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INTRODUCTION 

The great progress made in recent years in turbo-machine constructions has not 

been without influence on gear drive design. Machine units are becoming steadily 

larger and faster. This leads to gear drive requirements which can only be realized 

with ever increasing pitch line velocities. The trend is unmistakable: industrial 

processing and petroc hemistry are making ever increasing demands on turbo

compressor outp.ut. This results in increased rotational speed, which in turn calls 

for gears with pitch line velocit ies between 130 and 160 m/sec {25,000 to 31,500 

ftlmin}, for transmitting powers of 7 to 70 MW. 

The expression "high speed gear," as used in the study at hand, warrants definition. 

It refers here to those gears with more than 120 m/sec pitch line velocity, having a 

substantial facewi dth - i.e. where the facewidth/diameter ratio of the pinion is 0.8 

and more - which transmit powers of at least a few MW. An example of such gears 

is shown on Fig. 13, a 35 MW gear. The corresponding gear data and design curves 

as per H. SIGG (Bib!. 2) are given in Fig. 14. 

It is well known that in high speed helical gear drives of face/diameter ratios ap

proaching 1.0, the temperature of the teeth rises non-uniformly across the 

facewidth at pitch line velocities of about 90 m/sec (18,000 ft/min), even under idl

ing conditions. Th is is revealed by inspecting tooth bearing diagrams. By 

judiciously adjusting the bearings or realigning the housing, the tooth bearing 

diagram can be corrected so as to yie ld perfectly uniform load distribution across 

the facewidth in the operating state . 

THERMAL DISTORTIONS 

At higher pitch line velocities - from about 110 or 120 m/sec (21,500 or 24,000 

ftlmin) onward - depending on the facewidth ratio - it is no longer possible to 

achieve a thoroughly even bearing diagram. 
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Thermal distortion , especially that of the pinion, then becomes so large and at the 

same time so irregular that the desired uniform load distribution must be 

ascertained by way of appropriate longitudinal flank correction. Where do these 

distortions originate? A ki nd of SANKEY diagram (Fig. 1) analyses the losses in a 36 

MW gear operati ng at a pi tch li ne velocity of 117 m/sec (23,100 ftlmin). A substan

tial portion of the losses is created in the meshing zone, as can be recognized. For 

high speed gears with 100-160 m/sec (20,000 to 31,500 ftlmin) pitch line velocity, 

the losses originating in th is area are from 0.3 to 0.7%, depending on pinion width. 

I n the case of the above compressor gear, some 220 to 250 KW of heat are produced 

in the meshi ng zone, which has to be disposed of somehow. The volume in which 

this heat is generated is small - the few hundred cubic centimeters in which mesh

ing takes place. Hence the heat generated per unit volume of meshing is com

parable to the power generated by an internal combustion engine of equivalent 

swept volume. A considerable part of this heat is directly dissipated by the oil/air 

mixture. The rest is absorbed by the gears. 

Temperature measurements (F ig. 2) have shown that only a very small part of the 

heat taken up by the gear body is radiated out through the gear faces to dissipate in 

the air/oil mist atmosphere. The remainder - perhaps the greater part - is given 

off via the toothed cylindri ca l su rface. Fig. 2 shows the temperature field in the gear 

body of a reduction gearof 3000/1000 rpm, builtfortransmitting 85,000 HP (62MW) 

at a pitch line velocity of 137 m/sec (27,000 ft/min); see Table 1. 

In contrast to the gear body, the pinion has no faces of consequent size which could 

serve as cooli ng surfaces. Almost all the heat entering through the meshing point 

must be expelled again via the toothed cylindrical surface. It can in fact even 

happen in especia lly fast running gears, that the frictional heat developed in the 

bearings also passes via the shaft stubs into the pinion body proper. 
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In order to investigate the tem perature conditions in pinions, thermo-elements 

have been incorporated in the pinion body of a MAAG gear un it of standard type 

GS-36 (see Table 2 for characterist ics); see Fig. 3. The termo-elements were in

troduced into 2 mm dia. holes and led to the thermo-element holder via a central 

hole. From here they co uld be connected to the commutator pick-off via a special 

compensating wire. The elements themselves were fitted as accurately as possible 

at tooth center 3 mm below the tip, and secured with peened grub screws. Since the 

temperature conditions on the air/ oi l mixture exit side is of more interest, the 

elements were fitted here in a denser arrangement. The measurements with the 

thermo-elements suppl ied clear, repetitive results, the values settling within a few 

seconds after speed changes. 

The temperature curve, established for various speeds at no load (see Fig. 4) is 

characterized by a few notable featu res: at all speeds, the temperature remains 

practically constant over about half the facewidth, rising steeply in the other half. It 

reaches a maximum in the case under consideration at a pOint about 1/6 of the 

facewidth short of the air/oil mixture exit side, sinking clearly again towards this 

tooth end. 

On grounds of the tem perature distribution in pinion and gear it is possible to 

visualize the thermal distortion (see Fig. 5). 

- The pitch cylinder of the gear swells in barrel fashion. 

- The pitch cylinder of the pin ion becomes conical. 

These deformations are of course superimposed on those caused by purely 

mechanical strain - such as the bending and the torsion in the pinion under load. 
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GEOMETRY MODIFICATIONS 

If the standard tooth form were employed , i.e. with the usual tip and root correc

tions (Bibl. 1), there would be a very short tooth contact during operation under 

load. Power transmission would then be confined to a very small area, and this 

concentration would not be permissible. 

It is possible to produce a tooth shape with appropriate profile and longitudinal 

corrections at room temperatu re (production temperature), which at the higher 

operating tem perature will yield perfect meshing contact across the whole 

facewidth. The necessary profile and longitudinal corrections are normally applied 

to the pinion teeth, since it is usual to have the teeth of the gear ground to theoretic 

involute. These tooth corrections have a very definite character for high power 

gears with elevated pitch line velocities, especially as far as the longitudinal correc

tions are concerned . Their nature is shown schematically on the left hand side of 

Fig. 5. They are concave - or "negative barrel." The flank diagrams in Fig. 6 show 

the necessary corrections for a gearof 21 MW at 151 m/sec (29,700 ft/min) pitch line 

velocity. They are quite pronounced, being of eq'ual magnitude or even several 

times larger, for example, than the corrections required for elastic tooth deflection. 

Without such corrections it wou ld only be possible to transm it about one third to 

one half of the power achieved nowadays with gears of the pitch line velocities and 

facewidths already discussed. 
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SPEED/POWER CONSIDERATIONS 

These corrections are conceived for full load operation. The obvious question is 

now: What corrections are required under partial load? The answer is that the 

thermal deformation is governed practically by peripheral speed alone, and not by 

the load. This applies to speeds of about 110 m/sec (22,000 ft/min) and above, and 

for relatively wide pin ions. 

Fig. 7 shows the temperature build-up in a high speed gear (Table 1) during the 

start-up period and during continuous service. The termperature measured was 

that of the air/oil mixture squeezed out laterally at one side of the meshing gear. 

As shown in the diagram , the turbo-gear-generator group was run up without load 

from an initial idling speed of about 1400 rpm to the operating speed of 3000 rpm 

(corresponding to a pitch line velocity of 137 m/sec). During acceleration from idl

ing to full speed, the temperature of the lubricating and cooling oil squeezed out of 

mesh rose rapidly from about 50° C (inlet temperature being 43° C) to 163° C. As 

the load was then increased from zero to 50 MW, the temperature of this mixture 

rose insignificantly a further 7° C to 170° C. Other tests also painted to the same 

conclusion, that the thermal behavior of high speed gears is dictated almost en

tirely by the speed and not by the load. 

Measurements have shown the temperature of the exuding air/oil mixture to be 

representative for the thermal behavior of gear and pinion. To this purpose a 

temperature feeler is mounted as near to the end of the tooth as possible in the 

plane of action on a level with the pitch circles (see Fig. 3). 

For the pinions of high speed gears of the type described, the mixture temperature 

at exit from mesh is equal to or slightly less than the temperature of the pinion in its 

hottest zone (Fig. 8). In the case of the cooler running bull gear, the temperature 

difference can amount to 50° C. In actual fact the highest temperature of the mix

ture at the hottest zone is probably 10 - 25° C higher. Towards the tooth end, the 

air/oil mixture, which is compressed between the meshing teeth as in an enclosed 

compressor, expands . Thereupon the temperature decreases, as shown clearly by 

the temperature curve for the pinion (Fig . 4). 
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PRACTICAL RESULTS 

In some machine combinations w ith gears corresponding to Table 1 (see Fig. 11) a 

check was kept for a long pe riod on the temperatures in the gear body below the 

teeth. Fig. 9 shows the location of the measuring po ints. Fig. 10 shows the 

temperatures recorded, together with the speed and load. Even this very large, solid 

bull gear attains rapidly the temperature which is characteristic for the design 

speed, and these temperatures are barely affected by load changes. 

The degree of hollow correct ion for these gears is in the order of 40 um (0.0016 in.). 

Tooth bearing is depicted in Fig . 12, taken after 2520 hours of operation under loads 

of between 30 and 50 MW. This tooth bearing diagram was obtained with an 

especially resi stant tooth beari ng dye, and proves the effectiveness of the 

calculated profile and longitudin al corrections. 

Load bearing in un iformly spread across the whole facewidth of the gear and over 

the whole profile height; the end relief zones are clearly distinguishable. 
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