
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

                                                                                          



 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

                                                                                          



ISO 38204978 (E)  

would.  I f the wrap length  is defined  as one-half of the sum 
of the number of pi tch  lengths in  the arc of engagement,  E,  

and the number of pi tch  lengths in  the arc of contact,  C 

(figure 1 ) ,  then  the wrap length  may be as h igh  as 9  IM  

pitch  lengths without producing  interference at the entering  

teeth  of a drive Sprocket i f the fi lm shrinkage does not 
exceed 0,8 %.  

3.7 The lateral  Profi le of the Sprocket has been  derived 
on  the assumption  that the fi lm is channel-guided at or 

near the Sprocket.  This gu iding  may be provided by fixed 
guides,  by the flanges of an  adjacent rol ler at the entering  

Position,  or preferably by flanges on  the Sprocket i tself.  
When  a fixed guide is needed at the perforated  edge and  the 

fi lm is urged  against the guide by a spring  or other means,  
the lateral  dimensions L of the tooth  tan  be increased.  I f 

the Sprocket teeth  are to  perform the function  of side 

guiding,  then  their lateral  dimension  L may be increased to  

0,902 0  oi  3  mm (0.035 5 _ _ I  E .  000 5  in)  

with  special  consideration  g iven  to tooth  al ignment,  smooth- 

ness of the sides,  and  rounding  or tapering  at the tips.  When  

the Sprocket teeth  have been  increased in  width  to perform 

the function  of lateral  guiding,  the ß,  value,  for the radius 

of the corners of the Sprocket tooth,  should  be increased 

to  comply with  the radius of the Perforation  fi l let,  nominal ly 

0,1 3 mm (0.005 in) .  

3.8 In  Order for the fi lm guides to function  properly,  the 

Sprocket eccentricity as mounted in  Operation  should  not 
exceed 0,025 mm (0.001  0  in)  and  the lateral  weave or 

wobble measured at the root circle should  not exceed 

0,025 mm (0.001  0  in) .  Less eccentrici ty may be required  
for a special  appl ication  such  as a Sound Printer Sprocket.  

3.9 In  some cases of large-scale layouts or cri tical  com- 

parisons,  i t may be more convenient to work with  values 
of X,  than  values of B.  

NOTE - The inch  dimensions in  this International  Standard have been converted from the specified metric dimensions,  but have not been  

carried out to two more places as specified in  ISO 370.  They do,  however,  reflect the engineering  practice in  the countries using  the Imperial  

System of units.  
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TABLE 1  B  -  Sprocket dimensions,  in  inches 

N Oci  Oc ‘h  K B ß* XT 

1 2 0.630 7 0.628 8 0.625 8 0.059 8 0.001  9 0.495 4 0.009 69 

1 3 0.683 8 0.681  7 0.678 4 0.062 0 0.002 2 0.526 8 0.009 48 

1 4 0.736 9 0.734 6 0.731  1  0.064 0 0.002 6 0.558 4 0.009 30 

1 5 0.789 9 0.787 5 0.783 7 0.065 9 0.003 1  0.590 1  0.009 1 5 

1 6 0.843 0  0.840 4 0.836 4 0.067 8 0.003 4 0.622 2 0.009 01  

1 7 0.896 0  0.893 3 0.889 0 0.069 6 0.003 8 0.654 3 0.008 89 

1 8 0.949 1  0.946 2 0.941  7 0.071  4 0.004 2 0.686 3 0.008 78 

1 9 1 .002 2 0.999 1  0.994 3 0.073 1  0.004 6 0.71 8 6 0.008 69 

20 1 .055 2 1 .052 0 1 .046 9 0.074 8 0.004 9 0.751  3 0.008 59 

21  1 . 1 08 3  1 . 1 048 1 .099 6 0.076 4 0.005 2 0.783 6 0.008 52 

22 1 . 1 61  3  1 . 1 57 8 1 . 1 52 2 0.078 0 0.005 6 0.81 6 3 0.008 44 

23 1 .21 44 1 .21 0 6 1 .204 9 0.079 5 0.005 9 0.849 0 0.008 37 

24 1 .267 4 1 .263 5 1 .257 5 0.081  1  0.006 3 0.881  9 0.008 31  

26 *  1 .373 6 1 .369 3 1 .362 8 0.084 1  0.006 9 0.947 7 0.008 20 

28 1 .479 7 1 .475 1  1 .468 1  0.086 9 0.007 6 1 .01 4 3 0.008 1 0 

30 1 .585 8 1 .580 9 1 .573 4 0.089 8 0.008 2 1 .080 8 0.008 02 

32 1 .691  9  1 .686 7 1 .678 7 0.092 5 0.008 8 1 . 1 48 0 0.007 94 

34 1 .798 1  1 .792 5 1 .784 0 0.095 2 0.009 4 1 .21 50 0.007 88 

36 1 .904 2 1 .898 3 1 .889 3 0.097 8 0.01 0 0 1 .282 9 0.007 82 

38 2.01 0 3  2.004 1  1 .994 6 0.1 00 4 0.01 0 6 1 .351  4 0.007 77 

40 2.1 1 6 4 2. 1 09 9 2.099 9 0. 1 02 9 0.01 1  1  1 .41 99 0.007 72 

42 2.222 5 2.21 5 7 2.205 2 0.1 05 3 0.01 1  7 1 .488 1  0.007 68 

44 2.328 7 2.321  5 2.31 0 5 0. 1 07 8 0.01 2 3 1 .557 4 0.007 64 

46 2.434 8 2.427 3 2.41 5 7 0. 1 1 0 2 0.01 2 8 1 .627 6 0.007 60 

48 2.540 9  2.533 1  2.521  1 ’  0. 1 1 2 5 0.01 3 4 1 .697 3 0.007 57 

50 2.647 0  2.638 9 2.626 3 0. 1 1 4 9 0.01 3 9 1 .767 9 0.007 54 

52 2.753 1  2.744 6 2.731  6 0. 1 1 7 2 0.01 4 4 1 .838 6 0.007 51  

54 2.859 3  2.850 5 2.836 9 0. 1 1 9 4 0.01 5 0 1 .909 2 0.007 49 

56 2.965 4 2.956 3 2.942 2 0.1 21  7 0.01 5 5 1 .981  5 0.007 46 

60 3.1 77 6 3. 1 67 8 3. 1 52 8 0. 1 26 1  0.01 6 5 2. 1 25 7 0.007 42 

64 3.389 8 3.379 4 3.363 4 0.1 30 5 0.01 7 6 2.271  9  0.007 38 

68 3.602 1  3.591  0 3.574 0 0. 1 34 7 0.01 8 5 2.41 8 9  0.007 35 

72 3.81 4 3  3.802 6 3.784 6 0.1 38 9 0.01 9 5 2.568 5 0.007 31  

76 4.026 6 4.01 4 2 3.995 2 0.1 43 0 0.020 5 2.71 9 7 0.007 29 

80 4.238 8 4.225 8 4.205 7 0.1 47 0 0.021  5 2.872 2 0.007 26 

84 4.451  1  4.437 4 4.41 6 3 0. 1 51  1  0.022 4 3.027 4 0.007 24 

N  =  Number of teeth  

Dd =  Root diameter,  D ’  ~aool  of drive Sprocket of 0. 1 66 7 pitch  

D,  =  Root diameter,  D ’  gmoo’  of combination  Sprocket of 0. 1 66 2 pitch  

Dh  =  Root diameter,  D 
0 

- 0.001  
of hold-back Sprocket of 0. 1 65 4 pitch  

Fi lm  thickness =  0.006 0.  For other thicknesses :  

pi tch  
Root diameter - N  X--  thickness 

71  

K 
0 

= circular arc radius for tooth  shape,  _ o  oo2 
.  

5 =  Radial  distance of centre arc of inside root circle,  ’  i . “’  5 

R,  =  Minimum radius of fi lm  path  concave to Sprocket 

XT =  Offset of tooth  at working  height 

Tooth  working  height,  H  =  0.026 0 

Maximum pitch  differente =  0.001  8  

Minimum fi lm  path  radius convex to Sprocket,  R,  =  0. 1 56 0  

Numerital  values in  inches.  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



ISO 38204978 (E)  

Dimensions in  mi l l imetres 

(Inch values in  parentheses)  

/ 
L See note 2 

FIGURE 4 -  Basic rack 

TABLE 3 - Basic racks for hobs to make sprockets 

Range of teeth  

Pitch  of rack,  PH  

rt 0,002 5 mm 

(*  0.000 1  in)  

Tooth  shape radius,  KH  

0 
- 0,025 

mm 

(- 0  in ’  
0.001  

Distance of centre 

behi  root,  BH  

+  0,005 
0 

mm 

0.000 (+ 
0 

2  in)  

Reference dimension  

-  Otiset at 

0,66 mm (0.026 in)  

height,  X, ,  

mm in  mm in  mm in  mm in  

1 2 to 24 4,1 94 0.1 65 1  2,028 0.079 9 0,1 69 0.006 7 0,1 70 3 0.006 71  

25 to 84 4,221  0.1 66 2 3,37 1  0. 1 32 7 0,507 0.020 0 0,1 70 3 0.006 71  

NOTES 

1  For some purposes the stated ranges of hobs may be extended in  the numbers of teeth  specified.  However,  for more cri tical  uses such as for 

low flutter or good picture steadiness,  the stated ranges should  be observed together with  suggested fi lm  paths.  

2  Dimension  X TH appl ies only to the root l ine of the rack and not to the base.  

6 
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fi lm gouging.  The last tooth  ful ly engaged with  the fi lm essential ly carries the fi lm load.  When  the fi lm Strips off th is last 

tooth,  the fi lm Sl ips back relative to the Sprocket base unti l  the next Perforation,  which  is now the last Perforation,  carries the 

fi lm load.  The maximum sl ipback of the fi lm (see 3.3)  as wei l  as the relative paths taken  by the base and  tip of the Sprocket 
tooth  and  by the fi lm were used in  the computations of XT.  When  XT is establ ished for each  N,  the Position  of one Point 

along  the shape of each  Sprocket tooth  relative to the root Position  has been  determined.  

l t is necessary that the face of each  Sprocket tooth  be as erect as possible to g ive good  load-carrying  capacity,  and a minimum 
tendency for the fi lm to ride up on  the tooth.  Also,  of course,  the tooth  must not forte the fi lm to Sl ip along  the base of the 
Sprocket in  the forward direction  at any Point as th is would  increase the Ioad  because of friction  and  would  require more 

total  backsl ip and  tooth  slant.  Yet the tooth  shape must provide smooth  transfer of the fi lm load from one tooth  to the next,  
at disengagement,  for lang  l i fe of the fi lm.  This leads to another requirement that cannot be overlooked in  Sprocket specifi -  

cations,  the condition  for maximum steadiness of fi lm motion  or minimum flutter within  the design  range of pi tch  di ffer-  
entials.  I f the fi lm on  exi ting  from the Sprocket is made to ride up the Sprocket teeth  smoothly,  a condition  of minimum 
flutter tan  be achieved where a smooth  transfer of fi lm load  from one tooth  to the next tan  be obtained  (several  teeth  are 

usual ly engaged simultaneously) .  The minimum value of the radius (concave toward  the Sprocket)  defining  the exiting  fi lm 

path  for minimum flutter or maximum smoothness has been  designated as ß,  and  is l isted  in  tables IA and  1  B for each  value 

of N  (see reference 2) .  Computing  the values of ß,  would  hardly be possible without the electronie Computer since a method 

of successive approximations must be used.  The exiting  radius ß,  defines the curve of the tooth  face.  A careful ly modified 

epicycloid  best fi ts th is ideal  curve.  l t is  far simpler to specify and to  use the specifications i f the curve of the tooth  face is 
a circular arc with  radius and  centre g iven.  

On  investigation,  i t was found  that errors would  be sufficiently small  to  make the circular arc specification  practical.  From 

the data for the tooth  face as derived in  computing  ß, ,  a Point on  the face was selected at one-third  the working  tooth  

height.  Using  the Position  of this Point with  the establ ished root and tip positions,  the radius and  i ts centre were computed 

for each  Sprocket.  Comparing  the positions of Points along  the Sprocket face as defined by the circular arc to  those as defined  
by the ideal  curve derived in  computing  RZ,  the maximum deviations at other than  the three fixed Points were of the Order 

of 0,005 mm (0.000 2  in) .  

The arc specification  is convenient and  lends i tself to  small  quanti ty production  of sprockets with  a Single formed Cutter and 

indexing  means.  For larger quanti ty productions the use of hobs is more economical.  Many sprockets have been  produced 

using  involute shapes of some specified  pressure angle.  The slope of the resultant tooth  at the root is undesirably reduced 

and  the tooth  shape is poorer for steadiness and  flutter.  The use of the circular arc denotes an  important improvement over 
the use of the involute.  Therefore,  further Computer studies investigated the use of hobs with  circular arc cutting  faces to  
generate the Sprocket teeth.  The Computer program was made to minimize fi t errors for offset values at maximum working  
heights and  at one-third  heights.  As a result,  two hobs are specified;  the first covers the range of 1 2 to 24 teeth,  and  the 
second,  25 to 84 teeth.  l t was found  that the maximum errors along  the entire tooth  height compared with  a theoretical ly 

correct shape are even  less (about two-thirds)  than  those for the circular arc specifications.  

l t is  anticipated that sprockets not specified  by the.  tables wi l l  be specified  by interpolation.  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 




