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BALL MANUFACTURING PROCESS
£ iE
1. Heading 4. Grinding and lapping

2. Flashing 5. Sorting

3. Heat treatment
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BALLS: DIAMETERS AND MASS (STEEL)

0, 00011
0, 00026
0, 00051
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0, 00411
0, 00694
0, 01387
0, 0165
0, 0321
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0, 0555
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0, 0881
0, 111
0,132
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0, 705
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9090910, 11 - 547 | 18279 | 31,75 | 11/47 132 760
3846154 11,112 | 7/16" 564 | 17732 32 = 135 742
1960784 11,5 - 6,25 | 15997 33 ¥ 148 677
485437 | 11,509 | 29/64" | 6,27 | 15959 | 33,338 | 15/16" 152 657
243309 | 11,906 [ 15/32° | 6,94 | 14416 34 = 162 619
144092 12 = 7. 10 14080 | 34,925 | 1378 175 571
72098 | 12,303 |31/64° | 7.65 | 13065 35 - 176 567
60606 | 12,5 = 8,03 | 12457 36 - 192 521
31153 | 12,7 | 127 8,42 | 11877 | 36,512 | 17/16 200 500
30395 13 = 9.03 | 11074 38 I 226 443
18018 | 13,494 | 17/32" | 10,10 | 9902 | 38,1 | 1172 227 440
15576 | 13.5 - 10,11 | 9888 | 39,688 | 19/16" | o257 389
11351 14 = 11,28 | 8866 40 - 263 380
9009 | 14,288 | 9/16" | 11,99 | 8341 | 41,275 | 158 289 346
7576 15 = 13,87 | 7200 | 42,862 | 1117167 | 324 309
5682 | 15,081 | 19/32" 14, 1 7093 44,45 | 1347 361 277
5348 | 15,875 | 5/8 16,4 6081 45 = 375 267
3891 16 ~ 16,8 5940 | 46,038 |113/16" | 401 249
3802 | 16,5 3 18,5 5416 | 47,625 | 17/8" 444 225
2924 | 16,669 | 21/32" 19,0 5253 | 49,212 | 115/16" 490 204
2667 17 = 20, 2 4952 50 - 514 195
2252 | 17,462 | 11/167 21,9 4569 50, 8 2" 539 186
1946 18 - 24,0 4172 | 53,975 | 21,8" 646 155
1462 | 18,256 | 23/32" | 25 p 3999 55 3 684 146
1418 19 = 28, 2 3547 | 57,15 | 214" 767 130
1153 | 19,050 | 3/4" 28,4 3519 60 - 888 113
1126 | 19,844 | 25/32° | 32,1 3113 | 60,325 | 23,8" 902 111
950 20 - 32,9 3041 63,5 | 21,07 1052 a5
886 20,5 - | 354 2824 65 B 1129 89
792 | 20,638 |13/16" | 351 | 2768 | 66,675 | 25/8° | 1218 82
709 21 - | 381 2627 | 69,85 | 59,4 1401 71
667 | 21,431 | 27/32 40,5 2472 70 i 1410 71
577 22 . 43,8 2285 | 73,025 | 57,8 1601 62
567 | 22,225 | 7/8 45, 1 2216 75 _ 1734 58
486 | 23,019 | 29/32" | 50,1 1995 | 76,2 3~ 1819 55
475 | 23,812 |15/16" | s5.5 1802 80 _ 2104 48
396 24 = 56, 8 1761 | 82,55 | 31,4 2312 43
366 25 2 64, 2 1558 85 2 2524 40
334 | 254 L 67.4 | 1484 | 88,9 | 34,0~ | 2888 35
320 26 - 72,2 1385 90 _ 2996 33
282 | 26,988 | 11/16" | gp 8 1238 a5 = 3524 28
249 28 2 90, 2 1109 | 95,25 | 334" 3552 28
243 | 28,575 | 11787 95, 9 1043 100 - 4110 24
221 30 - 111 901 101,86 4" 4311 23
210 | 30,162 | 137167 13 887 120 5 7103 14
L

=)
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STEELS BALLS

0.95 | 0.15 | 0,25 | 0,030|0.025 | 1.35 | 60 to Bearing steel through
Chrome steel to to 1o ' : to | 86 HRC 7.83 | pardened, fine surface
AIS| 52100 100Ces | 3008 Liscos || mas| ousd =™ | s finish, high hardness
and load capacity
0,65 0,15
Through hardened 0.70 |0, p2s 0,025 | 0.35 7,85
Carbon steel iwith ﬂ,tgu ulgs o max max to B0 to
chrome) C65Cr2 ; / 0.80 0.45 | 68 HRC
Through hardened,
& had 0. 50 0. 60 used in applications in
Through hardened . h which hardened
Carbon steel CSSE 11203 | o [ 280 | % | 0,030 0.050 B | zae || s e e
or AISI 1055 0. 80 0.90 66 HRC suficient
Through hardened 0,83 0.10 0,30 80 to
Carbon steel C85| D85, 2 1.0616 | to to o | %00 10,00 66 HRC | 7-85
or AlSI 1085 0,88 | 0.30 0,70 | X )
Case hardened 0.0 | 0.10 0.3 80 to Usable when through
Carbon steel to to o u$5 0&&15 66 HRC | 7.86 | hardened steel is not
AlISI 1010/1015 02 0,60 0.9 necessary
sl 0.17 0.045 | 0,045 7.86 | Can be machined
XC 10 or CQ 15 max max ma and welded

PLASTICS BALLS

Density 53479 | kg/dm’ 1,14 1,15 1,41 0,91 1,23 2.20 1,40 1,32

Water absorption to 23T HR 505 | 53485 % 3,00 2.5 0.22 0 - 0 0,33 050 |
Hardness 53505 kj/m* R 100 R 118 R 120 D73 A 90 R 15 E 86 R 120
Resilience 53453 Ij/m* +7. 00 v5 8 5r10 - - 142 -

Elastic modulus in tension | 53457 | N/mm’ | 2800 3300 2900 1300 700 4900 3600

[ mermcar propeames |
T* for continuous uses 52612 T 40/+90 | -40/+120 | -50/+80 | -10/+100 - 269/+4260| +260 50/+250
T" when deformation on load 185 N/ mer T 75 160

PA:  polyamid, Nylon6, 6% , Zytel® , Uitramid®

POM: pn!ymgmelhylena. polyacetal, Hostaform® |,
Delrin® , Ultraform®

PAl:  polyamid-imide, Torlon®
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STAINLESS STEELS BALLS

Stminless 134 X39Cr13 1.4031 0, 36 1 F 0.0 | o.ea 12.5 52 to Good balance bebween comosion
AISI 420C | X4BCr13 1.4034 B e b ] w92 58 7,68 | resistance and herdress; thmugh
or ZAOC13 | X45CH13 1.3541 0.50 14, 5 HRC Fardened stainess steel

' 0, 58 12.5 58 Characteristics

Stminless 13% 1 1 0,04 | 0,015

HE5Cr13 1.4037 to / : to to T dose o
SEW 400 0.70 max max max max 14, B4HRLC AISI 4400
Stginless 17% 0. 95 16 0 40 58 to Afiord the advartage of madmum
AISI 440C to 1 1 004 | 0,03 | o . 64 hardness pombined with cormsion
ar KGsCanol] LALES max max max max Dtgl:l L resisfing properies. Firsl choice
Z100CDAT 1.2 18 : HRC sieel for stainiess steal hearings
Stminless 174 16 Intermediate stainless
0. 08 1 1 0,04 | 0,03 :
AISI] 430 XECr1T 1.4016 : to 7.88 | steel quality between
ar ZACT max ma max ImEx max 18 135 420 and 304

Stminless 17% 0. 10 1 150 | 004 0,15 | 16.5 0.20 o Additional sulfur makes
AISI 430F |X14CrMoS17| 1 4104 to ) J to to to aggHy| 768 this stainless steel
or Z10CF17 O] T | R MR bonoas | WS 0, 60 férs medt inable

Stzinless 18/10 17 ] N:

AISI 304 |XSCrNite-10| t.43m | 097 | 7 e (LS00 4 | B 0.1 | 435 | 7.8 i
ar ZTCH18-08 e 5| e pmesc ] imes jams ] e s [SqdE MAX Austenitic stainless
i steal: very good
<5 5 2 corrosion and
Stainless 18/10 M chemical resistance
ASI 304 |x2CeNitB-09| 14306 | B3| 1 | 2 {00403 |4 | 45 | otp | 011 |3B0HV| 7,03
ZZCN1B-10 20 10 2.5 | max

smr::; :ﬁ;z 3| X5CrNIMD17 ke [907] 2 |o.oss| 003 13'35 13 l% D”,i‘ g

or ZECNDT-12 12.02 max | max | max | max | max | oo | .o 55 | Max 135 _B.El_'l;gr commosion
resistance than above
to stainless due to

Slairless 18123 : 165 10 2 M: molybdenum

PRI il O il 2 1004510031 4y | 45 | o | 011 |380HV| 7,87
or ZICND1T-12 i max | max | max | max | max | 45 ¢ 13 2.5 | Max

OTHER METALS AND GLASS

Tungsten carbide
Glass

Titanium
Brass
Bronze
Hastalloy"C”

94% We+Eh Co
70 to 80% Si0:z

pure fitanium
63% Cu
68. 5% to 71.5% Cu

Ni 57% Mo 17% Cr 16%=

1550HY
=45 HRC

130-180 HB
180-200 HB
200-220 HB
80-220 HB

Extramely hard and abrasion resistant

Good corrosion resistance used in

valves, but also in special bearings

Good corrosion resistance. bio-compatible, low density
Good electrical conductivity
Good electrical conductivity
Very good corrosion and high temperature resistant
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CERAMICS BALLS

Crystalline structure. . ............. mona Poly Pa Poly Poly Paly Paly
Chemical formula, .. ...oovviieaaan Al0n 99% Al:C: Sk I WelBT10}
PUmhE e s s e e e % (99,99% 1%Cr:0s 99, &0 a0 00 to 95 | Weld+Cob
Demalt. . e e Kg/dm® 3,09 3.90 31016 320 600 15 B 7.85
L L HV 2300 1650 1600 1000 to 1500 1550 500 to 800 | 762 to B65
Compression strength......... MPa 2100 2400 3000 =4000 5300 = 2240
Elastic strength...............MPa = 280 400 = i 500 to 1500
Flexural strength..............MPa 380 470 1000 700 to 1100 1900 -
Resilience KIC........... MPa.m'? 1 4 B 10 2 30-80
ElaRRoity . s s s e GPa 430 380 320 200 E10 200 205
Thermal expansion coef. .. 10".°K'| 5.30 4,50 5,50 3,20 10 5,50 10 to 20
Thermal conductivity. ... .... W/m'K 36 29 40 2 80 s
Thermal capacity .......... J/Kg'K 755 %00 760 500 201 :
Usable maximum temperature... C | 1800 to 2000 1500 to 1800 | 1200 to 1500| 1000 - 300 to 600 | 450
Acld resistance:. ..o Lolonl i very good very good | very good goot limited limited no resistant
Base resistance. ... 0oLl good good good goad limited limited no resistant
ADVANTAGES APPLICATIONS
High hardness (> 1300Vickers) . -High precision and high speed bearings.
Low density (3 to 6 kg/dm?®) . Hip joints.
-Wear resistance due to low friction coefficient. “WValves.
High elasticity module (200 to 400 GPa). -Measuring devices.
Chemical and thermal resistance. Electrical -Reference balls for 3D measuring
insulation and balls for gauges and triggers.

-High mechanical resistance (bending
resistance: 400 to 1000 MPa, up to approx. 1000°C).
-Low porosity (<0, 5%) , very high gquality surface
polish.

-Machining and polishing precision e. g:for a 14
mm ALz0: ball, variation on diameter is less than

0, 1 um and surface roughness{Ra) is less than

0,005 u m.
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ROLLERS AND NEEDLES

1 Materials
* 100 Cr6 chrome steel
» Aisi 420 C stainless steel
- Special steels:S2. ..

2 Cylindrical rollers
* End faces grinded or not
» Diameter sorting per micron possible
* Range of dia. =2, 5 to 50 mm-Range of length=2, 5 to 100 mm

3 Special profile rollers
« Cylindrical rounded (ZB) .
Ipcreased performance compared with cylindrical profile.

|__~_ g fJ"I Ty H A - i
:_J‘ _________ N __% ; “ __;-’_/(\_'L .
b, / T . Il;_f;

SUTTT ST SN | BT B —
L a5 |
- "_/

- Logarythmic profile=close to ZB, but with more continuous shape
Increased performance compared to ZB

~ =

Cylindrical Logarythmic

Others profiles on request
= Superlapping on diameters: surface roughness with Ra<0, 04 u .

4 Needles
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GRADES AND TOLERANCES

ISO 3290-2002

3 0,08 0,08 0, 010 0, 13 0,5 +/-5 0,1 +-0,2
5 0,13 0,13 0,014 0,25 1 +/-5 0.2 +/-0.4
10 0,25 0,25 0, 020 0.5 1 +/-9 0,2 +/0.4
16 0, 40 0. 40 0, 025 0,8 2 +-10 0,4 +-0,8
20 0, 50 0, 50 0, 032 1 2 +-10 0,4 +/-0,8
24 0, 60 0,60 0, 040 152 2 +-12 0,4 +/-0,8
28 0,70 0,70 0, 050 1.4 2 +-12 0,4 +/-0,8
40 1,00 1,00 0, 060 2 4 +/-16 0,8 +/-1,6
60 1,50 1,50 0, 080 3 B8 +/-18 1 b +f-2.4
100 2,50 2,50 0, 100 5 10 +/-40 2,0 +-4.0
200 5, 00 5,00 0,150 10 15 +/-60 3.0 +/-6,0

ANSI/AFBMA-10. 1989

0,08 0, 08 +0,75

5 0,13 0,13 0,02 . 4%, 2511 0,25
10 0,25 0,25 0,025 . +1, 25/-1 0,25
16 0,4 0,4 0,025 . +1, 25/-1 0,25
24 0,6 0.6 0, 05 . +2. 5 1,25
48 1,2 1,2 0,08 . .

100 2,5 2,5 0,125

200 5 5 0,2

500 13 13 =

1000 25 25 .
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DIN 5401-11. 1993 (part one)

3 - 12 +5,32 0,08 0,08 0,010 0,13 _5/+5 0. 5 0. 5
5 - 12 +563 0,13 0,13 0,014 0,25 _5/+5 1 1
10 - 25 +9,75 0,25 0.25 0,020 0,5 -9/+9 1 1
16 - 25 +11,4 0.4 0.4 0,025 0,8 -10/+10 2 2
20 = 38 +11,5 0,5 0.5 0,032 1 -10/+10 2 2
28 = 50 +13,7 0,7 0,7 0,050 1,4 -12/+12 2 2
40 - | 100 +19 1 1 0,060 2 -16/+16 4 4
100 - | 150 | =475 25 25 0,125 5 -40/+40 10 10
200 - | 150 | =725 5 5 0,200 10 -60/+60 15 15
— 25 +75 25 25 < 50 -50/+50 50 50
25 | 50 | 1125 25 25 - 75% -75/+75 75 75
SHE 50 | 75 +150 25 25 - 100+ |-100/+100| 100 100
75 | 100 | +1875 32 a2 = 125+ |[-125/+125| 125 125
100 | 125 | <225 38 38 =3 150+ |-150/+150| 150 150
125 | 150 | +2625 44 44 = 175+« |[-175/+175| 175 175
6001 All +200 = = = 400+ - = =
7001 All + 1000 = = = 2000% = = =

DIN 5401-01. 1978

| Upto10| =1025| 05 |-10| - |-15] -1 |-05| o [+05] +1 |+15] - |+10]| 025
Il Up to 25 | =10,50 1 -10| = | -3|-2|-1] 0| +1|+2|+3| = |+10] 05 |gay bearings
Up o 25 2 |-10|-8|-8|-4|-2]0[+2]+4]+6]+8][+10] 1 pachon
25 1o 50 3 12| -9 |-6|-3| 0 |+3]|+6]+9],92 15 | Irj-.m =
M 50 to 75 4 12| Bl 4|0 || 8z 2 g | ik
75 1o 100 5 -15|-10| -5 | 0 | +5 |+10[+15 25 s
100 to 125 6 -18|-12| -8 | 0 | +6 |+12]|+18 3
125 to 150} 7 21|-14| -7 | 0 | +7 | +14] 421 35
v Upta 10| =+14 4 -12| =B | -4 | O | +4 | +8 |+12 2  |Hub bearings
Uptlo25| =75 50 -50| 0 |+50 25
251 50 | +113 75 -75| 0 |+75 a8 I‘;ﬁf:ﬁ: rmﬁ
vV 5010 75 | +150 100 -100| 0 [+100 |
75 1o 100| <188 125 -125| 0 |+125 63 : "“’lm“”
100 to 125| +225 150 -150{ 0 [+150 75 %s
125 to 150| +263 175 -175| 0 |+175 88
Vi + 200 400 Ball mills mill charges
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EXPLANATION OF STANDARDS (DIN 5401-11.1993)

Gage, gage interval and sorting tolerance
St

— Gage scale

) ) Gage zero i
Mominal diameter Dw Next gage

[<3

Details of sorting parameter, Vow. (applies to grades G 3 to G 200)

VowL
T

Vows Largast ball in a lot

I

Gage scale

Smallest ball in a lot

I s —

!
Dw !
)
1
|
T

| VowL |
T

Lot with minimum D i Lot with maximum DL
to be reffered to gage S | to be reffared to gage S
1
|
1
!

Dwmr 1 '
|

T

: e
! Gage 5 AS
- |

Limits of DwmL
for a particular gage S

Gage scale

Details of sorting parameter, Vowa(applies to grades G 500 to G 700)

| Vowa |
{
!
e ‘;
e S
Gage S
-

9
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TERMS

1.3k 4k 542, Dw
—AE A T AR R <H o) fL 4244

2 E—FE, Dws
St mEiT-EF@EGIES .,

3RFH AR, Dwvm
HORRERIE—AEHH KM,

43k AR EHEVdws
YRR RPE—HiEZE

5.8 MR £, Tdw

EEZHFAFEN, SR RKFEECH

R BEAERAAMEAZ MR A E
v 3B &

6.5t

il i G 4 A AL A8 B Ak AF — SR ) —
R

7.3 F 35 442, Dwml

Hitd, pREESRIHFEGEFHEEAOEX
FH)4h

SHIAEEHE, Vdwl
kP, RARSFEHOTFHHEBRZE,
X A E A RiE B TG38 G2nnd 3k

g
MEMREREHEZEH

4.-&&
FOR SR F ik

‘cifii
' r's

AND DEFINITIONS

1.NMominal ball diameter, Dw
The diameter value used to identify a ball size.

2.5ingle diameter of a ball, Dws
The distance between two parallel planes tangent to the
surface of a ball.

3.Mean diameter of a ball Dwm
The arithmetic mean of the largest and the smallest
actual single diameters, Dw= of a ball.

4 Ball diameter variation Vows
The difference between the largest and smallest actual
single diameters, Dws of one ball.

5.Deviation from spherical form, Tow

The greatest radial distance in any radial plane between
a sphere circumscribed around the ball surface and any
peint on the ball surface.

6.Lot

For the purposes of this standard, a lot is a definite
quantity of balls manufactured under conditions which are
presumed uniform, and which is considered an entity.

7.Lot mean diameter, Dwmc
The arithmetic mean of the mean diameter of the largest
ball and that of the smallest ball, Dwm in a lot.

8.Lot diameter variation, Vow

The difference between the mean diameter of the largest
ball and that of the smallest ball, Dwm, in a lot.

This definition only applies to ball grades G 3 to G 200.

9 Ball gage tolerance, St
Range within which Dwwae may vary for a particular ball

gage.
The amount 57 is equal to the ball gage interval, l=

10.Ball diameter variation within a gage, Vowa
The difference between the largest and the smallest
mean gage diameters, Dwwu established for a particular

gage,

11.Gage interval, ls
One of the intervals into which the deviation of the
nominal diameter of a ball is divided.

12.Ball gage, S

The amount by which a mean ball diameter of a lot(for
Vow) .or of subset of a lot {(for Vowa) differs from the
nominal ball diameter, Dw rounded to a whole multiple of
the ball gage interval, ls.

13.Gage deviation, A5

The difference between the lot mean

dlam ter, DwmlL, and the sum of the nominal
ter, Dw and the ball gage. S,
S=Dwu-(Dw+5)

rdness

Measure of resistance to penetration as determined by
methods.

-
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ADDITIONAL INFORMATIONS

Conversion between Approximate quantity
Vickers (HV10) et Rockwell (HRC) hardness of balls per liter

HV HRC HV HRC HY HRC HV HRC Diameter MNumber Diameter MNumber
1950 | 84 | 865 | 66 | 577 | 54 | 318 | 32 M piv:tfes M [-H:*rf
1850 | 82 | 832 | 65 | 544 | 52 | 286 | 28

1750 | 80 | 8oo | 64 | 484 48 | 266 | 25 18 |aso3o0| 90 £ 2a
1630 | 78 746 62 | 423 43 248 | 22 20 1148619 100 1329
1500 | 76 | 720 | 61 | 402 | @1 238 | 20 30 | 47287 | 120 815
1400 | 74 | 697 | 60 | 32 | 40 | 213 | 14 45 | 4as0 | 150 360
1200 | 72 | 674 | 59 | 382 | 39 184 7 5,0 11183 | 200 165
1200 | 70 | 653 | 58 | 3v2 | 38 180 6 8,0 2878 | 25,0 84
900 | 67 | 595 | 55 | 354 | 38 160 0 8,9 2 v 30,0 48

CONVERSION TABLE FOR ROCKWELL HARDNESS VALUES FOUND
ON SPHERICAL SURFACES

Dia.inmm 3, 17

Ho

50 5B, 8 | 55,9 | 54,4 | 53,56 | 63,0 | 52,5 | 62,2 | 51,8 51,56 | 51,3 | 61,1 | 650.7 | 60.5 | 50,4
a1 59,6 | 56,7 | 85,3 | 54,4 | 53,8 | 53,5 | 53.2 | 82, 7 | 62,4 | 52,2 | 52,1 | 51,7 | 51,6 | 51,4
52 80,5 | 57,86 | 56,2 | 65,4 | 54,8 | 54,5 | 54,1 | 63,7 | 53,4 | 53,2 | 63,1 | 52,7 | 62,6 | 52,5
53 61.3 | 88,5 | 57,2 | 56,3 | 65,8 | 65,4 | 55,1 | 54,7 | 54,4 | 54,2 | 54,0 | 53,7 | 53,5 | 53,3
54 62,2 | 59,4 | 58,1 | 57,3 | 66,7 | 56,3 | 56,0 | 65,6 | 55,4 | 55,2 | 55,0 [ 54.7 | 64,5 | 54. 3
55 63,0 | 60,3 | 59,0 | 68,2 | 57,7 | 57,3 | 57,0 | 66,6 | 56,3 | 56,1 | 56,0 | 55,7 | 55,6 | 65,3
56 83,9 | 61,2 | 59,9 | 59,1 | 6B,6 | 58,2 | 58, 67,8 | 57,3 | 67,1 | 67,0 | B6,7 | 56,5 | 56,3
&7 64,7 | 82,1 | 60,9 | 60,1 | 69,86 | 59,2 | 59, 68,5 | 58,3 | 68,1 | 68,0 | 57,6 | 57,5 | 57.3
58 65,6 | 63,0 | 61,8 | 61,0 | 60,5 | 60,2 | 54, 99,51 59,3| 59,1 59,9| 58,6 | 58,5 | 58,3
59 66,4 | 83,9 | 62,7 | 62,0 | 61,5 | 61,1 | 60, 60,5 | 60,2 | 60,1 60,9 | 59,6 59.5| 59,3
60 67.3 | 64,828 | 63,86 | 62,9 | 62,4 | 82,1 | 61,B | €61.5| 61.2 | 61,0 61,9 | 60,6 | 60,5 | 60.3
61 68.1 | 65,7 | 64,86 | 63, 8| 63,4 | 63,0 | 62,7 | 62,4 | 62,2 | 62,0 | 62,9 61.6 | 61.4 | 61.3
62 69.0 | 66,6 | 65,5 | 64,8 | 64,3 | 64,0 | 63,7 | 63,4 | 63,2 | 63,0 | 63,9 | 62,6 | 62,4 | 62,3
83 69.8 | 67,6 | 66,4 | 65,7 | 653 | 65,0 | 64,7 | 64,4 | 64,1 | 64,0 | 64,8 | 63,6 | 63,4 | 63,3
64 70,7 | 68,5 | 67,3 | 66,7 | 66,2 | 65,9 | 65,7 | €5, 3| 65,1 | 65,0 | 65.8 | 64,6 | 64,4 | 64,3
65 1.6 | 69.4 | 68,3 | 67,6 | 67,2 | 66,8 | 66,6 | 66,3 | 66,1 | 65,9 | 65,9 | 65.5 | 65,4 | 65, 3
66 72,4 (70,3 | 69,2 | 68,6 | 68,1 | 67,8 | 67,6 | 67,3 | 67,1 | 66,0 | 66,8 | 66,5 | 66,4 | 66, 3
67 73,3 |71.2|70.1|69.5)|69,.1)| 68,8 | 68.6 | 68,3 | 68,0 | 67,9 | 67,8 | 67.5 | 67.4 | 67. 3

e o O o

H=value seen on spherical surface G

Ho=real value -
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