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1) Introduction

The Matimba ACC'’s have 48 fans per
Unit with 288 fan drives in total. Of the
original split casing — splash feed type
boxes that were commissioned 20 - 25
years ago, 235 are still in operation. The
boxes run on mineral oil and are
maintained and overhauled in the
Matimba workshops.

During 2009, 48 later generation
monoblock- force feed type boxes were
purchased. 45 were installed and 3 kept
as spares. Also during that time, 6
monoblock boxes of a different
manufacturer were installed for long
term testing. All the monoblock boxes
operates on synthetic oll.

In addition Matimba has one other brand
name, a split casing force feed box on
test since 1994. This box run on mineral
oil.




2) ACC Gearbox Working Conditions ® Eskom

« 1) Normally the fan blade angles
are fixed and the gearboxes are
likely to be continuously loaded
at close to MCR capacity.

« 2) Gearboxes are subject to
perpetual peak load fluctuations

« 3) Poor cooling air flow around
box

* 4) Questionable oil change |
practices }
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Working Conditions: Perpetual peak

power fluctuations in ACC fan load & €skom

* Peak load variations occurring in 1 minute — up to 20kW (1.9 kNm of full load torque on
output shaft) variation between peaks
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Working Conditions: cooling air flow

and maintenance

e The position of the ACC gearbox is
normally between high profile IPE
beams and onto a base plate which

obstruct the already poor air flow in
the centre of the fan
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3) ACC Gearbox Maintenance ® Eskom

Time based maintenance

* QOil changes & bearing grease

Condition based maintenance

* Quarterly vibration monitoring,
oil sampling

¢ Monthly walk-through
Inspections

Breakdown maintenance

* Consist mostly of broken
shafts, oil pumps and back-

Matimba Workshop stop failures



ondition Based maintenance:

Typical oil sample reports ® €skom

Customer: Matimba Power Station LakMNo | Samped Received | il Brand Severtty
i 1 4182207 | 20-Mar13 25-Mar-13j5HELL RIMULA D 50 URGENT
Site: Uz_ACC_FAN_GB 2 4179397 | 20Dec-12 27-Dec-12j5HELL AIMULA D50 BORDERLINE URGENT
Machine: 20MAG24/20 3 4170750 | 30Mar-12_03-Apr1Z[SHELL RIMULA D 50 CRITICAL - -
4 2162715 | 14-An-11 17-Jun-11[SHELL RIMULA D 50 HORMAL
Compart: GEARBOX 1405 | & 3952512 | Da-Mar11 O7-Mar-11[SHELL RIMULA D 50 CRITICAL
Viscosity @ 40 Wear Metals
e 10000
600 —o—Iron
1000
500 —O— Chromium
200 100
300 w0 —— Copper
200 —— s Lead
et ;
100 % Tin
P I 0
: & T T R T T TV
3 7 2 0 0
&8P §8333%3

1 211 256 21 2] 38 4 13000

2 | 3431 ND{ 7.85 2524 11 B2 114 571 251 o !1 0 45 4 4| 4230 Oy 15 12BH &1 39 43 16180 o

3| 5133 NI 16.72 ! 2111 3 a1 1251 3 o 1 51 0 =4 B 4| 3876 Oy 14 1484 530 56 T4 17450 o

& | 2343 HO 1.43 ! 111 27 2 74 3 0y 3 4| o =24 0y 0y 4022 O 12 &4 SO T g 17220 o

E | 165 HD{ 13.76 ! 111 101 215 1071 33 2 B 51 o 38 4 3 3460 Oy 12 134 508 40 53 14770 ol
Comments

[ [Viscasity apears nigh for this grade of oll. Bronze gear wear rates are high. Debrls anadysis revealed a ight concentration of very small wear parficies. Check for abnormal nolse and vibration. Check oll
ogerating lemperature. Check shatt algnment. Increasad viscosity and wear metal contaminaton makes the of unfit for further use. Particks cownt is greater Man the mit specifiad, recommend Alterngpurtying
_Iu-.e oll. Plieasa retum feetback. REPEAT PROBLEM weanZ. REPEAT PROELEM ol-wsx3.

2 |Bronze ‘{pEar wear ratas remaln hlgher than mormal. A munswplc PG.I'HDE examination Eﬂ'pﬂdﬁ Tikered firom the oll revealed no abnormal contamination. Chack for abnormal nolse ard wibratlion. Particle count
|5 Qreater than the Iimit specified, recommend ARenng/purtying the oll. Pleass retum fedback. REPEAT PROBLEM ol-u/si2.

| 3 |Eronze gear wear rates are high. Debris analysis revealed a light concaniration of very small wear particies. Recommend removing cover plate and checking Tor abnomal wear particles Inside housing. Viscosity
appaars high for this grade of oll. The Total Acld Number of the ol is 16.72. Increased acklity {TAN] Indieates axidation. Check oll pperating tempersture. The ol ks not it for further us2 dus to contamination and
degradation. Change the oll. Piease retum f2edback.

=

\Wear rates are nomal and the sample provided appears fres Som unaccapiable contamination or degradation. A microscoplc parficle examinafon of pariices fitterad from the oll revealed no abnomal
contamination.

& [Wiscosity appears high for this grade of oll. Copper leval Is critical, acconding to Eskom limits. A microscopls particie examination of paricles fitered from the ol revealed 1o abnomal contamination. The Total
Acid Mumber of the ol Is 13.7€. Incraasad acidty [TAN) indicates coddation, possibly 25 @ r2suit of aonormaly high operating temperatures. Increased viscosiy and an Increased TAN makes the ofl urfitfor
further use. Change the oll. Please rabum fzedback. REPEAT PROBLEM overhaatng2.

'WearCheck, a division of the Seipoint Group(Pty) Lid, Tel +27 11 392 6322 m
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Condition based maintenance:
® Eskom

Excerpt from typical vibration report
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ACC fan gearbox long term vibration

monitoring- University of Pretoria ® Eskom

* Measure acceleration and shaft speed at 2.5 kHz over a period of 18
months

* Evaluate use of Gaussian mixture modeling
* Negative Log Likelihood (NLL) indicator for out-of-normal behavior

« Evaluate synchronous averages
* Mean and standard deviation
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Condition based maintenance:
® Eskom
Gearbox overhauls

* Intermediate pinion failure — the
most common failure of the old
generation gearboxes.

* Dry wells working loose from the
press fit into the casing is the most
common and serious source of ol
leaks.
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Breakdown maintenance fatigue

failure of gearbox output shaft — serious
safety concern




Breakdown maintenance: Damage due

to backstop malfunction and reverse ® E€skom
rotation

Sticky backstop elements allow fans to windmill in reverse. If the fan is started
or if the backstop suddenly operates while the fan windmills, it causes
catastrophic failure either of the couplings or the input shaft. Output coupling
failure may cause the fan to fall.
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4) Lubrication Aspects ® €skom
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The ACC gearbox user does not control the method and effectiveness
of the lubrication design. The user however determines the cleanliness
and can influence the properties of the oil, aspects that relate directly
to the life expectancy of the bearings and gears.

Splash feed lubrication is simple and effective and requires minimum
Instrumentation such as only a basic C&l oil level protection. The large
volume of oil allows some neglect as long as there is sufficient oil in
the box. Matimba recorded only one seizure on a splash feed box in
more than 20 years. The fan was started without oil and the level
protection switch was not connected. Not surprising.

Force feed lubrication requires less bulk oil but renders the box more
vulnerable to damage, especially in dry sump gearboxes where no part
of a rotating component is submerged in oil. It also requires more
components like pumps, filters, pressure switches and C&l timers

K2



Lubrication: Mineral & synthetic oil tests ® Eskom

15

Eskom commissioned the University of Pretoria to determine energy efficiency
of selected mineral and synthetic oils. The test method measures the heat
generated (friction) in the test gearbox and the mass loss from the gears under
identical load conditions for all tests.

The tests results showed that synthetic oils generally reduces friction more
effectively than mineral oll, but also found that some synthetic oils performed
worse than mineral oil. Both PAO and PAG synthetic were tested.

Some relation between viscosity and heat generated was noted.

The mass loss (wear) from the test gears after each test, showed no clear
advantage of one type of oil above the other, possibly due to the relative short
duration of the tests.

Synthetic oils were also tested on the Matimba ACC. Decrease in bulk oil
temperatures were observed as well as improved protection against micro-
pitting of gears when mineral oil was replaced with synthetic oil

K2



Lubrication: FZG test results

Results of 3 Synthetic oils, 3 Mineral oils and 1 Mineral oil with additive

® Eskom
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Micro pitting - Mineral vs Synthetic

Micro pitting in a dry sump gearbox where the thermal rating is lower than
the absorbed power

April 2033.2 ye“aT&I:a-‘Ler with synthetic oll
micro pitting séeStebearrested
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Thermal images of the input pinion of
a dry-sump gearbox in operation lESkami

* A: Normal: Oil cascading from top bearings only, B: Test: Cascading
combined with jet lubrication
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Lubrication: Oil change issues ® €skom

« The position of gearbox drain plug or
valve at the bottom of the gearbox
makes oil draining cumbersome due to
safety regulations and equipment
needed to access the plug from
underneath the box.

It also prolong the standing time of the
fan which may interfere with production.
As a result oil is sucked from the box
through the level standpipe with a gear
pump which leaves some dirty oil at the
bottom of the box . This contaminates
the fresh oll

* If the gearbox is situated low below the
walkway, like the installation shown on
the right, is more arduous to reach the
dipstick, filter, breather etc. It is also not
possible to do an internal inspection
through side covers or inspection plugs
unless the fan is un-coupled and the box
lifted.
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Oil Changes

20

Mineral oils at Matimba are
changed annually. Failure to
observe oil change frequency,
or acting timeously on sample
reports result in rapid
depletion of lubrication
properties and oxidation of the
oil at exponential rate. The
damage to the gearbox is
severe when the oil reach a
state as shown in this splash
feed box

[C

1923-

)

2013



5) Selection and Replacement of ®€skom

gearboxes

« Gearboxes casings & components do not have an infinite life.
excluding boxes with casing failures, at a certain stage one has to
consider to replace instead of repair,.

* A blanket replacement of all gearboxes is not always feasible
because:

« At Matimba gearboxes are repaired on site with locally manufactured
gears, repair costs are therefore relatively cheap

* The risk of production loss if the wrong choice of gearbox is made and
simultaneous large numbers of failures occur

* Question: Which boxes are to be to replaced and which gearbox does
one select as replacement box?
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Replacement Criteria: Trend of & €skom

repairs required 1994 - 2012

Annual # Failures out of 288 gearboxes
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Replacement criteria: Number of repairs per ® €skom

gearbox . 1994 - 2012

5 x Repairs, 9 6 x Repairs, 3

44 Replacementsrequired
In short to medium term
0

Repairs,
22

23
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Selection Criteria for new boxes ® Eskom
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Power rating: ACC gearboxes normally
has a service factor of 2 and mechanical
failure due to start-up or load conditions
is unlikely.

Thermal rating: This limits the
continuous load the box can transmit
without exceeding temperature limits of
components and lubricant. It determines
the choice of lubricant and operating
cost

Split casing or monoblock: mono blocks
are cheaper than split casings but
require more specialized equipment and
skill to overhaul. No significant
difference in oil leakage between the
two casing types is noted

Backstop position: Back stops situated
at the bottom of the box tend to clog up
and malfunction more than backstops in
the roof of the box

micro pitting on a dry sump box with cascade
lubrication and thermal rating too low for the
absorbed power. The oil sump temperature is
however quite low




Long term vibration trends of 3 ® €skomn

different manufacturer’s gearboxes

=
o

Gearbox vibration trends

1 gearbox changed /’%/\
—  \

Effect of wind /

mm/second

o B N W sy N 00 WD
[—

[ I
(=)] =)] )] o o o o A A @ —~A — ™~ ™~ ™~ o~ o oM
i i I i I i
S 3 g £ 5 3 £ £ 5 3 5 £ 5 3 5 £ 5 3

Average vibrations of 4 gearboxes of type B and C, A a single box
1type A 4 type B 4 type C

C
25 1923-
2013



Life Cycle Cost comparison using

Matimba’s investment model

26

Investment period 25 years

Economic Model inputs Original Box Box A Box B Box C
Capital RO R 410,000 R 280,000 R 276,000
Oil type Mineral Mineral Synthetic | Synthetic
cost/litre R 23 R 23 R 123 R 123
Capacity/litre 160 90 35 80
Cost /oil change R 3,680 R 2,070 R 4,305 R 9,848
oil change frequency 1Y 1Y 2Y 2Y

oil cost 25 years R 92,000 R 51,750 R 53,812 R 123,100
cost of repair R 140,000 R 260,000 R 200,000 R 240,000
Estimated # repairs 4 1 4 2
PV life cycle cost Rmio 0.28 0.39 0.55 0.38

Recommendation: Capital cost should not be the
major consideration to select replacement ACC

gearboxes.




Future for ACC Fan Gearboxes? ® Eskom

Advances in the development of permanent magnet motors may soon eradicate
the need for gearboxes

27 |929
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