A TABLE OF CAM PROFILE DESIGN LIFT DATA-TYPICAL EXAMPLE

APPENDIX A

This profile designed for use with a nominal—
35.000-inch spherical radius tappet.

Base Circle Radius

The profile lift as generated by a nominal
35.000-inch spherical radius tappet is given in the
column marked (z ). The identical profile may be
generated with a flat-faced follower with the data

given in the column marked {ze).

Opening Side Lift Values

Cam Angle Spherical Tappet Flat-faced Follower
(Degrees) Lift (Inches) Lift (Inches)
4 Zo Ze
0 .26745 .26745
B .26741 .26741
1.0 .26732 26732
1.5 26716 26717
2.0 .26696 .26696
2.5 .26669 .26671
3.0 .26637 .26639
3.5 .26599 .26602
4.0 .26566 .26560
4.5 .26507 .26512
5.0 .26453 .26459
5.5 .26393 .26400
6.0 .26327 .26336
6.5 .26256 ,26266
7.0 .26179 .26191
7.5 .26087 26110
8.0 .26009 .26024
8.5 .26916 25932
9.0 .25811 .258356
9.5 .25712 .25733
10.0 .25602 .25625
10.5 .25486 .25511
11.0 .253865 .25392
11.5 .25238 .25268
12.0 .25106 .25138
12.5 .24968 .25003
13.0 .24825 .24863
13.5 24676 24717
14.0 .24521 .24565
14.5 .24361 .24408
15.0 .24196 .24245
15.5 .24025 .24078
16.0 .23848 .23905
16.5 .23666 23726
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[Note at cam angle equal to 40.0 degrees marked (*)
the difference between the spherical tappet lift and
and the flat-faced follower lift is .00261 inches!]

Cam Angle Spherical Tappet Flat-faced Follower

(Degrees) Lift (Inches) Lift (Inches)
g Z, Zo
17.0 23479 .23543
17.5 .23286 .23354
18.0 .23088 .23160
18.5 .22884 .22960
19.0 .22675 .22755
19.5 .22460 .22544
20.0 .22240 .22329
20.5 .22014 .22108
21.0 .21784 .21881
21.5 .21547 .21650
22.0 .21306 .21413
22.5 .21059 2117
23.0 .20807 .20923
23.5 .20549 .20671
24.0 .202817 .20413
24.5 .20019 .20150
25.0 .19746 .19882
25.5 .19467 .19609
26.0 .19184 .19330
26.5 .18895 .19047
27.0 .18602 .18759
27.5 .18303 .18466
28.0 .18000 .18168
28.5 .17691 .17865
29.0 .17378 .17557
29.5 .17060 .17244
30.0 .16738 16927
30.5 .16410 .16606
31.0 .16079 .16279
31.5 .15743 .15949
32.0 .15403 .15614
32.5 .15059 .15275
33.0 .14710 .14931
33.5 .14358 .14584
34.0 .14003 .14234
34.5 .13644 .13879
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Cam Angle Spherical Tappet Flat-faced Follower

(Degrees) Lift (Inches) Lift (Inches)
g Zy Zg
35.0 .13282 .13521
35.5 12917 .13160
36.0 12549 12796
36.5 12179 .12429
37.0 11807 12060
37.5 11432 .11688
38.0 110567 .113156
38.5 .10680 .10940
39.0 .10302 .10563
39.5 .09925 .10186
*40.0 .09547 * 09808
40.5 .09170 .09431
41.0 .08794 .09053
41.5 .08420 .08677
42.0 .08048 .08302
42.5 .07679 .07930
43.0 .07314 .07560
43.5 .06953 07193
44.0 .06597 .06831
44.5 .06246 .06473
45.0 .05902 .06121
45.5 .05566 05775
46.0 .05237 .05436
46.5 .04916 .05105
47.0 .04606 .04784
47.5 .04305 .04472
48.0 .04016 .04170
48.5 .03738 .03880
49.0 .03473 .03602
49.5 03221 .03337
50.0 .02982 .03086
50.5 02758 .02849
51.0 .025417 .02627
51.5 .02351 02420
52.0 .02169 .02228
52.5 02002 .02052
53.0 .01849 .01891
53.5 .01710 01744
54.0 .01584 .01611
54.5 .01470 .01492
55.0 .01368 .01386
55.5 01276 01281
56.0 01194 .01206
56.5 01121 .01130
57.0 .01055 .01062
87.5 .00996 .01002
58.0 .00942 .00947
58.5 00895 Engine .00898
59.0 .00852 Design .00855
59.5 .00814} Speed {.00816
60.0 .00780 Opening .00782
60.5 .00749 Point .00751
61.0 .00721 .00723
61.5 .00695 .00697
62.0 .00671 .00673
62.5 .00649 .00651
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Cam Angle

Spherical Tappet Flat-faced Follower

(Degrees) Lift (Inches) Lift (Inches)
9 zo zZ
_.______e____
63.0 .00627 .00629
63.5 .00606 .00608
64.0 .00586 .00587
64.5 .00566 .00567
65.0 .00546 .00547
65.5 .00526 .00527
66.0 .00506 .00507
66.5 .00486 Engine  .00487
67.0 .00486 Idle .00467
67.5 .00446 Speed .00447
68.0 .00426 } Opening { .00427
68.5 .00406 Point .00407
69.0 .00386 .00387
69.5 .00366 .00367
70.0 .00346 .00347
70.5 .00326 .00327
71.0 .00306 .00307
71.5 .00286 .00287
72.0 .00266 .00267
72.5 .00246 .00247
73.0 .00226 .00227
73.5 .00206 .00207
74.0 .00186 .00187
74.5 .00166 .00167
75.0 .00147 .00148
75.5 .00129 .00130
76.0 .00111 .00112
76.5 .00095 .00095
77.0 .00079 .00079
77.5 .00065 .00065
78.0 .00053 .00053
78.5 .00042 .00042
79.0 .00032 .00032
79.5 .00024 .00024
80.0 .00017 .00017
80.5 .00011 .00011
81.0 .00007 .00007
81.5 .00004 .00004
82.0 .00002 .00002
82.5 .00001 .00001
83.0 .00000 .00000

Only the opening side lift is given with this example

solution. The lift values for the spherical radius
tappet (z,) may be compared with those given in
Appendix D—cam lift for radius follower (z,).
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APPENDIX B

CAM PROFILE MEASUREMENT INSTRUMENTATION

This appendix provides information on cam profile
measurement instrumentation. A brief statement
and photograph of each system is given.

The major differences in the systems are found to
be in cost, speed of operation, and the quality of the
profile lift data measurements. All of the instru-
mentation systems shown are capable of producing
cam profile raw lift data as required for input to

20

the Camcheck computer programs—but would not
produce final evaluations of equal quality. None of
the systems will produce cam profile measurement
data able to satisfy (directly) the CPM&E problem
as defined under Part II in this paper. Indeed, the
error normally introduced into the measured data
from any one of the five major sources for error
is sufficient to destroy the minimum required
accuracy.
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ADCOLE DIGITAL CAM MEASURING SYSTEM Adcole Corporation
330 Bear Hill Road
Waltham, Massachusetts

Cam rise display—.00005 increment from
preset zero.

BES )
nm

o
7 003
CAM NUMBER o 3

g 70 —7 Angle display gives degrees of rotation from
3 0 9 0 7 8 5 5 a preset zero.
: 3 ¢ i 8 0 8 a9 | 0O S . .
HIREE g g 0 ; 2 081 2 5 Rotation angle selector gives total rotational
05 0. | & 08 7 9 5 angle from start to stop.
G 3 01 51 041 0 ]
CAM RISE o 3 o L& 1 8 B 85 Printer— Hewlett Packard Model 602.
0 3 o1l 31 1 5235 Prints cam number, angle of rotation and
8 .f) 'C)) : ’f [' o E)’ g 9_ cam rise. Print out every 1, 2 or 3 degrees,
0 3 O 1 01 29 2 5 selectable. Sample of Printer Tape is shown.
g 3 0% I 2 3z 0
O 3 g e 81 & g=r 5
o 3 0 T S A T
o
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CAMCHECK CAM MEASURING SYSTEM

General Description

The Camcheck cam measurement instrumentation
includes the environmentally controlled gage room
as a necessary part of the system—temperature
(68.0 +.5) degrees Fahrenheit, dust free, and rela-
tive humidity (50 + 5) per cent. Most of the com-
ponents of instrumentation are purchaseable "off-
the-shelf'' items. The overall Camcheck cam
measurement system (in addition to the instrumen-
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MANUAL READOUT W

tation and gage room) includes the Camcheck com-
puter programs described in this paper.

Accuracy

The following statements apply to cam profile lift
measurements taken in a single plane normal to
the axis of cam rotation. The magnitude of the
random and systematic errors is considered
separately.

et
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Random errors—The Camcheck instrumentation
produces raw lift data with a calibrated Mean
Standard Deviation (o) of .000013 inches. This
random error size is derived from the sum of both
linear and angular displacements.

Camcheck Company
3150 Morgan Road
Ypsilanti, Michigan

Systematic errors—in the Camcheck system in-
clude the errors due to the instrumentation plus
the Camcheck computer program. The calculated
upper bound is ,000040 inches—see text and error
evaluation page 16 for detailed explanation.
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Sheffield Corporation [
A Subsidiary of

The Bendix Corporation
Dayton, Chio

SHEFFIELD CAM INSPECTION UNIT

I SHEFFIEL

AUTOMATIC READOUT

The Sheffield cam inspection unit can be designed to tom designed and built to special order. In the unit
automatically provide a digital display and print out shown, the basic element of the measuring system
of cam rise versus cam angle. The units are cus- is a Transmission Grating.

il
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CARL ZEISS CAMSHAFT TESTER Carl Zeiss, Inc.
444 Fifth Avenue

New York, New York

MANUAL READOUT

Camshalt measurements can be carried out with in this camshaft tester by mounting them together
high precision. For checking angle measurements, on a precision base plate (274") between the ends.
the large optical dividing head is used; linear (lift) On request, a base plate (703") between centers is
measurements are made with an Abbe-type meas- available, primarily intended for large motor
uring unit. Both measuring devices are combined production.

)
ﬁd-ll-ﬂnuas:
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APPENDIX C

A TYPICAL "CURRENT PRACTICE" CAM
PROFILE MEASUREMENT AND EVALUATION

A typical current practice rprofile check" for a
prototype cam is given in Fig. 1. This table is a
photocopy of a final report prepared by a company
that specializes in this type of measurement and
uses instrumentation and methods of long esta-
blished practice. The notation for cam base circle
run-out is shown in the lower right-hand cormner;
the zero degree angular index position was deter-
mined by the mechanical method.

Based on the profile lift data of Fig. 1, the differ-
ences between the measured and design data would,
normally, be calculated by hand (the clerical work
is not included in the profile check report) and
plotted as shown at the top of Fig. 2. A careful
study of the (Fig. 2) differences data shows that the
angular index positioning '"balance points' appear to

26

have been taken at thirty-five degrees from top cen-
ter (as suggested in the example of the main text,
Fig. 14). After balancing, the maximum cam lift
was assumed equal to the design lift value—as also
shown by the differences diagram of Fig. 2. This
neurrent practice' method for determining the dif-
ferences diagram can be compared directly with the
new CPM&E diagram for the identical profile
shown in figure of Appendix E.

Figure 2 also shows the acceleration diagram for
the data of Fig. 1 prepared by the "method of second
differences.” The acceleration diagram given by
the Camcheck computer program (for the profile
mas made''—gee also figure, Appendix E) is shown
for comparison.

A e e SR ST

LIFT DATA REPORT

TYPICAL "CURRENT PRACTICE" CAM PROFILE

FIGURE 1.
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APPENDIX D

A TYPICAL CAM DESIGN COMPUTER RUN

Comments of special interest:

1:

This sample computer run is a typical trial
design for an exhaust cam—opening side
only. Data for eighteen design parameters
are shown; more than forty are available
from the program.

The computer programming and the method
of application to a specific design problem
parallel that given in SAE Paper 2024,
"Recent Developments in Cam Design.'" See
also SAE Transactions 1961, page 585.

Program improvements following SAE
Paper 202A are:

a. Gas Load—correction for valve train
deflection due to gas load at the valve
face, especially important in super-
charged engines and/or engines with
low valve train spring rates—see Data
I.D. 13, 14.

b. Follower Radius—the kinematic equa-
tions as well as stress equations are
revised for a finite follower radius—see
Data 1.D. 29. For importance, see
Appendix A.

c¢. Design Lift Data—is calculated for any
given design follower radius. Also, with

AJ-H-_Nnuass

that profile fixed, the equivalent flat-
faced follower lift values are calculated;
this is important to prototype cost and
cam profile measurement. See
Appendix A.

d. Rocker Arm Ratio—variable with equa-
tion of second degree (parabola fitted to
measured data). See Data I.D. 15, 16, 17.

e. Polynomial Equations--the number of
terms have been increased to seven;
this allows a greater degree of control
over the profile acceleration diagram.
See Data I.D. 32 and 33.

f. Computer programming revised and
operational on C.D.C. G-20 and
IBM 7094 equipment. Computational
accuracy is certain to the number of
significant figures shown.

Computer programs are operational for
other valve train kinematics, i.e., pivoted
roll follower, etc. The example case above
is a translating follower of large spherical
radius with .070 inches offset. See I.D. 31.
Also operational are programs for cam
multi-stage ramp design.
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APPENDIX E

A TYPICAL "CAMCHECK" CAM PROFILE MEASUREMENT
AND EVALUATION FINAL REPORT

Based upon the new CPM&E methods described in
the preceding text, this appendix provides a typical
cam profile measurement and evaluation solution
prepared with Camcheck instrumentation and com-
puter programs. The report (output format) is de-
signed to be self-explanatory; however, several
comments may be of interest.

This example is a prototype cam profile; the identi-
fication numbers and base circle radius dimension
have been deleted to obtain anonymity. This solu-
tion is the identical profile given in the '"current
practice" profile measurement of Appendix C;
therefore, the two solutions can be compared dir-
ectly. The new solution shows the maximum cam
lift to be .26683 inches which (see Table 7) is
~.00033 inches less than the design value; the new
analytical methods determined the "as made' base

Information Required by Camcheck Services

circle radius, then calculated the lift above that
level—as in the manner of the design data. By con-
trast, the solution of Appendix C assumed the maxi-
mum cam lift equal to the design value—which re-
sulted in showing the base circle oversize, whereas,
in fact, the base circle was undersize.

The Camcheck solution front page format shows,
for this example, a cam follower radius of

35.000 inches. The cam profile design lift values
furnished to the cam manufacturer were (only) the
1flat-faced' follower lift values—after the manner
of those shown (z,) in Appendix A. After the proto-
type cam was manufactured, the profile was meas-
ured with the 35.000-inch radius follower. This
data was used for the profile evaluation.given in this
appendix. The profile acceleration diagrams "as

designed'" and "as made' are shown for comparison. g

To Prepare A Cam Profile Measurement

And Evaluation Final Report

The following information is listed in the order of
importance. The first two items are the minimum
information necessary to prepare cam follower lift,
velocity and acceleration data for the cam profile
as made." Item 3 is necessary to prepare lift dif-
ferences data. The additional items are for identi-
fication only.

1. Camshaft

a. Tag or mark, lobes to be checked.
b. Pack carefully, to avoid nicks and
scratches on finished surfaces.

2. Tappet—Cam Follower Radius

a. Engineering drawing of tappet or cam
follower, or

b. Statement of cam follower radius to be
used for profile measurement.

8. Camshaft Engineering Drawings

a. Design-—cam profile lift data.
b. Camshaft—finished machine drawing.

40

4. Identification Only.

a. Camshaft source—i.e., Engineering,
Experimental, Manufacturing or other.

b. Camshaft—production or prototype.

¢. Manufactured by—i.e., plant number
and/or machine number or vendor
name.

Important Notice

The Camcheck Company recognizes the proprietary
right and interest on the part of the engine manu- :
facturer in all engine design and manufacturing
information. Engineering design and quality control
data is accepted, processed and retransmitted to
the source in confidence.
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