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A. 8-eneral 

TECHl'lI CAt ANTI ECUNO~II C STCTIY 
OF RAIL HAY tINL\GES 

E/ CN .1 ill TRAN S/ 38 

African r'lilway systems south of the Sshara operate m'linly 
on a variety of gauge vlidths. 

'1'he total trackline is 78,811 kms, of which 62,018 kms (79 per cer.t) 
are of 1067 mm gauge, and 13,627 kms, (17 per cent) are of 1000 mm gauge. 
The rest of the rail lines have a gauge width of 1435 mn; or 1 ess than 
1000 mm, and constitute only 4 per cent of the whole trackline. 

The growing demand for transJ-ort for aGeel era ting the in tra-African 
trad.e anrl the need to foster the economic and social co-operation between 
the counuies of the region will be greatly facili tated if the present 
railway systems are inter-connectedo 

The secretariat~ in its search for economic methods to overcome the 
difficulties in linking these diverse systems y wish to recommend three 
metho,J_s ",hich will facili tate the smooth frontier crossing of rail traffic 
and the mutual utilization of rail cars, thus saving the excessive cost 
and time spent for trans-shipment of cargoes and passengers 9 and will go 
a long way to make the handling of containers an easy task, particularly 
for t:18 land-lo cked COlm tri es. 

The three known methods referred to above are: 

(1) Standardization of gauges, 

(2) Changing of bogies or wheel sets at the border; 

(3) The use of gauge adjustable wheelsets. 

B. Standardization of gauges 

This method reQuires the expansion of the gauge width from 1000 mm 
to 1067 mm 1.1. This will entail the replacement of the sleepers and 
wheelsets 11' these are not convertible, and, if they are, it will only 
need the Change of the sleeper fastenings and the expansion of the '"fheel­
sets~ and 9 in both cases9 the standardizatiun of the braking and coupling 
systems. A detailed study was made on this method in the secretariat 
documents enti tled: 

"Techni cal and Economic Study of Railway tinkages 
in the African Hegion" (E/CN.14/TRANS/"F.25) , 

"Techni cal and Economi c Study of Rail way tinkages 
in the Fest Afncan Hegion" (Nl69-761), and 

1.1 Since. the 1000 mm gauge constitutes 17 per cent of the railway systems 
south of the Sahara, it is recommended that these should be converted 
to 1067 mm where this is economically desirable for the flow of traffic 
to neighbouring countries. 
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HTechnical and. Economic Study of Railway iir..kages 
" ~" -, t 'f'" R"" ;~/CI"' l~/Tn",,,/3'\ 11: "l'le ,':'..8.S·,b.""Tl-Ca:t: eglon ,,::... ". -+, .rI...tl1~"'1 OJ. 

C. Changing of bogies Or wheelsets at the border 

~Phis met:lOd is Curren t~y i1: use between France 2nd Spain. Tt:.e French 
railway systems operate On a gaugo wicitt. of 1435 mm9 whereas in Spain the 
railway systems operate on 1668 mm gaug~, and the movement of trains between 
the "two countries is made possible by IT.ear:B of changing wl:eelsets Or bogies. 

T:::'e freight cars rwming Over the border are standardized. In other 
words , tae cars are of one type; they ha.\.'"e only 2 axles (_four-wheelers), 
which are the ca.rs mostly u[~ed in Europe. 

The changing of wheelsets "is do~,e very raj::idly and smoothly. 'rhe 
wheel sets changing shed is it:! Hendaya (see Picture l) and is eq.uipl'ed 
with 8 electric-driven ,jacks which car::. ~ift up 3.lm:ll taneously 2 freight 
cars (see Pic":ure 2). The following procedure is applied: 

(a) Two ca::-s are pushed into the shed~ 
the O'ig:::.t position On the jacks by 

'They aI'S stopped in 
stop blocks; 

(b) Unskilled labourers 4 per car - unscrew the 'pedes~al 
binders and jack up the body of the c"r Hhile 2 other 
1a bo'~rers lift the wheel se ts on the changing 
line (see Picture 3). D"0.:r:ing the lif"'.:ir:g time of the 
car bodies, ehe labourers change the seats of the brake­
shoes in to the required rosi ~ion; 

(c) As soon as the ~acks have reached the final pOSition, the 
wheelse-:s are rolled to the exi t of the ahed? where 2 otLe::-
labourers are stockir:g the wheel sets by lif thEm on 
stock rails (see Pict'.1re 4) .. Mear~wn.:"le9 the required 
wheel sets are rolled ',lnderneath the cars. 1.1he jacks let 
down the bodies of "the cers) the tral binders aJ"'e 
assem bl ed again; 

(d) The cars wi tr_ the changed whe"lsets are pushed out of the 
shed by the new cars arriving for tte saEe process. 

The tirr.e for changing the HhBelsets amounts to 5 minutes per car 
and labour force of: 

2 workers ,per wheel set 

4 workers for handl.ing the spare wheelse-:s 

Consid~ering some delays on the feeding line, rest of the labourers during 
the shif~t other work, e. g., char.gjng of broken springs, etc.? it r;-;ay be 

.. 
\ 

1 
r 
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Picture 1 

Axle changing shed in 
Hendaya 

Picture 2 

Changing of axles in 
Hendaya: two workers per 
each wheelset 

Figure 1 

Atelier de changement 
d'essieux a Hendaye 

Figure 2 

Changement d'essieux a 
Hendaye: Deux ouvriers par 
essieu monte 



Picture .} 

Handling of "Standard-gauge­
wheelsets" in Hendaya which 
must be changed against 
"broad gauge whee Ise ts" 

Picture 4 

Hendaya: Stock of wheelseta 
of same type and same gauge 
width 

Manutention a Hendaye des 
"essieux a ecartement normal" 
a remplacer par des "essieux 
a grand ecartement" 

Figure 4 

Hendaye: Stock d'essieux 
montes de rneme type et meme 
ecartement 
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assumed that the efficiency of such a converting shed is approximately 
4,300 cars per month, when working in 1 shift (1 shift; 200 working 
hours/mon th). 

The converting depot in Port Bou changes three cars simul taneously 
in five minutes. The labourers involved are: 

16 workers/3 cars 

4 workers for handling the wheelsets out and into the stock. 

The efficiency of this shed is similar to that of Rendaya, 

approximately 6,000-6,400 cars/month and 1 shift/day or 

II 72,000-76,800 cars/year II " It II 

If we assume tha t, 

80 per cent of these cars are loaded 
with a loading factor of 80 per cent 

(57,600 freight cars per year) 
and tha t 

the carrying capacity amounts to maximum 40t/car 
(payload 32 t/ car), 

the yearly handled tonnages in this one shed over the border in both 
directions is approximately 1,840,000 net tons/year. 

The bogies of ~assenger Cars (sleeping cars) are changed only 
in Hendaya. 

A secondary line next to the station is equipped with 10 electrically­
drIven jacks and with a dismantling pit (see Picture 5). Five bogie 
passenger cars are jacked up simultaneously. 

The procedures of changing the bogies are as follows: 

(a.) Different fastenings are opened by 2 labourers per bogie; 

(b) Jack up of all 5 bodies of the coaches. In the meantime 
couplings are adapted into pockets on the bogie frames 
(see Pictures 6 and 7) in order to mOVe the bogies out 
later on; 

(c) After reaching the jack end-position, an electric driven 
auxiliary engine (see Picture 8) pulls the required bogies 
underneath the passenger cars for exchanging and rolls out 
the changed bogies to the stock line; 



Picture 5 

Bogie exchange siding 
in Hendaya: five bcgie 
cars same type may be 
bogie-changed at same 
time 

Figure 5 

Voie de changement de bogies 
a Hendaye: Le changement des 
bogies peut etre effectue 
81multanement sur cinq voitures 
de meme type 

Picture 6 
"Thmale" adapter coupl­
ing attached on bogie 
frames in order to couple 
interchangeable bogies for 
hauling 

Figure 6 
Partie femelle de I'attelage 
amovible monte sur les chAssis 
de bogie en vue de l'accouple­
ment des bogies interchange­
abIes pour le halage 
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(d) The bodies of the coaches are lowered on the bogies 
and fastened again. 

The time used for changing the bogi es of five coaches vari es bet101een 
16 to 25 minutes. 

If it is assumed that the last-described techni~ue would be 
used for the frontier crossing traffic between African railways 
wi th 1067 mm and 1000 mm gauge wi d th, because these are main-
ly bogie freight cars, the following practice should apply: 

Assumption 

(a) All freight cars crossing the border are e~uipped 
with standard bogies or with interchangeable bogies; 

(b) Carrying capacity of a bogie freight car, minimum 
36 tons; 

(c) Loading factor 80 per cent, payload minimum 29 tons; 

(d) So per cent of all cars crossing the border in both 
directions are loaded; 20 per cent are empty; 

(e) Actual working hours of 1 shift = 6.5 hours, 
22 shifts/month, 

(f) Number of freight Cars which are handled 
a t anyone time = 3 pcs. 

Time re~uired to change bogies = 25 min/3 cars. 

Under these assumptions the following calculations are made 
to show the number of Cars that can be handled every year: 

1. lJjaximum number of bogie 
freight cars able to Cross 
the border per year 

2. Maximum border-crossing 
traffic-flow in net tons/year 

36 x 0.8 x 0.8 x 13,200 or 26,400 

say: 

1 shift/day 

13,200 

304,128 

300,000 

2 shi fts/ day 

26,400 

608,256 

600,000 



Picture] 

"Male" adapter coupling 
attached on bogie frames 
in order to couple inter­
changeable bog-ies for 
hauling 

Picture 8 

Electric driven a=il­
iary unit for hauling 
bOt-::ies uno.erne2. tL the 
jacked u~ coach bodi"s 
(Eendaya) 

Figure 7 

Partie male de l'attelage 
amovible monte sur les chassis 
de bogie en vue de l'accouple­
ment des bogies interchangeables 
pour Ie halage 

Fip:ure 8 

:,lacj ine auxili3.ire 2. r:lOteur 
{lectri('~ue POUT Je !'J.c..Jabe des 
bories en position seuS les 
voitures levees par verin 
(HGndaye) 
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If it is assumed that the necessary time for customs formalities 
and the technical check-in and check-out of trains at t.he border is 
in the range of 2 hours per train, and that these formalities can be 
done whilst the bogies are being changed, and the total travelling 
time of a freight train between the destination points is 24 hours, 
including the time for the border formalities, but without the time 
for changing the bogies, tLe following hours should be added to the 
time-tables: 

No. of 
freight cars per 
train 

10 
15 
20 
25 
30 
35 
40 

Time for 
changing bogi es in 
1 shed;d 
in hours 

1. 39 
2.08 
2.78 
3.47 
4.17 
4.86 
5·56 

Hours added to 
travelling timey Prolongations 
if bogies are of travelling 
changed (hours) time y in % 

o 
0.08 
C.78 
1.47 
2.17 
2.86 
3.56 

C 
o 
3.25 
6.13 
9.05 

11.90 
14.80 

It can be seen that this method will increase the travel time 
by approximately 6 per cent for a train of 25 Cars (train load: 
approximately 900 to 1000 Brt. payload 576 net t). ,ri th more than 
25 vehicles per train, the increase of the travelling time appears 
somewha thigh. 

Because of the necessity for the fast changing of bogies at the 
border and for the maintaining of the vehicles and especially the 
running gears On the lines of other railway systems in case of extra­
ordinary wear (skidded wheels, hot boxes) Or accidents, the standard­
ization of the rOlling stock becomes necessary, particularly on the 
following: 

(a) Interchangeable bogies; 

(b) Uniform underframes of freight cars to avoid the shifting 
of the Jacks in the convertinl'; depots to meet the lift-up 
markings a t the ca.rs always On the same poin t; 

(c) Interchangeable wheelsets with bearings. 

;d 3 cars in 25 minutes. 

y Travelling time between the destination points wi thout changing 
bogies = 24 hours including 2 hours for formalities at the border. 
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Further on it is recommended to increase the axle-Ioads 9 which are 
at present between 14 and 16 tons, in order to increase payloads with­
out enlarging the number of cars per train and therefore to avoid 
excessive conversion-times in the depots at the border. 

D The use of gauge adjustable wheel sets 

The Spanish Railways (RENFE) opened a competition to obtain solutions 
for gauge adjustable wheel sets for coaches to avoid changing of bogies 
at the border. These wheel sets must be able to run on the Spanish gauge 
1668 mm and the standard gauge 1435 mm (gap = 233 mm). The technical 
condi tions for this competi tion are mentioned in Appendix 1. 

The winners according to this competi tion are: 

(i) Ateliers de constructions mecaniques de Vevey, Villeneuve (Vaud), 
Switzerland, who are designing a type of wheelset called 
"Vevey-wheelset" ; 

(ii) Oficina General de Ingenieria (O.G.I.), Sevilla, Spain, who 
are designing a type of "heelset called "OGI-wheelset". 

Besides this competition, the Company Talgo S.A., Madrid, offered 
a special gauge adjustable wheelset Ai for the "Talgo-trains" which are 
indivisible train-units equipped with special running gears. 

iihilst the Vevey - and OGI-wheelsets have not been produced 
up to now, the Talgo wheelset is already being built, and the Talgo 
trains running between Barcelona and Geneva are equipped with these 
adjustable wheelsets. 

All these solutions; either Vevey, or OGI or Talgo, are aimed 
to fit into coaches running with a maximum speed of 160 km/h (see 
Appendix 1). But this does not mean that these solutions are not 
applicable to African-bogie freight Cars. 

Another type of a gauge adjustable wheel set for bogie freight cars 
was develo?ed by Deutsche Reichsbahn, Berlin, German Democratic Republic. 
This type was designed to avoid bogie changes at the Polish-Russian border. 

The gap between these two gauges is 39 mm (USSR-gauge = 1524 mm, 
POland = 1435 mm). The first train equipped wi th these gauge adjustable 
wheelsets crossed the border on 20 May 1961. Since that time, Deutsche 
Reichsbahn gained extensive experience, and today approximately 300 bogie 
freight cars are equipped with the so-called DR-IV - gauge adjustable 
wheelsets. The technical conditions for the development of this DR-IV 
wheelset (see Picture 9) may be seen in Appendix 2. 

Ai In the following, called "Talgo wheelset". 

i I I 

• 

• 

• 
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The DR-IV wheelsets are the most proved ones and their advantage 
is that they were developed for a gauge-gap of 89 mm (Spain-France 
233 mm) which is nearly equal to the African gauge-gap 1067 - 1000 ~ 
67 mll'. 

All solutions will be described in the following sub-chapters. 

D 1. Gauge adjustable wheelset type DR-IV 

The drawing of the DR-IV wheel set can be seen in Appendix 3 
(see also Picture 9). 

The DR-IV wheelset, including the brake elements, can be automatically 
adjusted to the requested gauge width in a 15 m long transition-rail. 

Description of the function (see drawing, Appendix 3) 

1. Cons truc ti on 

A clutch-star (2) is press-fitted on the axle (l). Three rocker arms 
(3) are pivoted on the clutch-star (2). Trapezoidal grooves are machined 
into the wheel hub (4) of the wheel disc (5) into which the rocker arms (3) 
snap. By this, a rigid axial connexion is produced between the axle (1) 
and the axial shifting wheel disc (5). The sleeve (6) is put under stress 
by compression springs (7) and therefore lS shifted Over the rocker arll's (3). 
A slope (8) is to be found on the top of the rocker arm (3). '['he inner 
surfaces of the sleeve (6) are conically tapped in the same slope like 
the slope (8). Therefore the rocker arms (3) are pressed in to the locking 
po si tion by the sl eeve (6). The hori zon tally-acting forces on the flange 
of the wheel are trying to shift the wheel disc (5) in axial direction and 
to force through the groove slope to unlock rocker arm (3) and sl eeVe (6). 
A plane surface is worked out behind the slope (8) to prevent unlocking. 
The sleeve (6) can only be axially shifted within a small tolerance, 
because afterwards the plane surfaces of the sl eeve and the rocker arll's 
are clashed. Unlocking is impossible. ~he horizontally-acting forces 
On the flange of the wheel are transformed by the slopes (8) on the rocker 
arms (3) into radial acting forces. These radial actlng forces effect 
an expansion of the sleeve. Therefore the sleeve is reinforced wi th two 
bracing rings (19) connected by a circular flange (20) to avoid this 
expansion. A second sleeve (21) seals the whole locking device against 
dirt in connexion with the reinforcement (19 and 20) of the sleeve (6). 

2. Unlocking device 

A crank (10), pivoted in collars (lB), is fitted on the axle-box case 
(9). The crank (10) is connected with two levers (11). In the case of 
unlocking, the crank (10), with the levers (11), are moved axially tOl<ards 
the wheel disc by unlocY_ing rails (not to be seen In the drawing; (see 
Picture 10). The unlocking rails are fixed on the sleepers. 1'he levers (11) 
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are swingable, pivoted into axial-movable push-rods (12), guided in guide 
holes (17). The levers (11) by means of push-rods (12), trig-gel' the pilot 
disc (13) which is connected wi th the sleeve (6) by rods (14). Stop pins 
(15) on the inner surface of the sl eeve (6) are moving on cams (16) of 
the rocker arms (3), and pivot the rocker arms (3) out of the locking 
position. The springs (7) will be more-compressed and will shift the 
sleeve backwards in the locking posi tion after the wheels are adjusted 
by guiding rails in the required pOsitlon. 

The slide fitting of the wheel on the axle is performed by a hard­
chromi um-pla ted steel bushing (23), pressed in to the wheel-hub, and a 
hard-tissue bushing (22) shrunk on the axle. The joint hard-chromium­
plating and hard-tissue bushing eliminate fretting corrosion. 

3. Shifting of brake blocs 

The device of gauge adjustable brake shoes may be seen in Picture 11. 
The two positions of the brake blocs, according to the gauge width, are 
locked by a quill-gear (1) which is pivoted on a bushing (2). The bushing 
(2) is connected to the brake shoe (3). A pin (4) is pressed into a 
groove On the brake beam (5) and adjusts the brake shoe in the shown posi­
tion. As soon as the wheel is shifted to a smaller gauge width, lever (6) 
shifts bushing (2) with brake shoe (3) towards the middle of the axle. 
Pin (4) remains in the groove, but the quill gear will be pivoted by 90 
degrees and will lock the new brake bloc position again. 

The maximum permissible axle-load of the DR-IV wheel sets is 21 t. 
The weight (1,700 kg) of the DR-IV wheelset with bearings and 1000 mm ¢ 
wheels is 19 per cent higher than a normal UIC wheelset (1,430 kg). It can 
be said that the weight of the gauge adjustable device of a bogie Car 
is therefure in the range of 1,080 kg. If we assume that the future 
maximum speed in Africa is less than 160 km/h, it might be possible 
to reduce the weight of the gauge adjustable device to about 1000 kg 
per bogie car. If these DR-IV wheelsets could be assembled into normal 
bogie freight cars wi th a maximum payload of 40 t, only 2.5 per cent 
of the payload are lost in favour of the gauge adjustable wheel sets. 

It was learned that the costs of bogie freight cars with gauge 
adjustable wheel sets are 7 per cent higher than normal ones. 

Trains equipped with gauge adjustable wheel sets type DR-IV accomplish 
the passage to a differen t-gauge track in 3 minutes (passenger train of 
up to 250 m 1 ength) and 9 minutes (goods-train of up to 600 m 1 ength) 
only under supervision of the shunting personnel, excluding any shunt 
work. 

During s tric tly con troll ed runs between Pol and and USSR (Hi th 
numerous gauge width cbanging operations) a reduction in operating costs 
was observed, - apart from the remarkably lower investment cost (in 
comparison with the reloading and running-gear interchanging systems). 
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Picture 12 

Transition equipment 
for gauge adjustable 
wheelsets type Deutsche 
Beichsbahn DR-IV 

Figuie 12 

Voie intermediaire pour change­
ment d'ecartement d'essieux 
montes Deutsche Reichsbahn type 
DR-IV a ecartement variable 
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The Deutsche Beichsbahn pointed out that the wheel tyre wear is 
about ]0 per cent lOHer than ~"i th usual ,)heelsets - thanks to the higher 
elas ti ci ty of the DR-IV type. lclain tenance work is, besi des the rOll tine 
checks 9 restricted to semi-annual lubrications of the locking device. 

The DR-IV Hheelsets here developed in 1956 by Deutsche Reichsbahn, 
and have been tested over .38veral years in bench tests and practical use 
(allproximately 500,0\-)0 ·~::.m)o 

The transi tlon eQuipment (see Picture 12) is of 'Helded construction 9 
mounted on wooden 31 eepers.; and can be fi ttcd on any point of a straight 
track.. Inv2stmen t co;::;ts aT'? nPblit::~'i bl e. 

D 2. Gauge ad:iu2tabl e "hpe12et t.vpe Vevey 

Appendix 4 shows t~ne diagrammatic draHing of the Vevey gauge adjust­
abl e wheel set. As already ITJ...:)n tioned, this type is not yet proved in 
practical use. But all sin,:;le parts of the construction are not newly 
developed? tbey are examined already in other railway eQuipITents or rolling 
stock and may be regarJed as to be proved. Like the DR-IV "heel set, the 
Vevey one i s desi~'TIed for 1 (lcomo ti ve-handl ed vehi cl es and no t for vehi cl es 
wi th driven axles. It invol ves the ase of a fixed axle (1) and free.­
turning wheels (2). The complete ,·{beelset Can be installed in conventional 
bogies I'li thout excessive modific;a tions. 

]escri ptio!1 of the function 

1. Construction 

On the fixed axle (1)) the axi.ally-shiftable wheels (2) are pivoted. 
Each wheel centre contains t'NO cylindrical, axially shiftable roller­
bearings (,J) - transmi tting radial forces - and one ball-bearing (10) -
transmitting axial forces. r:l'he ball-bearing (10) is acting on a cylinder 
(4), which forms a holloH half shaft concentric on the fixed axle. The 
ball-bearing (10) allows the "heel to rotate on the cylinder and avoids 
lateral movements because the cylinder (4) is connected wi th a single 
locking device flxed on thp axle (I), and which is able to move vGrtically 
only. The connexion bet"'ieen tr,8 two cylinders (4) and the locking device -
conslsting of the helmet (5), roll (11) and a cross (6) of four compressed 
springs (12) Lirl the drawinc:~ only one spring is showi/- is done by 
trapezoi clal pins (8) enGa,;ed in cut-outs of the helm et (5). Only verti cal 
surfaces on the pins (2:') and. the cut-outs are transmi tting axially acting 
forces. The compressed s;Jrings (12) keep the helmet (5) in the locking 
posi tion. 

2. UnlockirlF~ device 

A cond.uctcr rail ramp (7) is fixed betvieen the transi tion rails on 
which the roll (11) runs as soon 2.8 the wheelset is entering the transition 
rails. The helmet ()'.I is moved urwards and the fixed connexion is inter­
rupted between the t~'IO c~ilinllers (4) as soon as the pins (8) leave the 
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out-outs of the helmet. The foux springs (12) are more oompressed. 
Rail guides (not shown in the drawing) are shifting the wheels - under 
load - into the required gauge. After the shifting of the wheels, the 
roll (11) runs down the oonduotor rail ramp (1) and the springs (12) are 
pressing the out-outs of the helmet (5) on the trapezoidal pins (8) and 
are locking the connexion between the oylinders (4) again. Contrary to 
the technioal conditions for gauge adjustable wheel sets of the Deutsche 
Reichsbahn (see Appendices 2 and 3), which torsional-strengthened 
oonnexions between the two wheels, the Vevey solution is oharaoterised 
by free-turning wheels. ~iheelsets with free-turning wheels of another 
layout are already assembled into the Spanish Talgo trains with special 
running gear equipment. It is, however, not known in whioh manner these 
Vevey wheel sets, assembled into a oonventional bogie, should manage the 
auto-centering effect which is the base for good running qualities and 
low wear On the flanges of the wheels. 

The Vevey wheelset ~ay be braked either with normal brake-shoes 
Or with disc-brakes. Spaoe for both possibilities is available. A 
special gauge adjustable brake shoe device was not designed by Vevey 
because Vevey and RI1iFE also did not see any problems in the construction 
of these devices. As far as brakes with brake shoes are ooncerned, it 
may be suggested that the Vevey gauge adjustable brake-shoe device might 
be similar to the One used on the DR-IV. As far as disc-brakes are 
concerned a similar construotion may be choosan like the TaIga gauge 
adjustable disc-brake device (see Appendix 6). 

The advantage of the Vevey wheel set is doubtlessly the low weight 
in comparison with other solutions and the very rigid and simple locking 
device which does not need nearly SO much maintenance and lubrication 
of e.g., the DR-IV locking device. A certain disadvantage might be seen 
in the fact that the locking device is not mechanioal double locked like 
e.g., the DR-IV or the uar wheelset. At present, RENFE, in connexion 
with Vevey, is working out a mechanical double locking device to eliminate 
this "disadvantage". 

It was learned that no price has been oalculated up to nOw the time 
of this stUdy. 

D 3. Gauge ad,justable wheelset type 001 

Appendix 5 shows the diagramatic drawing of the "ODI" gauge adjust­
able wheelset. This wheelset has not been built at the time of the 
preparation of this study either. The locking device is similar to 
the one used On the DR-IV. 

• 
t 
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On the axle (1) the wheels are ax~ally-shiftable. 'i'hree pairs of 
levers (3) are transmi tting all torsion momenti to each of the two wheels 
(2). The levers (3) are pivoted on a splined b~shing (4), which is fixed 
on the axle stub. Two sockets (10) are shrunk On the axle (1). Spli t 
bushings (11) are fixed on the sockets (l 0). 'Ihe spli t bClshing (11) 
consists of elastic fingers (8) which have trapezoidal forms on the ends. 
nee fingers (8) are snapping into trapezoidal grooves cap:r;ed into the 
hubs of the wheels (2). An axially shifting and rotating sleeve (6) is 
pressed on top of tbe t'ingers (8) of the split bushing (11) by COOlpressed 
springs (7). 'Iherefore a mechani cal dou bl e-1 ock is obtai ned, like tha t 
of the :::lR-IV OIodel. 

2. 

An unlockir:g rail of the transi tion equipment - fi tted betweer: the 
running rai 1 s (no"t to be seen in. the drawing) - moves the two 1 evers (5) 
towards the wheels (2), whereby the sleeves (6) are axially shifted. As 
soon as the sleeves (6) ;mlock the split bushings (ll), guidance rails 
of the transi tion eq:.lipOler:t (not to be seen in the drawing) are shifting 
the wheels (2) under load iLtO the req:..Jired gaClge width. The fingers (8) 
are and are sliding On the hubs of the wheels (2) and snap in the 
second trapezoidal grooves. As sOOn as the wheelset leaves the zone 
of contact of the ur.locking rail of the transi tion equipment, the springs 
(7) are pressing the sleeves (6) on the fingers (3) and double-lock the 
device. 

As far as the device of gauge adj:lstable brake-S'lOes is concerned, 
the same can be used like the DR-IVane. elisc-brakes canr:ot be fi tted 
on the wheel s. The only possi bil i ty to asse:nbl e brake di sos on the OG1-
wheel set is i'l t.he middle of the axle. But it is dOClbtful whether 
stifficient space between the two 1 evers (5) is available. I;; seems that 
there is only 260 lTim space between the two levers (5), wtich is not 
s<.lfficiel'lt fol' mounting even One breke-disc. The same Or probably WOrse 
condi tions will be found for 1067 mm and 1000 mm gauge adjustable wheelsets 
if the le'lers (5) remain in the shown posi tions. 

The nost reILarkable construction part of this wheel set seelf.S to be 
the spli t bushing (11). I t was I earned that spli t bushings are mai nly 
used in ajrcrafts for similar purposes, e.g., in the main landing-gear 
actuators of Boeir:g jets. The advantage of the spli t bushing 
the three rocker-ar:ns (looking device of the DR-IV wheel set) is that 
the axial forces ",,,i 0::1 are transmi tted in to radial ones by the dal 
flanks of the three rocker-arms m'lst not be absorbed at only three pOints 
on the periphery of t"e sleeve (6) (see Appendix 3), but are distributed 
symmetrically over the whole pe:r-iphery and minimi ze expansions of the 
131 eeve (6). 



Picture 13 
TaIgo train (Research train) enters 
transi tion ea.uiplllen t 

Figure 13 
Train Talgo (train experimental) s'engagaant 
sur la voie intermediaire 
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A further advantage of the whole locking device of the OGI wheelset 
over the DR-IV one seems to be that the construction volume is smaller. 
However, the visual examination of the actual locking after changing the 
gauge-width from outside the transi hon equipment is mOre di ffi cuI t. 

It was learned that prices of the uGI wheelset have not been 
calculated up to the time of this study. The weight of this wheel set 
seems to De grea ter than tha t of the Vevey-wheelset. 

D 4. Gaug-e ad.iustable wheelset type Talgo 

As already mentioned in Chapter D, Talgo, Madrid, has developed 
gauge adjustable wheelsets, and equipped them into their indivisible 
train uni ts. 

The Talgo trains normally consist of 13 short bodies, articulated 
to One another. An example of these units may be seen in Picture 13 
(actually this is a research unl t). 

The drawing and the picture of the Talgo gauge adjustable wheelset 
can be seen in Appendix 6, a~d in Picture 14. The two wheels are not 
connected by one axle. Each wheel is pivoted in a cast steel frame. 
The wheels are turning freely. The advantage of this running gear 
is that the height of the passenger floor above rail level Was reduced 
to 625 mm. The diameter of the wheels is :362 mm, and is 58 mm smaller 
than normal VIC .2/wheel-diameters (920 mm ¢). 

Description of the function 

1. Construction (see Appendix 6) 

The free-turning wheels (1), shrunk on small axles, are pivoted into 
pairs of bearings (2). 

The four bearnings (2) per running gear are not axially stnftable 
on the axles. The axle box case of the bearing has two rectangular 
opposed blocs (3). The exact distance between the wheels is secured 
by two pins (4) per each bearing, cormec ted by a yoke (5), whi ch are 
vertically guided in guide holes of the cast steel frame (10). There­
fore, an axial shifting of the wheels (1) is not possible. Yoke (5) 
with pins (4) are kept in the shown position by four coil springs (9) 
(see also Picture 15). 

2. UnlOCking- device 

Contrary to the other systems of gauge adjustable wheelsets 9 the 
hori zon tal shi ftlng of the wheel s is not done under load • 

.2/ VI C Union internationale des chemins de fer. 



Picture 14 

Gauge adju:;table wheelse t type Talgo "i th 
free running wheels and disc-brakes fitted 
in Ta15~ TRANS-EUROFE-EXPRESS-trains 

Figure 14 

EsSieu monte a ecartement variable type 
Talgo. a rouses Iibres et frains a dis~ues, 
equipant les LL'aim·; Ta1ga TRAlTS-EUROPE-E:XPRESS 



Pic:ture 15 
Gauge adjustable wheelset type Talgo 
moving through the transition equipment. 
The wheel is unlocked at this moment 

Figure 15 
Essieu monte a ecartement variable type Talgo passant 
sur la voie intermediaire. La roue est deverrouillee 
a l'instant represents par la cliche 



Picture 16 

Transi hon equiIlment for 
gauge adjustable wheelsets 
type Ta.lgo 

Figure 16 

Voie intermediaire pour changement 
d'ecartement d'essieux montes 
type Talgo a ecartement variable 
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The transition equipment consists of 3 pairs of straight rails and 
2 pairs of guidance rails (see Pictures 13 and 16). As soon as the 
train reaches the transition equipment and the wheels are leaving the 
running rails, the cast steel frame (10) (see Appendix 6), with support 
blocs (7), are supported by the rails (20). Nylon plates on the support 
blocs (7) facilitate a smooth sliding on the water-lubricated rails. 
After supporting the cast steel frame (10), two pairs of rails,(21 and 
22), are inserted into cut-out of the yokes (5). The slopes of the 
rails (21 and 22) (see Picture 13) cause the pins (4) connected with 
the yoke IS) to be pulled down vertically (see also Picture 15) until 
the rectangular opposed blocs (3) on the axle box case of the bearing 
(2) are not blocked up any more. All parts of the cut-outs of the yoke 
(5), which slip on rails, are fitted with nylon plates (6) to enable 
also a smooth sliding on the water-lubricated rails. 

Then guidance rails (23) (see Picture 16) shift the wheel (1) into 
the required position. The slope of the rail (21 and 22) presses each 
yoke (5) wi th its two pins (4) upwards and locks the axle box cases in 
the new position. After reaching the running rails again, the wheels 
lift up the cast steel frame (10) and unload the support rails (20). 

An adjustment of the brakes (18) to the required gauge is not 
necessary because the wheels ~re equipped with disc-braKes which are 
fixed on the axle box case. Axle box cases, axle and wheel are one 
uni t. 

The total conversion time for a whole train, consisting of 13 coaches, 
including time for changing locomotives; which are not adjusted to the 
new gauge, does not exceed 5 minutes. 

The Talgo wheelset is constructed for a speed of 160 km/h. Running 
tests of up to 170 km/h were fully satisfactory. 

Two pairs of passenger trains, equipped with these gauge adjustable 
wheelsets 1 are running daily between Barcelona and Geneva since 1 June 
1968. The time-saving accounts to approximately 10-15 per cent. 

The additional weight of the gauge adjustable device and the 
ad,iitional costs are insignificant. 

D 5. Applicabili tv of gauge ad.iustable wheelsets to African railwa.vs 

The gaps of the mainly used gauge wiliths in Africa are: 

mm 

1067 - 1000 
1067 - 950 
1000 - 950 

mm 

67 
117 

50 

mm 

143S 1067 
1435 - 1000 

mm 

J68 
435 
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The gauge adjustable wheel sets described were designed to Overcome 
the following gaps: 

liheel se t type 

Vevey ) 
OGI )­
Talgo ) 

1668 mm 1435 mm = 
233 mm (Spain - France) 

DR-IV 1524 mm 
89 mm 

1435 mm 
(Poland - USSR) 

An examination of whether these gauge adjustable wheel sets are 
applicable to African railways, considering their present layout, shows 
the following result: 

Gap = 67 mm 

(a) Vevey wheelset 

It appears that the Vevey wheelset is not applicable because 
the design of the helmet (5), wi th the cut-outs and the 
tapezoidal pins (8) (see Appendix 4), do not permi t a further 
a ttenua tion of the rna terial, due to the resis tance agains t 
axial forces; 

(b) OGI wheelset 

It apI>ears that the OGI wheelset is only just applicable if 
the gradi en t of the trapezoi dal fingers (8), whi ch snap in to 
the tapped groove, would be steeped up (see Appendix 5). But 
there is a certain limi tation in doing so, because in case 
of a very steep gradient the fingers (8) could block the 
shifting of the wheels; 

(c) DR-IV wheelset 

This wheelset appears to be the most suitable One of those 
described. However, the two tapped grooves in the wheel hub 
(4) (see Appendix 3) are located extremely close to each other, 
which demands careful recalculations of the maximum tensions 
in the material between the grooves. 

Gap = 117 mm 

(a) Vevey wheelset 

The same commen ts regarding "Gap 
of 117 mm; 

(b) OGI and DR-IV wheelsets 

No dlfficultles are to be expected. 

67 mm" apply for thi s gap 

.. 
• 

• 



Gap = )C mrn 

:for.e of the described gauge adJustable wheel sets are applicabl " 
for ove",coming this gap. 

!Olodifications on the OG::: ar.d the DR-IV gauge adjustable wheelsets 
to OverCOme t:r~ese gaps are tteo::::'etically possible. :-fowever diffict:..lties 
are to be expected concerning tt~e loading gat;.ges of railw3Jrs wi th gauge 
widths to 1067 Clm and 1000 mm, which shall probably be exceeded ·oy these 
wheelsets. It appears that the Vevey gauge adjustable wheelset is not 

icab:c "to these gauge ga.:ps, due to th8 ll.lT!ited space between the v,Theels. 

The construction of the TaIgo gauge adj1..<stable wheelset apfcars to 
be or:ly applicable for ,;auge gaps wider than 1 mm up "to a certain lir:oit. 

E. Economic cOl!!.pa."¥>.isan between gau;f;8 ad;justable r.<b:~e:sets and bogie 
exchanges 

In this we are going to calculate - t.Jlder certain asstt"Tlp-
tions - t:te increase of ope::ration costs due to the f.Ligher in,\restm(.;nts 
necessary for gauge adjustable wfieelsets and for f2.cili ties of 
bogies. 

Gauge adjusta bl e wheel sets 

It WE,S poin ted out in Ii 1 tha"t the investmen ts for high-sided 
bOeie Cars Hi th gauge adjustable wheel sets type DE-IV are approximately 
7 per cen t higher t!Jar: for norma] mI€S", iJ:'ha t means tna t One gauge ad jL:..S t-
able wheelset costs a;oproximately 160-175 more than a normal or:e. 

Further on, it was stated that the wear of tlle wheel tyre is 
approximately 30 per cent less ti:an normal. 

Assumed basis for the cost calculation: 

I ' \ a) length of taul per ton 600 km 

(b) per car and year 40 trips/year ar,d Car 

(c) t:~aximum load 40 t/car 

( d) Load factor . 80 pElr ceLt 

(e) Empty run of a car 300 km 

(f) Adcl.i tiona: investments 
for gauge adJustable wl::.eel sets 
~ 6-' '7 r'I' \ 4 640 

. 
700 700 T'-·" ! 

\1 v:- I v .. '! I X = - say '" ....,."/ car . 
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(g) 1'he r.:air: ter ___ ance cost - 01.1 t of reduced tyre-wear 
of gaClge-adjustable wheelsets are balancing the arising 
costs r_ecessary for the lubrication of the lockir:g device -
semi-ar:nually - and the few addi tional main tenance costs 
for the locking device only. 

(h) Lifetime of a gauge adjustable locking device: 

( ,) - t \.1. .in erest: 

10 years 

6.5 per cen t/year 

Under these assu:nptions, only capi tal costs have to be conside!'ed 
and cal cula ted. Addi tional capi tal costs: 

+ 0.:)65 x 11 x 700 = 70 + 25 = 95 US$jyear and car 
20 

Addi tional cost/ trip ~ .22 = 2.38 DS .. ;; trip and car 
40 

Leng th of a tri p (600 + 300) = 900 :m, 

Additional cost per tkm = 238 = 0.264 US ct/km 
900 

Total tkm 600 x 0.8 x 40 = 19,200 tkm 

Additional cost per tfu~ - payload: 238 
19,200 

0,0124 ~s ct/tkn payload 

= f we assume that the tariff ra tes for long hauls are in the range 
of 1.5 - 2.0 DS ct/tkm, the additional eosts per tkn payload amounts 
to approximately 1 - 2 per cent of the tariff rates. 

Changing of bogies 

A cost ca1cu1a tion is made up in Appendix 7. On the basis of 
13,200 frontier crossing oars per year of which bogies mus~ be changed 
the following costs were worked out: 

Investments 

Buildings 
Track-lines (bogie stock­

line), sWl tches 
Mechanical equi:;:nent 

(jacks, ligh~ing, 
bogies, etc.) 

R1illninK costs 

Maintenance 
Capital 
Labor " 
Opera tion (shun tiug) 

To~al : 

• 

USlI/:,:ear 

5,400 
26,300 

9,000 
8,OCO 

49,200 

28y: 

US$ 

31,600 

61,500 

250,050 

343,150 

oco 

.. 
• 

• 
.. 

....... ~ 
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The biggest factors in these items are the investments arld capital 
costs for the bogies in stock at the converting depot. I twas ascwned 
in Appendix 7 that approximately 44 bogie cars (13,200 cars per year) 
must be bogie-changed dally. That means 88 bogies of different gauges 
must be kept in stock in order to avoid train delays. The cost for 
changing bogies therefore is very high, i.e.: 

3.13 US$/bogie char,ged car (assumption: 13,200 cars per year) 

If~ however, the number of border crossing cars increases~ for example~ 
up to 26,400 cars per year~ no further investments are necessary either 
on the construction or on the mechanical equipment part. Considering 
only higher maintenance, labour and operating costs, the cost per bogie 
changed car can be expected to be: 

2. '51 USS/bogi e changed car (assumption: 26,400 cars per year) 

The additional cost per tkm payload (600 km average haul per ton, 
40 t maximum capacity, load factor 80 per cent) is: 

0.0194 US ct/tkm (13,200 bogie changed cars per year) 
0.0131 US c:!Ltkm (26 400" " "" ,,) 
==~========_========b================================ 

Both calculations, either for gauge adjustable wheel sets or bogie-changed 
cars, have been worked out under the estimation that the number of 
cianged loaied Cars between railways with different gauges is balanced 
and that no empty runs of cars over the border must be handled. As 
soon as this balance is disturbed 9 and empty runs of cars Over the bordeT 
have to be considered - especially when bogies must be changed - the cost 
calculation is to be revised. 

Of COurS8 9 the comparison of costs may change whenever other 
conditions Occur. But it seems that the dimension of the costs is fairly 
good. It is, however, very delicate to recommend the one or the other 
solution because the decision depends highly on the various operatiol). 
condi tions. 

The changing of bogi es of s tandardi zed cars has the advantage in tha t 
these cars can still run in free movements on diiferent railways systems 
and in the most economic manner; they can be sent7 after being unloaded~ 
to the next nearest loading-point, while cars with gauge adjustable whcel­
sets have to be sent back loaded or empty to the originating raihray 
company because the pool of these cars is limi ted. There is no doubt 
that cars with gauge adjustable wheel sets have unbeatable advantages 
where tlme delays cannot be admi tted and where heavy traffic on single 
lines existsc 
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Both systems are applicable for African railways, if the present 
gauge adjustable wheelsets type DR-IV and GGl can be mOdified to over­
co;]e tt::e di fference of t:le !Jainly :lsed ga!ige widths of 1067 ",m and 
1000 mm. Standardiza tions of bogies an(~ wheel sets, however 9 are necessary 
to secure an interchangeabili ty of the running gears in cases of extra­
ordinary wear (hot boxes, skidded wheels, breakages of springs) or 
acciden ":8. 

P. Concl usi On 

The presented stu:iy tried to describe Efferent possibili ties 
of handl ing rail way traffic between connected rail way systems wi th 
different gauges by changing bogies on the railway Joints and by 
gauge adjustable wheel sets. The experiences of the Spanish Railways 
(3.ENF'3) and the Deutscte Reichsbahn (DIi) wi tt bot!l systems were reported 
and the tech~i~ues - especially those of gauge adjustable wheel sets -
were examined as to whether they are applicable for African railways. 
The gauge adjusta"ole wheelset type Deutsche Rei.chsbahn DR-IV is the most 
examined ar:d ~roved one.. Since 1961 j iron-ore trair::.s - consisting of 
bogie cars with these gauge adjustable wheel sets - have been operating 
between USSR and Poland. 

Otter types of gauge adj:lstable wteel sets developed under the 
auspices of REKFE show remarkable constructions. But most of the:n 
are not examined yet. It may be stated that out of all constructions 
only the gauge adjus ta bl e wheel set type Dect tsche Rei chs ballli DR-IV and 
possib:'y a:'so -::~'le 031 whee:'se,,:: ;]i be sui -::ab:'e to overCODe African 
gauge gaps of 67 mill (1067 mm - 1000 nun) or larger. However, caref:ll 
recalculations of the admissible tensions In the material have to be 
done. None of the described constr:lctions is capable of overcoming 
gauge gaps sIT,aller than 67 m:;). 

Gauge gaps up to 11 7 mm (1067 - 950 mm) and over 368 mm (1435 -
1067 nut) car:aoot be ovel'come by the Vevey wheel set. The other gauge 
adjustable wheelsets can "De adjusted to 1435 mm and 1067 mm, 01' lOCO Ie", 

gauge width. ])iff1cul ties have to "De expected, however, "sy exceeding 
the limits of the loading gauges on the tracklines with 1067 mm and 
1000 mm gauge width. 

Addi tional costs were calculated under certain assUffiptions whict. 
would arise when changing bogies on the frontier or when using gauge 
adjustable wheelsets. The cost of a bogie change can be anticipated 
wi t:~ a pr;roxima tel y 2.51 US$/ car if tt.e der;o t changes a pproxima tely 
26,400 cars per year. I t appears tt.a t tt.e maxim= number of e 
changed cars per one depot comes to approxima tely 30,000 cars/year. 

The addi tional ir:ves~ment cos~s for bogie cars wi th gauge adjust­
able wheel sets are approximately 700 US$/ car. Ur:rler certain assump­
tions, it was calculated that the addi tional cost per car trip can be 
expected wi th 2.38 US:;)/trip. However, the savings were not taken i.nto 
account if train delays are aVOided when changing bogies. 

... 

• 
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Competi tion for the design of a bogie .'i tt 
wheel sets of adjus ta bl e gauge for passenger 
coaches - ~:echni cal condi tions 

Technioal condi tions for gauge adjastabl e 
wheelsets, type DR-IV, transition-rails 
a1':d brake blocs developed by Deutscte 
Reichsbahn (DR) 

Gauge adjustable "heelset, type: Deutsche 
Reich·sbahn DR-IV, :Democra tic Republ ic of 
Germany 

Gauge adjustatl e wheel set, type: Ateliers 
de Constructions Mecanigues de Vevey, 
Vi 11 eneuve ( llaud) Switzerland 

Gauge adjustable wteeisst, type: Oficina 
General de Ini2:enieria 0.0.1., Spain 

Gauge adjustable wteelset, type: 
Madrid, S'pain 

Cost per bogie-exchanged car - assumed 
fig=es: 13,200 border crobsing cars 
per year 
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COMPETI TION FOR THE DESIGN OF A BUGlE IiI TH 1'IHEELSETS 

OF ADJUSTABLE GAUGE FUR PASSENGER CUACHES 

TECHNI CAL CONDI TIUN S 

General constructional condi tions 

All component parts of the bogie shall be manufactured in accordance 
with the regulations of the Technical Unity of Railways (UT), International 
Carriage Regulations, and all UIC 11 leaflets concerning passenger vehicles 
on international services. 

The system envisaged in the following Articles assumes, in particular, 
tha t the wheel s are moun ted on an axl e sO that the di stance between them 
Can be adjusted. If the principle of the system is different or, more 
generally, if some of the provisions laid down in these technical conditions 
are not fulfilled, the necessary justification for this shall be given. 

General calculation conditions 

The general calculation conditions shall be those laid down in UIC 
leaflet No. 567 for coaches on international services, the minimum tare 
weight being 45 metric tons and the seating capacity as stipulated for 
type X or Y coaches. 

The value of 1.45 shall be used for the coefficients intended to make 
allowance for the dynamic efforts. 

Gauge 

The component parts of the system proposed may encroach upon the 
international gauge for the lower parts, or even on that of the RENFE9 
all along the transition track length, strictly within the limits required 
for releasing the wheels, owing to the fact that parts of the fixed equip­
ment may enter the vehicle gauge or parts of the vehicle may enter the 
clearance gauge; however, once this track length is cleared, all parts 
of the bogie must remain within the gauge of the track for which the 
wheels have been set. 

11 UIC: Union internationale des chemins de fer. 
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1'1 heel s 

The diameter of the wheels shall be 920 mm, in accordance'with DIG 
regulations for vehicles on international services, and the profile of 
the running tread shall be as specified by the DIG. 

The quality of the wheels shall be that stipulated in the DIG leaf­
lets, unless as a result of the nature of the system, the wheels have to 
bear heavier stresses than a normal wheelset, in which case the appropriate 
quality must be stated. 

F'or speeds of 160 kIn/h, the static out-of-balance of fully machined 
wheels, before securing on the axle, shall not exceed that of a weight of 
100 g', acting at the extremity of a 500 mm radius. 

The residual out-of-balance of each wheel shall, after it is secured 
on the axle, be in the same diametral plan and on the same side of the 
centre line. 

Bearings 

The axle boxes must necessarily be on the outside. They are to be 
fitted with roller-bearings, suitable for speeds up to 160 km/h, the DIG 
standard types being preferred and, of these, bearings fitted on axle 
journals with a 130 mm diameter. The roller-bearings must be of an 
already approved make and their dimensions justified, even in respect 
of the resistance to the axial efforts they have to bear. 

Once the wheels are in place On the axle at the required distance, 
they must be securely held in position in translation, as well as in 
rotation 9 in relation to the axle; if the proposed system makes use of 
the axle box to achieve translation immobilization, detailed justifica­
tion must be given of the bearing strengths and the methods of achiev­
ing them, by employing safety coefficients similar to those used for 
ordinary wheel sets. 

Axles 

If the proposed axles are different from normal axles, in respect 
of the mechanical characteristics as such, as well as of the variation 
of the position of the reaction efforts according to the track gauge, 
their dimensions and the quality of steel must be duly justified, by 
means of safety coefficients similar to those accepted by the UIG for 
standard axles. Any grooving or sudden variations in cross-section 
likely to reduce strength cannot be tolerated. 

. , , 

• 

• 
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• 
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'.":'he securing of the wheel on the axle in tr6.Dslation, a:;:.; well as 
in rota tio!:, after the bogie tas run over tte transi tion track lengtt 
.fro::: moe ga'.1ge to the othcr, must be very reliable and unaL'ected by 
external or internal irLfluences, so that the proposed syste!J1 does not 
gi ve rise to any risk 0 ther than that at }.Tesen t inheren t in ordinary 
axl es for normal gauges. In order to check tha t the wheels are securely 
locked in their extreme posi tions, the locking device shall be provided 
wi th a syste::: showing, in Ct manner that is plainly visible, that locking 
has been effected. 

l'he distance betwee:r: the wheels for each track gauge obtained must 
conform to tl:e tolerances stipula ted for nor;:tal wheel sets. 

Tce extent to which the running surface may be ou t-of-true in rela­
tion to the axle shall not in any circlli-;]stances exceed the tolerances laid 
down for normal wheelsets. For speeds of up to 160 krn/h, the offset shall 
not be more than 0.2 mm. 

The condi tions for securing the wheel, which are of prime importance 
for running safe ty, rnus t be eff ec ti ve up to a speed of 160 km/h and wi th­
out any additional overha'.lls of the bogie involving its raising before 
a distance of IOO,OOC km has been covered. 

Brakes 

If the brakes proposed are of a curren t model we. th cast-iron brak8 
shoes and giving a multiplication of I,L, UTC types will be 
employed, ving a braked-weight of approxima tely 150 cen t, in 
accordance wi th the prOvisions of FIC 1 ean ets No. for speeds of up 
to 160 km/h and with compressed-air control, and of per cent for 
Vacuum brakes on RENFE lines. As a variant, the possibilit;{ is given 
of '"sing shoes made of composi te materials, wi th a constant friction. 
coefficient, even though the currer.:t stu.dies, at the international leve1 1 

ha~.re not as yet res:ll ted in defini te cor:clusions reacr~Bd." 

CI:he l:;rake rigging on the l:;ogi e shall ena blu the shoes to attain 
their maximum degree of wear~ any play being taken up by means of an 
acltomatic adjuster. 

If the braking system is no t of an ordinary, curren trail w"y type, 
i.e., if, for example, pneumatic or hydraulic disc brakes are proposed 
the system shall be explained in detail in order to show that the 
decelerating effort produced by the produced braking system, irrespective 
of the cor.ditions, is similar to that obtained in coaches fitted 
wi th ordinary brakes since coaches fi tted wi th the proposed bogies ILust 
be sui table for running in trains made up of stock wi th both types of 
bogie. 
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If the system proposed necessitates the modification of the position 
of the shoes when the distance between the wheels is changed from one 
gauge to the other, the related device shall not b8 detrimental to the 
faultless operation of the brake, in respect of its effectiveness, as 
well as of its consumption of power and the wear of parts: 

Stabili ty 

Stability conditions must be excellent over both gauges of track, 
up to a speed of 160 km/h and, to achieve this, the distance between 
the bogie axles shall be a minimwn of 2,500 mm and a maximwn of 2,600 mm, 
as specified in DIC leaflet No. 567. If the system proposed requires 
a variation of these limi ts, this must be justified and it shall be shown 
that the variation would not prevent the bogie from being fitted to the 
body of present-type international coaches. 

Comfort 

The suspension must provide conditions of comfort which are at 
least equivalent to those obtained wi th lhnden-Deutz y, Y-24 or 
Schlieren Y bogies. The flexibility of the suspension shall not produce 
variations in the height of buffers In excess of those laid down by 
Technical Unity, the RIC 11 and the DIC, &nd shall not make it difficult 
to couple up coaches fitted with normal buffers. 

If a bogie bolster is llsed wi th the body of a type X Or Y inter­
national coach9 it must be ensured tha~ i~ maximum lateral movement 
on curves, allowance being made for all the dynamic effects of the 
suspension, does not encroach on th2. international cl earance gauge, 
as specified by the mc, 'i'echnical Uni ty and the RIC. 

If hydraulic dampers are employed, they must be positioned so they 
do not constitute an integral part of the bogie structure, and fitted 
so they can be replaced and maintained easily. 

From the standpoint of comfort, it must be ensured that the propor­
tion of the suspended weight is similar to that obtained with normal 
bogies. The value of the non-suspended weight ,"ust also be stated. 

Arrangement of the electric lighting generator 

The generator for the electric lighting eQuipment and, if reQuired, 
for the heating system, shall be fixed to the bogie frame in a position 
enabling it to be drlven, from "ne f the axles, by means of pulleys or 
gears. The generator and its transmission must be within limits of both 
track gauges. 

ECA comm en t: These are !lam es of standardi zed bogi es. 

RIC: Regolamento Internazionale Carrozze: Regulations 
the mutual utilization of coaches and baggage cars· 

dealing with 
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The bogie as a whole must be designed so that track circuits can 
be shunted normally and the return of the heating current (when thls 
is required for electric heating) can be effected without danger of ero-
sion to the different axle and journals of the bogie. 

Fi thng the system to motor bogies 

Al though the competi tion concerns bogies fQr passenger coaches, it 
would be c>f interest to know the possibili ties of fitting the system 
proposed to self-propelled vehicles with adjustable-gauge motor bogies. 
The jury would give consideration to possible solutions of this problem. 



E/ CN .11/ TRAN S/ 38 
i~ppendix 2 

AIPENDIX 2 

TECHNICAL CONDITIONS FUR 'JAJGE JiIJJDSTABLE \,HEELSETS, THE LR-li[ 

T'RANSITION-RAILS AND BRAKE BLuCS DEV3LOFED BY DEUTSCHE REICHSBAHN 

1. The gauge adJustable wheelset 
gauge widths 1435 mm and 1524 mm. 
by leading the cars over a maximum 
with a speed of 5-10 km/h. 

must grant thE: safe operation on the 
The changing of gauges must be possible 
15 In long transition-rail under load 

2. All parts of the wheel sets must not exceed the limits of the loading 
gauges. 

3. The wheel set must carry 21 t load, it must ,Ii thstand all forces which 
arise during the operation (brakeforces 9 pushes 9 momen ti, forces due to 
gravity~ etc.). 

4. Stability condl tions must be excellent over both "auges of track, 
up to a speed of 120 km/h. 

5. Influence uf wea ther 9 temperatures and·wear shall not infl uenee 
the stability of the wheelset. 

6. 'i'he ·.heelset should be used in bogies wi thout axle guides. 

7. The >!eight of the wheel set should not exceed 1.8 t. 

8. rrhe wheelset must have sufficient electric conductance (resistance 
from wheel-to-wheel 0.01 uhm). 'j'h8 wheel set mus t gran t protec tor ground 
not exceeding 0.01 Uhm. 

9. rl'he space between the wheels must be reserved for parts of brake 
equiI:ment and energy auxiliaries. 

10. '{he gauge adjustable wheel set must be changeable wi th normal wheelsets. 

11. ~he securing of the wheel On the axle In translation, as well as In 
rotation, after the bogie has run ,)ver the transi tion-track length from 
one gauge t,! the 0 ther, mus t be very reI ia bl e and unai'fected by external 
or internal influences~ SO that the propused system does not give rise 
to any risk 0 theI' than that at presen t inheren t in ordinary axl es for 
normal e;auges. J n order t,., check that the wheel s are securely locked ire 
their extreme posi tions 9 the locking' device shall be provided wi th a 
systEm showing~ in a manner that is plainly visi ble 9 tl:at locking has 
been effected. 

J:'be distance between the Hheel s for each track gauge obtained must 
conform to the tolerances stipulated f T nurmal wheelsetsa 
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12. 'Phe axle and the wheels must not show any bores, nuts and grooves. 

13. Parts of the transition rail may be located in the loading gauges 
as long as they are necessary fcr the unlocking and locking device. 

14. Check-rails for shifting the wheels must be constructed in such a 
way that they withstand horizontal acting forces of min. 5.3 t/wheel. 

15. The aCltomatic change of the brake shoes into the required posi tion 
must be granted. 

16. 
able 

Skid devices, self-adjusting brake gears and cardan shafts must be 
tc be fitted on the axle box case. 

17. The functioning of the locking device must not be infl Clenced ne1 ther 
by brake warming nor by temperature of - 500 C. 

1 - axle 

2 clutch .. sta .... 

3 r"ock0r 3r'm 

4 _ whe21 flUO 

5 _ wheel dist: 

6 ~ double-lock sleeve 

7 - cornpression spr·lng 

8 .. slope 

9 - axle-box case 
10 _ crank 

11 - lever 
12 - axial-,rlovable pU$'l-rod 
13 _ pilot disc 

14 .. rod 

15 _ stop pin 

16 - caen 

17 - ;U'i de hole 

1B - co11ads) 

19 - tracing rings 

20 - circular flange 
21 - orotecLing sleeve 
22 - bu.sring~ bard-tissu£l 

23 ... bushing# cr:rO(Y}i urn-plated steel 

1 - BSS; ,w 

2 _ ,~anchon d1 accQupl,9!l1eni ~ g,Miff,;s 

3 - levi 01" basculant 

4 _ ,fiOYcu d2 ('QUD 

5 .. corps dv rou:? 

(, - loal)cb'Jn de vi:rf'cui llage 

7 - r-CS$or t de COli1p.ess i on 

8 - surface biaise 

9 _ corps de bOlt~ d1essieu 

10 - nan i VG lIe 
11 - levier 

12 - poussoir (cQulissant axiah>lcnt) 

13 - disque de co:n'1'l8nde 

}f. _ tig<o 

15 - sai1lie 

16 - came 

17 - i"QU de gui dage 

18 - poli0r(s) 

19 - couronnes entr~toises 

20 - bride circulair.,;; 

21 - brid~ de protection 

22 - maner'on en mat i ~rc plast i qu.;; dUre armee de t lssu 

23 - :;;he:"isd '~n acier chrome 

l 

• 

• 



Gauge Adjustable Wheelset 
Type: Deutsche Reichsbahn DR-IV 
Democratic Republio of Germ8.llJ'. 

Essieu a ecartement variable 
Gauge Adjustable Wheelset 
Type: Deutsche Reichsbahn DR-IV 
Democratic Republic of Germany. 

APPE~DIX/ANNEXE 3 
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cos'r FER BCGIE CHAKGED FE? YEAR 

(.ASSUlfJPTION: :3,200 BcRDER-CROSS:CJU CARS) 

Assumptions for the COs t calcula tion: 

(a) Convertit:.g shed (steel construction) without pit: 

(c) 

Cost 

36 !II 

7.5 IT; 

7 m 

l..ength~ 

neigh t: 

';idth~ , 
per m I sned: 9 USU/m 3 

Shed 
Lifetime 

Pit (see Pict~re 5) 

75 !Il
3 concrete cement at -1" U~'/ 3 1. 'v D-.. r m 

Lifetime 

2 2 
Concrete floor 200 mat 32 USE/m 

Lifeti:rre 

(d) Lighting of the t at:.d the shed 
Lifetime 

(e) 12 electric driven Jacks, 20 t lifting 
power 9 includirlg electric installation 

Lifetime 

(f) Stock track for bogi es (doub1 e-gauge 
line) 750 m track at 50 U3·~/m9 includ_i~.g 
earth-ffioving ballast, etc. 

6 swi telle" at 4, COO CJ 31 

l,ifeti:ne 

(g) Auxil1ary diesel uni t for haulir:g bogies 
(see Pict.ure 8) 

Lifetiffi€ 

(h) Adaptable coup1 (see richre 6 ar:d 7). 
If 13,200 Cars are crossing the border tLere 
is a need of approxim8 tely 88 say 90 couplings. 
Cost 25 DS,3, each 

Lifetirr.e 

11 ,OlD USS 
40 years 

8,250 lJS; 
40 years 

6,400 USS 
20 years 

4,800 
10 years 

18,000 US$ 
20 years 

37,500 US$ 

24,000 US~~ 
61, 500 US:i~ 

60 years 

5,000 tku 
10 years 

2,25J J,j 
, ~ 
J. v ~Tears 
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(i) Bogie s tack. Same assumption as under 
(item h) 88 bogies at 2,500 US$ each 

Lifetime -

( j) In terest 
Total investments -

Spli t up in to life time: 

Lifetime 60 

" 
" 
" 

40 
20 
10 

years -

" 
" 
" 

Split up into buildings, trackline, 
mechanical equipment: 

Buildings 
Trackline, switches 
Mechanical equipment 

(jacks, lighting, bogies, etc.) 

Main tenance cos ts/year 

(a) Buildings 

220,000 USc; 
20 years 

343,210 US$ 

US~ 

61,500 
25,260 

244,400 
12,050 

31,660 
61,500 

250,050 

usi; 

1 per cent of the investment costs (31,660 US~) 316.60 

Trackline 150 US$/km and year 

(c) i~echanical equipment 
2 per cent of the investment costs 

Total maintenance costs 
Say: 

Capi tal cos ts/year 

Investment 
costs (US$) 

12,050 
61,500 
25,260 

244,400 

Lifetime 
years 

10 
60 
40 
20 

Total capi tal cos ts 
Say: 

112·50 

5,001.00 
5,430.10 
5 400.00 

==b====== 

Capi tal costs 
US$!year 

1,635 
3,055 
1,506 

20, '554 

26,750 
26,800 

========""== 

• 

, 
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Labour costs/yp-ar 

(a) 12 workers on the Jacks 
12 x 300 shifts/year 3,600 shifts/year 

1 U31i/ Shlft 

(b) Two locodrlvers (auxiliary uni t and shunt­
ing loco) 
4 US~/shift 

(c) '1';10 shunters: 1.50 US~/shift 

30 per cent overheads, sickness 9 on leave 

Total labor costs 
Say: 

Cost for shunting locomotive per year 

13,200 cars/year x 25 minutes 
3 wagons 

Flus going and coming Lime 

Cost per locomotive-hour 

Cos t shunting locomotive 

Swnmary of cOsts 

Costs 

r,'lain tenanc8 
Capi tal 
Labour 
Operation (shunting 

locomotive) 

Cost of changing bogies (13,200 cars/year) 

US$/year 

3,600 

2,WO 

900 
6,500 

2,070 

8,970 

~;2~~~~;;; 

1,833 h/year 

167 hhrear 
2,000 h/year 

4 US;/t 

;~b~~~;~~u'~;,,:;: 

u 3JS/year 

5,400 
26,800 
9,000 

8,000 
49,2CO 

~;~~U;~~li;;,,:;: 
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LEGeNO 

.·1 ._-1 

1 - fi xed ,axle 

2 _ ~heel. axially-shiftable (free_turning) 

3 - ball-bearing case 
4 

5 -

cylinder 

helmet 

6 - CroSS 

7 _ conductor rail ramp 

8 - trapezoidal pin 
9 - roller-bearing, axially-shiftable 

10 - ball bearing 

11 - roller 
12 • compression springs 

U: .. GENDf 

1 - essieu fixe 

2 

2 - roue {libre), coulissant axialement 
3 - cage de roulement a billes 
4 - manchon 

5 - chape 

6 - croisillon 

7 - rampe de deverrouillage 
B - teton ~ section trapezoidale 
'} roulcment a-

10 - roulement ~ 

11 "'"' 9a1et 

~ouleauxJ coulissant 

billes 

12 - ressorts de compression 

ax ~ al",,:,.j,, t 

10 

5 

\ 
"~., 

"t' 

8 

11 

7 

Pm!~ tind at !he boIl,.1 F'il\c:u ',"H' "'" bOil,e 

ffi':,;,.~:~qJ ? Ax,<lily ,II,/fmll IKlnll "OI~u a <1'p,gum."t <lAiOI 

L~:~,' -'_ J Veni~QI .n~1111(I P~rI.1 Plie .. b d.fI\O¢em'M ...rheol 

~ 4 RotMino J)'orh I F'i.e"" lo~r"ool •• 

L::~ ~ Ro!otlnQ o~d oXloll, .~II!I~Q IIOflt I p,.tc., 1¢\Ilrtall1U ~ d<tpl~~~"'j!.'" (1" .. 1 

! 1 RolaTrnQ (Io)~k) I OI.pu.rl,1 d. ~ .. rQQIIQQII tOUfNlnt 

! I., R<)lalinQ <loutti~ lue~ IOI.put,m d_ dQur'161~.nunt) 
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GAUGE ADJUSTABLE WHEELSET 

Ty pee ATELIERS DE CONSTRUCTIONS MECANIQUES DE VEVEY 

ESSiEu A ~CAh'1'f'MfNT VARIABLE 

Type: ATELIERS DE CONSTRUCTIONS MECANIQUES DE VEVEY 
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LEGEND 

1 - axle 

2' - wheel 

3 - levers (3 pairs) 
4 - splined bushing 
5 - unlocking lever 
6 - double-lock sleeve 
7 - compte.aion spring 
8 - elastic finger 
9 - roller 

10 _ socket 

11 - split bushing 

LEGENOE 

1 _ essieu 

2 - roue 
3 - biellettes (3 paires) 
4 - bague cannel'e 
5 - levier de d'verrouillage 
6 - manChQn de verrouillags 
7 - ressort de compresslo~ 

8 - lame elastique 
9 - galet 

10 - collier ill 

11 - man chon ;1 

bri de 

tel1tes 

2 

, 
\ 

Deloil A 

5 

a 
11 

:...--==~""'''~'""''' 

""=~ 
~'4, == .....• ~ f I 

GAUGE ADJUSTABLE WHEELSET 
Type: OFICINA GENERAL DE INGENIERIA O.G.L 

ESSIEU A ECARTEMENT VARIABLE 
Type: OFICINA GENERAL DE INGENIERIA 0.6.1. 

J I Po,I", tiMId III 1M ~'\l1 i'lih;u t."'!u \>II t""i. 

2. A~IGllt ,,/lifli"9 pOrIa f P;j""s h dtpklnml!M (iX,,,! 

l =:J 
~mnrlll 

3, '#'''"oll/lOl\i''9 po.l. r p"ku ;; dtpl~~"''''l "ert;~oi 

~ "OI<1Hn~ p;;,h/ !"·ict: ~~~'~"",1n 
C· 

I I 
C· :l 

4VL' • 

6 ~ll(Iti"q (lock! I PI'\l6"til do ""rrl\tJIh.., .. '''",nqnt 

llI<ll<lf'~Q dQvblt loe~! Olsj)OOJli1 'I~ .~~",,'ti (lournanl) 
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SECTION A-A 

~' r'......I· 

8 

LEGEND 

1 - free-turning wheel 

2 - axle-box caSe with roller bearing$ 
3 - rectangular block 

4 - pin 

!) .. yoke 

6 .. nylon plate 

7 .. support blOCk 
8 - brake 

:; - ,-,vi 1 :"lJr-,q~ 
10 cast steel frame 

APP€NDIX/ANNEXt 6 

LEGENOE 

1 - rove ind6pendante 

2 - botte dtessieu ~ rouleaux 
3 
4 

tenon A section rectangvlaire 
barrette de verrouillage 

j - entretelse 
6 - garniture en nylon 
7 .. patin de support 
8 _ frein 

9 

10 
reS.o:.ort ~ ooudio 

armature en acier moule 

J = .,--1 
~----""~ .... 

a 

4 

SECTION B-B 

GAUGE ADJUSTABLE WHEELSET 
Type, ~ 

ESSIEU A ECARTEMENT VARIABLE 
Type: TALGQ 

c:::J 
F',·:·:q 

c:::J 
c:J 
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