
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 
2 2 

lilli 
2 0 

11111

1
·1 11111 18 

111111.
25 11111_ 1 ·~ lllllJ:~= 



,,, 1\1\1 

I JUUi 
United Nations Industrial Development Organization 

Third Workshop on Small Hydro Power 

RCTT/UNIDO/REDP/Government of Malaysia 

7 - 15 March 1983, Kuala Lumpur, Malaysia 

* LOCAL MANUFACTURING OF WATERTURRINES 

by 

** Mark~s Eisenring 

11lis document has been reproduced without forr.ial editing. 

Distr. 
LIMITED 

ID/flG.40.3/2) 
5 August 193.3 

ENGLISH 

* 
** Ingenieur HTL, Swiss Centre fo~ Appropriate Technology at ILE, 

Institute for Latin-American Reaearch and for Development Co-operation, 
University of Sa!nt-Gall, Vamblielstrasse 14, CH-9000 St. Ga J len, 
Switzerland. 

v .83-59118 



- 1 
~ 

1. Introduction 

in~n discussing local turbine manufacturing it must be 

pointed out first, that it is impossible to discuss this 

theme in a way, which is valid for all countries> 

Parameters, like standard of :industrialisation ana electri

fication, purpose of installing turbines, have to be con

sidered and differ very much from country to country. 

Factors like these will inf luen~e the approach to turbine 

installations and the implementation may be different. 

Very often the role 0f water power is misun<lerstood and 

underestimated. Also the requirements for labour, workman

ship and engi~eering and the expenses are underrated. 

The way of production and implementation is of course linked 

to the n~eds and possibilities ol each country. The crucial 

points are to determine the needs and possibilities and to 

get the corresponding designs. 

Industrialised countries are in possession of all the 

know-how and manufacturing facilities. However they are 

reluctant to provide their services for different reasons~ 

Their prices are high because of high technology and standards, 

complete automatisation of turbine installations, ~xpensive 

labour, mechanised fabrication and because of high overhead 

costs. 

On the other hand less industrialised countries should be 

encouraged just by these facts ta start their own local tur

bine manufac~uring. First of all their m~nufacturing possi

bilities are sometimes limited and their standar~s and 

requirements are different. But by using appropriate designs 

and manufacturing methods costs can be reduced considerably. 

Expensive machines like rack cleaning devices, full automa

tisation of the power plants and sometimes evP.n complicate~ 

mechanical go·1ernora can be avolded already in the design 

stage. Labour costs are often low, which reduces costs for 
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production, service and maintenance. In certain cases a 

power plant can be operated by hand, which reduces the 

initial costs drastically. 

~. Ecological and Economical Aspects 

Waterpower is one of the clee:.nest power sources. However 

the encroachment on nature must be minimised. Careful 

planning and construction of powc~ plants can help to 

preserve nature and forest. Pl~nts can also be incorpo

rated in checkdams and flood control systems. 

Nowadays the opinion is still prevailing that the role of 

small hydro power is unimportant and that mini hydro gener

ation is not economic. Representative values for investment 

costs per ki~owatthour for large run-of-river power plants 

are 0.03 to 0.05 US S I kWh. For small hydro generation units, 

where ~im-~t big plants have been scaled down, costs are the 

same or higher. But it has been proven that reliable small 

hydro generation unit~ can b•.J built with investment costs 

smaller them 0.02 US S I kWh and thus run economically. In 

addition locally manufacturej turbines save foreign currency 

and create employment. 

Please refer to the manual "Local Experience with Micro 

Hydro Technology" for mc..re information en this subject (*). 

34 Low Cost Design Specifications for Small Power Plants 

All power plant components like dive rs ion dam, intake, de

s ilting basin, screens, conduit system, penstock, electro

mechanical equipment, governor, electrical distributiom 

etc must be carefully designed to achieve minimal costs 

and still maintain reliability. 

Semipermanent intake structures may be considered. Rack 

installatio:is rr'ust not n~cessarily be self cleaning~ Open 

canals are in most cases more economic than low pressure 

pipes as conduit systems. Penstock pipes must not be de

signed like in most big power plants, so production is 

cheaper, handling easier and manufacturing by small work

al1opa in possible. 

(*) Ma~ual is available at SKAT 
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The specifications for the machinery should be correspon

ding to lowered standards. For locally manufactured turbines 

economics are more important than high live expectan~y and 

efficiency. 

In many cases direct mechanical power supply to the end 

user is possible. This makes the powerplant simpler and 

gives a better effi~iency at reduced costs. Mechanical go

vernors can be omitted, if the plant is supplying electri

city to the grid. 

Even industrialised countri~s have started to rebuild and 

modernise their old small power plants, which had been 

ne~lected for decades. However, an economic reconstruction 

is only possible by downscaling the sophisticated technology 

of large power stations. Ev~n these cou".1tries have to learn 

how to reconstruct, renew and optimise small power plants 

in a new, indigenous but simple manner. New solutions have 

to be found in order not just to copJ· large power pl~nts 

~n a smaller scale. 

One has to make up one's mind on these subjects bE:fore 

starting local turbine manufacturing, because it doesn't 

make sense to have locally made turbines and on the other 

hand sophisticated and overdimensioned compor~nts of an 

installation. 

4. Requirements for Local Turbine Manufacturing 

Before setting out to install small hydro generation units, 

one has to conside~ several things, such as: 

- implementing institution 

- financial source~ and potential 

- energy needs 

- hydro potential 

- suitable location 

- mechanical and/or electrical energy production 

- re,1uirements for infrastructure, engineering, machinery, 

operation, maintenance etc. 

- future expenses involved in the pro.ject 

Besides time, effort an~ ~xpens~s, social, cultural, enviro~-
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mental and economic factors must be :onsidPred to decide 

on local turbine r%nufacturing. 

Minihydro plants cannot be mass produced. Each one must 

be individually designed. 

Three kinds of self construction of turbines can be dis

tinguisheds 

a} complete local manufacturing of a design requiring 

no specialised production processes 

b) partial production of turbine components with sophisti

cated parts imported (eg partial import of pelton 

buckets, nozzle and governor) 

c) local manufacture of foreign design under licence 

with appropriate technical support from outside 

This paper is mainly dealing with type a) of local turbine 

manufacturing. It might be difficult to get a suitable design 

for a proposed layout. 

Even if a design is available, manufacturing must be super

vised by somebody who has the knowledge of that particular 

design and experi~nce in its fabrication. 

While doing local manufacturing of water turbines, ex?erience 

and know how will be gained gradually. To avoid overrating 

of one's own capacities, at the beginniPg very small tur

bine units, not larger than 50 kW power output should be 

envisaged. 

The design must be as 0h'nple as ponr-ible. If' a design is 

not suitable for the e;..:i sting mar:ufacturing faci1i tiee 1 t can 

be altered by experienced manpower to suit local demands. 

Emphasis must be la!.d on the use of material from local 

resources in order to create links between lo~al industries 

and to be independant from imports. The variety of mA.terial 

and profil~ used should be as small as posE;ible to cut 

down the weight~ the manufacturing cost and time. 
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Besides administrative staffs technical personnel for civil 

work, fabrication ar.d installation are needed to run a 

turbine business. For fabrication,besides trained workshop 

mechanics, additional infonnation and supervision by some

body who has the knowledge of that particular design and 

experience in manufacturing is ~eeded. 

Installation team~whether they are mechanical, electrical or 

civil, must have good knowledge and experience. They must 

also be equiped with sufficient, suitable and go~d bools. 

This will be helpful for them to overcome difficulties in 

some situations. 
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5. The Crossflow Turbine T3 (*) 

2.1. The Developmf?nt of the TurbinP 

Historically, all improvements on traditional wc,.ter wheels 

resulted in the developmen~ of water turbines. Most recPnt 

efforts in Nepal in this respect resulted in th~ ccnstruction 

of a Segner turbine (x) for power 0utput upto 10 kW. 

Already some years before various designs of propeller and 

crossflow turbines have been developed, tested, evaluated 

and installed in Nepal. They we~e mainly used fer mechanical 

power applications. 
Over 100 small turbine installations with locally made 

machines are in use nowadays. This 1.Jecame possible with 

the experience gained in preceeding activities. Also a 

few small electricity generation units were iP~talled. 

In 1981 a new design of a crossflow turbine 1·3 was intro

duced. Since then over 30 installations have been completed. 

The design is based on the expe~ience of former designs, 

suite the manufacturing possibilitiP.s of small worksPcps, 

uses commonly available materials and has been tested in 

Switzerland. 
For simple mech&nical power applicCt.tiona the turbine is 

h~ndregulated, but also a mechanical governor ~a~ be 

attac'hed vi.' an electronic load conlroll.?r can be useJ in 

combim1ticn with hand 1·egulation. 

5.2. Selecti_on of the Turbine Width 

To serve the Peceesary specifications the tur'.Jine wiot.h bo 

is variable. All oth0r cimensions remain the same (see 

appendix I). 
In the following, an example will be calculated to find 

the width bo of the tu~bine. 

(•) design and layout manual wi 11 b:~ avai la LI~ ::tt SKAT 
(x) brochure available at SKAT in Apri1 198i 

~l 
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For ~ 6iven grosshead Hg o~ 30 m the \.Urbine should pro

dnce a. oower output P of 30 kW. 
How ~ig is the necessary water quantity Q and the turbine 

width bo1 
To determine the working head Hn (net head), all loss~s ~H 

must be deducted from the gross head Hg. 

Net head Hn = G:--oss head Hg - Losses till 

To determine the losses, the water discharge Q must be known. 

To get the approxin:ate dis~ha.rge to gener~te 30 kW1 a net 

head of 27 m and an efficieny of 0.7 are assumed. 
The discharge Q is calcul~ted according the following formula: 

Q = p x 102 = 
Hn x ll 

30 x 102 = 162 lt/s 
27 x 0.7 

Q (lt/s) Hn (m) 

With the approximate dis~harge Q the head lo~ses AH can be 

calculated. 6H is the sum of all losses, eg. entry and exit 

losses, pipe loss~s and suction heac losses. 
With entry and exit losses of 0.4 m, a penstock length of 50 m 

.:i.nd a diar.iete!' of 250 mm the pipe :losses are 2 m for 162 lt/s, 

the suction head losses are calculated as o.6 m. 

The total losses are AH = o.4 + 2 + o.6 = 3 m 
Afteryierds the supposed uet head is recalculated and the dis

charge is rechecked, or the penstock diameter must be altered 

to get the required output. 

Hn = 30 - 3 = 27 m 
The efficiency of this turbine is best at a butterfly valve 

opening (?> of 87. 5 %. In graph no. 1 we find that the 

efficiency at 27 m head and 87.5 % opening ~ is &bout 0.71. 

To determine the turbine width bo, which is variable in the 

design, the specific disch&rge Qs for a butterfly valvP. 

opening of 87.5 % must be known. 

On graph no. ~ Qs for a f' of 87 .. 5 % ~an be fc:.:.rno as 0.14?. 

With the forr.wla Q = Qs x bo x{iiri thP. t11rhine wioth ho is 

calculated: 
bo = Qo---L- _ 

Qs :( fHn 
162 = 215 

o, 145 x i27' 
mm 

The next Btandaro >=ize for the turhine width ho 220 mm 

is chosen. The actu~l Qn in now 

Q
- - _ __;;;1'--6..;...2 __ 
:; -

220 x ·~ 27' 
- o.142 

-;l 



The cpen in_s ~ f 0r this '..i~; i_: fo: me~ 83 % on gni£;h nc. 2 

and t'.:.' ~orrespunding effici,,ncy is 0.7 (graph no. 1). 

So th.P initially supposed efficir>ncy proved to bP con·ect. 

Ctherwise the calcul2tions v:o'Jlr'. have to bP revised. 

The number of r-=vc lutions per minute n (RPM) for rJ. net 

head Hn of 27 m is found on graph no 3 as n = 1010 RPM, 

which is the optimal speed for best er:·ic iency. If the 

design speed is different from optimal speed~ the efficiency 

must be corrected according to other graphs. Also the dis

charge will change. 

Part load efficiencies can be found in graph no. 1. 

Now that the turbine width is determined according to an 

-:xample, let us have a look at the actual turbine manu

f2.cturing. 

5~3· Fabrication of T3 Crossflow Turbine 

The T3 crossflow turbine can be manufactured in any small 

mechanical workshop, which has the following basic equipment 

plus technical assistance or necessary experience. 

Workshop equipment: 

- cutting devices; saw, gas and shearing 

- arc welding machine 

- drilling machine 

- millir.g machine 

- lathe machine (height ~bove bP.d 125 mm) 

- basic tools like drill, taps, files, harm~er, 

spanners, screw drivers and so on 

The fabrication procedure is der.cribed bPlow in headwords. 

The tubine ~onsists of different sub assemblie~. As an 

example for the fabrication f)f a sub assembJ.y the manu

facturing of the turbine rotor is described in detail. 

- first prepare the material for all the turbine parts 

according to the material lirits 

the material for the rotor assembly in listed on 

appendix IX 
- the requirP.d number of intermf'ciate di~r.s is r.ub.i ect 

to permissable strer,ner. in the blades 

----1 
l 
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and must be determin°d according ~o the head and 
the turbine width (*) 

- cut U1e rotor shaft to the correct length 

- ma.ke the keyways now in the shaft. It is easier to make 

them before completing the rotor. 

- cut a sheet of 2.5 mm thickness to the correct length 
of bo + 30 mm (apµendix V) 

- eut 32 strips of 49.5 mm width 
- heat the blades up ~o a temperature of 800 °c 
- roll or press to tt.e correct shape 

- check and correct twist if ne~essary 

- do heat treatment to release the stress 

- file the edges of the blades, which will be pointing 

to the centre of the rotor carefully according to 

appendix XIV 
- cut t~e required number of discs out of a 4 mm plate 

- mark the centre holes (appendix VI) 
- bore the centre ho:ie diameter of 50.5 mm 

- machine the outside diameter of 205 mm 

There are different ways to make the slots into tl:-.~ discs. One 

way is the fcllowif\g (appendix VI): 
- glue a paper jig to the discs and make eure the centres 

are matching 

- punch the ~entres of the hoies for the slots 

- drill holes of 3 mm diameter 

- make slots with a slitt:ng saw machine 

- finish the slots by filing 

1his procecure of making the rotur discs is made with all 

discs together at a time. If a plhsma cutting machine is 

available, the slot~·can by cut nicely in one st~n. 1o cut 

them by ge:..s cutting is not possible, tecause thP parts 

between the slots will be over11eated and bent. Also ntbhling 

is not possible, because of the small width of the sl0t in com

peirison to the thickneAs of the discs. 

Once the rotor shaft, blades and discs are prepnrPa con

tinue as follows (appendix VII): 

( •) information is contained in th~ 'fi de~; if'.Tl manual 
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- pl&ce the d~sc~ c~ ~he shaft 

- fix them b~r :.ack welding 
- ~heck for correct position and right angle 

- put 3 to 4 blades into the slots 
- make sure that the slots ore aligned in one row and that 

the blades are at right angle to the f&ce of the discs 

fix these blades by tack welding 
- fit the other blades and fix them by tack welding 

- check again for right angle 
- do full welding altern~tively on opposite sides of the 

discs to avoid twisting of the rotor 
- the end discs must be welded to the blades only on the 

outer face of the disc, which is very important not to 

decrease strength of the blades 
- it is sufficient to weld the intermediate discs from 

one side only 
- weld the discs to the rotor shaft 

Afterwards the rotor is finished on the lathe machine 

(appendix VIII). 
- turn the shaft to a diameter of 50 mm anc the rotor to 

a diameter of 200 mm, file the o~ter edge profil of blades 

- face the blades, be careful not to cut away the welding seam 

After manufacturing the base frame and the 2 u-shaped flan~es 

of the housir..g,they are fixed ~ogether by tack welding. The 

holes in the base frame ann the flanges are drilled at a 

time, to make sure that they are fitting (appendix XVI). 

Then the housing is finished and mounted tc the 

rotor (appendix XVII &'XVIII). 
After fabrication of the inlet (appendix XIX & XX), the top 

and bottow plates must be made flush with the radius of 

100 mm (appendix XV). Before welding the inlet to the hvu

sing (appendix XXI), put a sheet of 0.3 mm thickness arouno 

the rotor, to maintain a minimal gap between the inlet ann 

the housing. This is very important to keep the water losses 

small ar.d the efficiency high (appendix XXII). When fixing 

the butterfly valve to the inlet (appendix XXIII), it i~ very 

important to have no gap between the top and bottom plates 

---, l 
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of "the inlet and the butterfly valve. 

Now, when the turbine is complete (appendix XXIV), one has 

noticed, that there are many things to pay attPntion to when 

locally m&nufe.cturing turbir.es. 

There is a vast field for further considerations and develop

ment. For instaace thr~ decreasing efficiency with incr-easing 

head is most probably due to a too big water discharge for 

this size of the housing. 

H~Never this turbine has proven to be a good, simple and 

relie:..ble machine, if carefully manufactured. 

6. Conclusions 

Water power is nothing new to industri2lised countries. Today 

discarded penstock pipes and turbines can be seen standing at 

the backyard cf houses. But the know how ·c.o build such sirr.i:;:...e 

and reliable machines has been lost. It.must be learned again 

how to build small hydro plants in a way that they can run 

economically. Foreign manufacturers are in possession of mini 

hydro turbine designs. But they are costly, sophisticated and 

complicated to manufacture. 

On top of th&t, fort:ign manufci.cturers are reluctant to provide 

their designs and knowhow, because they are anxious to keep 

their standard of producti0n, because they would be responsible 

for the specifications, because of their investment cost in 

thP. design, developmen~ and testing of their equipment and 

because of their profit. 

However aome of the rep~ted manufacturers are ready for 

different kinds of collaboration. But their services and 

inform~tion have to be paid for ~t consider8ble fe0s. 

Nevertheless it has been proven, that locc.il turbinP. manu

facturing is pos:;ible. One of the biggest prohlems is to 

get suitable designs, techniceil ::u;sistance and practicable 

technology transfer. 

SKAT, among a few other institutions is di~seminating infor

mation on existing experiPnce in this fiPlr]. As interest in 

small hydro- power grows, there is a need fer inc!'eased activi.

ties and for tr is, ri:- lP.veint organir,at ions hnVP to be s trength,.nd. 
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Variable Turbine Width bo 
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800 °C 

x 
x 
v 

600 °C 

Appendix V 

Take 2.51Dftl M.S.nheet and shear it 

ott accord1J18 to requirad si?.e. 

0 Heat the sheet up to BOO c. 

Roll it care!ully. 

Check.liether the blade io t•isted. 

It so correct it. 

Pack the b!ades singly,as shown, in a 

metal box with ca.at iron chip etut!ed 

all around th&m.Heat the b~x ~ni!orml~ 

trom all sides up to 600 °c. 

Let ~t cool in air by itself. 

Maku the edge protilft by tiling 

accord1118 to the drawing. 

Let the other end ot the blade be aa 
1 t 1•. 
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Appendix VI 
t<U 1 un LJl~v rl'\oruvl'\l IUl'L 

/ ..... , 
/ . \ 

~·+I 
' I ......... / 

© 
• 
© 
$ 
$ 

~ 

--(} 

~ 

!Tepare mild steel sheet according to 

measurements ( 411UD. thick by 210 x 210 ) • 

Mark centre and draw a circle 

ot ~ 205. 

Cut the tour edges ott by shearing. 

Bore a hole ot ~ 50.5 in the centre. 

Use disc holder to put together 10pcd. 

Mount it on Lathe as ehovn and turn to 

91 205. 

Apply quick drying glue throughly on 

back oida of the paper jig.Stick it 

on the alee.Make sure the paper jig 

coincides with disc.Preas all over 

and let it dry. 

Centre punching. 

Drilling ( ~ 3 ). 

It necesoary do aott annealin& at 
Temprature ot 600 °c. 
Make elote vith alitin« •aw aacbine. 

Pinieh by t111nc.Atleaet 2pc1 at a time. 

l 
I 
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Place the middle J~sc in ~osi

tion. Do ta~k velclng from both 

~i~es.Ch~ck the axis o! +.he 

disc should be 90° to the axis I o: the shaft.Mak• full veld111f:. 

Place the outer discs i:i posi

tion. Insert the olades in the 
slote.l'lake eu:fe that the filed 

dege profile falls inside. 

( See drawing ) 

Do tack welding of the blades 

on the outer disc and outer 

disc on the rotor (as shown) 

trom out side only. 

Mount it on lathe and check ; 

a) Tiiso should be 90° to the 

axis of the roto~. 
b) The blade ehould be parallel 

to the axis of the rotor. 

If it is alright place the ro 

tor Yertically up (as shown) 
on a drum or a sptoially made 
table with a hole big enough 

to put the shaft end thruogh. 
Continue welding from out aide. 

only and alternately {ae shown) 

l 
I 
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-~111m1rs 

Appendix VII! 

Turn eacheide up to 20 mm 

frcm the middle disc to ¢ 2G2. 

Reoove burr which may otstruct 

welding rod. 

Kake full welding on the 

middle &1ec alternatively 

opposite aide of th~ disc. 

Turn the rotor shaft to ¢ 50 

FRcing off 

Turn the rotor 

~ ot 200. 

Turn the rotor 

to tinal 

100° to 

carry on turning and facing 

of the other aide, 
nemove burr from rotor blade 

I • 
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~I P_o_s__Jj._P_c_s~l _o_E_N_o_M_1N_A_r_1o_N ____ -!_DRAwr•:G N UM a ER I SPECIFICAT ro'l Append ix I}( 

I 
1 ROTOR SHAFT T3/08/C1 M.S.ROD ~2~150.8)Xb~S7C 
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