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ELECTROSLAG SURFACING
OF ROTATING KILN GEAR SHAFT TEETH

5.0 KOXULIN', LL LYCHKD' and G5, PODYMA"
"E0. Paton Eleoiric Welding fratinume, NASU, Kiev, Uknaine
INTUL «Kiev Folyvechnic Insvitstes, Kiev, Ukraiss

Described i (e experience of application of elecisoilag sefacing for repais of masefscturing delecty in tonth of mb-rim

geanr thalt of & roisting kiln

Keywaordsr eleviroslng surfacing, gear shaft, reech defiaers,
recmery, imvole proflie nuzie, heating cempera-
tare. thermal cyele, resddual idreises and deformai oo

Hmmdititmhla nrlarH,r §jrpd E:\:p-nmdw- machine com-
ponents with application of electroslag welding and
surfacing allows a considerable extensbon of thelir op-
erating life, as well as decreasing the load on foundry
and press shops by reducing the quantity of manufac-
tured spare parts [1]. Repalr of defects of parts and
units developing during their manufacturing. is the
less studied category of repair varieties known n prac-
tice

Drefects that were not repairable in scoordance with
the technalogy af such ems manufacturing existing
al the enterprise (Figure 1) were foumd in two teeth
ai the final stage of m:ulul':rranE the sub-rim gear
shafi of a rutating kilnof 3.6 = 110 m at PA -"n."l:-]gn-
teermmashs, Cear shaft {tooth module m = 40, number
of teeth z = 21, teeth length -— 700 mm, diameter of
prvrusions — 920 mm, gear shaft mass — 4150 kg)
was manufactured from a solid forged plece of
HERNIMA |2] steel and rJ-u.lH,ned for drjimtj' o Mi-
kolaey Incdlusirial Complex of Bullding Products for
maanting into kiln unit.

After teeth cutting an inadmissible lowering of the
slot and involute profile was found along the entire
toath length on one of the teeth, on the other tooth
a part of the profile was cut away. As a resule, the
expensive part that passed practically all the stages
af machining was found 1o be a definite reject by the
plant Department of Quality Control.

However, the specialists of PWI of the NAS of
Uikraime and the Department of the Chiel Welder of
«Volgotsemmashs decided to recondition the rejected
gear shaft h],- :|||F|I].'In;; t'tﬂ.'[r'mhg :.uriarlng {ESS)
ESS techmology and special technological fictures
were developed for this purpose, 1t wis neteaary not
only to enly to ensure the quality of teeth recondi-
tioning. but to alse 1o preserve the geometrical di-
mensions of the gear shaft, The main objective was
o avaid formation of longitudinal residual stresses in

"E of P& «Volgotsemmanti= AP, Syatisher, engineer, 0.1
File and L F. Hashew, Canchi. of 561, (Eng.). paicipsisd
in gear thall repiinboning
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the gear shaft body in the process of ESS that exceed
the area of elastic deformations for the given structural
material.

Considering that the gear shaft was manufactured
from structural alloyed steel with a high content of
carbon (0.3-0.4 'ln-]' |3-|_ Fu'l:l'u:.ﬂlng ard [ml-u'rllj
treatment B requinsd at teeth reconditioning, Preheat-
ing temperatures were determined by well-known pro-
cedure described in study [4). Calculation showed
that the metal section of the gear shaft should be
heated up to the temperature of 320 °C in surfacing
2o, AS it is impossible o apply general normalization
af the ivem afer surfacing in this case, it was decided
U carry out unJy hl-.|.|;|1 lrmp:rlng &% an r:l-lpl:rll:ru:nl:.

Defective gear shaft was mounted on rewsable bases
in a strictly vertical position in one of the dlectroslag
welding sections at PA «Volgotsemmash=, A special
device was manufaciured for mondtoring the shafi
bending deformation, where two pointer indicators

= _ - e ——

i

F‘I‘h’-l-l.'.'.-l't'-lhll'l:ufklh rod it ngg ddrive with inel & defliects Tormed
irt their manufsctouring [a) and scheme of delecty i the tecth [B):
| — ool with bowened slot and out sway part of invelule peolile;
F == iooth with cut sway part ol imalete profile
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Flgmre E. Darvice {a} and scheme Tor seasuresent of shal end Face
divviation from the wertical achi during testh iurfacing and pointi
ol themexouple mouniing | & | — defective tedth; 2 — shalt snd
surfisy; I — upphiting itraps § — clotk-typs disatesi; § —
imdicaton fmbening armc 8, 7 — ipol ol pliciag (hermoteuaphs § 2
pmdl 1. respestively

with measuring sensibility 0001 mm were mounted. [t
was intended 1o measure the shaft axis deviations in
horizontal plane on the level of the upper shaft end
(Figure 2}. One indicator Axed deviations in the plane
passing in the middle of the slot located between the
defective teeth, the second — the deviatbons in the
perpendicular plane, Chromel-alumel thermocouples
(Figure 2) were calked in the diametrically located
sections on the end surface inthe area of slot diameter
to comvtro] the degree of gear body overall heatlng. as
well a for temperature differences supervision. Auto
matic K5F-4 recorder performed temperature record
ing

Considering that the tooth defects were located
only an one side of the involute profile. it was decided
not b remave the defective tooth body as it was usu
ally done [1]. but to perform one-sided surfacing of
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Figure 1. Fragment of sob-rim pear shalt ceeth recovery (m = 40,
= 21] with E55 sppdication

each tooth with subsequent reconditioning of the
waorking profiles using a modular milling cutter in a
gear milling machine, Special technological flxture
was manufactured for conducting the reconditioning
wark: a post with an outer support for holding the
clock-type point indicators, plate with supparting
straps, copper waler-coalsd coverplates of a special
configuration. graphite crucible, graphite electrode
with an electric holder, bottom trough and other

In arder to form the cavities fof surfacing, waber
copled coverplates were mounted in parallel to the
planes of the cut-ofl teeth profiles and changeahle
water-coobed coverplatis were mounted &t delinite an
gle vo thim froom the side of the tooth tops, The forming
fixture was attached 1o the inlet and outlet pockets
tocated on the tooth end parts to preserve the working
surfaces of the tecth located next to the defective
teeth. The beginning of electroslag process was per-
formed by the sliguld= start technigque for providing
a guaranteed fusion in the lower (end) sections of the
teeth, as well as required depth of the slag pool. For
this purpose a bottom trough was mounted in the inlet
pockets, through which strictly dosed portions of the
liquid Mux were poured in. The flux was melted in a
graphite crucible using a graphite clectrode. Swrfacing
was performed by a consumable nozxle using A-645
machine and TShS-3000-3 transformer (Figune 3)
Consumable noszle plates were manufactured of
MERNIMA, steel, wing 3v-1002 welding wire and
ANEM Mux. ESS conditions were caloulated taking
into account the recommendations ghven b study [1]
Preheating of the gear shaft was performed by a pow
erful flame torch of plant design using natural gas
Shaft meck surfaces sccommatdating the bearngs were
covered by ashestos cloth for preserving them from
damage during tooth reconditioning. Experimental
data of reshdual deformation measuring oltained w
ESS of medium-carbon steels [5] were wed, in view
of the absence of a practical calculation method of
anticipated deformations of tems as a result of trans
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Figure 4. Thermal cwclen of pear ghall heating in the woix of
thermoreegpds placing and dndation of the Bl cantilessr part
Braim the verrheal xis durning peehealing of jprar dhall and mopair of
defecta in terll (@66 Figurs T 1. £ — metal keating in the mpot
ol placing thermaioupds # | and 2, sccordingly: 3 — deviation in
plang A-A passing betwees (3w pepadred peeth; 4 — dmviations in
prrpendiculas plane A-A

verse and lengitudinal shrinkage of the deposived met
al

Crwverall preheating of the gear shafi was done be
fore tooth surfacing. Heating temperatune and diefor-
iations values were controlled by thermocoiples and
clock-type indicators (see Figure 2) . Flane tarch was
placed from the side of the defective teeth before sur
facing for compensation of longitudinal shrinkage in
fluence on geometrical sizes of the item. and local
heating of weated surfaces up 00 the specified tem
perature was performed, the apper shaft end surface
deviating o the side opposite to surfacing zone by
6 mm. The nature of thermal r}'r[r". ol metal !I.I."FI1|!1.E
in the spots of thermocouples placing in combination
with gear shalt vertical aods deformations caused by
preheating and directly by ESS is given in Figure 4.

To eliminate the possibility of partial quenching
af the end surfaces of the surfaced teeth, cutting off
of the top sections by oxy-gas cutting was performed
immediately after ESS. Top sections were cut off not
completely, leaving the protruding sections of 15-
20 mm high for their further machining. Then, the
gear shaft was placed for not more than 30 min into
the electric furnace heated up to 350 *C with drawout
bottom for conducting high-temperature tempering
In the fumace, the gear ihaft was p]dfl!-d o stee] bases
in e viernical position '.I'r|n|:|rr|nj.|; wid carried oul in
the following mode: heating up to 630 "C with the
speed not higher than 50 °C 7 h. soaking during 8 h.
eooling with the kiln up to the temperature of 80 °C
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Figure §. ﬂ.lpp-r-lrln-c-r of enad parcs of the teeth afier ESS mmd
machining of top wctioss (1) and scheme of the alipes bl el
of teeth penetration (0): | = pear shaft end; 7 — pemstrarion
whaper: wpoty and wadues of ME hardness e shown bry dets

After complete oooling of the gear shalt, machining
of deposited end faces of the teeth was carried out in
lathe DIP-500 to the skzes shown in the drawing. Ap
pearance of end Taces of the surfaced teeth, penetration
shape and results of hardness mexsurement performed
with Poldy device, are shown in Figure 5. The resulis
of ultrasonic testing of the surfaced teeth showed ab
sence of defects in the depasited metal of the tecth
and in the HAL metal of gear shaft, Deposited metal
hardness differed from the hardness of soft sections
by mot more than 8 %, that confirmed the correc
choice of welding comumahles

Recomditioning of imvolute teeth profiles was per
formed by the standard modular milling teal in the
gear-milling machine. Then the gear shaft was placed
into the lathe. Control measurements of Mange disme-
ters amed shafi _|:-|;|-|.|r|u|:1 for bearings, as well as radial
run-guts of shalt sections were done with the clck

Figere §. Appessance off (orih deposiued By E5S after thedr machin
ing in the gear-mallsg machin
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type indicator and measuring clamps. Measurements
showed that run-out of the teeth top surfeces (exoept
for the recovered ones) do not exceed 0.1 mm along
the entire length (admizsible run-out Is 0.15 mm),
shaft journals rum-cat — 0.05 mim (admissible valee
is 0,05 mem] . Shafi dismeters are alsa within the limits
of admissible values [2]. Thus, shaft bending after
E55 af two teeth tumed to be minor. The height of
the surfaeced teeth and two adjacent ones decreased
by 0.5-1.0 and 0.4-0.5 mm, respeciively. compared
with the drawing dimersion. However, specialisis
from the Department of CQuality Control of plant-
marufacturer deckied that such a minor decrease of
teeth helght will not impair thelr performance.

After hardening of the working surfaces, the gear
shaft was recognized to be fit-forservice (Figure 6)
aned sent 1o Mikolaey Industrial Complex of Building
Products, where it successfully operated for the speci-
fied service life.

CONCLUSIONS

1. Technology and technigue were designed and suc-
cessfully realized for repairing manufacturing defects
of major module teeth (m = 40, z = 21) of sub-rim
gear shaft by ES5S method without subseqguent high
temperature treatment.

2. The resulis of performed work confirm that ES5
is an effective method for repairing practically any
defects formed in manufacturing or operation of major

mxfule gear shafis,
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AUTOMOBILE LIGHFWEIGHT HIGH-PRESSURE CYLINDERS

At the E.0, Paton Electric Welding Instituie a
technalogy has been developed for manufacture of light -weight
metal-plastic awtomobile welded cylinders, reinforced by a
compasiie malerial.

They represent a combined struciure, composed of a
thin-walled welded seabed casing of a cylindrical shape with
spherical bottoms, reinforced by a glass-reinforeed plastics in a
eylindrical

The retnforcement hmllmlh_'rll:emﬂhudﬂlmﬂlu' winding of a glassy roving, impregnated by a
binder on the epoxy resin base,

The easing consists of a welded shell ndm.padhuun-thhﬂdhhhmhnﬂl

w wonrki g, presaare 20 M Pag ;

# stremgeh safety factor > 2.6, , | |

« coeflicient of mass perfecteon 006 kg <1

» ot less than 24,000 fillings al working pressure 20 MPa;

« splinter proof fracture 2 pressure of not less than 52 MPa;

# splinter prood fracture of Tilbed eylinder in shocting with a 7.62 mm balbet:

» servioe life — 15 years;

+ periodicity of inspection — 5 years,
Purpose. Cylinders are designed for storage and transporting of compressed natural gas and mounted
in Dugiyase rm-.-nﬂmmu;nf |Ir-utm cars and in special ﬂlﬂ-ﬁ'h'ﬂthﬁﬂ b uhi‘ltwmpn:dd il ural
{methane) as a molor ie
= for co-operation. Development of ‘q-H.ldm ulred wslng
Customer's material. Manulacture and testing the mplementation of of
mean fpcbune al the Customer's enterprise,
-
Contacts: Savitay M.M. 4
E-mail: savitsky@paton. kicv.un 4
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