
report which can be sent to a printer to give you a copy of the results. 
Changes can _then be ea_sily made to the in.put files and the prograD1 run again . 

-2-



• 

• 

• 

DATA .SETS FOR MVTPS 

There are four data sets which are used with the MVTPS program: a substation 
data set, a veh_icle civil data set, and two vehicle resistance data sets. 
The substation data set contains relevant information about the substation_s. 
It has the stat-ion name, milepos·t, resi_stance, voltage, and the resistances 
of _the running rail and contact rail to the right of the stat-ion. The vehicl.e 
civil data set contains the location and d-irection of all. vehicle_s as well as 
the run date of the pr·ogram, and the number of distance steps to be used in 
the calculations. The vehicle resistance file_s contain veb:i.cle resistance at 
cetta_i_n mileposts. There is one resistance file for inbound. veh_icl.es and one 
for outbound vehicles, 

SUBSTATION DATA 

The format of the substation data set. (Fi-le 1) is as follows: 

Nl 

NAME
1 

MPl 

RlS1 
VOLTS1 

RR1
1 

RR2 1 

TR1
1 TR21 

N2 
~ 

NAME2 

MP2 

RlS2 _ VOLTS
2 

RR12 RR22 

TR12 TR22 --~ ~--
,=-

---

N 
n 

NAMEn. 

MP . n 

VOLTS 
n 
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SUBSTATION DATA(Cont'd) 

Where: . 

N - An identifying number of the substation, usually sequenti_al. 

NAME - A name of the. substation, up to· 20 characters 

MP - Milepost of the substation 

RlS - Substation resistance 

VOLTS - Substation volt.age 

RRl - Outbound funning rail resistance /mi.le 

RR2 - Inbound running rail resistance /mile 

TRl - Outbound third rail resistance /m_He 

TR2 - Inbound third rail resistance /mile 

Notice that since RRl, RR2, TRl, and T~ refer to rails to the-right of the 

substation, the last substation in the data set does not have these val.ues • 

Subs·tations must be in order of increasing mileposts • 
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VEHICLE POSITIONS 

The format for the vehicle .civil data file (File 2) is as follows: 

NSTEP 

DATE 

Nl MPl DlR1 

N2 MP2 DlR ... 2 

N3 MP3 DlB.3 

MP n 

Where: 

NSTEP - T'l:le number of distance ·steps to be use_d in the calcu_lations, an integer. 

DATE - A date for the run of the dat.a set, up to 12 characters (e.g. Ma! 05·, 1983) 

N - An identifying number for the vehicle. This number, an integer., is 
not used by the program, but is necessary in the data set. 

MP. - The milepost of the vehicle, a decimal number. 

DIR - The direct_iqn of the. vehicle. An integer, 0 = outbound, 1 ~ im»ound. 

Tl:le vehicles must be in the f.ile in -order of increasing mileposts for all o_f 
the outbouna vehicles fol-lowed by decreasing mileposts for the inbound:=ve'hicles. 
This way a circul_ar pat'l:I is described around the track so t_hat wh~evehi
cles move, their final position is that of the next. vehicle in the list. The 
la.st vehicle in the list (which must be a_n it1,bound vehicle) will ultimately 
become an outbound veh-icle at the milepost of the first vehicle. on the l.:1.st. 

The list must contain at least one outbound.and one inbound vehicle~ 
No more tha11 one vehicle should be placed b.etween two substat-ions 
in any one direction . 

• . -5-
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VEH.ICLE RESISTANCE 

The Outbound (File 8) and the inbound (File 9) vehicle resistance data 
sets are for~atted as follows: 

0 R 
0 

MPl Rl 

MP2 R2 

MP3 R3 

MP4 R4 

9999. R 
0 

Where: 

MP - A milepost, a real number 
R - The vehicle's electrical resistance at the associated milepost 

Data should be in the order of increasin·g mileposts. The first milepost 
should be zero or a milepost at or before the first milepost i.n the sys
tem. The last milepost s.hould be 9999 or a number sufficiently large as 
to be beyond the last milepost in the system. 

CHANGES 

To remove a vehicle from the system it c·an simply be deleted from the vehicle 
civil data set. A substation can be removed by delet:l,ng six lines f.rom the 
substation data set. When adding either a vehicle or s.ubstation, c;are must 
be taken to pre.serve tJ:,e correct order of' mileposts as explained ab.ove . 
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MVTPS VARIAllLE DESCRIPTION 

D - Distance between a substation a:nd the next 

Dl - Milepost of a train, or used for vehicle resistance inte.r·polation 

D2 - Used in interpolating veJ:iicle resistance 

D3 - Third rail resistance pet mile 

D4 ·- Running rail resistance per mile. 

I, J., JJ, K, KK, L, V - Temporary cou11ters for loops, trains, etc. 

N -' Number of rows in the matrix 

M - Number of column.s in the Matrix (N +l) 

MPED, !REV, 
Ml, M2, Y - Used in matrix reduction 

MP - Milepost of a vehic.le or substation 

SV - Current between substation and previous 01,1tbound vehicle 

SVl- Current between substation and previous inbound vehicle 

Sl - Milepost of left hand substation 

S2 - Milepost of right hand substation 

Tl "- Milepost of a tra.in used in resolving loop conflicts and output 

T2. - Mi.lepo·st of a train used in resolying 

DIR- D.irection of a train, 1 = outbound, 

loop conflicts 

2 = .inbound 

LCR- Previous contact rail circulating current 

LRR- Previous running ·rail circulating current 

TIN- Number of an inbo·und train . . .. - . -

TOUT - Number of an outbound train 

S, R2S - Su):,station resistances 

RlR, R3R - Outbound tU:rin.ing rail resistances 

R2R, R4R,- Inbound running tail resist.ances 

RlC, R3C - Outbound contact rail resistances 

R2C, R4C - I.11botind contact rail resi.stances 

RlV 

R2V 

- Outbound vehicle resistance 

- Inbound vehicle resistance 

LOOP - Number of a circuit loop 

NRIN - Number of resistances in INRES array 

PROUT - Numb.er of r~sistances in OUTRES array 

NSTEP - Number of distance steps fot calculation 

. -7-
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MVTPS VARIABLE DESCRIPTION (Cont'd) 

NTRAIN - Total number of trains in· the system 

NLOOP - Total number of curcuit loops in the s"ystem 

RMAX - MaximllJ!l resi_stance, for use when train is stopped at a station 
drawing current 

LENGTH ~ End milepost of the route 

CPED "(N ,M) - The main matrix used in computation 

RR (J) - The running rail. resis.ta:nce per mile for loop set J 

Tll- (J) - The th.ird rail resistance per mile for loop .set. J 

SU (J) -The left-hand substation resistance for loop set J 

STA (J) -'- The left--hand substation milepost for loop set. J 

VOLT (J). - The left-hand s·ubstation voltage for loop set .J 

CIRC (2,J) - The circulating current.resistances fo:r loop set J 

MVP (K) 

CIRC (l,J) = RlC + R2C + R3C + R4C 

CIRC (2,J) = RlR + R2R + R3R + !l-4.R 

- Current milepost for vehicle K 

ENDMP (K) - Final milepost for vehic_le K 

TRES (K.) - Vehicle resistance for vehicle K 

VDIR (K) - Directioi:i of travel for vehicle K, 0 = outbound, l = J.nbound 

VSTATE (K) - State of motion for vehicle K, 0 = s·topped, I.= moving 

Rl~T (K) - RlR for vehicle K 

R2RMAT (K) - R2R for vehicle .K 

RlCMAT (K) - RlC for vehicle K. 

R2MAT (K) - !l-~C for vehicle K 

TRUSED "(K) - Cu_rrent loop occupied by vehicle K, or zero ir train is stopped 

INDEX (2,J)- INDEX (l,J) = Number of outbound vehicle in l-p J 

INDEX (2,J) = Number of inbound vehicle in loop J 

CURRNT (N) ~ Cu:r·rents fI'olJl solutic:>n of CPED matrix 

INRES (2,500) - Mileposts and relat.ed resistances for inbound ve.h:l._cles 

OUTRES (2,500)- Mileposts and related resistances for outbound vehicles 

VIP (1-l), VIT2 (5) - Temporary sto·rage of da.ta to be output. • 

-8-
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IN 

OUT 

MP 

DIR 

FLAG 

LOOP 

PAGE 

SAMP 

SWAT 

SVOLT 

STEP 

SlOUT 

PSlOUT 

SlIN 

• PSlIN 

RR(:IR 

PRRCIR 

CRCIR 

PCRCIR 

TRAIN 

OUTMP 

OUTRES 

OVOLT 

OUTAMP 

ORRVLT 

NT_RAIN 

LLOOP 

LStEP 

• 

MVTPSRPT VARIABLE DESCRIPTION 

- Counters 

- The word "IN" 

- The word ''OUT" 

~ Milepost 

- D_irection of vehicle t-ravel O = out, l = in 

- Flag = 1 when last substation item has been received 

- Number of a circuit loop 

Page number of report 

~ Substation amperage 

- Substation wattage 

- Substation voltage 

- Number of a computation step 

- Cur::rent between substation and outbound vehicle 

- Current between substation and previous outbound vehicle 

- Current between substation and inbound vehicle 

- Current between substation an:d previous inbound vehicle 

- Rut1n_:(.ng rail circulating current 

- Previous running rai_l circulating current 

- Contact rail circulat-ing .current 

Previous cont.act rail c_irculating current 

- Number of a train 

- Milepost of a ve_hicle 

- -Resistance of a vehicle 

.. Voltage of a vehicle 

- Amperage o_f a vehicle 

- Running rail voltage of a vehicle 

Number of vehicles in system 

- Number of tne last circuit loop read in as 

~ ~---,;;= 
s·ubstati_on data 

- Number of the las·t computation step read in as train data 

-.9-
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MVTPSRPT VARIABLE. DESCRIPTI0N(Cont 'd) 

- Twelve character run date 

- Milepost of vehicle K 

- RMS running r·an voltage for vehicle K 

- RMS resistance of vehicle K 

- RMS voltage of vehicle K 

- RMS amperage of veh_icle K 

DATE (3) 

TMP (K) 

TRR (K) 

TRES (K) 

TV0LT (K) 

TAMP (K) 

TC0UNT (K) 

RMS (10) 

- Number of occurances of vehicle K used in RMS calculations 

- Array for storing and computing substa.t::lon RMS data 

SUBNAM (5,J) . - 20 character name of substation J 

SUBWAT (j) - Wattage of subst~tion J 

SUBAMP (J) - Amperage of substation J 

SUBMP (J) - Milep·ost of substation J 
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K 11 

K+l 12 

• K+2 IJ 

K+3 14 

K+4 15 

K+S 16 

K+6 17 

K+7. 18 

• 

K 

11 

111 

~s 

-,RlC 

-RlV 
. 

-RlR 

K+l 

12 

RlS 

.f: 12 

R2C 

-

-R2V 

R2R 

MATRtX DESCRIPTION 

For any. loo·p "J" K = 6 x J - S 

K+2 K+3 K+4 K+S K+6 K+7 

13 14 15 16 17 18 

-RlC -RlV -RlR 

R2C -R2V R2R 

~. 13 R4C -R3C 

R4C ~14 R2S R4R -R2S -R2S 

-R3C R2S ~15 -R3R -R2S -R2S 

- . 

R4R -R3R :l" 16 

-R2S c..· -R.2S ~17 R2S 

-R2S -R2S RZS ~18 

-11-

J K 

l l 
2 7 
3 13 
4 l9 
5 25 

6 x Number of loops + 1 

Voltaoe 
V 

Sl 

• VSl 

0 

-v S2 

-v S2 · -

0 

V. -
S2 

Vs2 

-



• 
RUNNING 

RAILS 

• 

CONTACT 
RAILS 

• 

RESISTANCE 

PER MILE 

RR1---

:LOOP SET.DESCRIPTION 

RlR R3R 

... -------- .,,,.__________ .... --
• \I ! ...... I6 --◄.,...--,~ 11 

RR2----Q~'lfl-r--~.~l+.I------ID-""""fV"-i--4--=----
--...a.....-tl-+----. I,.. 
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t+ 
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t 
• R2V I 

' I . - I 
I 

r t t 
. I I 

' :, I I 

I I I I 
I I I I 
I I I I 
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• Rl V IS OUTBOUND VEHICLE RESISTANCE 
R2V IS INBOUND VEH.l.ql.E RESISTANCE 
Sl, S2 ~ SUBSTATION VOLTAGES 
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IBM SYSTEM 

• HOW TO.LOG-ON 

• 

• 

1. Press Enter. 

2.. Type.: Log-on CSGKEl/CSGKEl (ENTER) 
(Get password from Don Pricei 

3. Press En!:er. 

4. When "Ready" ap·pears,··type::·IsPF.(Enter). 

5. A menu appears, type: number associated with a function. 
N!a!xt to command, press enter. 

6.. After every colliinand, press the ente.r button. 

1. 

2. 

HOW TO LOG-OFF 

Type =X (Enter) on command line 

When "Ready", type_log'-off. 

' EDITING A FILE 

A-fter a log-on type 2, go to mernb.er line, ·type: 
T:r:ain or: Sµbst:a,,; MVTP?:Rµn. ;::;: :· • • • 

If. train is typed, t_rain data appears on screen. If substa ~:.::::. 
is typed,. substation data appears. If MVTPS run is typed.; 
program can be run. When finished editing, use pf3 key. •• 

3. Editing c:ornrnands a_re: ('J:'hese a_re pref-ix commands ..- they go 
in the region to th!:! left of the data.) 

I To insert; i.e., type on line 10 to insert between 
10 and 11 

A 

B 

C 
cc 

DD 

D 

M 
MM 

R 
RR 

With 

After line 

Before line 

A & B 
To copy a 
To copy a 

To delete a block, 

To delete orie line 

To move a 

line 
blo.ck 

line or section 
With A or B To go to end of file 

With B 
Repeat line 

A or Repeat block 
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4. Special Button_s 

PFI 

PF3 

PF4 

PFS 

PF6 

PF7 

PPB 

PF9 • 

PFl0 

PFll 

PF12 

T 

Help 

Split 

End Function 

Return 

Repeat find 

Repeat change 

*Up - If. M is on command . line, it ~oes to top 

*Down.,. If Mis on command 1-ine, you will see the 
end of the file 

Swap 

Left 

Right 

Cancel 

Tutorial 

* If a number is on the command line, the file will 
move up or down that number of lines .. 

TO RUN A PROGRAM 

1. Press.alt PF3. 

2. Type: MVTPS Run next to member .line. 

3. W!J,en Jel file appears, type: submit. 

4. After 3 stars, p·ress enter. 

5. When command appears, type: =3.8. 

6. Another command appears, type: F '' cond code". 

7. tf 0000 appears, no errors. Repeat PFS to check all condition 
codes. 

8. lf no errors, press pf3. 
screen. Tupe: D (enter) 
concerning the program. 

You will see outlist at top of 
m option line to delete t_he report 

9. Type: =2 (enter) on command or option line. This will 
bring you to the editor .. 



• 

• 

• 

10. When member appears, type: printmv (enter) on mernl::>er line . 

11. When Jcl file appears, type: submit. 
When 3 * 's appear,. hit enter key .. 

12. To logof-f, type next to command: =X (enter). 

13. When re_ady appears, type: logo ff. 

TO VIEW SOURC-E PROGRAMS & OUTPU-T 

1. Go to editor. a) ISPF 2 (enter) at logon tillle, or 

--

b) =2(enter) on command or option line. 

To see all files available, (enter). "S" next to any file name 
will select that file to be edited. You can also wr:i te the 
file name on the first edit screen after "Member". Pf3 or 
=2 takes you there. 

Important files are.: __ 

MVTPS1 - Fortran source code for Stepl 

MVTPS2 ~ Fortran source code for Stept4 

MVTPSRUN - JCL which executes entire program .. 

TRA_IN - Train data 

SUBSTA - Substation data 

3. To finish editing, use pf3 key. 

4. 2 special files also exist.·: o·n _ the data:· set=_line, • t":\tpe: 
LOADLIBN to see the load library. 

5.. On the data set line, type: MVTPSPUT to see the output file 
before you print it . 


