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EXTENDING TILE SERVICE LIFE O F  RAILROAD TRACTION GEARS 
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Thr development and s tudy  of sur f n c e  plastic de format ion  treatment o f  railway traction 
gears and the effect o n  their stren,gth m e  described. 

With the increasing loading intensity of railways, and 
train speed and mass, growing attention is being paid to 
the problem of raising the strength and durability of 
traction reduction gearing. One of such reduction gears 
is the traction gear of metro (underground) coaches with 
cylindrical helical gears (rn = imm,  the'number of teeth 
of the shaft-pinion and gears respectively 15 and 80,  
tooth helix angle 8'). The shaft-pinion is made of the 
20KhN3A steel, the gears are of the 38KhN3MFA steel 
(HB250-285). The finishing operation for the shaft- 
pinion is gear grinding after chemical-thermal treatment 
(carburizing with high tempering and quenching with low 
tempering to a hardness of HRC55-60), and of the gear, 
finish hobbing. 

The high hardness differential of the gearing pair 
increasesThe load carrying capability, and improves the 
working-in of the gear so that it can be made to a lower 
accuracy than high strength gears'. 

However, under conditions of high dynamic loads 
these elements show insufficient load carrying capacity 
and durability. The main causes of failure of the shaft- 
pinions and the gears are fatigue damage of the teeth 
(spalling of the working surfaces, fractures) and their 
wear. 

One of the main quality characteristics that influence 
the performance features, including the load carrying 
capability of traction gearing, is the surface finish of the 
teeth which depends upon the manufacturing process. 

The grinding of shaft-pinions not always ensures the 
desired microtopography, and as a result of the inability 
of this process to be controlled in production conditions, 
tooth damage occurs in the form of grinding cracks, bums 
and also adverse residual tensile stresses. 

An increase in the service life of the traction reduction 
gears for a metro coach and a reduction in the manufact- 
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uring effort of its gears can be achieved through finishing- 
strengthening treatment by surface plastic deformation 
(FST SPD) of the teeth2. 

'4 combined strengthening treatment has been devel- 
oped currently for shaft-pinions rhat includes SPD as the 
finishing operation after heat treatment (carburizing, 
quenching, tempering to HRC5O-53). The finishing 
operation in the making of the gear teeth is hobbing 
which does not permit us to obtain a tooth flank surface 
finish Rz < 20pm. The technical specifications stipulate 
Ra = 1,6pm; such surface finish is usually achieved by 
gear grinding. The time required for the FST SPD process 
is much shorter than for grinding. The SPD process for 
helical gear teeth developed by the authors makes it poss- 
ible to improve tooth surface finish to Ra = O,5 to 0,8pm; 
at the same time its strength properties are improved. 

The accuracy parameters of the toothed rim after SPD 
meet the requirements placed upon shaft-pinions and 
gears manufactured by large batch production methods 
(8-7-6-A accuracy grade). An experimental production 
installation with exchangeable srrengthening stands has 
been developed for the FST SPD of shaft-pinion and gear 
teeth. 

Figure 1 shows the finishing-strengthening treatment 
by surface plastic deformation of a shaft-pinion. The 
strengthening fixture for treating the teeth of traction 
type shaft-pinions by SPD consists of a welded, rigid 
frame and three hydraulic cylinders with tooth strength- 
ening rollers, arranged at 120' to each other. Fig. 2 shows 
the design of the strengthening fixture for FST SPD of 
traction gear teeth, also consisting of a welded closed 
frame with two hydraulic cylinders and tooth strengthen- 
ing rollers. Two axes are located in a horizontal plane 
that passes through the centre-line of the installation. The 
strengthening rollers freely rotate on their axes. The 
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radial travel of the rollers (up t 4 01111i1\ ,111ci t I I C -  S I  r c i i ~ t h -  
ening force (up to i 0 k K )  arc pr(11 iciccl l,\ .I 1>111np unit. 

The process parameters strr.n~~Iic~iliiig ir ,~ction t).pe 
shaft-pinions and gears in production cu\\i!irii)ns are 
determined through comprehensive in\.rsti~;ltion of the 
strengthened layer thickness and the dcgree of work hard- - 
ening, micro-structure, surface finish, acclkracy (based on 
the statistical analysis of measurement results obtained by  
the small samples method),  residua! stresses of the first 
and second kind, degree of dispersion of the block fract- 
ure in the work hardened layer (obtained by X-ray struct- 
ural analysis), the fatigue strength ; ~ n d  tli~rability o f  the 
teeth, and also by wear resistance. 

The radial force in strengthening sh;dt-pinions and 
gears amounts t o  35-40 and 15-20W respectively. The 
rotation frequency of the shaft-pinion and the gear is 
respectively 20-25 and 6-lOrev/rnin, tool feed during 
strengthening is 1-1,2 and l.-l---l,Gmni/re~ respectively. 
The process is conducted in two passes (\\.ith opposite 
directions of the  main motion) and \zit11 copious coolant 
supply to  the strengthening zone. 

The SPD treatment of a shaft-pininn donr  under the 
above stated conditions requires 0,2511, and of a gear 0,4h, 
which is 5-6 times faster than gear gi-iiidiii~. 

Studies of the physical-mechanical ;ind pel-iormance 
characteristics of the surface la!.er in streiigtllened gear 
teeth have shown that the sen-ice lifr of the reduction 
gear is extended. 

It should be noted that the SPD treatment also creates 
micro-deviations of a s~ec i f i c  form \vlricli in this case 
increases the bearing area and thus has :I i:i\.ourable effect 
not only upon the wear rrsistance bur dsc> o n  the contact 
stiffness of the part .  An imporrant roii  is a!so played by 

techno log)^. 
The SPL) of the tecth in tracticin typc shart-pinion and 

gears of metro  coaches ~n;l!ies it possilile ro increase the 
residual compressive stresses I ,3--1,5 tiiiizs :u~d the micro- 
deformations 1,2-1,4 time>, and reduct- rhr dimensions 
of crystal blocks 1,5-.I,? times. 

Based on tllesr studies, an experimeiir.11 hatch of batch 
of shaft-pinions and gears strengtheneci 11)- SPD ivas made 
at  the hloscow \Vorksliops for the Rlai~rrrnaiice of Electric 
Traction Equipment.  Currently o\.er 200 gears and pin- 
ions of the traction tr;uismission are s ~ i c c e s s f ~ ~ l l \ ~  employed 
in coaches of the hlosco\v metro ,  anti 1iii1-e rim oIrer 1 
million km. 
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THE EFFECT O F  AUTOFRLTTAGE OX THE STRENGTH PARAhIETERS O F  GEARS 
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The special features of three-rlime~zs;~~zai (rolumej deformation strengtlleni~ip O / , q i ' ~ r ~  /IT 
autofrettage that involves elastopinstic hcwlirig o,f tlze teeth in the direction of th r  u~urking 
load are analysed. The mechanism of~ncri .asing the ben,ding strength as 11 result of  s~rclz 
factors as the  rational texture nnd oolzcmr ii,orlr hardening o f the  plastic all^^ d(,forni ~d m~ii i !  
layers, generation of an exfensir:r, field of co~npressive residual stresses und (ilf(iinm(wi 0 1  
high surface finish for t h ~  load cn~ry ' ?ypc i r l s  oftlze teeth are investigated 6 ~ '  t l z ~  i.u~irzp/e r / /  

epicyclic gears for a combinr l ~ n ~ t ~ c ~ s l o - .  T h i  desi,qn of a machine for  the nutofi-r,rtii,qi< ( I /  

epicyclic gears is described, 

The fracture of teeth is a danyerciiis anti mcist frequently methods rniploycd (tlhcl-ma/. ciicii-iic~;il-~i~i:!-ri1:1J arrd o ther  
encountered form of gear des t ruc~ion.  'I h f ,  strengthening surface t rea t~ncnt)  i 'req~iriiti~.- inc-I-raw i i . i . t ; t i - t  s t ~ m g t h ,  
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