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Preface. 

The immediate cause for the writing of this baaklet was the 

seminar on machine tool maintenance to be hel~ at Bandung 

in february 1973. The writer had aften thought of writing 

such a book as this it proved, however, to be very difficult 

to find time to do so until a sound reason and a compulsary 

delivery date left no choice buttostart and finish the job. 

Since almast twenty years now the art of rebuilding machine 

tools and the school ing of men tomaster this fine art have 

fascinated the writer. 

He earnestly hopes that studentsof all grades may be inspired 

by the subject and wil 1 find satisfaction in mastering the 

requisite skilis tobring the noblest of machinestotheir 

deserved perfection. 

Prof. ir. C. de Beer Eindhoven, 5 december 1972. 
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Introduetion 

Especially in such countries where no machine tooi industry 

exists, as in the Netherlands and in most developing countries, 

very few or even no skilied craftsmen with experience in the 

delicate art of machine tool building are available. As a 

consequence maintenance work very often is carried out in a 

wrong way, with the effect that machine tools generally suffer 

more from maintenance than from use. 

lnformation with respect to the specific skiiJs and methods, 

required for proper maintenance,is therefore badly needed. The 

number of books on the subject is extremely 1 imited, however. 

The reason for this undoubtedly is the fact that the art of 

machine tool building is practised insmallor medium sized 

factories which have their own apprentice scheme for the highly 

special ized crafts. 

As far as the technology of machine tooi building in large 

numbers is concerned, an extremely valuable book is the one by 

B.S.Balakschin:''Technologie des Werkzeugmaschinenbaus" (Lit. 9). 

Rebuilding or reconditioning problems are not discussed, however. 

Much information on the subjects of the organisation and the 

administration of the maintenance department is to be found in 

the books by Swärd:"Machine Tooi Maintenance 11 (tit. 1) and Porritt 

and Litton: "Machine Tooi Maintenance and Rebuilding 11 (Lit.2). 

Both books, but especially the part written by Litton in the last 

one, contain useful practical information on methods of overhaul ing 

and repairing. Three comments have to be made, however. For one 

thing, the methods are basedon the assumption that the maintenance 

department can make a 1 iberal use of grinding machines, even for 

large parts, such as lathe beds. Although a quite reasonable 

assumption in large companies with a well equipped maintenance shop, 

this is not realistic in smaller companies or indeveloping 

countries. In the second place, many of the methods described wiJl 

not be adequate to ~ttain the qua! ity standards of the Schlesinger's 

tests after rebuilding. Finally, although many cases are described, 

theoretica! foundations underlying the cases are not expl icitly 
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stated. Relevant theoretica] knowledge should permit one to find 

the right answers to specific problems more easily. 

The last observation more or less appl ies also to the excellent 

book by Connel ly: 11 Machine Tool Reconditioning 11
, which is the 

best book on hand seraping and its appl ications written until 

to-day. lt contains a wealth of information on the seraping process 

and on all tools involved in lts execution, which the reader should 

consult in addition to the rather condensed and superficial treatment 

of the subject in this book. 

lt is felt, however, that these is a need for more theoretica] 

knowledge, which should permit the rebuilder to decide in a 

systematic way how to attain the desired results. Experience has 

shown that, in setting up a training course for craftsmen for 

the reconditioning of machine tools, a close cooperation between 

theoretically schooléd engineers and practical ly skilied mechanics 

is extremely useful, if not a condition for success. The book 

presented here is intended to be used for the purpose of bringing 

about such a cooperation. lt contains only such information as is 

specifically relevant tothereconditioning of machine tools and 

assumes that normal theoretica! knowledge and practical skills 

of machine building already have been mastered by the student. 

A word or two about the selection of students may be in place at 

this point. Arebuilder of machine tools has to be a methodical 

man who can improvise, without ever violating a large number of 

strict rules. He has to be physically healthy and streng, at the 

sametime he has to be intelligent and of a tenacious nature. He 

should not hesitate to repeat a large amount of work which he has 

just finished but which has not produced the results desired. He 

should never be satisfied with his work, unless it comes up fully 

to the specified standard of accuracy. 

These mechanics whotake the trouble to acquire the knowledge and 

the skilis required, will find infinite satisfaction in restoring the 

most beautiful and noble productsof the mechanica! arts totheir 

original accuracy, or even to a higher degree of precision. 
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Chapter 

Geometrical accuracy. 

Specificatiens of geometrical accuracy of machine tools are to be 

found in a number of Standards (ISO, BSA, Schlesinger, DIN, Salmon). 

Although differing slightly, any one of these standards may be used. 

The oldest, but still widely used ene, is the Schlesinger standard 

for testing machine tools (Lit. 4). lt should always beat the 

disposal of the worker maintaining ar overhauling a machine tooi. 

A superficial look at the standards will give the impression that 

most of the requirements aim at obtaining almast perfectly truê·planes, 

straight guideways, co-axial centerlines, parallel surfaces etc., 

to ensure geometrical precision of the workafter finish-machining. 

Tolerances of 0,01 mm and 0,02 mm/m, are frequently mentioned and 

these tolerances are at least smaller than these in 11norma1 11 

machines by a factor 10. 

For three reasons, however, the machine tooi, as a completed 

assembly, has to deviate from the seemingly required geometrically 

perfect shapes and sizes. These reasans are: 

- the occurrence of temperature differences in the eperating machine tool; 

- the effect of distarting farces due to the weight of the werk, 

to the process itself and to the clamping of tool and work; 

- the occurrence of wear at different rates in different places 

during the 1 ife of the machine tool. 

Temperature effects. 

When a machine tool is running, either idle ar under load, a certain 

amount of power is used for overcoming friction in the transmission 

from motor to spindle. lt is nat unusual to find that 1 or 2 kW are 

"lost ' ' in the gear boxes and bearings. This power, of course, is 

converted into heat, raising the temperature of the machine in the 

region of the heat source. In a lathe, for instance, a fairly normal 

temperature of a headstock may be 60°C which may be 30° or 40°C 

higher than the t emperature of the tailstock. 
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lf the headstock is made of cast iron and the center-height of 

the lathe is 200 mm over the guideways, a temperature difference 

of 30°C will raise the spindie center! ine 30 x 200 x 10-5mm = 0,06 mm 

(coefficient of 1 inear expansion for cast iron : 10-5mm/mm,°C) 
I 

in relation to the center! ine of the tailstock. 

Since in Schlesinger's tests the maximum difference allowed between 

these center! ines in the vertical plane is 0,02 mm 11 in the state 

in which the machine is used'', temperature differences evidently 

have to be considered in advance during assembly. 

In order to be able to take this into account during assembly, it 

may be necessary to takesome measurements of the machine tool while 

in use, befare it is disassembied for overhaul ing. 

Distarting Farces. 

Such deformations that cause a relative displacement of the tooi 

in a direct~on perpendicular to the machined surfaces of the work, 

have to be restricted or avoided in machine tools. The process 

itself, however, unavoidably gives rise to farces in that direction. 

Since stiffness of machine tools usually is of the order of 5.10 7 N/m 

(or 0,01 mm per 50kgf), it is evident that even finish operations 

may cause distortions of the same magnitude as the tolerances in 

Schlesinger's tests. This is the reason why, for instance, the 

centerline of a lathe's spindie in Schlesinger's test is allowed 

to point towards the front of the lathe (max. 0,02/300 mm) and nat 

towards the back. 

The same kind of asymmetrical tolerances have been incorporated in the 

Schlesinger standards to compensate distortionscaused by the work's 

weight. 

Wear. 

Some parts of a machine tooi are used frequently, whereas other 

ones hardly ever move. Wear will therefore be unevenly distributed 

over the parts. In a· lathe the tailstock will be moved fairly 

aften (for clamping the piece, for dril! ing, tappingor reaming) 

whereas the headstock remains fixed to the bed. The tailstock~s 

base plate, resting on the bed guideways, wil! show wear aftera 

certain time, causing the tailstock~s center! ine to move downward. 
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This is the reason why, in Schlesi~ger's book,the tailstock's 

centerline (as stated before: 11 in the state in which the machine 

is used") is allowed to be higher, but not lower, than the headstock's 

centerline -the maximum allowable diff~rence being 0,02 mm fora middle 

sized lathe. 

lnterchangeable manufacture 

The well known and wide-spread method of interchangeable manufacture 

consists in independent production of parts and components withln 

speelfled tolerances, foliowed by assembly. During assembly nothing 

else is done than merely mounting the parts together: provided that 

all critica] dimensions fall withintheir tolerance-zones, a perfect 

assembly will be guaranteed. 

Specimen of products that are interchangeably manufactured are: 

rifles and pistols, sewing machines, cars and most products of 

metal working industries. 

Up till now it has notbeen possible to interchangeably manufacture 

machine tools. Of coursesub-assemblies like gear boxes, headstocks 

etc. may be manufactured that way, but sl ides, saddles, slideways 

· and the fitting together of all sub-assembliès toa complete 

machine tool requires adjustments of individual parts to make them 

fit into the completely assemblad machine. 

lt is easy to understand why this is so. We have already seen how 

extremely small the tolerances in machine tools are. The fact that 

these small tolerances are prescribed for dimensions which result 

from the mounting of large numbers of parts, impl i es' that the very 

tolerances for such parts even have to be much smaller in the case 

of interchangeable manufacture 

lf we take the before mentioned case of the coaxial ity of main 

spindie and tailstock in a lathe, we should remember that the 

following parts have dimensions which determine the relative 

positions of these centerlines in the assembly: 

In the usual type of lathe, for instance, we find: 

1. main center; 

2. main spindle; 
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3. inner ring of a ro 11 er bear 1 ng; 

4. ro 11 ers; 

s. outer ring of the ro 11 er bear i ng; 

6. casting of the headstock; 

7. bed on which the headstock is mounted and which functions as 

a base for the tailstock; 

8. base-plate of the ta i 1 stock; 

9. tailstock casting; 

l 0. tailstock spindle; 

11. de ad center. 

Evidently, to be certain that a toleranee of 0,02 mm is respected, 

an average toleranee of 0.02/11 = 0,0018 mm = 1,8 ~m is imperative. 

Forsome parts this will be no problem (rollers), ether parts 

cannot possibly be produced withinthese extremely smal! tolerances. 

In Chapter 5 a number of ways to solve the assembly problem will 

be di scussed. In any case, however, i t wi 11 be necessary to make 

slight changes in the dimensions of some parts by removing metal 

from carefully selected surfaces. The skills, required to do this 

with purpose and precision, will be discussed in the next chapter. 
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Chapter 2 

Specific tools and skills. 

Over and above the training of a skilied mechanic, the builder of 

machine tools needs some specific skills to carry out necessary 

adjustments and corrections during assembly. 

These specific skills are: 

1. Producing true planes or surfaces on metal; 

2. Producing accurate slideways for sl ides, saddles etc.; 

3. Determining the right sequence of assembly and adjustment. 

In this chapter only the first of these skills will be discussed, 

the other ones being treated in chapters 3 and 5. 

Producing true planes. 

The first to produce true planes on surface plates was Henry 

Maudslay, whowas born at Woolwich in 1771. He may have used a 

method already known, but he was the first to apply the method on 

an industrial scale. What he did was: taking three square surface 

plates A, B and C, rubbing them one over the other with grinding 

powder, mixed with oil, between in such a way that finally A and .B, 

B and C and C and A made a perfect contact when put on one another. 

lt will be clear that all three surfaces have to be perfectly plane 

when they fulfill this condition, provided that the contact remains 

perfect when the one is being rotated in relation to the other one. 

The process had its disadvantages, since the grinding powder quite 

naturally diffuses irregularly over the surface, it accumulates 

into the ''va11eys 11 and is rubbed off the high points where it is 

supposed to do its work. Mr. Joseph Whitworth, in 1840, published 

an impravement on the grinding process by introducing hand scraping. 

Since 1840 the seraping process has been perfected and it has become 

the only feasible way for making true planes of high or highest 

accuracy on metals up to the present day. Only recently grinding 

machines have been brought to such a perfection that metal surfaces 

in machine tools, on sl ideways for instance, can be finished by 
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grinding. In fact the introduetion of hardened sl ideways was 

possible only after the grinding machines were developed, since 

evident;ly it is impossible to hand scrape a hardened surface. 

The hand seraping process is the most powerful skill of the 

machine tool builder. Appl ied with dexterity and patience it 

affords the making of extremely accurate true planes, ideally 

suited for bearing surfaces on slides and ~uideways. The process 

consistsof two different steps that are alternately repeated 

until the desired result is reached. 

The first step is: measurement of the surface shape, the second 

one: removal of excess material from the surface. 

Measuring surface shape (spotting). 

This measurement is made by applying the work in hand with its 

surfacetoa surface plate, that has been covered with a so 

called marking medium (red or blue oil paint). The workis two 

or three times careful ly rubbed back and forth over a small 

distance of 20 - 40 mm. 

Friction will cause the high spots to be marked by transferred 

paint. The marked places necesssary 1 ie in the same plane and the 

number of marked places is therefore an indication of the qual ity 

of the scraped surface. 

lt is essential, however, that it is ascertained that the surface 

is not convex. 

A sl ightly convex surface, for obvious reasons, will show a 

large number of marked places that are not in the same geometrical 

plane, however. This is why a sl ightly concave shape must be given 

to the surface in the seraping operation. In german 1 iterature a 

classification of scraped surface qual ity is mentioned which seems 

useful. 

Class I Finish scraping: 22-24 marked points per 

square inch. This qual ity is required for 

surface plates, straightedges and similar 

tools and sl ideways of accurate machine 

tools. 
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Fine scraping: 10-14 marked points per 

square inch. This is for slideways of 

medium size machine tools or for narrow 

slideways of large ones . 

Light scraping: 6-10 marked points per 

square inch. This is for wide sl ideways 

of heavy machine tools. little used sl ide

ways and tabletops of accurate machine 

tools, if these cannot be planed. 

Rough scraping: 3-5 points per square 

inch. Used for mating surfaces of 

components that are bolted together, 

table tops of large machine tools. 

Hand planing: 1-2 points per square 

inch. Used on large surfaces that remain 

bolted tagether during the entire life 

of a machine tool, e.g. columns of 

boring or milling machines etc. 

lt is very us~ful to have a piece of carton at hand with a 

square hole,l x 1 inch size, cut out. To judge the quality of 

a scraped and spotted surface the carton is put in a number of 

different places on the surface and the points are readily counted. 

lt will be understood that the amount of paint, appl ied to the 

surface plate, varies with the requisite accuracy of the measurement. 

For an evaluation of a class IV or class V surface, the paint must 

be appl ied rather generously. 

A class I surface, however, requires a surface plate with only a 

thin paint film, evenly distributed with the aid of a piece of 
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leather. 

Befare applying the work to the surface plate the chips are 

brushed off(with a brush, not with the hands or with a cloth!) 

and burrs are removed by rubbing with a worn file or an old 

roller bearing ring. 

When spatting a piece of work, only a sl ight back and forth motion 

should be appl ied to it and care has to be taken to make sure the 

scraped surface is concave. This immediately can be checked by 

rotating the work over the surface plat~. The effort needed for 

the rotation is, understandably, considerably reduced when the 

work is convex. 

Seraping tools. 

Seraping is a cutting operatien performed with the aid of a 

hand tooi. Fig. 1 gives a picture of various hand tools, used 

for seraping metal surfaces. Same of the tools are provided 

with HSS tips, some with tooi steel tips and some with sintered 

carbide tips. Any one of these may be used on cast iron or bronze 

surfaees. Seraping of steel, however, usually is nat done with 

sintered earbide serapers. 

Fig. 1 Seraping tool s ; from l ef t to riqh t : tooi stee l 
high speed steel and hard metal 

The shape of the tooi tip is different for cast iron and bronze 

or steel. Fig. 2 gives an indieation of a suitabl e geometry of 

tooi tips for di f f e rent appl ieations. 
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e=-0-- Tool steel for 

cast iron and 

bron ze 

Sintered Carbide 

for cast iron and 

0-10°~ bronze 

~ I [ HSS or toa l steel 

for steel 
60° 

10~ 

Fig. 2 Geometry of seraping tool tips 

Tool tips are ground on a suitable grinding stone, the last 

passes being made with great care to attain a fine finish with 

the least damage to the cutting edges. Afte r grinding the 

finishing touch is given by handhoning on an Arkansas oil-stone 

(Fig. 3). 

Fig. 3 Arkansas 11Mi ss i ss ippi 11 oil s tone , kept in 
a waoden case soaked in oil 
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The purpose of honing is to get a mirror finish on the planes 

forming the cutting edge, so that this edge is completely smooth 

and without irregularities. This is especially important for fi ne 

and finish scraping, since any dent in the cutting edge will leave 

a trace on the finished surface. 

The seraping action. 

The seraping action is effected by placing theseraper on the 

work and pushing it forward, at the same time applying a downwa~d 

force on the seraper shaft. The result is: chip formation at the 

cutting edge and thus removal of material from the work. The 

seraping action should be a smooth one, each stroke immediately 

following its predecessor (Fig. 4) and leaving an oval mark on the 

surface, due to the rithmic variatien of the downward force during 

the stroke. In the case of rough serapingor planing, long strokes 

are made (100 - 200 mm) whereas during fine and finish seraping the 

lenght of stroke is gradually diminished until strokes of about 5 mm 

are made. 

---- - ----
/ 

/ 
l 

' ...... .. 
,-- ....... 

/ \ 
I I 

Fig. 4 

Movement of seraper and consequent seraping marks; 

top; handplaning, bottom:f i nish seraping 

When pushing the seraper along the surf ace of the work, the cutti ng 

force has to be overcome. lt is very hard to exert this force 

through hand- and arm muscles only. Skilled serape r s e ffectivel y 

use the mass of th~ir whole body, supporting theserape r with hip, 

elbow or s houlder. Each of these stances has its applica tions, 

depending on the size and shape of the workandon the position of 
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the surface to be scraped. The stance with the seraper supported 

by the hip is best for seraping horizontal planes. (Fig. 5). 
In this case a braad handle should be fitted to the scraper. 

Fig. 5 The seraping action demonstrated 

The seraping operation. 

No surface is scraped in one pass only. Even hand planing requires 

from 3 to 5 passes and the finish seraping of a surface will be 

completed only after some 20-25 passes have been made. After every 

pass the work is spotted on the surface plate to get information 

about the shape of the surface and the number of points per square 

inch. lt is advisable to make each pass in a direction perpendicular 

to that of the preceding one, because it makes the strokes stand 

out more clearly on the surface. The amount of metal removed from 

the surface varles between 8 - 10 ~m per pass for planing and 

2 - 3 ~m per pass for finish scraping. A surface which has to be 
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finish scraped will needan allowance of about 0,1 mm, whereas 

planing hardly alters the size of the workso that in most cases 

no allowance is needed. An idea of some properties of scraped 

surfaces is given in Table I and Fig. 6. 

Table I (from Lit. 6) 

Class Name Number of Allowance Number Depth tri me in min. 
points per in mm of of for plane 
square passes val l eyc 100 x 200 mm 
inch in 1-1m cast iron 

I Finish seraping 22-25 0,08-0,12 20-25 3 11 0 

11 Fine seraping 10-14 0,07-0,10 14-18 3.5 90 

lil Light seraping 6-10 0,05-0,08 10-12 4 70 

IV Rough seraping 3-5 0,03-0,06 6-8 4,5 40 

V Hand planing 1-2 0,01 3-5 5 35 

Fig. 6 Contour 1 ines of class I (finish scraped) surface 

2 
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lf a surface is worn and has to be reconditioned by hand scraping, 

the use of a hard metal seraper for the first pass is recommended. 

The worn surface layer usually has become extremely hard and therefore 

it is difficult to hand scrape with a tool steel scraper. lf, on 

the ether hand, a worn surface is to be machined prior to hand 

scraping, the use of a planing machine is to be preferred over 

the use of a mill ing machine. A coarse feed (from 5-lOmm per stroke) 

should be used with just enough depth of cut to 11clean11 the surface. 

Grinding should be done only if a quality can be attained which 

makes hand seraping superfluous. 

Properties of scraped surfaces. 

The fact that a large number of points of a surface lie, within 

a margin of~ 0,1 ~m, in a geometrically perfect plane is nat the 

only important quality of a scraped surface. The shallow valleys 

around and between the high points have a most important function 

in all these cases where one surface is meant to slide over another 

surface. The 11pockets 11 are filled with oil when the assembly is 

properly lubricated, and the si ightest movement will generate 

pressure in each and every pocket of the surfaces. The combined 

· effect of this hydrodynamic action is a slight 1 ifting of the rnaving 

surface, preventing metal to metal contact between the two surfaces 

and consequently greatly reducing wear. Since every motion has to 

start and to stop, however, wear cannot be avoided completely. The 

wear rate ls different for the five classes of scraped surfaces: 

the larger the number of points per square inch, the slower the 

wear rate. For this reasen it may be advantageous to provide that 

part of a surface where a higher wear rate has to be expected with 

a higher quality finish. A si ideway, for instance, may support a 

slide which wiJl frequently be movedover a 1 imited part of the 

sI i deway and on l y now and then over the who Ie l ength. In that case 

a class I finish may be applied to the intensively used partand a 

class 11 or even class lil finish for the rest of the sl ideway. 

Seraping of bearings. 

As well as it is possible to scrape a surface to fit a plane surface 

plate, it is also possible to scrape a surface to fit a cyl indrical 
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shaft. Of course tools have to be used that are specifically suited 

for the purpose (Fig. 7). In the case of bearings for main spindies 

in machine tooli, this eperation cannot be done without. A 

description of the methad for making properly functioning main 

bearings for spindles, wil 1 be given in the next chapter. 

.. . ~ 

' ' I ' ' 

· .. · • 

•'. 

Fig. 7 Seraping tools for bearinqs, top: 
triangular scraper, bottom: spoon shaped seraper 
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Chapter 3 

Typical machine tool elements. 

Since all relative movements between tool and workin machine tools 

are accomplished by a combination of (1 inear) translations and 

rotations, it is evident that the two most important types of 

elements in such machines are: 

1. Zinear sZideways~ providing translations as near as possible to 

perfectly straight 1 ines; 

2. circuZar slideways~ effecting rotationsaround well defined axes. 

Linear sl ideways. 

In most machine tools 1 inear sl ideways consist of two parts that 

perfectly fit each other. The mating surfaces are usually planes. 

One part is provided with the langer planes, determining the length 

of travel of the shorter second part. The first part is named: bed, 

the second ' one: sZide. 

In many cases ai·l mating surfaces are hand scraped. When surfaces 

of sl ideways are ground it is always on the bed only. In that case 

the mating surfaces of the sl ide have to be hand scraped in order 

to fit the bed. 

The steps in hand seraping a linear slideway are to scrape the 

surfaces of the bed first and to use these surfaces then as a 
11 surface plate11 for spatting the mating surfaces of the slide. 

Making the guiding planes of the bed, therefore, is the main problem. 

Seraping a bed. 

The guiding surfaces on a bed are a combination of long and 

relatively narrow planes, al 1 of which have to be accurately parallel 

to the direction of translation. A cross-section, perpendicular to 

this direction, will . show the same pattern of guiding surfaces at 

any point along the bed. Some common designs of beds are shown in 

cross section in Fig. 8. 
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indicate gulding surfaces 

Fig. 8 Typical cross sections of beds 

We now wil l give a step by step description of the methad of hand 

'craping a bed 1 s gulding surfaces. 

Since hand seraping with high accuracy has to be the last operation 

to be performed on a component, we start at the point where all other 

operations on the bed have been completed (repair of damaged spots, 

drilling of holes and tapping of threads, planing or mill ing of all 

surfaces that were badly worn off and had to be repaired, even 

cleaning the underside from paint and restsof concrete). 

1. lf not machined anew, the surface layer of all worn gulding surfaces has 

to be removed by hand scraping. There is no need to strive for a 

certain number of points per square inch, since the only purpose is 

to remave the top layer in which stresses have built up through wear. 

For this purpose hard metal serapers are to be preferred, the top 

layer being extremely hard. Remaval of this stressed layer results 

in a deformation of . the bed, therefore all worn surfaces have to be 

treated that way befare more accurate hand seraping is applied to 

any surface of the bed. 



- 19 -

2. One of the guiding surfaces is hand planed with the aid of a 

suitable straightedge for spottlng.There is noneed to check the 

position or orientation of the surface accurately~ the purpose 

at this stage is to make a plane surface with 3-5 points per 

square inch, as nearly parallel as possible to its original 

position. 

3. A second guiding surface is chosen, which has to fulfill two 

conditions: 

- it should be near the first, already hand planed one; 

- it should make a sharp angle, preferably 90°, with the first 

one. 

This second guiding surface, when hand planed, intersects the 

first one in a straight 1 ine: the direction of the slideway of 

which the first and the second surface form part. lf the slideway 

has to have a well defined position in relation to an already 

existing other element of the machine tool, for instanee if the 

slideway has to run parallel toa spindle axis which already has 

been positioned and cannot be changed, the positions of the first 

and the second surface will have to be changed during the 

execution of the next step (4). 

4. Since the direction of the sl ideway now has been established, all 

other guiding surfaces have to fulfill the condition that they 

run accurately parallel to this direction. This is done by 

hand planing, making requisite measurements according to ISO R 230. 

Usually a third surface is provisionally scraped and measurements 

are made with the use of a measuring device which is kinematically 

supported by the first, the second and the third surface and 

which is equipped with a spirit level to register any unwanted 

rotatien during the course of the device along the sl ideway (Fig. 9). 
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ba ll 

2 ba ll s at 
each si de 

Fig. 9 Measuring device carrying spirit level 

The third surface having been scraped parallel to the direction 

of the slideway, every additional guiding surface can be measured, 

using the measuring device and a rigidly supported suitable dial 

gauge placed on it. (Parallelism with a spindie axis may now be 

verified the three guiding surfaces being re-scraped if necessary). 

5. Then all guiding surfaces of the slideway are hand scraped to the 

accuracy of class I or class I I scraping, depending on the type 

of machine tool and on the accuracy of the slideway. 

6. The mating surfaces of the slide are hand scraped, using the bed 

as 11 surface plate 11 tospot the slide 1 s guiding surfaces. 

Two points have to be observed, however: 

The first oneis toperfarm all the other operations on the sl ide 

befare the mating with the bed is undertaken, including the remaval 

of the surface layer of all guiding surfaces of the slide by hand 

scraping. 

The second one is to use the utmost care in cleaning all surfaces 

befare spatting on the bed. Any hard partiele between slide and 

bed may cause scratches in the guiding surfaces of slide or bed, 
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ruining hours of work. 

7. Insome cases -especially when there is no possibility to use 

a planing machine- one may use the slide to plane additional 

surfaces with the aid of a planing attachment fixed to the sl ide 

(Fig. 10). 

Fig. 10 11Planing by hand'' (Omission of the wipers 
led to disaster!) 

Especially in this case the danger of darnaging the gulding 

surfaces of bed or sl ide is present. Therefore this operatien 

should never be performed, unless protecting wipers have been 

mounted on the sl i de and every other preeautien has been taken 

to prevent dust from entering between slide and bed. 

Seraping a dovetail sl ideway. 

A special case of sl ideway is the dovetail sl ideway, which therefore 

requires separate treatment. 

Although seraping of the bed may be accomplished as described before 

in many cases a different procedure wil! be more advantageous, 

namely in such cases where the lengths of bed and sl ide are about 

the same. Then it is preferabie to use the method illustrated in 

Fig. 11: 
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Assembly 
I bed 
11 s l i de 
I I I tapered gib 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Planinq sl i de surfaces A, 
spatting on surface plate 

Planing bed surfaces B' 
spatting with slide 

Planinq bed surfaces C and L), 
spatting with straight edge 

Planing slide surface E' 
spatting on bed (C) 

Fitting tapered gib. 

reconditioning a doveta i 1 slideway 

1. The surfaces A of the sl ide are hand planed, spatting on a standard 

surface plate. 

2. The surfacesBof the bed are hand planed, the slide being used 

as a 11surface plate11 for spatting. The design of the sl ide 

incorporates an adjustable insertion shaped as a tapered gib or 

a straight jib with trapezoid cross-sectien -the first one to 

be adjusted by a longitudinal displacement, the secend one by a 

row of balts (Fig. 12).When the insertion is taken out, there is 

room for the sl ight movement of the slide over the mating surfaces, 

necessary for spatting. 
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Gib strip 

direction of 
adjustment 

Fig. J2 Typical designs of gibs 

Tapered gib 

direction of 
adjustment 

3. Next,dovetail surface C of the bed is hand planed, using a 

straightedge with suitable triangular cross-section. 

With the seraping of C the direction of the slideway is 

determined ana, if this direction has a relation tosome other 

part of the machine (for instanee a main spindie or some other 

slideway or gulding surface) suitable measurements should be 

made. Placing an accurately ground cylinder in the dovetail 

facilitates these measurements. 

Next the dovetail surfaceDis hand planed in the same way and 

with the same tools, measuring parallel ism to the slideway 

direction with a micrometer over two cylinders placed against 

the dovetails (Fig. 13). 

Fig. 13 Measuring para llism of dovetail 

Alternative ly a kin ematica! meas uring device may be employed. 
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4. Using dovetail surface C as a surface plate for spottinq, 

surface E of the slide is hand planed and, together with the 

surfaces A, B, C and D, hand scraped to a class I or I I finish. 

5. The last step now is the fitting of the qib or the trapezoidal 

insert. The operations on the last mentioned element are obvious: 

it should be hand scraped to fit surfaces B and Dof the bed. 

The tapered gib is harder to make, but the design is far superior 

from the functional point of view. 

A summary of the operations to make and fit a tapered gib is as 

fellows: 

1. A new gib is made by takinga piece of cast iron, bronze or 

mild steel and machininq all sides on a shaping machine. The 

lenght and width should be such that, when inserted into the 

assembly prior to fitting, the ends should protrude from both 

sides, very little on the small side and at least one third on 

the large side. 

2. The next step is to hand scrape the surface G (Fiq. 12) which 

will rest against the slide and which will stay in a fixed 

position in relation to the slide. In order to be able tospot 

the gib on a surface plate, it is slightly bentso that the surface 

to be scraped is concave. The gib being extremely elastic, great 

care has to be taken not to deform it when spatting on the surface 

plate. 

At the same time the mating surface of the sl ide has to be hand 

planed. 

3. Seraping of the guiding surface F on the gib the surface that 

will contact the bed and will glide along it when the sl ide is 

moved, takes place next. Spotting is effected by painting the 

surface D (Fig. 12) of the bed and carefully inserting the gib 

into the assembly, after which the sl ide with the gib is sl iqhtly 

moved to and fro . along the bed. lt is essential that al ignment 

is assured by the other dovetail durinq this movement. Gradually, 

by seraping surface F, the gib is fitted into its place until it 

shows centacts ov~r its entire lenght. 
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4. The final step is to cut off excess lenghts at both sides and 

to mill or shape a slot at the large side of the gib at the 

place where the rim of an adjustment bolt has toengage it. 

lt is to be noted that the presence of a tapered gib, or some other 

means of adjustment, is a necessary part of a dovetail slideway, 

which otherwise never could be made to fit properly. When the 

sl ideway is new, the gib permits smal! adjustments in the fit to 

be made. But a gib was never intended to compensate wear of the 

sl ideway. The repair or readjustment of a worn sl ideway therefore 

requires the fitting of a new gib. 

Circular sl ideways. 

In modern machine tools guideways for rotational movement are 

mostly roller- or ball-bearings; in very modern machines hydrastatic 

bearings or air-bearings may be found. In all these cases the 

bearing is designed as a unitand built in according to manufacturer 1 s 

Specificatiens which should be carefully observed. 

In the case where bearings formainspindies of lathes, mil! ing machines 

etc. are of the hydrodynamically lubricated type, much. more special ized 

skill is needed to overhaul a worn bearing, skilis that nowadays 

have aJmost vanished from machine tooi industry. 

Usually these bearings of machine tooi main spindies are bronze 

bearings of the so-called adjustable type: a bronze split bushing 

fits into a conical bere in the housing. Nuts at both ends 

of the bushing permit it to be moved and flxed along the axis of 

the bere causing the bushing to contractor expand lts inner diameter 

(Fig. 14). 



- 26 -

L 
I 

I 

B 

Fig. 14 Typical design of adjustable bearing 

The hydrodynamically lubricated bearing is a well known machine 

element. lt functions admirably, even with widely varying loads, 

at fairly high FOtational speeds. lt is extensively appl ied in diesel 

and cambustion engines, turbines etc. Clearance between hole and 

shaft is usually of the order of 1°/oo of the shaft diameter. 

In machine tools, however, rotational speeds vary over an extremely 

wide range, low speeds under heavy loads occurring now and then. 

Also, fairly narrow tolerances are prescribed for the position of 

the axis of a main spindle: e.g. 0,02 mm. A clearance of 1°/oo for 

a 100 mm main spindie amounts to 0,1 mm, which of course is much 

too large for a machine tooi bearing, in view of the 1 imited 

position toleraneer 

Forthese reasons the design of the bearing has to be drastically 

altered. This is effected in two ways: 

-clearance is reduced to 0,1 or 0,2°/oo of the shaft diameter; 

-a large number of oil pockets (shallow recesses) is made in the 

bearing wal!, each one generating hydrodynamic pressure even at 

very low speeds. 
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All this has lts effect upon the procedures of making or repairing 

such bearings. 

Overhauling adjustable bearings. 

In machine tools the main spindie always is supported by at least 

two bearings. When overhaul ing adjustable bearings it is, therefore, 

imperative to guarantee perfect alignment of these bearings. This 

always implies that the bearings should have one common center ll ne, 

but in many cases a consequence is also that this center line 

should have a prescribed direction in relation toa datum plane or 

- 1 i ne. 

A second requirement is: reproduetion of the posit ion of all 

components after repeated disassemb l y and assembly. Seraping i s 

carried out outside the machine tool with the bearing mounted in a 

special conical fixture which is being held in a bench vice. 

For spatting (with the spindle) the bearings have to be mounted in 

the machine tool. For this reason bath spindie and bearings will 

have to be assembied and disassembied a number of times. lt is 

essential that all parts are always in exactly the same place and 

the same position when mounted. 

Without going into excessive detail, the overhaul of an adjustable 

bearing may bedescribed as follows: 

1. The spindie is repaired first. lf 1 ittle wear has occurred, 

regrinding will be all that is needed. lf considerable wear is 

found, or when the spindle 1 s surface shows cracks, however, rough 

turning and chrome plating or metal spraying may be in order, 

foliowed by grinding. A sleeve pressed onto or shrunk upon the 

spindie sametimes is an alternative for metal spraying or chrome 

plating. 

When grinding the spindl e , s pecial care s hould be ta ken to grind 

the axial locating shoulder on the spindie in the same setting. 

lt should be accurately perpendicu lar to the spindle 1 s center line . 

The same appl ies to the locating collar on the main bearing, which 

s hould be perpendicular to lts center line also. Only when these 

conditlens are fulfilled no axial 11cam action 11 of the spindie 
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will occur. 

2. Both bearings are checked for size and, if necessary, renewed. 

The fit of the bearings in the housing is ascertained by spatting 

and, if need be, improved. All parts are marked in such a way 

that they can be re-mounted in their proper places. The bearings 

should be secured against rotatien about their center 1 ine. 

A wooden strip is fitted, into the bearings' axial slit. This 

may be exchanged for a steel one in step 4, just prior to the 

last seraping passes. 

3. Next the insides of the bearings are scraped to fit the spindle. 

The latter is covered with a marking medium, generously in 

the beginning but sparingly in the end, and mounted in the 

assembly. After tightening the bearings the spindie is moved for 

spatting. At the same time measurements are made to check the 

position of the spindle's center 1 ine in relation toa datum 

plane or -line if necessary. The seraping proper is carried out 

after disassembly of the bearings. 

4. When the number of high spots in both bearings has been brought 

up to 20 per square inch, the seraping of "oi 1 pockets" has 

to be undertaken. With a special seraping tool (Fig. 7 and 15) 

a large number of oil pockets now has to be scraped into the 

bearings' inner wall. The spoon-] ike seraper has to have 

extremely smooth cutting edges, honed toa mirror finish. The 

direction of seraping makes an angle of 45° with the center 1 ine 

the pockets should be about 5 mm long and 1 ,5 to 2 mm wide. 

A chip should be curling up at the end of each stroke. All chips 

finally are removed with a triangular seraper named 11striker". 
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Fig. 15 Seraping "oil pockets" of a bearing 

5. The bearings and the spindle are ffnal ly mounted in the housing 

and the clearance set by adjusting the nuts on both ends of the 

bearings. Housing, bearings and spindle should be perfectly 

clean and a fresh supply of clean lubricating oil should be 

provided. The spindle should notmove easily now. With a 

provisional set-up a 1 i~ht motor is instal led to run the spindle 

with a slack belt at 150 - 200 revs. per minute for 5 or 6 hours. 

Temperature has to be checked regularly: it should be possible 

to touch the bearing without burning the hand. lt is good 

practice to al low for 2 or 3 mm clearance axial ly and to have 

the spindie asciilate over that distance during running in. 

When temperatures of the bearings no Jonger reach abnormal values 

at higher speeds, axial clearance should be set at 0,01 mm and 

all components should be marked, After disassembly fora last 

inspeetion the final assembly can now be completed. 

Since the spindle evidently has to be handled with precision many 

times during overhaul ing, it pays to suspend it from the end of a 

spring attached to an overhead crane or hook during hand] ing. 



- 30 -

Chapter 4 

Kinematica! design. 

In the process of assembl ing and adjusting machine tools, many 

accurate measurements have to be made. A large number of these 

cannot be made without some specially designed measuring device, 

similar to the ones used for testing machine tools (see Lit. 4 
and 5). 

In designing special measuring devices, kinematica! design 

principles should be used wherever possible. These principles 

allow extremely accurate measurements to be made, while using 

only the simplestand cheapest elements to build the devices. 

The principles of kinematica! design have been developed by 

designers of accurate instruments (see Lit. 7 and 8). The principles 

specifically refer to the design of couplings of two elements in 

such a way that, with the minimum number of contact points between 

the elements, a specified set of relative movements is realized. 

To properly understand the kinematica! design of coupl ings, some 

notionsof kinematics have to be explained first. 

Degrees of freedom and constraint. 

The number of degrees of freedom, possessed by a body, is equal 

to the number of independent coordinates required to specify its 

positions with respect toa frame of reference. A body, free to move 

in space, therefore has si x degrees of freedom. I f the frame of 

reference is a Cartesian set of orthogonal coordinates x, y and z, 

the position of a body will be unequivocally specified by stating 

the coordinates x1 , y1 , z1 of a point (1) of the body and the 

coordinates ~ , ~ , ~ , denoting the angles between x, y and z axes and a 
x y. z 

simular set of axes x•, y• and z 1 fixed to the body and with the origin 

in point 1 . 

lf one wants to move the body from an arbitr.ary position to the 

speelfled position, this can be accomplished by successive or 

simultaneous translatlans in x, y and z directions so that point 
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arrives at its position x1 , y1 , z1 , foliowed by successive or 

simultaneous rotations about x, y and z axes, point 1 staying 

in its place. 

In other words: a motion of a rigid body in space may be resolved 

into three translations parallel to the coordinate axes and three 

rotations about these axes, constituting six degrees of freedom. 

lf two bodies are compelled to move in such a manner that they have 

no Jonger six independent relative motions, then they are said to 

be constrained. lf one of the bodies is regardedas a fixed frame 

of reference, the moveable body wiJl be constrained if it contacts, 

with a point of its surface, the surface of the fixed body. 

Every additional constraint produced by contact of a point of the 

moveable body with a surface of the fixed body robs the body of 

one more degree of freedom. 

Now, since every properly chosen constraint removes one degree of 

freedom, a body intended to have n degrees of freedom relative 

to a fixed body, must have at least (6-n) constraints or points 

of contact with that body. 

Kinematica! designs are designs in which the various bodies are 

constrained by the least number of point contacts, given the 

degrees of freedom required. 

A kinematical1y designed fixed coup! ing requires therefore 6 points 

of contact. A kinematica! si ideway should have 5 points of contact 

between sl ide and bed, Jeaving the translation along the guideways 

of the bed as the Jast degree of freedom. The character of this 

motion is unequivocally determined by the surfaces of the bed on 

which the points of contact are rest ing., 

One more theorem of kinematica! design remains to be discussed: 

Maxwell 's Jaw, governing the position of constraints in relation 

to the surfaces with which they are to be contacted. 

Maxwell 1 s law stipu~ates that contact points should be chosen in 

such a way that, when contact is broken at one point but maintained 

at all the other points, this point of contact should start to move 
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along a line perpendicular to its tangent plane. The significanee 

of Maxwell 1 s law is to eliminate the unpredictable influence of 

friction on the ultimate relative position of the coupled bodies. 

Practical considerations. 

Point cantacts exist in theorie only. As soon as a eenstraint 

is material ized and brought into contact with a surface, a smal 1 

contact area is established. 

Shape and size of the area depend on the shapes and the material 

properties of both bodles and on the farces active in the contact 

area. 

To prevent damage to the bodies, stress and wear at the contact 

area should be kept down to small values. This excludes kinematica] 

designs from a large number of technica! appl ications. Since wear 

decreases with decreasing stress, the effective appl ication of 

kinematica] design above all requires measures to keep stresses 

down, in any case beneath the level where plastic deformations must 

be expected. Selection of the right combination of materials 

therefore is of paramount importance, hardened steel to be 

preferred wherever possible. At a given laad stresses may be 

lowered by enlarging the contact area, which violates the kinematic 

principle, however. Same sort of campromise has to be found in 

every particular case. Rounding of the contact points with a large 

radius may be considered in those cases where only very small changes 

of relative position are to be expected. Wear is also proportional 

to time. In cases where the design is used temporarily only, more 

scope is available for the designer. 

Constraints, designed as contact points (balls, rounded off balts 

etc.) resting on the surface of a body, eliminate movementsof that 

body in one direction only. lt is imperative therefore, to makesure 

that all contraints are always in contact with the constrained body. 

This is attained by introducing a suitable locating force, acting 

on the constrained body and creating positive reaction farces in 

the points of contact. In most cases gravity will provide the 

locating force. Where this is not practicabel, suitable springs or 

clamping screws will have to be included in the design in such a 
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way that elastic deformation of the body is kept to a minimum. 

Appl ications. 

In cases where parallelismof slideways with one another or with 

spindle center! ines has to be measured , a device is needed which 

will enable a measuring instrument to be guided along the slideway, 

carried by the sl ideway's surfaces. Fig. 16 gives one of the possible 

kinematic solutions to the problem when the sl ideway bed consists 

of one V-groove and one flat surface. 

lil I 
/;;:._, 
t!§' ' 
\ "-- -~} ...__ 

r;=~ 

I'§'' \"_::::;_! 

~ê\ I~ !/ \ _,. ---
I 11 I 

Fig. 16 Kinematica! design of a slide on a slideway 

lt is easy to see that the quality of the translation along the 

slideway depends on the qual ity of the slideway surfaces only. 

Tolerances on the size, the shape and the position of the contact 

points in the device may be very large indeed withoutendangering 

the function in any way. 

Another example of a kinematic sl ideway is shown in Fig. 17. 
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Fig. 17 Kinematica] de s i gn o f a sl ide on two flat surfaces 

An example of a kinematic 11 bea ri ng ' ' , l:aving one degree of freedom 

in the form of rotati o n , is shown i n Fig. 18. 

I I ,, ,, 

I I 
Fig. 18 Kinema t i ca ] de s i q n o f a " t urnt a bl e" 
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The ball at the left represents three contact points, eliminating 

three translations. The balls at the right remave two rotations, 

one single rotation being left. 

Fig. 19 shows a number of kinematica] designs taken from Lit. 8 

hemi5phjzricdl 
~t.ud~ 

Fig . 19 Same examples of kinematica] designs 
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lt is to be noted that the use of bal ls or rol Iers as moving elements 

in kinematica! designs wil 1 introduce errors in proportion to the 

extent in which these balls differ in shape from geometrical ly true 

spheres and cyl inders. Since balls and rollers are being produced 

to extremely small tolerances, their use will be permissabie 

in most devices. Wear is greatly reduced in this case. 

In Fig. 20, an example of a kinematically designed measuring device 

is shown, the purpose and the operatien of which wi 11 be readily 

understood. 

Fig. 20 Kinematically designed measuring device in use 

Finally, in many cases one needs to place a measuring tool on a 

machine, take a reading, then remave it and perferm some operations 

after which the measuring tool has to be replaced in exactly the 

same position as before. Spirit-levels and dial gauge holders are 

aften used in this way. lt will be understood that only a kinematically 

designed coupl ing with 6 constraints can do the job. 
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Chapter 5 

Methods of assembly. 

In chapter 1 i t was argued that interchangeable manufacture of 

machine tools is lmpracticable: adjustments during assembly :will be 

necessary tobring all critica! dimensions within prescribed 

tolerances. In order to describe how to determine the sequence of 

assembly and adjusting, a suitable model of machine tools wiJl be 

exp 1 a i ned. I t is taken from the book on ''Machine too 1 bui 1 ding 

technologi' by Prof. Balakschin (Lit.9) and was named by him: 

theory of dimensional chains. lt is an excellent model to use for 

analyzing complex machines, such as machine tools. 

Theory of dimensional chains. 

In an assembly every component is in contact with one or more other 

components. The relative position of two points, each on a different 

component, depends therefore on dimensions of at least two components. 

The relative position may be def ined by taking one point as the origin 

of a Cartesian coordinate system, so that the dimensions of the relevant 

components, defining the position of the second point, can be measured 

in each of three orthogonal directions . This 11chain 11 of dimensions 

in each direction, defining the relative position of the points in 

tha t direction, can beregardedas a model of the assembly. Some 

examples ofassembl ies and corresponding dimensional chain models, 

are illustrated in Fig. 21. 

A 

Fig. 21 Examples of assemblies 
and re lated dimens ional 
chain model s 
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The 11 1 inks 11 of a dimensional chain represent either si zes of 

material components or pos i ti ons of components measured from a 

common datum point intheir matîng surfaces. The relative position 

of the two points is the 11 closing 1 ink 11 of the chain and it is the 

only dimension that is notmaterial ized: 

it is determined by the comb i ned dimensions of all relevant 

components in the assembly. 

The nomina] value of the closing 1 ink is the algebra ie sum of the 

nominal values of the other 1 inks in the chain. The same is true 

for the real values. We denote nominal values of dimensional 1 inks 

by capitals and number the 1 ink s from 1 ton. 

The closing 1 ink is denoted by the same capital with indice 6 

Formula (1) is the so-called basic equation for nominal values of 

a dimensional chain. 

lt is easy to find the range w
6 

of possible real values for the 

closing 1 ink, when assembl ing components produced within specified 

toleranee ranges. 

For this, one has only to compute the maximum value of the closing 

1 inkas the difference between maximum values of all positive 

dimensions and minimum values of al 1 negative dimensions. Computing 

the minimum value in a si mular way and deducting the result from 

the maximum value yields: 

A6 + n6max 

A6 + n6min 

or: 

where n. 
I 

0. 
I 

+ n1 + .. . ... ) - (Ak + nk . + ...... ) max m1 n 

+ n1 . + ...... ) - (Ak + nk + ...... ) m 1 n ma x 

n1max- n1min + ·· ···· nkmax- nkmin + 

n 
Li o. -----------------------------------(2) 
1 I 

difference between real and nomina] value of A. 
I 

toleranee of A. 
I 
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When building machine tools, w6 has to be kept within well 

defined and fairly close 1 imits (namely: tolerances as specified 

in Schlesinger's tests): 

< 6~ -----------------------------------------(3) 

This leads to extremely small tolerances for components if 

interchangeable manufacturing has to be accompl ished: 

n 

Li 6i ~ 6~ -------------------------------------(4) 
1 

For this reason interchangeab1e manufacture is unpracticable for 

all machines with large dimensional chains and sma11 to1erances on 

the c1osing 1 ink. 

lf interchangeab1e manufacture is impracticable, other ways 

must be found to satisfy equation (3). 
There are three different ways to so1ve the prob1em: 

1. Condit i ona 1 i nterchangeab i 1 i ty; 

2. Se1ective assembly; 

3. Compensating assemb1y; 

In the first case, a certain amount of risk is accepted. This can 

be calculated approximate ly on the reasanabie assumption that the 

dirstribution of n6 within w6 is a normal one. 

In most cases of assemb1y of machine tools even the taking of a 

considerable risk of transgressing w6 does natallowei to be 

sufficient1y increased to app1y this methad succesfully. In rebuilding, 

bath conditional interchangeability and selective assembly therefore 

do nat solve the prob1em, which 1eaves compensating assemb1y as the 

on1y so1ution. 

Compensating assemb1y is a methad of assemb1y in which suitable 

links of dimensional chains a re adjusted in such a way that the 

rea1 value of the closing links fall within specified tolerances: 

n 
Ak ---:, A' l: iA. =A ~A' At,. + n' k 

1 
ï 6 6 /). 

wi th n' 6 
wi th in 06 
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Befare attacking the problem d deterrnining the proper sequence 

of assembl ing and adjustlng , a word ar two about ways and means 

of adjusting are in place . 

Adjustments always imply change of dimensions. These changes 

can be made in two different ways, depending on the design of 

the machine elements: 

- changing the size of a mater ial dimension of a component; 

decreas~ng the size by scraping , filling, grinding, shaping etc.; 

increasing the size by metal spraying, chrome plating etc. 

followed by machining and/or grinding. (NB. 11 lncreasing 11 the 

size by putting brass shims between components greatly reduces 

stiffness of the machine, it is a sure sign of bad werkmanship 

and should be avoided at al l times). 

changing the posi t ion of a component, in reiation to the component 

on which it is mounted, by moving it over its mounting base; 

when the right position has been establ ished, it is fixed in its 

p 1 ace wi th the a i d of tapered dowe 1 s. (NB. Even when rebu i 1 ding, 

the normal clearance of clamping balts intheir holes usually is 

sufficient to make al 1 necessary adjustments, which seldom exceed 

0,5 mm anyway). 

Apart from carrying out the adjustments themselves, which requires 

conventional skilis and the special skill of scraping, the main 

problem in assembly is now: determining the sequence of assembl ing 

and adjusting in such a way that in the end all Schlesinger 1 s 

tolerances are satisfied at a minimum amount of work and casts. 

Determining sequence of assembly . 

lf one has to compensate one single chain of dimensions, such as 

shown in Fig. 22, the problem is simply to find the 1 ink that is 

easiest to be changed. 
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Fig. 22 Compensating a sinqle dimensional chain 

Changing the position of components and redoweling to fix the new 

position is usually the simplest way. 

lf the design does not allow this method, decreasing the size of 

a component is almast always simpler than increasing the size, 

which should always be the last thing to consider. Of course the 

remaval of material from a component takes time approximately 

proportional to the surface area to be treated: of all surfaces to 

be considered the one with the smallest area should be chosen. 

In complex machines 1 ike machine tools, however, a component does 

nat have a position relative to only one single other component, 

but usually its position is defined in relation toa number of 

ether components. This means that there is not one, but a number 

of dimensional chains involved, which are interconnected by 

camman links as shown in Fig 23. 

·~ __. 

!:3 
f3 

~4 
!3 ~ 

!2 ~5 
~ 
-1 ~ f7 

Fig. 23 Three interconnected dimensional chains 
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From this figure can betaken the following considerations: 

1. There are six different sequen ces of assembly, characterized 

by the orde; in which the di mensio nal chains A, Band Care 

assembled and compensat ed , 

2. Whichever sequence is r.hosen . a dimensi onal chain that has been 

compensated should nat be unba lanced by subsequent adjustment 

of one of its links , belong i ng to one or more other dimensional 

cha ins; 

3. For each sequence of assembly a set of links eligible for 

adjustment exists ; fr0m these sets one should be chosen which 

contains easily adjustable 1 inks. 

A table of these sets of el igible 1 inks may be helpful. For the 

situation of Fig. 23 this table can be drawn up as fol lows: 

Links, el i g i b 1 e for adjustments in 
Sequence of Chain A Chain B Chain 
assembly 

c 

A B c a 11 ~1 '-~2 ·~3 ·~s ·~ ~1 '~2 ,.f_3 ,.f_7 ·.f.a 
A c B a 11 ~s·~ a 11 

-·-
B A c ~1 '~2 '~3 ·~ ·~ '~7 a 11 .f.l '~2 '~3 ,.f_7 ·.f.a 
B C A ~1 '~2 '~3 ·~ ·.0-6 '~7 a 11 ~1 ·.f.2 ,_ç_3 •.f.7 ·fa 
c A B a 11 ~s·~ all 

c B A ~1 '~2 '~3 ·121, '~6 '~7 ~4·~s·~ a 11 

lf ~7 , ~4 and .f.s are the easiest to adjust, then only sequence CBA 

should considered. 

lf, however, ~7 , ~4 and ~8 shouid be the easiest to adjust, then 

either one of BAC, BCA or CBA may be chosen. 

An example of such a problem is g fven in Appendix I. The number of 

examples could be extended ad 1 ibitum since there are endless 

variations in the design of elements of machine tools. The above 

mentioned example should be sufficient to give an indication of the 

type of work to be expected in re bui lding or repairing machine tools. 

Much ingenuity is required to make the requisite measurements during 
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al igning and adjusting. In many cases special arbors, shafts and 

kinematically designed devices will have to be made for this purpose . 

Normal skills in making measurements and building measuring set 

ups will suffice for the purpose. Care has to be taken, however, 

to makesure that all measuring devices are of a sturdy build with 

a maximum of stiffness, Most of the standard clock holders are too 

elastic for the purpose, especially if they have to be used at the 

1 imit of their capacity. lt is good practice to make special holders with 

consoles and shafts much .larger, and therefore much stiffer than 

those of the standard types. 
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Instructiens for reconditioning, overhaul ing and rebuilding. 

From the foregoing chapters it will have become clear that there 

is very 1 ittle chancefora reconditioning to be alocal affair only. 

To properly overhaul a worn sl ideway, its relation toa number of 

dimensional chains must be known, otherwise the repair and 

readjustment in one place will result in a misal ignment insome 

other place. Cases are known where a defect was chased from one 

dimensional chain toanother until the worker disgustedly gave up. 

Adequate executiön of overhaul jobs therefore requires the same 

knowledge and skilis needed for completely rebuilding a machine 

tool. lt is for this reason that in this chapter the phases of 

a complete rebuild are reviewed. For each phase a number of general 

observations are 1 isted which should be taken into serious account 

at every rehabilitation job. 

1. Registration of the state of the machine tool. 

When a machine tool has been earmarked for rebuilding, its present 

state should be laid down in a report, containing the fol lowing 

information: 

-a completed check-list; 

-a Schlesinger test, as far as it is possible to be carried out 

in the present state; 

-al isting of all complaints and observations of the worker who 

used the machine in its present state; 

-a listing of observations made during the production of a test 

piece on the machine; 

- the test piece itself. 

All available drawings, manwals etc. should be added to the 

report, the whole being placed at the disposal of the rebuilder. 

lf the machine permits a test piece tobe produced, some measurements 

can be made to gather data on the thermal distartion of the machine in 

use, so that compensations may be built into the machine during 
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rebuilding. 

Measurements of distartion due to the influence of weights and 

farces have little sense at this stage, however. Stiffness of 

the machine tool depends largely on the qual ity of fit between 

elements, which will be drastically changed during overhaul. 

As a last step the machine is disconnected from its power 

souree and all lubricating and cutting oils are removed. 

2. Disassembly of the machine tool. 

lt is highly preferable to execute the rebuilding in a seperate 

shop where all requisite tools are at hand. Only in the case of 

very large machines this will be impracticable. in that case 

a temporay "workshop" should be installed at the site of the 

machine, , furnished with adequate means for storing tools and small 

components. 

lt is of the utmost importance that disassembly is executed in 

a rigorously discipl ined manner. There always is a tendency to 

rush disassembly, mechanics naturally being curious to knowhow 

mechanisms work. The rebuilder who fails to record the exact 

configuration of what he takes apart will pay dearly for the 

neglect later on. There are two points to be remembered: 

a sketch of every (sub)assembly should be made befare it is 

disassembled, this sketch should be of such a quality that a 

fellow-craftsman will be able to understand its meaning 

without further camment from the maker; the making of photo 1 s 

(especially with a Polaroid Land camera) will be found a 

useful time saver at this stage; 

-all components, down to bolts, nuts and washers, should be 

marked which labels and kept tagether after disassembly in 

suitable bins or boxes, which are also marked. 

When taking an assembly apart no brute force should be used. 

Extension pipes on spanners and steel hammers should be banished 

from the shop from the start. 

Instructiens from manufacturers of ball-and roller-bearings 

should be obeyed literally. lf necessary special tools must be 

made, which will be useful for assembly later on and w~ich may 



- 46 -

be marked and stored for later use after the rebuilding job has 

been completed. 

3. Cleaning castings and components. 

All components 1 iable to be repaired have to be thoroughly 

cleaned and preserved. A number of chemica!~ are available 

for the purpose, many of which cannot be used without special 

proteetion for the werker. 

Trichloreaethylene wiJl remove oils and fats (even old paints) 

effectively. lts poiseneus side-effects on people prohibits its 

use even in the open air: a special closed box with recirculation 

of the chemicàl has to be used. A similar installation may be 

employed for the use of gasoline or paraffin (kerosene) as a 

cleanser. The latter chemicals, although constituting a fire 

hazard (no smoking!), may be applied with a brush, preferably 

in the open air. In many cases this will be the simplestand 

cheapest solution. 

Large castings may be cleaned with the aid of a steam jet, provided 

care is taken to properly proteet the werker. Paint should be 

removed as far as possible, all remnants of concrete etc. have 

to be taken away. lt is recommended to apply a first coat of 

primer paint to castings after cleaning. 

Directly after cleaning and prior to preservation, a décision 

must be taken whether a part is in acceptable conditionor has to be 

repaired or even replaced. As soon as possible administrative work 

associated with repair or purchasing has to be completed, so as to 

have a fair chance to dispose of the necessary parts when needed for 

assembly. lt is good practice to renew all ball-and roller bearings, 

except the largest such as used in main spindles, which are replaced 

only after careful inspeetion and consideration. In all cases the 

remaval of dirt, oil and fat results in a dry metal surface which 

is very susceptible to corrosion. Therefore immediate preservation 

is necessary; for which purpose a number of mineral oils and fats 

may be used. To keep the preservative in place cloth- or paper 

wrappings may be used. 
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4. Repairing damage to castings. 

Damage to castings in machine tools usually consists in crumbled 

off spots in tables or guideways, due to heavy pieces of work 

or tools being dropped on them. Pits and dents have the same origin 

and in tables especially, damage aften is caused by inadvertently 

machiningapart of the table with the machine's own tools (drill 

presses, shapers). Use of incorrect balts ruins many T-slots. 

In all these cases repair is effected by making suitable inserts 

that are screwed or bolted in place, after which excess material 

is machined away and/or removed by hand scraping. The main 

thing is to avoid pockets in which dirt may collect and from 

which hard particles may drift between slideway surfaces. lt is 

quite possible, and desirable, to do the work in such a way that 

it is impossible to tell after finishing where the inserts have 

been placed. 

lt is essential that all the repairs of this kind are executed 

prior to hand seraping or grinding of guideways since the 

operations of dril] ing, tapping and screwing in or bolting down 

the inserts will certainly cause deformations of the casting. 

In presses, castings may have suffered overloads which caused 

them to crack. Sametimes these cracks can be welded, sametimes they 

have to be "stitched" with one of the means available for that 

purpose. Details of such operations fall outside the scope of 

this book, they have been described in other places (for 

instanee Lit. 2). 

5. Aligning andre-al igning a bed. 

In many cases a machine tool has a frame, consisting of a main 

casting, to be placed directly on the floor or on a ground plate 

or a set of columns. The top and/or sides of the main casting 

usually are designed as guideways and mounting bases for one or 

more other components. 

Box-type frames 

lf the main casting is a fairly compact box-like structure (milling 
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machines, shapers etc.), it is placed upon three supports, at least 

two of which are finely adjustable in height. Thus it is possible 

to adjust the position of the main casting. First of all now the 

main guideway on the casting is reconditioned. Two bases for spirit 

levels are then chosen, either directly upon the guideway or on an 

intermediate device of kinematica! design, upon which a spirit level 

can be reproducably placed. One of these bases should be parallel 

to the line connecting the fixed support of the casting with one 

of the adjustable supports, the other one should be perpendicular 

to the first one (Fig. 2~. 

~ = f i xed support 

iï 
'I 
'I 

,.---, !..J 
l.· ---.J 

adjustable supports 

position of spirit level 

alternative positions of 
spirit level 

Fig. 24 Arrangement of supports for box-type frames, 
showing positions of spirit level 

First the spirit level is placed at a and support A is adjusted so 

that the level is horizontal. Then it is placed at band support B 

is adjusted in the same way. Because of the lay-out of the bases 

and supports, the second adjustment wil! nat influence the first 

one. lf the alternative bases are used, the procedure should be as 

fellows: the level should be put at b 1 first and support B adjusted, 

after which support A is set with the level placed at a! 

The methad described, based on simple kinematica! considerations, 

greatly reduces th~ time for leveling and aligning. This is rather 

important since many measurement s with spirit levels are to be 

made in the course of rebuilding. These measurements require an 
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unchanged position of the main casting relative to the horizontal 

plane. Therefore,at least two times a day, the position of the 

casting has to be verified and adjusted if necessary. Adjustable 

spirit levels are to be preferred in many cases. 

It is strongly recommended to a lways use spirit levels with a 

sensitivity of 0,02 mm/m (0,00025''/ft); inorder to attai n first 

class results. 

Jong frames. 

lf the main casting is a long one it cannot be placed on three 

supports only, since large deformations would result. In these cases 

(lathes, grinding machines etc.) supports are arranged in pairs along 

the frame as in Fig . 25. 

a 100: iO 
b d 

A 

B 

Cross section A-B 

Fig. 25 Arrang ement of supports for long fr ames 
' showing positions of spirit level. 
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Of course the floor on whlch the machine Is placed mYst be a stable one. 

Even if a heavy concrete floor is available, distortfo~of the floor have 

to be expected because of changing loads and temperatures. Therefore 

at least twice a day the alignment must be checked and corrected 

if need be. lt is best to make all supports adjustable, simplesteel 

wedges being satisfactory in most cases. 

Now, contrary to the box type frames, it is not possible to 

recondition a guideway of the main casting before it has been 

al igned. The following order of work therefore is recommended: 

- The frame is aligned, by adjusting the supporting wedqes, in 

such a way that the guideway on top is roughly in a horizontal 

plane; the spirit level is placed alternatively at a, b, c, d and e 

in indicated places (for reproduetion of the measure~ents) on 

surfaces which form nopart of the first guideway to be reconditioned. 

-A first guideway (usually consisting of three guiding surfaces) 

is reconditioned, the position of the frame being checked twice 

a day as indicated in the foregoing step. 

-Supports for the spirit level are now shifted to the reconditioned 

guideway, to permit all other gulding surfaces to be reconditioned; 

the position of the frame is again checked twice a day, now with 

the spirit level placed on the newly reconditioned first guideway, 

kinematica! measuring devices being used whenever necessary. 

- From now on, until the completion of the rebuilding, regular 

checksof the alignment are made at least twice a day, the spirit 

levels always put in the same places. 

6. Overhauling gearboxes and other sub-assemblies. 

In many cases gearboxes are designed as self contained subassemblies 

which can be reconditioned independently. Only when their position 

on the main casting has to be determined, positioning and alignlng 

problems have to be solved in the way described before. 

The first step in reconditioning such a sub-assembly is the painting 

of the inside of the housing. Painting is necessary because otherwise 

particles may loosen themselves from the casting's walls and enter 

into the lubricant, darnaging gears and bearings. The main point is 

to use a guaranteed oil-resistant paint ~ith exellent adhe~ive 
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qualities : Choose a light color which wiJl allow one to immediately 

spot any sediments in the Jubricant on inspection. The paint should 

nat chip or flake off. New roller- and ball-bearings are mounted 

intheir places directly from their wrappings. lf they have to be 

heated, which aften greatly facilitates asse~bly, take care nat 

to overheat. lt is good practice to heat them when still wrapped 

up, using electric Jamps as a heat source. Take care to obey 

manufacturers 1 instructions whenever these are available. 

When precision bearings have to be mounted, special precaution has 

to be taken. Shafts and housings have to be accurately measured, 

determining the position of the largestand smallest diameters. 

On the bearing, markings wiJl be found on inner and outer races, 

indicating how they have to be positioned with respect to the 

measurements of shaft and housing. Be certain to obey manufacturer's 

instructions literally. 

When a gear has to be mounted and fastened on a spindle, check its 

position with a dia! gauge axially against the side near the outer 

diameter. The gear should run true when the s pindie is rotated, 

otherwise rapid waer wiJl occur and alarming sounds wiJl be emitted 

from the gearbox when the machine is running. lf gears are mounted 

on a shaft with bushings between them, the assembly being fastened 

by one large nut at the end of the shaft, care must be taken that all 

contacting surfaces are accurately perpendicular to the s haft 1 s 

center] ine. lf necessary hand scrape these surfaces, otherwise the 

shaft wiJl be bent when the fastening nut is screwed tight. 

7. Instal I ing central ized lubricating system. 

Although improvements of design cannot very wel! be made during 

rebuilding, the instal lation of a central ized lubricating system 

may beunde rtaken with success in many cases . lt is suprising 

to find with how many lubricating points many a machine tooi originally 

has been provided, each one requiring frequent attendance (which 

usually is neglected). lt is nat at all exceptional to find 20 or 

30 lubricating point s on a middl e sized machine tool. 
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Select a suitable place for a central lubricating pump and conneet 

the nippies to the pump by adequate pipes. Selection of nippies 

and pipes should be made in accordance with instructions from 

the manufacturer. lf holes have to bedrilled and tapped near 

guideways always try to do so befare finishing the guideway; 

8. Renewing partsof hydraulic systems. 

When replacing partsof hydraulic systems, try to imitate the 

original situation as far as possible if the system was w6~king 

satisfactorily. Even if piping seems to have been unnecessarily 

wide ar long, it it wise nót to install smaller arshorter ones 

and vice versa. Hydraulic systems may suffer from all kinds of 

instabilities, which are greatly influenced by the amount of 

fluid in the system and the lenghts of pipes. lt may have cast the 

manufacturer a lot of time and money to get the hydraulic system 

operating smoothly and satisfactorily: it is good practice to 

malntain the original situation as closely as possible. 

lt is recommended, however, to always install a conneetion for 

a pressure gauge near the pump if na such provision has been made 

al ready. 

9. Testing and finishing. 

The last step in overhauling or rebuilding a machine tooi is 

very much like the first one: registration of its state by a 

complete Schlesinger test and the production of one or more 

test pieces. This should be carried out in the maintenance shop 

whenever poss ible: it may be necessary to correct one ar more 

adjustmen~ 1 which can be done more easily in that shop. Only when 

all tests give a satisfactory result the finishing operations can 

be carried out. 

These fini s hing operations are: painting and renewel of all signs, 

instructions , symbols etc. on the machine tooi. 

Painting qua! ity may vary over a wide range indeed. In some cases 

no plumbing and only one coat of paint wiJl be regarcled as 

satisfactory, in othe r cases careful plumbing, smoothing and 

sandpapering wiJl be carried out prior to application of a number 
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of layers of paint, the last one giving a glossy finish to the 

machine. 

The finish of a machine tool should be related to its function. 

lf we have a roughing machine which will be used to do a lot of 

workon cast iron, a simple finish will be all right and a 

show-room gloss would be totally out of place. lf, on the other 

hand, we have an accurate machine which will be used in a clean 

factory or tool room, a much more refined finish is appropriate 

since it will stimulate careful and therefore more accurate 

operation of the machine. 

The same applies if the machine will be sold after rebuilding. 

In that case an expensive paint job may be very worth-while, 

since it will disproportionally raise the selling price. 

lt should be remembered, however, that the painting of a machine 

tool cannot imprave a shabby overhaul job. 
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APPENDIX I 

An example of the determination of the sequence of an assembly 

will bedescribed here. The assembly is the one illustrated 

in Fig. 26 : the assembly of a feed gearbox, slide apron and 

end bearing at the front of an engine lathe. Only the 

adjustments in the vertical plane are considered here. 

B 

.f.2 
1======1 --'--llf-----1 .f., 

.f.2 

.---~~~~~ ____ _ie, 

fig. 26 Assembly of feed gearboxr apron and end 
bearing of engine Jathe. 
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The table cooresponding with Fig.26 , is: 

sequence of e 1 i_g i b 1 e 1 i nks in chains 
assembly A B c 

A B c ~1 '~2 '~3 ·~ '~5 ~1 '~2 f1 &2 
A c B ~1 '~2 '~3 ·~ '~5 ~1 '~2 f1 ,f2 

B A C ~1 '~2 '~5 ~1 '~2 &3 ·.!4 f1 ,f2 

B C A ~1 '~2'~5 ~1 '~2 '~3 ·.!4 f1 &2 
C A B ~, '~2 '~5 ~1 '~2 f, ,f2,f3·4 

c B A ~1 '~2 '~5 ~, '~2 f, '~2'~3'~ 

The 1 i nks that are most easily adjusted are: 

chain A: ~ 
chain B: ~, 

chain c: f, 
Therefore only ABC or ACB should be considered. 

When overhauling or rebuilding a lathe, the following steps 

therefore are tobetaken in assembling feed gearbox, apron 

and end bearing (in the case ABC): 

1. Provisional mounting of slide and apron, complete with 

pinion and its driving gears. The rack is supposed to have 

been left bolted and doweled to the bed. The amount of play 

between pinion and rack is determined by measuring backlash 

at the handwheel for moving the saddle along the bed. Great 

care has tobetaken not to damage newly oberhauled slideways: 

side-scrapers should be fitted; 

2. Top of apron is hand planed by seraping and spatting with 

straight edge or surface plate. Amount of play between pinion 

and rack is checked periodically by mounting against slide; 

3. Feed gearbox,driving shafts, l ead screw and end bearings are 

provi s ionally mounted intheir original places bu t not 

fixed with dowels, mounting balts not fully tightened; 

4. Saddle is moved to the extreme left, which will force the 

feed gearbox vertically in position while the apron is forced 

in it s horizontal position at the left side; bolts on the 

gearbox are tightened as well as one bolt on the leftof the 

aproni 
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5. Saddle is moved to the extreme .right which will force the 

end bearing in its vertical position while forcing the apron's 

right side in its horizontal position; right side balts are 

now tightened on the apron and the same is doneon the end 

bearing; 

6. By rnaving the saddle from right to leftand back, while 

measuring deformation of the lead screw after closing the 

split nut - in the extreme positions, the alignment of shaft 

and lead screw bearings in gearbox, apron and end bearing is 

checked, final corrections are made and all balts are 

tightened; 

7. Gearbox, apron and end bearing are dowelled and if necessary 

redewelled to fixtheir positions. 

Although in most cases the procedure described will be successful, 

difficulties will arise if the overhauled bed slideway is net 

nearly parallel to its original position. In that case the rack 

will no Jonger be parallel to the 1 ine of movement of the saddle 

which cannot be corrected by seraping the apron. Then the 

rack should be re-aligned first and then the procedure descr i bed 

above can be followed. Redewelling of gearbox and end bearing 

will now be necessary, however. 

Depending on the design of the transmission of movement from apron 

to cross-slide lead screw, a further difficulty may arise. 

lf A4 (Fig.26 ) is altered by seraping the top of the apron, 

the fit between two gears in the transmission to the cross-slide 

leadscrew may have become toe small. lf the desi~n is as in Fig. 27 

this can be remedied by repositioning the apron on its mounting 

base in the direction parallel to the slide movement. This should 

be done prior to step 4. 
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Fig. 27 Assembly of slide, apron, rack and pinion 

Insome designs the two gears have been placed one vertically 

over the other. In that case a new gear may have to be cut in 

order to reestablish a correct fit between those gears. Atternatîvely 

a different sequence of assembly may be chosen, selecting not A4 

butsome other link to compensate the dimensional chains. The 

reader should workout such a procedure for himself. 
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