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Maintenance Instructions for Helical and Bevel-Helical Gear Speed Reducers

FLENDER gear units are precision manufactured and carefully assembled to assure reliable
performance and extended service life.

_If it becomes necessary, for any reason, to dismantle the speed reducer, follow the procedures
wutlined in these instructions. Only careful adherence to correct gear settings, bearing adjust-
ments and precautionary procedures will ensure continued reliability and long service life.

Illustrations and procedures are representative of right angle gear drives and vary slightly for
larger sizes. These instructions can be followed for right angle gear drives with one or more
helical gear stages, including shaft mounting types, the difference being added intermediate
gear stages, parts of which can be easily replaced if it should ever become necessary, but the
basic disassembly and assembly procedure remains the same.

Before attempting to service.the gear unit refer to the cross-section assembly drawing and
exploded view contained in this manual.

Preparation for dismantling

The following operations should be completed before any disassembly work is started on the
gear drives:

A.  Drain The oil.
B. Disconnect oil piping in case of pressure lubricated units.
. Disceonnect high and low speed couplings.

D.  Remove speed reducer from its mountings and move to a suitable work area, preferably a
workbench that allows access from all sides.

E. Remove coupling halves from shaft ends.

Equipment required for servicing:

in addition to standard metric mechanic's tools: hoists, slings, eye bolts, bearing pullers, torque
wrenches, feeler gauges, micrometers, dial indicator, oven or oil bath, arbor press and sealing
compound such as Loctite. ;

When ordering parts or requesting information, specify name plate details (order No.) and part
number of item(s) required for replacement.

Seal replacement only

Before removing shaft seals take out the keys then wrap shaft extensions with tape or plastic
film and coat wrapping with grease so that seals will slide off easily without damage from key-
ways or sharp edges.

The high speed shaft seal is located in a seal housing, fig. 1 + 2. To remove this seal housing
remove cap screws and use two of them as jacking screws in tappings provided. To remove low
speed shaft seal take out all screws holding L.S. bearing cover in position and remove cover.
Inspect oil seals for nicks and deformities. If oil seals are to be replaced drive them out of the
bores and remove accumulations of dirt and residues of sealing compound from bores. If unit is
being dismantled, DO NOT replace seals until instructed in the assembly procedure.




Dismantling the gear unit.

General:

A.  Clean all surfaces adjacent to removable end covers and the housing joint flange to prevent
any dirt entering the housing interior.

B.  During disassembly keep old shim packs, spacers, retaining rings and other related compo-
nents in due sequence with the respective sub-assemblies for later reference.

Dismantiing

I.. Remove any lube piping on larger units or components that will interfere with disassembly
or could be damaged during handling.

2. Remove dipstick.
3. Gently tap the taper dowels (30) out of the housing split flange from the underside.

Remove all bearing cover screws; through bolts and nuts from upper housing part. Attach slings
to lugs and lifting hole of upper housing. Carefully break casing joint with jack screws, lift
cover straight up, taking care not to damage any gear teeth or gear case contact surfaces.

Remove remaining bearing cover screws and take off the covers. Install eye bolts in output
shaft ends, see page 18 for size. Adjust sling straps for equal tension and raise output shaft
assembly very carefully to clear pinion mesh to avoid tooth damage, figs. 3, &, 5.

Fig. 3 ' Fig. &
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Follow same procedure through gear train including bevel gear wheel and bevel pinion shaft
assemnbly. Move all sub-assemblies to a suitable work area where a press, bearing puller and
other necessary equipment are available.

With a suitable solvent clean the remnants of sealing compound from all mating surfaces of the
housing split flange and end covers. Thoroughly clean and flush both housing halves.

Wash assemblies in solvent and leave to dry. Carefully check all rolling elements and races for
wear. Do not spin bearings when dry to avoid scoring. When removing bearings from shafts,
apply force only to inner race, never to cage or roller assemblies. To ease removal, apply heat
to inner race. Do not exceed 80 °C if bearing its to be re-used.

Be careful when handling gears to avoid damage to the case-hardened gear teeth. Larger gears
are provided with tapped holes in side faces for handling purposes, fig. 6.

Fig. 6

Carefully check for damaged, worn or cracked teeth. Bevel gear sets must always be replaced
in matched sets. Helical gears should be replaced in sets, but are available as individual items.

Removal of bearings and gears from shafts

Do not remove bearings or gears that don't require replacement. Gears can be heated to ease
removal. Apply heat evenly around the hub of the gear adjacent to the bore.

Do not direct heat too close to the shaft or exceed 120 °C at any one point around the gear.
Place assembly in a press. Provide uniform support under the gear-body as close to the shaft

as practicable and press gear off its shaft seat. Remove bearing races and spacers as they come
off the shaft and do not allow the shaft to drop onto a hard surface. The inner races of the
remaining bearings can be removed with a wheel puller.

If necessary, carefully remove in a similar fashion the bevel gear wheel from the pinion shaft
including bearing cones and roller assemblies.

Removal of bevel pinion béarings (151 + 150).

a) Loosen set screw and remove internal locknuts(125), fig. 7 + 8.
b) Remove locknut, washer (109 + 110) and spacer (113).

c) Slide outer bearing cage (120) off bearing set (150), fig. 9 + 10.

d) Place bevel pinion shaft in a press, with the pinion facing down and place supports against
the inner race of the inner bearing (151). ;

e) Now press slowly and remove components of the outer bearing set (150), spacer (114) and
inner bearing (151) as they come free of the shaft (100), fig. 11.

f) If it is necessary to examine or replace inner bearing (151) remove retaining ring (163) and
press bearing out of housing (154). "
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Gear unit assembly

[t i1s recommended that interference fit gears and bearing components are heated, mounted on
their respective shafts and allowed to cool, well in advance of the major assembly procedure
to reduce any chance of injury due to handling hot parts and to allow checks for tightness
between components. Helical and bevel gears should be heated to 120 °C, bearing inner races
*0 80 °C in an oven or oil bath that will provide even heat distribution. Allow approximately

- hour per 25 mm material thickness when estimating the heating time. If all assemblies have
been dismantled, group all cleaned single: components into sub-assemblies and begin to assemble
the low speed shaft components. | 3

e

i

Components of a KEN 250 type speed reducer

i

I.~ Heat low speed gear to 120 °C (202) and both bearing cone assemblies to 80 °C (250).
2. Insert low speed gear key (206), a drop of Loctite will hold it in place.

3. Slide on low speed gear (202) tightly against the shaft shoulder. Use eye-bolt holes provided
in the top face of the gear for handling purposes, fig. 12.

4. Slide spacer (214) onto the shaft and install the upper bearing firmly ‘against the spacer,
fig: 13:




o. Turn output shaft over and install lower
bearing firmly against shaft shoulder,
fig. l4. Proceed with pinion stage in the
same way.

6. Allow gears and bearings to cool.
Weights placed on the gear bodies
should prevent creep. Check the cooled
assemblies for zero clearance between
bottom of gear and shaft shoulder,
press tight if necessary.

Fig. lu

Assembly of bevel gear wheel - helical pinion, shaft (Ist intermediate shaft)

Ensure that during reassembly the parts will be mounted in the correct sequence! (The spacer
(315)* is situated either side of the bevel gear (302) depending on the ratio in the bevel stage.)

Fig. 16

Heat bevel gear (302) and bearing inner races
(150). Slide spacer (315) onto helical pinion
shaft (300) (when applicable! See above).
Insert bevel gear key (306) and slide on bevel
gear firmly against the sleeve/shaft shoulder
(gear facing pinion), fig. 15. Fit spacer above
gear (when applicable). Fit heated bearing
above sleeve/gear, fig. 16. Turn shaft over
and fit bearing on other side, fig. 17.

* KE units part no. 315
KZ units part no. 415 -
KD units part no. 515
Similarly for other part nos.




Bevel pinion shaft sub-assembly

Heat inner race of inner bearing (151) and outer b aring set races. Stand bevel pinion on pinion
face. Slide parallel roller bearing inner race over inion shaft against shoulder of pinion. Place
~outer race of bearing (151) into housing (154), repl ce circlip and slide assembly down over
inner race, fig. 13.

Slide on shaft spacer (114), internal locknut (125) nd allow to rest loosely on pinion end bearing,
fig. 19. -

Fig. 18 ' Fig. 19

Slide on one bearing cup (150) with taper facing away from pinion and the ground bearing spacer
and allow to rest loosely on internal locknut.

Install the other outer bearing set cup into the bearing cartridge (120) thickest section against
shoulder. Slide heated bearing cone (150) and roller assemblies on the bevel pinion shaft, tight
against spacer (114). Place spacer (113) lockwasher (110) and loosely tighten locknut (109) to
hold bearings in place. Do not tighten until bearing cones have cooled.

Note: Ensure that the inner races, spacer (114), bearing (151) are very snug together against
the pinion and remain that way as bearings cool.

After the bearings have cooled, clamp assembly into a vice, tighten locknut securely and set
lockwasher tabs. Check to make sure spacer (114) does not rotate. Put assembly aside.

Take taper bearing cartridge (120), rest flange side down on suitable packing to allow shaft to

pass through. Place remaining taper cup ensuring face is snug against cartridge inner shoulder,
5 b4

fig. 20.
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Take pinion shaft assembly and carefully lower shaft into cartridge taking care not to damage

cup face with shaft end etc. Hold clear components already assembled on shaft. Supporting the
shaft, slide the bearing cup into cartridge (120) to make contact with spacer. Slide down lock-

nut (125) and enter into thread of cartridge. Slowly screw down locknut onto bearing cup whilst
rotating shaft gently to settle and align rollers, until fully tightened, fig. 21.

Tighten locknut set screw (126). If previous dimple in locknut thread does not line up, dimple

thread before entering set screw. Protect bearings from drilling swarf while dimpling, fig. 22 +
Z3, '

Fig. 22 Fig. 23

Place bevel pinion assembly into housing base ensuring that recess in pinion end bearing housing
locates over dowel, fig. 24.

Oil priming hole in bearing cartridge must be positioned up, fig. 25

Fig. 24 _ Fig. 25

Install the first intermediate shaft assembly in housing complete with bearing outer rings and
spacer (315), if fitted, over gear end of shaft. Mount bearing cover (340) on bevel gear side and
tighten with screws (349). Attention should be paid to mount all bearing covers such that an oil

return recess is positioned at the bottom. Shims, if fitted, must be reinserted between bearing
ORI (R (R H R (ORI ey L) 2 - . S o SO o o
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Bearing cartridge
assembly for bevel-
helical gear types = 280



Code schedule of REDUREX (standard series 3)

Main groups

I - | Housing parts

100 - Parts of input shaft assembly D|

200 - | Parts of output shaft assembly D3

- Parts of intermediate shaft 1

= Parts of intermediate shaft

2
- Parts of intermediate shaft 3
i

- Parts of intermediate shaft

- Pressure lubrication

- Oil cooling

- Others
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The shim thickness is determined by measuring the distance from housing flange to bearing
minus length of the bearing cover centering shoulder. Insert shims of required thicknhess, taking
into account design clearance for bearings. Taper roller bearings are mounted practically with-
out clearance. For other type bearings however it is difficult to issue instructions that are
generally applicable and for this reason, before a bearing is dismantled, definite facts should be

S R

obtained from an assembly drawing or otherwise of how a bearing is to be mounted. Mount i
raring cover and tighten bottom half screws. Fig. 26, 27, 23 f’

§

Fig. 26 Fig. 27

;

Fig. 28

Fitting and adjustment of the bevel gear input stage

Teeth of mating bevel gears are marked in their lapping position and must be brought into mesh
according to these markings. They are etched either on the front face of the small pinion, fig.
29, or on the large diameter of the gear, fig. 30. This is of special significance when the ratio
oetween numbers of teeth in gear and pinion is an integral number, for instance:

o G S

2l e

or when the number of teeth in pinion and gear have a common integral factor, for instance:

— -~ i ) T b o



Fig. 29 Big. 30

Only the correct adjustment of pairs of bevel gears offers a safeguard against undue wear and
tooth failure due to high tooth loadings. To achieve the correct and optimum contact pattern
the actual values for fitting dimensions E and backlash, stamped on the front and back face
resp. must be kept to according to fig. 31. The dimension "x" has to be found in order to fit the
pinion. Measure gear shaft dia. and obtain radius 'r", fig. 31, subtract "r" from "E" (E is stamped
on pinion end, fig. 29) to obtain dimension "x", fig. 31. Set a vernier caliper to dimension "x"
and set pinion using the vernier between gear shaft and pinion face.

i

AR R

i

L._E_.l Fig. 31

In order to obtain the correct bevel gear meshing pattern, coat both-flanks of a bevel pinion

tooth with engineer's blue and rotate the bevel pinion in both directions for a few revolutions
until a definite pattern shows as a clean, shiny surface, fig. 32:




Correction of tooth contact pattern

Vertical adjustment of the contact pattern

Fit ground spacer, replace bevel pinion
assembly and tighten with lower half
cartridge flange bolts. The bevel gear

set must now show a satisfactory contact
pattern after fitting, running loaded or
unloaded. If necessary, the bevel gear set
has to be adjusted again after a loaded

trial irun., Figl 35,

Fig. 35

Horizontal adjustment of the contact pattern

What to do, when
after fitting, this

Action

Resulting in

What to do, when
after fitting, this

w

Ketisn Resulting in
contact pattern normal contact contact pattern normal contact
ghows? shows?

4 4 (4 4
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Directions above refer to a driving bevel pinion where: V = forward “f‘ilank, R = back flank

Speed reducers with bearing cartridge assembly on bevel gear"shaft

Fig. 36

Assemble in the appropriate order, the spacer (315), key (306) and bevel gear onto the shaft (300).
Place bearing set (350) into bearing cartridge (320).

Determine shim thickness by measurin

face and subtract le

Place shims into bearing cartridge and tighten bearin
screws. Heat this sub-assembly and mount on shaft (
installed first. Now take off bearin
screw down slotted nut (309), secure with tab.

ngth

g depth from flange face of cartridge to the bearing outer

of bearing cover centering shoulder. Add fractional mm shim to this
measured value to ensure the bearing outer rings will be held firmly together.

g cover to bearing cartridge with two
300) after spacers (315) and (316) have been
g end cover (360), assemble ring (313), tab washer (310) and

Place O-ring (324) onto end cover (360) and screw end cover to bearing cartridge flange with two

screws. Place bevel gear assembly into housing and mesh with pinion. Adjustment of the bevel
gear stage as described previously.

After adjustment determine thickness of s

ring (328) to size.

Roemcie tha fuim Baldisies aam s

NS DIPTSR 7, 3 G ‘R

plit ring (328) with feeler gauges. If necessary grind

S e



Assembly of remaining shaft(s)

Assemble the remaining intermediate and output shafts in a similar manner to the first inter-
mediate (bevel gear) shaft. Carefully fit intermediate stage or stages with bearing clearance
according to drawing specifications. Coat gear teeth lightly with engineer's blue, rotate against
pinion. Tooth contact will show as a shiny pattern on gear tooth. The correct unloaded pattern
should show contact over the face of the tooth extending across the centre.

Final assembly

Recoat the split housing flange with a good sealer, preferably Loctite and the gear case cover
can then be lowered carefully over studs onto bottom housing half. Locate dowels in their
positions, insert bolts and thread nuts into place. Tighten fully with bolt tightening torques
listed on next page. Now replace -bearing end covers including appropriate shims and tighten.
If required, fit new shaft seal in output shaft cover and high speed seal housing and mount.
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Oil priming port for pinion shaft bearing
before first start up

Rotate the input shaft by hand to check that nothing is binding. Return speed reducer to in-
stallation site. Recheck bolts and screws for proper tightness. Remount couplings and establish
proper alignment. Complete assembly by reconnecting oil lines and other assemblies (if fitted).
Fill unit with recommended grade of oil to the required level. Prime pinion shaft bearing
cartridge with the required amount of oil.

Reassembly is followed by a test run - during which the sounds emitted by the bearings are
ascertained by placing an ear against the handle of a screwdriver and with its other end
pressed against the bearing housing. A whistling sound can be caused by insufficient lubrication
whilst noisy running is mostly due to the presence of foreign particles in the bearing. Tempera-
ture rise in the bearings must also be noted during the test run, because the bearing tempera-
ture indicates whether it has been fitted properly and is supplied with the right lube quantity.

¢

Bolt tightening torques

Tightening térques are based on ISO material grade 8.8. The material grade is shown on bolt
or screw heads.

Bolt tightening torques in Nm
Bolt size

6= 2.5
= B3 !
62 4
108
265
520
900

i

o

(e S G e
NN — = —

8
0
2
6
0
I

For speed reducers with pressure lubricating systems, please pay attention to the special in-
structions in manual V 200.

Speed reducers supplied with cooling fan

Mount fan flange (172) onto bearing cartridge flange (120). Mount spacer (174) and tolerance
ring (173) onto shaft (100). Press fan hydraulically onto the tolerance ring.

Position fan cover and tighten screws (178). Use puller holes in hub when dismantling the fan.

Backstop

For units furnished with a backstop observe installation and operating instructions V 2046.



Eye bolt sizes for various shaft diameters:

over 16 ‘to 21

= M 6 over 50 to 85 = M 20
over 21 to 20 = M 8 over o &350 to 1300 = M 24
over 24 to 30 = M 10 over 130 to 225 = M 30
over 30 to 38 = M 1?2 over 275 to: 328 = M 3%
over 38 to 50 = M lg over 320 to 500 = M 42

Lube pumps

For speed reducers furnished;with a standard ZF lube pump see drawing for details.
e Installation example

; Bearing

cover Mounting screws

[ —

Gear shaft

AL = L=

D_river \ =i mlj

: ]
&\i\w é \\\ Pun{p ZF

Flange coupling

o

Taconite seals

A+ C  Remove bearing cover completely (for type C with seal housing) with the help of
jacking screws.

Heat Fey ring carrier (to soften bonding agent) and remove.

|- ;_“f_%\ g? N 21
T/ 51 233 23 N
\\ /<\ \ 219 w’

i 3
232 232

234

N

i
@




B + D Loosen screws of seal housing 122/222, if fitted; otherwise heat to approx. 100 °C

and remove (if necessary use gripping pliers) and force it off or insert 2 pins into
tappings and remove by turning.

Heat Fey ring carrier (to soften bonding agent) and remove.

120
@ 13
.
121 121
‘ NS ’1223 122
i 7 : 119

e - 119

N 55

32 —

Spare parts: Fey-ring carrier
Fey lamellar rings (set)
Shaft seals

When mounting use Loctite 601
as bonding agent.

REDUREX Speed Reducers

Type SEN

Type SZN Type SZO Type SZA

Type KEN
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