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eM ( 1. SaG It·J) CCMMUTATUR RACIUS=3.810 
ReLLER kACIUS=1.800 eM 

(:).79 IN) 
, RClLER LENGTr=2.400 

(n.945 

SKEh ANGLE= 0.0 a 

LOl\D CONTACT ftREA CCNTACT PRESSURE 
l\j ( L B) ;4t'Jj2 tI(2) f4 .- PAS C �I�~� L (PSI) 

8.9 ( 2. ;:' ) 1.141 �(�C�.�~�H�J�1�1�7�.� 1.8 ( 1130.6) 
11.8 { It • a } 1 .614 (O.OO25C) 11.0 ( 15S8.<;) 
26.7 ( 6. ' ) 1.977 (U.UU306) 13.5 ( 1953.2) 
3S.6 ( 8. :) 2.283 (O.D03.54) 15.6 ( 22tl.l) 
't4. ? ( 1 U • ,) } 2.;;52 (C.;]0396) 11.4 ( 2528.0) 
53. i} (12. ) 2.7<16 ( G • 't33 J lCJ.l ( 2769.3) 
62.3 (14.0) 3.020 ( O. DOlt 6 g) 20.6 ( 2991 .2) 
71.2 (16.C) .3.228 ( C.C05D:) 22.'1 ( 3197.7) 
8).1 ( U}.'J) 3.424 (0. C C 531 ) 23.4 ( 3391. 7) 
80.0 (ZO.iJ) 3.t.Ju9 (0.0055<) 24.1 ( �3�5�7�5�~�2�)� 

SKEw ANGLE= 1.000 

LOAD CONTACT AREA CCNTACT PRESSURE 
N (l B) MW- ( I N2 l M-PASCAl (PS I) 

9.0 ( 2.0) C .995 (0.00154) 9.0 ( 1311.4) 
18.G ( 4.0) 1.572 (0 .OO2't4) 11.5 ( lc61.1) 
21. a ( 6.1) 1.952 (O.OO303) 13.8 ( 2006.0) 
36.0 ( 8.1) 2.258 (0.00350) 15.9 ( 2312.1) 
45.0 (10.1) 2 • .524 �(�O�.�O�O�3�~�1�)� 17.8 ( 2585.6) 
54.0 (12.1) 2.765 (0.00429) 19.5 ( 2833.0) 
63. (1 (14.2) 2.986 (0.00463) 21.1 ( 3060.6) 
72. a (l6.2) j .191 (O.OC495) 22.6 ( 3272.2) 
81.0 (18.2) 3.385 (0.00525) 23.9 ( 3470.8) 
90.0 (20.2) �3�.�~�6�8� ({J.OO553) 25.2 ( 3658.4) 
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ct'. {1.500 IN) CCMMUTATJ~ RACIUS=3.810 
ROLLER P,"CI US=l. 800 eM 

(0.709 IN) 
~ClLf:R LENGTH=2.400 

(0 .945 
c~, 

IN ) 

SKE~J ANGLE.;;;; z.an° 
LOAD CONTACT ,AREA ceNT AC T PRESSUR E 

N (l i3 ) IV. i'12 ( IN 2) t4-PASCAL (PSI) 
9.0 ( 2.0) 0.773 ({i.OOl2Q) 11.6 ( 168c].3) 

18.,) ( 't. ' ) 1.227 ( (. .,Ju 19,J) ].'t.7 ( 212B.3) 
27.8 ( 6.1) 1.607 «(J .<J024 f)) 16.8 { 243t.4) 
36.':: ( 8.1 ) 1 • gL .. 7 ( C. OJ 382 ) 18.5 ( 2681.5) 
45.( (1".1) 2. 2''..1'") (,).C03.50) 19.9 ( 2838.6) 
54.U (12.1) 2. 552 ( Q • J 0395 ) 21.2 ( 30b9.6) 
6.3.Q (1'1.2 ) 2.828 (0.00438) 22.3 ( 323,1.5) 
12.J (lG.2) 3.J91 ( 0 • ~J CJr -, 9 ) 2].) ( 3372.5' 
al.O (18.2) 3 .3 3,j (J.O;J516) 24.3 ( 3528.0) 
t) {j • ( .2) 3.535 (U.J~'l5Lt8' 25.5 ( 3693.3) 

SKE ~i ANGLE= 3.00° 

LOAD CONTACT AREA CCNTACT PRESSURE 
N ( L B) tJ rv2 (IN2) t4-PASCAL (P S 1 ) 

9.0 ( 2.0) 0.665 ( ('J .00 it] 3 ) 13.5 ( 1962.2) 
18.0 ( 4. J) 1.056 {O.OO164) 17.0 ( 2472.2) 
27.0 ( 6.1J 1.384 (c. C021'tl 19.5 ( 2829.9) 
3b.C ( 8.11 1.616 (0.00260) 21. 5 ( 3114.7l 
45.0 (10.1) 1.945 (0.00302) 23.1 ( 3355.2) 
54.C (12.1) 2.191 ( 0 • 'j u 3 4 iJ ) 24.6 ( 3565.5) 
63.0 (1' •• 2) 2.434 (0.Q0377) 25.9 ( 3153.5) 
72.G (16.2) 2.661 (0.00412) 27.1 ( 3924.3) 
81. t: (IB.2) 2.879 (O.OO446} 28.1 ( 4U81.5) 
90.~ (20.2) 3.088 (0.00479) 29.1 ( 4227.3) 
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CCMMUTATOR RACIUS=3.81~ 
ROLLER RACIUS=1.300 eM 

eM 
t 

(1.SOO IN) 
RCLLfR LENGTr=2.400 

(0.945 
eM 
IN) ( ~, • "7 Cl9 IN) 

SKE~J AI\GlE= 4.00 ° 
lOl40 CONTACT AREA CCNTACT PR ESSUR E 

N (L B) j\1~12 (Ii~2) ", -P ASCAl (P S I ) 
9 '1 .~ ( 2. J) .598 (c. 1JO(;93) 15.1 ( 2183.9 ) 

18.0 ( 4. J) 'J. S49 (0.30147) 19.0 ( 2751.5) 
27. I] ( 6.1) 1.243 (C.CC1(3) 21.7 ( 314<i.1) 
., 6. i,) ( g.l) 1.506 (0 .,JiJ233 ) 23.9 ( 3466.71 
45.0 (lO.I) 1.74H (0.00271) 25.7 ( 3734.4) 
54.v (12.1J 1.974 (O.003J6) 21.4 ( 3968.4) 
63.C { 1/t.2} 2.187 (0.oe.33<;) 28.8 ( 4177.6) 
72.0 (16.2) 2.391 ( 0 .00371 ) 30.1 ( 4367.8) 
81.0 (18.2) 2.58& ( C.;J04(1) 31.3 ( 4542.7) 
9-J.O (20.~) 2.774 (o.a04~G) 32.4 ( 4705.0) 

SI<E~ ANGLE= 5.00° 

LOAC CGNTACT AREA CCNTACT PRESSURE 
N (l B) Iv1 r~2 (IN2) '~-PASCAl (PSI) 

9.0 ( 2.0) 0.550 (0.00085) 16.4 ( 2374.2) 
18.0 ( 4. :) ) 0.87.3 ( 0.00135) , 20.6 ( 2991 .3 ) 
27.t' ( 6. 1) 1. 14·4 to.OO117) 23.6 ( 3424.2) 
36.0 ( 8.l) 1 • .385 (0.00215) 26.0 ( 3768.<.1) 
4~.C (lO.l) 1.bC8 (Q.:J1J249) 28.0 ( 4059.9) 
54.0 (12.1) 1.815 (G.00281 ) 29.7 ( 4314.3) 
63.0 (14.2) 2.012 (0.00312) 31.3 ( 4541.1) 
72.0 (16.2) 2.199 (C .C(j341) 32.7 ( 4148.5) 
81.0 (.18.2) 2.379 (0.0036') 34.1 ( 4938.6) 
9J.O (20.2) 2.552 ((.00396) 35.3 ( 5115.1) 



~ 
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eM (1.500 IN) CCMMUTATOR RACIUS=3.810 
ROLLER RADILS=I.800 eM 

(0.109 IN) 
, RelLER lENGTH=3.600 

(1.417 
eM 
IN) 

SKEW ANGlE= 0.)° 

lOAC CCNTACT AREA erNT I\CT PR ESSUR E 
N (L 11 ) i'1 ~j, 2 ( I N2 ) M-PASCAl (PS I ) 

8.9 ( 2.0) 1. ,jr; 8 (O.C021?) 6.4 ( 923.1) 
17.8 ( 4.0) 1.<)77 (0.00306) 9.0 ( 1305.5) 
26.7 ( 6. ;'j ) 2.421 ( \J .<} G 3 75 ) 11. ,) ( 1598.9) 
35.6 ( 8.01 2.79b (0.00433) 12 .7 ( 1846.2. 
44.5 (10.0) 3.126 ( 0.00484) 14.2 ( 2064.1 ) 
53.4 (IZ. ) 3.424 (O.DC531) 15.6 ( 2261.1) 
62.3 (IL .. O) 3.698 (0.00573) 16.8 ( 2442.3) 
71.2 (16.G) 3.954 (0.J0613) 18.0 ( 2611.0) 
80.1 (18.0) 4.193 (0.0065(;) 19.1 ( 2769.31 
89.0 (20.0) 4.420 (0.0068.5) 20.1 ( 2919.1) 

SKEH ANGLE: l.OOo 

LOAD CC~'~ TACT AREA CCNTACT PRESSUR E 
N (l B) l"i,'12 ( IN 2) M-P/4SCAL ( PSI) 

9.0 ( 2.D) 0.'395 ( 0.00154) g.o ( 1311.4) 
18.J { 4. IJ 1 1.?80 (O.OO24j) 11.4 ( 1652.3) 
27. G ( 6.1 ) 2.071 (0.00321) 13.0 ( 1891.'t) 
36.C , 8 .1 ) 2.5~8 (0.(;(.;389) 14.4 ( 2',~al.8) 

45.J ( 10.1) 2. S It {O.QG451) 15.5 ( 22' .. 2.5) 
54.0 { 12.1l 3.287 (C.G050<::') 16 • '''1- ( 2383.(;) 
63. i) (14.2) 3.011 ( ,) • J056 ) 17.4 ( 2j3C.9) 
72.) (16.2) 3.885 ( G .00602 ) 18.5 ( 2683.3, 
81.0 ( 1 B .2 1 4.134 (0.00641 ) 19.6 { 28 /t2.2) 
90.,:) (20.2) ' ... 365 (0.00677) 20.6 ( 2990.<;) 



CGMMUTATOR RADIUS=3.810 
RGllER R~OIUS=1.800 eM 

( 0.709 IN) 
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eM , 

SKEW ANGl E= 

(1.500 IN) 
ReLLER lENGTH=3.600 

(1.417 

2.00° 

eM 
IN ) 

LOAD CONT !.xCT Ar{EA CCNTACT PRESSURE 
N {l 13} t'1~'i2 ( IN2 J M-PASCAL ( PS I ) 

9.0 ( 2.0) C.773 (0.C0120) 11.6 ( 168<;.3) 
18.0 ( Lt • .:~ ) 1.227 ( • i)!J 1 <; lJ J 14.7 ( 2128.3) 
27.0 ( 6. 1 ) 1.607 (U.00249) 16.8 ( 243(;.4) 
36.C ( 8.1) 1 • qtt 7 (G.OO302) 18.5 ( 26Gl.5) 
45.J (1').1) 2.26'] (0.C035C) 14.9 ( 2088.6) 
54.0 (12.1) 2.552 (0.U0395) 21.2 ( 3D69.6) 
63.J (l'h2) 2.828 { o. :)0438} 22.3 ( 3231.5) 
12.::; (i6.2) 3.091 (O.J041S) 23.3 ( 3378.5) 
a 1. 0 {18.2) 3.344 (0.00513) 24.2 { 3513.81 
90. i.: (20.2) 3.587 (G.\)'J556) 25.1 ( 3639.4} 

SKi:: t~ ANGLE= 3 • ~} 0° 

LOpO CGNTACT AR fA CCNTACT PR SUR E 
i\J (L Pd r/i ~·1 2 ( I N2 J fv1-PASCAl (P S I ) 

9.0 ( 2. iJ ) 0.665 (C.IJOI03) 1.:>.5 ( lS62.2) 
1U.O , 4.0 ) 1.056 (0. \J0164) 17.0 ( Zit 72 .2 ) 
27. ( 6.1 ) 1.364 (C .1;;021'i) 19.5 ( 2H29.9) 
Jb.J ( d.ll 1.676 (0.00260) 21.5 ( 3114.7) 
4:>.0 ( 10.1) 1.945 ( C .C0302) 23. 1 ( 3355.2) 
54. /": (12.1) 2.197 ( C .1 34C) 24.6 ( 3565.5) 
63.0 (14.2) 2.434 (G.OO31-7) 25.9 ( 3753.5) 
72.0 ( 16.2) 2.661 (0.00412) 27.1 ( 3924.3) 
81.0 (18.2) 2.B79 (0.OC4/t6) 28.1 ( 4081.5) 
90.0 (20.2) 3.088 (O.OO479) 29 .1 ( 4227.3) 
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eM (1.500 IN) CCMMUTATOR R~CIUS=3.810 

ROLLER RADIUS=1.800 eM 
(O.7C9 IN) 

, ReLLER LENGTH:3.600 
(1.417 

eM 
IN) 

SKE ~~ ANGLE= 4.00 0 

LOAD CCNTACT ~R EA C [NT .ACT PRESSURE 
N {L13) M~~ 2 ( IN 2) ~1-PA SCAl (P S I ) 

9.:J ( 2 • f) 0.598 (C.OuC<.1]) 15.1 ( 2183.S) 
18.0 ( 4.0) 0.949 (O.Ou147) 19 .0 ( 2751.5) 
27 • ~~\ ( 6.1) 1.243 ( • d193) 21.7 ( 314<J.7) 
36.0 ( B • 1) 1.5G6 ( ;) • ,) 0 23:-3 ) 23.9 ( 3't66.7) 
45.0 (10.1) 1.748 (0.00271) 25.7 ( 3134.4) 
54.0 (12.1) 1.97'+ (.J .GC306) 27.4 ( 3968.4) 
63.J t14.2) 2. 187 (0.00339) 28.8 ( 4177.6) 
72.0 (16.2) 2.391 ( C.C03711 30.1 ( 4367.8) 
31.0 (18.2) 2.586 (O.OG401) 31.3 ( 4542. 7) 
90.0 (20.2) 2.774 (0.00430) 32.4 ( 4705.0) 

SKEU Af\GLE= 5 ... -0 .uu 

lfJ AD CONTt,CT AR Ei\ C (NT ACT PRESSURE 
N (L ed Mf~ 2 ( IN 2) M-PASCAL (P S I ) 

9.0 ( 2.0) C .':>50 (G.:JOO85) 16.4 ( 2314.2) 
18.l' ( 4.::1) :';.813 ('J.OG135) 20.6 ( 2991.3) 
27.0 ( 6.1) 1.144 (J.OO171) 23.6 ( 3 f t 24.2 ) 
36.0 , B • 1 ) 1.385 (O.G0215) 26.0 ( 376B.9) 
45. l~ ( 1 ,.: • 1 ) 1 r ( " • '.;,) \~ 6 ( l'j .:) 0 2 4 S ) 28. () ( lt05<J.S) 
5 /t .. C {i2.1} 1.815 (0.00281) 29.7 ( 4314.3) 
63.0 (14.2) 2.012, (O.iJ0312) 31.3 ( 4541.7) 
72. :; ( 16.2 ) 2. • 1 ~J 9 {0.00]41~ 32.1 ( 4748.5) 
81.0 (lB.2J 2.379 (0.00369) ;:4.1 ( 493E.b) 
9') • ~) (20.2) 2.552 {O.O03961 35.3 ( 5115.1) 



APPENDIX C 

Calculated Hertzian Contact Areas 

Copper Ring Diameter Varied From: 

5.08 em (2.0 in.) to 12.7 em (5.0 in.) 

Roller Diameter Varied From: 

1.2 em (0.472 in.) to 7.2 em (2.834 in.) 
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COi,1j·iUTI-\TOR RADIUS=2.540 eM (1.00~) IN) 
ROLLER RAOIUS=O.600 eM RCllER LENGTH=2.400 eM 

(O.23b IN) (C.94~ IN) 

SKEw ANGLE= 0.0
0 

LUAD CONT)\CT AREA C CNTACT PRESSURE 
N ( l B) M~12 ( I N2 

) f·j·-P AS CAL ( P S ! ) 
8.9 ( 2 .;) 0.719 (0.00111) 12.4 ( 1794.2) 

17.8 ( 4.1) ) 1. J 17 (O.J01S8) 17.5 ( 2537.3) 
26.1 ( 6.0) 1 .2' ... 6 (D .0(193) 21.4 ( 31')7.6) 
35.6 ( B • ,": ) 1.438 ( t-· ... U223) 2 ft.7 ( 35HB.]) 
tj.ft. 5 (lU.'1) L .6D8 (0.J024<3} 27.7 { 4011.c) 
53 • tt ( 12 • J ) 1.16l (o.ca273) 30.3 ( 4394.B) 
62.3 { 1-+. t; } 1.9()3 ( .~, • (\0295' 32.7 ( 4 7't6. 9) 
71.2. ( 16.) 2.034 ( iJ • J0315 ) 35.0 ( 5074. t) 
~1 0 • 1 ( 18.) 2 .158 (O.OJ33·*) 37.1 ( 5382.5) 
8 9 .~J ( 2,'. ) 2.274 ( r, 

'.- . 35.3 ) 39.1 ( 5673.6) 

SKEW ANGLE= 1.0,)0 

LOAD CONT ACT AREA CONTACT PR ESSUR E 
N (L B) r.HA 2 ( IN2 ) M-PASCAL (PSI) 

9.iJ ( 2.0) 0.512 (0.00089) 15.7 ( 2283.3 ) 
18.0 ( 4. 0) 0.908 (0.00141) 19 .8 ( 2816.8) 
27.G ( 6.1) 1.1B9 (U.GCI84} 22.7 ( 3293.1) 
36.0 ( 8.1) 1.412 ( 0.0021(1) 25.5 ( 3699.2) 
4-'.0 ( 10.1 ) 1.587 (0.00246) 28.4 ( 4112.3) 
54. t) (12.1) 1.742 (G .C;J27C) 31.(/ ( 4497.1 ) 
03. C (14.2J 1.F382 (0.00292) 33.5 ( 4855~O) 

12.J ( 16.2 ) 2.012 ( 0.(0312) 35.8 ( 5190.0) 
81.0 (18.2J 2.134 (0.00331) 38.0 ( 5505.3) 
90.0 (20.2) 2.249 (O.OO34<}) 40.0 { 5803.8) 
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eM (1.000 IN) CCMMUTATOR RACIU5=2.540 
ROLLER RAOIUS=O.600 eM 

(0.236 IN) 
t ROLLER LENGTH=2.400 

(0.945 
eM 
IN) 

SKE w ANGlE= r-.oo 2 ...... i 

LOll,O CONTACT AREA CGNT ~CT PR ESSUR E 
N (l R ) :-'il'-'\ 2 , IN 2 J ~1-PASCAL (PSI) 

9. :) ( 2.,]) 0.444 (D.QOO6S) 20.2 ( Z'i36.9) 
18.0 ( 't.01 0.706 (O.OOlO9) 25.5 ( 3700.2) 
27.0 ( 6.1) ( •• 925 (0.U0143) 29.2 ( 4235.7) 
36.0 ( 8.1) 1.120 (0.00114) 32.1 ( 4662.0) 
45.0 ( 10.1) 1.300 ( a • 00201 ) 34.6 ( 5021.9) 
54. >.} (12.1) 1.468 ( 'J.0(227) 36.8 ( 5336.61 
63.0 (14.Z) 1.627 (0 .\)0252 ) 38.7 ( 5618.0) 
72.0 (16.2) 1.778 «().OO276) 40.5 ( 5873.1) 
81. r} (18.2) 1.923 (0.00298) 42.1 ( 61J8.9) 
90.0 (20.2) 2.063 ( 0.00320) lJ-3.6 ( 6327.3) 

SK EvJ ANGLE: 3 /"00 .... 
LOAD CUNTl\CT AR EA CONTACT PRESSURE 

N (l B) Mi'-12 ( IN 2) ~~-PASCAl ( PSI ~ 

9.0 ( 2.0) 0.383 {O.00059} 23.5 ( 3408.8) 
1H.e { 4. ,;) • 6 ~!8 ( c. oj.) ( 9 4 ) 29.6 ( 4294.8) 
27.0 ( 6.1j o. 797 (0.00123) 33.9 ( 491 t. 3 J 
36.0 ( B .1 ) C.965 { C.OO150} 37.3 ( 5411.1 ) 
45.:' ( 1 • i ) 1. 1.20 (O.OG17£d L, ,).2 ( 5828. S) 
54.0 (12.1) 1.264 (0.00196) .lt2 • 7 ( 619 ft.l) 
63.0 ( lIt. 2 ) 1.4U1 (0.00217) 4~.0 ( 652<':.8) 
72.0 (16.2) 1.532 (0.D0237) 47.0 ( 6817.5) 
81.0 (lF3.2) 1.657 (0.00257) 48.9 ( 7090.5)· 
9(·.0 (20.2) 1.778 (0.00276) 50.6 ( 734/-t .1) 
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eM (l.OOO IN) CCMMUTATOR RADIUS=2.540 
ROLLER RADIUS=O.600 eM 

(0.236 IN) 
, RCLLER.LENGTH=2.400 

(0.945 
eM 
IN) 

SKE~~ ANGLE: 4.00 0 

LOAD CON TAC T AREA 'CONTACT PRESSURE 
N il B} ~1 i>12 ( IN 2 ) rvl-PASCAL ( PSI) 

g.o ( 2.0) 0.3'.,4 (0.00053) 26.1 ( 3792.1) 
18.0 ( 4. ''') '.'.546 ( (h '·)OD8!») 32.9 ( 4 777.8) 
27 • .J ( 6.1) 0.716 (O.JOll1) 37.7 ( 5469.2) 
36.0 ( 8. 1 ) C. 867 ( O.J013 Lt) 41.5 ( 601<1.6) 
45.C (lC.I) 1.0U1 (~).)015b) 44.7 ( 6484.4) 
54.0 (12.1) 1. 131 (0.00176) It 7 .5 ( 6890.7) 
63.0 (14.2) 1.260 (0.00195) ,0.0 ( 7Z!)4.1) 
72.( (16.2) 1.377 (o.a021]) 52.3 ( 7584.2) 
31.0 (18 .. 2) 1.4R9 (0.00231) 5'+ .4 ( 7887.9) 
90.C (20.2) 1. 59 B (O.IJ0248) 56.3 ( 8169.9) 

SK[\." ANGLE= 5.00 0 

LOl~D CONT~CT AREA CCNTACT PRESSUP,E 
N (L B) Mf"t 2 ( IN2 ) M-PASCAL ( PSI) 

9.U ( 
,., 

) .} • 31 7 (J.nOU49) 28. it ( 4120.S) 1-. • 

18.C ( 4.0) 0.5:]3 (0.0:)070) 35.8 ( 5192.0) 
27.0 ( 6.1) 0.659 ( 0.00102) 41 • (~ ( 5943.3) 
36. (J ( 8.1) C.7S8 ( O.;J0124) 45.1 ( (;5'tl.5) 
it 5. IJ (lO.l) 0.926 (0 .OO14 l t) 48 .6 ( 7040.6) 
S!t. C (12.1) 1 • .It 6 ( • (»162) 51.6 ( 7 1 .. 88.1 ) 
6J.J (14.2) 1.l59 ( IJ. 0018 G) 54.4 ( 7882.9) 
72.0 (16.2) 1.267 (0.00196) 56.8 ( 8241.7) 
81.j (18.2) 1.371 «(' .i)0212) 59.1 ( 8571.3) 
90.0 (20.Z) 1.(t70 (0.00228) 61.2 ( 8878.Z) 
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eM (1.000 IN) CCMMUTATOR HAOIUS=2.540 
ROLLER RADIUS=I.200 eM 

( 0 .472 1 N) 
, RelLER LENGTh=2.400 

(0.945 
eM 
IN) 

SKE~ ANGLE= 0.0
0 

LOAD CONTACT AREA CCNTACT PR ESSUR t 
N (L tl) M~~2 ( I N2 ) M-PASCAL ( PSI) 

8.q ( 2 .. 0) ',;" 932 { (I. C IJ 141t) 9.5 ( 1334.6) 
17.8 ( 4.0) 1 • .313 ( 0. 1)02 Olt) 13.5 ( 1958.1) 
26.7 ( 6.0) 1.614 (O.OO25C) 16.5 ( 2398.2) 
35.b ( 8. J 1.864 ( .0')289) 19. 1 ( 2769.2) 
4,4.5 (10.0) 2.0(34 (0.00323) 21.3 ( 3096. u) 

53.4 (12.0) 2. 2H 3 ( (. L'035'.) 23.4 ( 3391.5) 
62.3 (l4.0) i .. • /-t66 (J.:)0382) 25.3 ( 3663.3) 
71.2 (16.0) 2.636 (C.OO40S) 27.0 ( 3916.2) 
se.l (18.:..) 2.796 ( (\ • 1) fJ 43 3 ) 28.6 ( 4153.7) 
09.0 (20.0) 2.947 (0.00457) 30.2 ( 4378.4) 

SKE~J ANGLE.:: 1. flOo . .....: ~ 

LOAD CON T/\C T AREA C CNT ACT PR E S SUR E 
N (L [)) fill"12 ( I N2 ) r~-p I\SCAL (P S I) 

CJ n 
" ."" ( Z" 0) 0.759 (O.GOlIH) 11.9 ( 1118.9) 

1 8.0 ( 4. ) 1.2G6 ( (I. 187) lit. 9 ( 2165.6) 
27.0 ( 6.1) 1.~72 {O.J0244} 17.2 ( 2491.9) 
36.0 ( 8.1) 1.837 ( O.OQ2B5) 19.6 ( 2342.2) 
I+? .) (lC'.l) 2. 6 ( (: • I) ;J 3 1 '-) ) 21.8 ( 3163.7) 
:;4.C (12.1) 2.253 (0.(;0300) 23.9 ( 3463.8) 
r -.) ,.., o.,:}.u ( iIi-. 2 ) 2.439 { o. a 037 f3 i 2~.8 ( 3746.5 ) 
72 .;'; (16.2) 2.601 (C.O\}4J41 '2.7.6 ( 4005.1) 
81.0 (lS.Z) 2.765 (0.00429) 29.3 ( 4249.3) 
90.0 (20.2) 2.914 ( O. 00452) 30.9 ( 4479.1) 
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eM (1.000 IN) CCMMUTATOR RADIU5=2.540 
ROLLER RADIUS=1.2JO eM 

(0.472 IN) 
, ReLLER LENGTH=2.400 

(0.945 
eM 
IN) 

SKEW ANGLE.:: 2.00
0 

LOAD CON TAC T ARtA CONTACT PRESSURE 
1\\ 
!. (L 6) ~1r/' 2 ( IN 2) M-PASCAL (PSI) 

9.0 ( 2.0) 0.5<)0 (0.00091) 15.3 ( 2213.8) 
18.0 { 4. (}) 0.936 (0.'')0145) 19.2 ( 2789.2) 
21.0 ( 6.1) 1.227 (O.C0190) 22.0 ( 31<}2.6) 
36.0 ( 8 .1 ) 1.486 (O.CC230) 2 i t .2 ( 3514.2) 
45.0 ( 1 Ii • 1 ) 1. 724 (C.J0267) .26.1 ( 3785.5) 
54.0 (12.1) 1.947 (O.OO302) 27.7 ( 4022.7) 
63.0 (14.2) 2.158 ( 0.0033 1,) 29.2 ( 4234.3) 
72. C, (16.2) 2.359 (0.00366) 30.5. ( 4421.5) 
81.0 (18.2) 2.551 (0.00.39.5) 31.7 ( 4604.8) 
90.0 (20.2) 2.137 ( .OO42/d 32.9 ( 4169.4) 

S!\F:~~ ANGLE= 3.00
0 

LOAC CONTACT r\R EA CCNTACT PRESSUR E 
~ I (L B) 1~ 1_1 2 ( IN 2) ',1- P 1\ seA L ( PSI) j'4 

9. , 2. ) l). 50 G ( O.')(}(:1t;) 11.7 ( 257i.2) 
le.) ( 4. J) 0.806 (0.00125) 22.3 ( 3239.5) 
27.8 ( b • 1 ) 1.0156 ( O.OC16 /i) Z~.6 ( 3108.21 
50. { g .1 } 1.2.79 \ c; • '~\;!~ 1 q 13 ) 28.1 ( 4'J 81 .5) 
45.U (10.1) 1. it-S 5 {v.J023Gl 3J.3 ( 4396.6) 
,:'It.O ( 12.1) 1.616 (0.0026 ) 32.2 ( 4672.1) 
63.0 (l4.2) 1.8 SH ('J.J028EJ 33.<) ( 4918.4) 
72. G (16.2) 2.031 (0.00315) j5.5 , 5142.3) 
81.e (13.2) 2.197 { (;. ;J 0 3 4 '::; ) 36.9 ( 5348.2) 
90.0 (20.2) 2.357 (C.00365) 38.2 ( 5539.4) 
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CM (1.GOO IN) CCMMU1~TOR RAOIUS=2.54C 
ROLLER RADI US=I.200 eM 

(0.472 IN) 
, ROLLER LENGTH=2.400 

(0.945 
CM 
I NJ 

S KEvl ANGLE= 4.00
0 

LOAD CGNTACT AREA CCNTACT PRESSURE 
N (LB) f"ll~ 2 ( IN 2) M-PA.SCAL (PSI) 

9.,) ( 2 • <: ) '; • It 56 (C.~)CG71) 19.7 ( 2861.7) 
18.0 ( 4. J) 0.724 (O.QuI1Z) 24.9 ( 3605.5 j 
27.0 ( 6.1) C.949 ( o. 00 1 1.7 ) 28.5 ( 4127.3) 
36.0 ( 8. 1 ) 1.149 {J. 178) 31.3 ( 4542.7) 
't5. C (10.1) 1.334 (0.00207) 33.7 ( '.3<)3.5) 
j4.0 (12.1. 1.5e6 ( 0.00233) 35.9 , 52GC.ll 
63.0 (14.L) 1.669 (0.00259) 31.1 ( 5't74.3 ) 
72.0 (16.2) 1.825 ( 0.00283 ) ':'9.5 ( 5723.4) 
81.G (18.2) 1.974 ( • ',)03(16) 41 • f) ( 5952.6) 
90.0 (20.2) 2. L 1 7 ( 0.0(;328) 42.5 ( 6165.4) 

SK E~v J\NGLE= 5 ,,,.0 
..... , ."j 

LOAD CCNTACT jj i~ E t. CCNTACT PRESSUR E 
N {L ~lM 2 ( IN 2) M-PASCAL (PSI) 

9.0 ( 2.0) 0.420 (O.0J065) 21.5 ( 3111.2) 
13.0 ( 't .0) O.66b { O.OOlO3} 27.0 ( 3919.8) 
27. ( 6.1) 'J .873 ( u.(HJ1..;)51 30.9 { 4487.1) 
36.0 ( 8. 1) 1.051 (0.00164) 34.1 ( 4938 .7 ) 
45.:,) (10.1) 1.227 (O.JOIY ) 36.7 ( 5320.0) 
54. 'j ( 12.1) 1.]85 (G.G0215) 3(; .0 ( 56?~.41 
63.0 (14.2) 1.535 ( 0 .0023 n ) 41.0 ( 5951.4) 
72. {16.2) 1 • .6 7 8 ( ." l: • 26C) Lt2.9 ( 6222.3) 
81 • t) ( 18.2 ) 1.815 (0.')0281 J .11'4.6 ( 6411.S) 
90.0 ( 20.2 ) 1.948 (C.OO302) 46.2 ( 6702.8) 
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eM (2.000 IN) COMMUTATOR RADIU5=5.080 
ROLLER RADIU5=1.800 eM 

(0.109 IN) 
, ReLLER LENGTH=2.4GO 

(0.945 
eM 
IN) 

SKE~ ANGLE= 0.0 0 

LOAC CCN TACT AR EA CONTACT PRESSURE 
N (L B) f~;42 ( IN 2) M-PASCAl (PSI) 

B.S ( 2.0) 1.190 (0.00184) 7.5 ( 10 8'i .2) 
17.8 , 4.0) 1.683 (t). 00261) 10.6 ( 1 533.3 ) 
26.7 ( 6.0) 2. ;j6 1 {O.OO32C} 12.9 ( 1871.9) 
3.5.6 ( 8. eJ) 2.380 (0.00369) 15.0 ( 216e.4) 
44.5 (lC.Q) 2.661 ( C.~H}lt12) 16.7 ( 2 ' .. 2 l t .l .. ) 

53. It (12.\.) 2.915 ( O. ~JOLt52) 18.3 ( 2655.8) 
62.3 ( 1 /-..0) 3.149 ( 0.00't(38) 19.8 ( 2868.6) 
71.2 (16.C) 3.366 (J.C,U522) 21.1 ( 3066.6) 
80.1 ( 18. CI) 3.570 (0.00553) 22.4 ( 3252.6) 
89.0 (20.0) 3.763 (0.00583) 23.6 ,( 3428.6) 

SKEW ANGLE= 1 .000 

LOAC CONTACT AR, EA CCNTAcr PRESSURE 
N (L IJ} rlrv:2 ( I N2 j M-PASCAL 'PS I) 

9.0 ( 2.0) 1.075 ( C. 001(7) 8.4 ( 1214.0) 
18.0 ( It. 0 J 1.656 (0.]0257) 10.9 ( 1576.6) 
21.0 ( 6.ll 2.039 (0.00:3>16) 13 .2 ( 1921.0) 
36.C ( <.1.1) 2.3~4 ( O.C:)36:]) 15.3 ( 2217.8) 
It .5 • ") (1,).1) 2.6J2 (O.JC40fn 11. 1 ( 2't 8 0 • 2 ) 
54.0 (12.1) 2.882 ( J • C 1J4't "7 ) 18.7 ( 2711.5) 
63. (14.2) 3.113 ( L' •. ;J ;.: 4 B 3 ) 21.'.2 ( 2935.4) 
72.G (16.2) 3.328 (0.00516) 21.6 ( 3138.0) 
31.0 ( 13.2) 3.530 (0.00547) 22.9 ( 3328.1) 
90.0 (20.2) 3.722 (0.00517) 24.2 ( 3501.7) 
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eM (2.000 IN) COMMUTATOR RADIUS=5.080 
R GL L E R P. A 01 US = 1. 800 C M 

( 0.709 IN) 
, RellER LENGTH=2.400 

(0.945 
eM 
IN ) 

S KEvl ANGLE= 2 .00
0 

LOAC CONTACT IlR EA CCNTACT PR ESSUR E 
N (l Q) i"'i~2 ( IN 2) \'4-PASCAL (PS I) 

9.U ( 2.0) C.835 ( O.JG12t;) 10.8 ( 1563.2) 
18.n { 4.0) 1.326 ( ).jJUZ'J~j) 13.6 ( 1969.5) 
21 • .J « 6.1) 1.737 (0.0026;) 15 .5 ( 2254.5) 
36.0 ( ::1 • 1 ) 2.1'j4 ( .(.1(;326) 11. 1 ( 2't81.4 ) 
1+:' • ;J (lO.I) 2.4 /t2 (0.00378) 18.4 ( 2673.0) 
54.0 (12.1) 2.757 ( 0.00427) 19.6 ( 2840.5) 
63.:) (1 /t.2) 3.e 52 (C.UU473) 20.6 ( 2994. 1+ ) 
72.0 (16.2) 3.295 (C.OOS1l) 21.9 ( 3169.4) 
81.0 (13.2) 3.512 {O.OD54/d 23.1 ( 3345.6) 
90.0 (20.2) 3.711 (1].0057:;) 24.3 ( 3511.5) 

SKEw ANGLE= ::>. r'I(f :::I.v 

LOAD CONTf~CT Al~EA CONTACT PR ESSUR E 
N (L B) ~.1 f~ 2 ( IN 2) r-1-PASCAl (P S I ) 

9.0 ( 2. OJ 0.719 (0.G0111) 12.5 ( 1,314.9) 
18.0 ( 4. IJ) 1. 1/+2 ( J. 0011'7) 15.8 ( 2286.6} 
27.J ( 6.1) 1.lt96 (O.J023~) 18.') ( 2(:;17.5) 
36.0 ( 8.1! 1.812 «(I.G0281.l 19.9 ( 2880.S) 
.I+? • {1;.:.1) 2.1\ 13 (0.JU326) 21.4 ( 31;)J.4) 
54. 'J (12.1) 2.375 (U.OU3(3) 22.1 ( 3297.A) 
63.0 (14.2) 2.632 ( C.0040 ) 23.9 ( 3471.1) 
72. .<.) (16.2) 2.817 (0.004(16) 25.0 ( 362 S. 7) 
81.0 (13.2) 3.112 (0 .004HZ ) 26.0 ( 3775.1) 
90.0 (20.2) 3.339 (O.,')G517) 21.0 ( 3910.0) 
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eM (2.000 IN) CCMMUTATOR RACIUS=5.080 
ROLLER RAOIUS=1.800 eM 

(0.709 IN) 
, ReLLER lENGTH=2.400 

(0.945 
eM 
IN) 

SKE .. ~ ANGLE= 4.00° 

LOAD CONTACT t~REA CONTACT PR E S SUR. E 
N (l B) \1 '-1 2 ( IN 2) ~1-PASCAl (P S I ) 

9.J ( 2.0) J.6 /t6 (0.00100) 13.9 ( 2019.6) 
18.0 ( 4.0) 1.026 (0.00159) 17.5 ( 2544.5) 
21. :) ( 6.1) 1.3 l t5 (O.O020~3) 20.1 ( 2912.7J 
36.0 ( 8.1) 1.629 (IJ.OO2~2) 22.1 ( 3205.2) 
45. ~) ( 1 .1 ) 1.89Q ( ;J. '):)293) 23.8 ( 3453.4) 
54.0 (12.1) 2.l34 ('J .00331 ) 25.3 ( 3669.2) 
b3.C (14.2) 2.365 (0.00367) 26.6 ( 3803.3) 
7 ') ..... [16.2) 2.586 (n .r~0401) 27.8 ( '.039.1) 
81.) (lB.2) 2.791 (0.00433) 29.0 ( 4200.8) 
90.0 (20.2) 3.000 (0.00465) 30.0 ( 4351.0) 

S KE III ANGLE= 5.00° 

LOAD CONTACT I~R, EA CCNTACT PRESSlJRE 
N (L r-H/2 ( IN 2) r~ -p ASCAl ( PSI j 

9.( { 2 • (1 } .595 (C.OC092) 15.1 ( 2195.2) 
18.0 ( 4.0) 0.'144 (0.00146) 19.1 ( 2765.8) 
27.0 ( b.l) 1.237 (0.00192) 21.8 ( 3166.1) 
36.(' ( (;.1) 1.498 «('.{)O232) 24.0 ( 3484.7) 
..'t5.0 (10.1) 1.739 (0.00270) 25.9 ( 3753.8) 
:'>'i-.J (12.1) 1.<;63 (0.003J4) 27.5 ( 3 ().39 .~) ) 
0.;).0 (14.2) 2. 176 ( {). 0033 7) 29.0 ( 4199.3) 
72. J (16.;~) 2.379 ( 0 .0036 c; ) 30 .. ;) ( 4390.5) 
31. (18.2) 2.:>73 ( (;.00399) 31.5 , 4566.3) 
90.J ( 20 .2 ) 2.760 (0.:)0428) 32.6 ( 4729.5) 
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eM (2. COO 1 N) COMMUTATOR RADIUS=5.080 
~aLLER RAOIUS=2.400 eM 

(0.945 IN) 
, RelLER LENGTH=2.400 

(0.945 
eM 
IN) 

SKEW ANGLE= 0.0 
0 

LOAD CONTACT AREA CCNTACT PRESSURE 
1'1 (L B) ~/M 2 (I ~ ) M-P ltSCAL ( PSI) 

8.9 , 2.0) 1.318 (U.GOZC4) 6.8 ( 979.,:) 
17.0 ( 4.0) 1.864 (0.00289) 9.5 ( 1384.6) 
26.7 { 6.U} 2.283 (0.00354) 11.7 ( 1695.8) 
35.6 ( S.Ci) 2.636 ( C .0(;/t 09) 13.5 ( 1958.1) 
44.5 (10.0) 2.947 (0.00457) 15.1 ( 2189.2) 
53.4 ( 12. J ) 3.22B (C.C0500) 16.5 ( 2396.2 ) 
62.3 (14.JJ 3.48 -{ (C.OO54C) 17.9 ( 2590.3) 
71.2 (16.0) 3. '728 (0.00578) 19.1 ( 2769.2) 
8U.1 ( 18. ) , 3.954 (G.Of.J613) 20.3 ( 2937.1) 
89.0 (20.') 4.168 (0.00646) 21.3 ( 3096.0) 

SKEH ANGLE= 1.000 

LOAD CCr~Tl\CT AREt, CCNTACT PRE SSUR E 
N (L B) r'i:"\ 2 ( IN 2) M-PASCAL (P S I ) 

9.0 ( 2.0) 1.206 (0.00187) 7.5 ( lO82.S) 
18.0 ( I." • J ) 1.337 (O.OO~85) 9.3 ( 1421 .1 ) 
27. C ( 6 • 1 ) 2.258 (0.00350) 12.0 ( 17.34.4) 
36.C ( 8 .. 1) 2.607 (0.00't04) 13.8 ( 2002.8) 
45.0 ( 1 \~; • 1 ) 2.914 ( C. ,J n It 5 2 ) 15.4 ( 2239.8) 
~4 .,J ( 12.1) J.192 {O.OQ495) 16.9 ( 2 /t5 /t.0) 
63.0 {14.2) 3 • /t4 7 ( C.JO~34) 18.3 ( 2650.7) 
72. ',~ ( 16.2) 3.086 ( .0(571) 19.5 { 2833.5) 
81. iJ (18.2) 3.910 (0.00606) 20.7 ( 3005.0) 
90.J (20.2) 4.122 (O.OO639) 21.8 ( 3167.0} 
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eM (2.000 IN) COMMUTATOR RADIUS=5.080 
ROLLER RAOIUS=2.400 eM 

(0.945 IN) 
, ROLLER LENGTH=2.400 

(0.945 
eM 
IN) 

SKE~ ANGLE: 'r':0 2.:)'.) 

LOAD CCNTACT AREA CCNTACT PRESSURE 
N (L B, !"1M 2 ( I t'-j2 ) M-PASCAL (PSI) 

9.0 ( 2.0) I). <) 3{) (0.00145) 9.6 ( 1394.7) 
18.0 ( 4 .~) ) 1.4B6 (0.00230) 12.1 ( 1757.2) 
27. ( 6.1) 1. 'J4 7 (J .OOJ(2) 13.9 ( 201.1.5) 
36.0 ( 8. 1 ) 2.358 (0.00366) 15.3 ( 221't.D) 
45.(; ( 1 i; • 1 ) 2.737 (O .. [)Q424) 16. l .. ( 2304.9) 
54.J (12.1) 3.090 (0.0047<;;) 17.5 ( 253 l t.4) 
63 .. 0 ( 14.2) 3.-401 (0.00,27) 18.5 ( 2687.1) 
72.C (16.2) 3.661 (0.00567) 19. 7 ( 2852.8) 
81.0 (18.2) 3.896 (0.00604) 20.8 ( 3015.4) 
9Q.J (20.Z) 4.115 (O.OO638) 21.9 ( 3172.6) 

S t< EVe! ANGLE= 3.00
0 

lD AD CeNT f\C T A P. E. j.~. CC~TACT PRESSUR E 
N {L B} 1,,\;"1 2 ( I N2 ) N-PASCAL (P S I ) 

9.0 ( 2.0) (j. 8i) 6 «().\":h;12S) 11.2 ( 1619.8) 
18.J ( 4.0) 1.279 (0.00198) 14. 1 ( 2040.8) 
27. :J { 6 .1) 1.676 (0.00260) 16.1 ( 2.336.2) 
36. LJ ( 8.1 ) 2.031 ((:- .0IJ315) 17.1 ( 2571.3) 
45.) (ll.).li 2.356 (C.00365) 19 .1 ( 2169.9) 
54.0 ( 12.1) 2.661 (0.00412) 20.3 ( 2943.4) 
63. :.: ( 1 It .2 ) 2.9 /+9 ( C • ;)045 7 ) 21.4 ( 3098.6J 
72.0 (16.2) 3.224 (0.\)0500) 22.3 ( 3239.6) 
81.0 (18.2) 3.481 (0.00540) 23.2 ( 3369.4) 
90. tJ (20.2) 3.741 (o.Jesso) 24.1 ( 348<;.8) 
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eM (2.('00 IN) COMMUTATOR RADIUS=5.080 
RellER RADIUS=2.400 eM 

( c. 945 IN) 
, ReLLER lENGTH=2.400 

(0.945 
eM 
IN ) 

SK'=W ANGLE= 4.00
0 

LOAD CONTACT l~R El\ CCNTl'CT PRESSUR E . ' 
i~ (L 8) t~ ['.~2 (IN2) M-PASCAL (P S I ) 

9. {) ( 2.!!j C.724 ( .OUl12) 12.4 ( 18 2.8) 
18.0 ( 4. 0) 1.149 (0.00178) 15.7 ( 2271.4) 
27.0 ( 6.1 ) 1.506 (0.00233) 17.9 ( 2600.1) 
36.Q ( ..1.1) 1.825 (0.00283) 19.7 ( 28t1.7) 
45.0 (10.1) 2.117 (0.00328) 21.3 ( 3082 .7) 
54.0 (12.1) 2.391 ( 0.00371) 22.6 ( 3275.9) 
63.0 (14.2) 2.650 (O.OO411) 23.8 ( 3448.6) 
72.C (16.2) 2.896 (0.00449) 24.~ ( 3605.51 
31.0 (18.21 3.133 ( • D~11+86) 25.9 , 3749.9) 
90.0 (ZG.2) 3.361 (0.00521) 26.8 ( 3884.0) 

SKE \ •• ANGLe: 5 ,-,:9 . , ... , 
LOAD CCNTJ\CT ~REA CONTACT PRESSURE 

N (l S j Mr,'f! ( I N2 ) M-PASCAl (PSI) 
9.(} ( 2 .0) 0.666 (O.{)01.03) 13.5 ( 1959.9) 

18.0 ( 4.·J) 1.0S7 ( O. 0016 i d 17.0 ( 2469.4) 
27.C ( 6.1) 1.3 c.-

::> (G.CG21S) 19.5 { .2 82 (;. 7 ) 
36.0 ( 8.1) 1.67(3 (0.00260) 21.5 ( 3111.2) 
4~.0 ( 10.1) 1. S4 n (C.:J0302) 23.1 ( 3351.5) 
51,.. J ( 12.1) 2.1'19 (G.003 /11) L /t.6 ( 3561.5) 
6J.0 (1't.2) 2./t3-' ( 0 • a 037 tl } 25.9 ( 3749.2) 
72. G (16.Z} 2.664 (C.OO413) 27.0 ( 3919.9) 
81. iJ (18.2) 2.882 (0.00447) 28.1 ( 4076.8) 
90.0 (20.2) 3.091 (0.00479) 29.1 ( 4222.6) 
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eM '2.500 IN) COMMUTATO~ RAOIUS=6.350 
ROLLER RADIUS=3.000 eM 

(l.lSl IN) 
, ROLLER lENGTH=2.400 

( 0.945 
eM 
IN) 

SKEW ANGLE: 0.0 0 

LOAD CGNTACT ~REA CONTACT PRESSURE 
N (l [:») J"1j"1 2 ( IN 2 ) M-PASCAL (PSI) 

d.9 ( 2. J) 1.473 (0.00228) G.O ( 875.7) 
17.8 ( 4.0) 2. (84 ( 0.00323) 8.5 , 1238. lt) 

26.7 ( 6.0) 2.55~ {C.OO396) 10.5 ( 1516.7) 
35.6 ( 8.0) 2.947 (0.00457) 12. 1 ( 1751. 1t) 

44.5 (lO.O) 3.295 ( C • ,',)0511 ) 13.5 ( 1958.1) 
53.4 (lZ.O) 3.609 (D.J055S) 14.8 ( 2145.0) 
62.3 (11'+.0) 3.899 (0.0U604) 16.0 ( 231(;.8) 
71.2 (16.(:) 4.168 (G.G;J646) 11.1 ( 2/ .. 76. £3 ) 
8U.l (IB.O) it.420 (C.00685) 18.1 ( 2627.1) 
39.0 (20.0) 4.660 (0.00722) 19.1 , 27bg.2) 

S KE\~ ANGLE= 1 .000 

LOAO cor\jTACT ~R Et.·, CCNTACT PHESSURE 
N (L i"1r'l2 ( IN 2) N-P oS CAL ( PS I j 

9.0 ( 2.0) 1.398 (0.00217) 6.4 , 933.7) 
18.4 ( 4.0) L.J6:J (O • .J031S) 8.7 ( 1261.5) 
27. C ( 6. 1 ) 2.525 (0.00391 ) 10.7 ( 1551.3) 
36.0 ( 8.1) 2.914 ( .)(452) 12.4 ( 1791.9) 
45.J ( 111 .1 ) :J.2S'l (G.OO5;)':;) 13.8 ( 2003.7) 
54.0 (lZ.l) 3.568 (C.C055J) lS.1 ( 2194.9) 
b 3 •. (lLt.2) 3.H55 ( , • ; Y": ~) <) ~1 } 16.3 ( 231(; .5) 
72. I,) (16.2) 4.122 (Li.'JC63<j) 17.5 ( 2533.6) 
81.0 (10.2) it.373 (0.(;0673) 18.5 ( 2686.1) 
90.:J (20.2) 4.611 (v.J0715) 19.5 ( 2831.31 
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eM (2.500 IN) CCMMUTATOR RADIUS=6.350 
ROLLER RAmUS=3.000 eM 

(1.181 IN) 
t RellER LENGTH=2.400 

(0.945 
Ci"1 
IN) 

SKEW ANGLE= 2.00 0 

LOAD CONT l>.CT AR Etl CCNTACT PRESSUR.E 
N (L Bl fvii\tl 2 ( IN 2) M-PASCAL (PS 1) 

9.0 ( 2.C) 1.086 ( 0.00168) 8.3 ( 1201.8) 
18.tJ ( 4. ~) ) 1.72'i ( ').C0267l 10.4 ( 1514.2) 
27. G ( 6.1) 2.259 , 0 .00350) 12.0 ( 1733.3) 
36.0 ( S.l) 2.737 (~1. O~424) 13.2 ( 1907.8) 
45.,) (lO.li 3.176 (0.,)0492) 14.2 ( 2055.1) 
54.0 (12.1) 3 .53:> {C.OC548} 15.3 ( 2215.<1) 
63.') (14.2) 3.839 ( I .... ;) 0 5 9 5 } 16.4 ( 2380.1) 
7L.J (16.2) 4.115 (0.00638) 17.5 ( 2538.1) 
81.G (18.2) It.369 (0.00677) 18.5 ( 268R.8) 
9~; .0 (2(.2] 4.608 , (! • (}) 71 4 ) 19.5 ( 2832.7) 

SKEiri ANGLE= 3. (JC' 
0 

LDAD CONTI\CT fJR E t, CC~JT ACT PR ESSUR E '\, (L B) r~t-12 ( IN 2) l"1-PA SCAl (P S I ) ; .. 
9.0 ( 2.Dl <J. 93~ (G.GG145) 9.6 ( 1396.C) 

18.0 { 4.01 1 .ltS l. (0.00230) 12.1 ( 1758.8) 
'27.( ( 6.1) 1.945 «(,.Gt;3:-:1l 13.9 ( 2C:1.3.3) 
36.0 ( 8. t) 2.356 (O.OO3(5) 15.3 ( 2Z1t.O) 
45.0 ( lO.l) 2.7.34 (0.00424) 16.5 ( 2387.1) 
54.': (12.1) 3.0Ba ( c. J Cit 7 g) 17.5 ( 2536.7) 
63.0 (14.2) 3. tt2 2 (D.OO530) 18.4 ( 2670.4) 
72.C (16.2) 3.740 ( \) • Q C 5 8 1) ) 19.3 ( 2792.0) 
8i.0 (18.2) 4.046 (0.00627) 20.0 ( 2903.8) 
90.0 (20.2) 4.340 (0.00673) 20.7 ( 3007.61 
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(2.500 IN) CCMMUTATOR RACIUS=6.350 
ROLLER RADIUS=3.000 eM 

(1.181 IN) 
, ROLLER LENGTH=2.400 

(0.945 
Ci'-1 
IN) 

SKE h ANGLE= 4.00° 

LOAD CONTACT AR Et~ C DNT ~\CT PRESSU~E 
N (L B) j'vl!\12 tIN2) M- P /\SCAL (P S I ) 

9.0 ( 2.0) O.H40 (O.OO13C) 10. 7 ( 1553. 6} 
18.0 { 4 • .J} 1.334 (v.00207) 13.5 ( 1957.4) 
27.0 ( 6.1) 1.748 ( • :)271 ) 15.4 ( 2240.6) 
36.0 ( 8.1) 2.111 (0.0-J.328) 17.0 ( 2 1t66.1l 
45.0 (10.1) 2.l.t57 (0.00381) 13.3 ( 2656.6) 
54.(: ( 12.1) 2. 7-/4 ( i.J .J043C) 19.5 ( 2823.0) 
63.0 ( 14.2) .3.075 (C.OO417) 20.5 ( 2971.<j) 
72.0 (16.2) 3.361 (eJ.C05211 21.4 ( 3107.1) 
81 • ,~\ (18.2) 3.;~36 ( .t}G564 ) 22.3 ( 3231.5) 
90.0 (20.2j 3.900 (O.OO60S) 23.1 ( 3347.1) 

S KE'~'J ANGLE= 5.0cP 

LOAD CONTAC T At< E,t\ CCNTACT PRESSUq ;.: 
N ( L n ) r~:~ 2 ( IN2 ) M-PASCAL (PSI) 

9.J ( 2.;]) C.77::' ( o. aGI2G) 11.6 ( 1689. J) 

13. { 4. l 1.227 (O.CC19J) 14.1 ( 2128.) 
27. ;] ( 6. 1 ) 1.608 {u.(0249) 16 .8 ( 2436.0) 
36.8 ( • 1 ) 1. 9 Lt 8 ( • 3)2 ) 1B.5 ( 26Bl.ll 
<:'5. J (10.1) 2.260 ( 1) • co::> 5 J ) 19.9 ( 2883.2) 
54.0 lIZ.1} 2.552 ( G.JC396) :2 1.2 ( 306<7.2 ) 
63 • i~; {14.2} ?828 ( I • 1.-' i) 4 3 8 } 22.3 ( 3231.;') 
72.0 (lb.L) 3.J92 (O.OO479) 23.3 ( 3378.0) 
31.0 ( 18.2) 3.344 (0.00518) 24.2 ( 3513.3) 
9:' .0 (20.2) 3.587 ( 0.(0556) 25.1 , 3638.<;J 
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eM (2.500 IN) COMMUTATOR RAOIUS=6.350 
RellER RADIUS=3.600 eM 

(1.417 IN) 
, RellER lENGTH=2.400 

(0.945 
eM 
IN) 

S KEvt ANGlE= 0.0
0 

lOAD CONTACT ft.REA CCNTACT PRESSURE 
N (ll1,) rli"12 ( IN 2) M-PASCAL ( PS I » 

8.9 ( 2.0) 1.565 (U.C0243) 5.7 ( 824.6) 
17.B ( 4 • ;') ) 2.213 (I.}.OC343) 8.0 ( 1166.2) 
26.1 ( 6.0) 2.710 (0.00420) 9.8 ( 1428.3) 
35.6 ( R.u) 3.129 ( C.G048S} 11.4 ( 1649.3) 
44.5 ( 1 . \) ) 3.499 (O.OO54.~) 12.7 ( 1243.9) 
53.4 (12.0) 3.833 (0 .0059't) 13.9 ( 2G19.9) 
62.3 (1':+.0) 4.14) ( ;) • 1) lJ 6 /t 2 ) 15.0 ( 2181.8) 
71.2 (16.0) 4.426 (0.006861 16. 1 ( 2332.4) 
80.1 ( 18.0J 4.694 (O.OO728) 17.1 ( 2473.9) 
B 9.~; (20.C) 4.948 ( ;:; .00167) 18.0 ( 2607.7) 

SKi: h ANGlE= 1.00 0 

U.1l\O CGNT ~,CT ,6 f.{ t J~ CCNTACT PRESSURE 
N ( L i3 ) ~'1r12 ( I i\I 2 ) t-1-PASCAL ( PSI) 

9 •. ,) ( 2.0) i.50u (O.0J232) 6.0 ( 87C.3) 
13.C ( 4. 0) 2.1B8 (0.003391 8.2 ( 1193.2) 
27. C { 6.1} 2.681 (0.:)G415) 1~). 1 ( 146(:.9) 
36.·J ( B.l) .3.:)<14 (0.0048;) 11.6 ( 1687.5) 
45.0 (lD.l) 3.459 (0.00536) 13.0 ( 1836.S) 
5 tt. f] (12.1) 3.789 ( ,~. t.' ': 5 B 7 ) 14.3 ( 2 Iw'66.9 ) 
03.0 ( lit. 2) 4.0 C)4 (0.00035) 15.Lt ( 2232.1) 
72 .. IJ (16 ... 2) 4.377 (C.OO679) 16.4 ( 2385.7) 
81. (18.2) 4.644 (0.0072(<) 17.4 ( 252'.1.1) 
90.0 (20.2) 4.897 (0.00759) 18.4 ( 2665.8) 
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eM (2.500 IN) CCMMUTATOR RADIUS=6.350 
ROLLER RADIUS=3.600 eM 

(1.417 IN) 
, RCLLE~ LENGTH=2.400 

(0.945 
Cf-1 
IN) 

SKEW ANG LE-= 2.00 
0 

LOAD CONTACT AR EA CCNT~CT PR ES SUR E 
N ( l B) ~li:\·12 (IN2) N-PASCAl ( PSI) 

9. ( 2 .~, ) 1.164 «(.OCld 7.7 ( 1121.1) 
13.0 ( 4.0) 1.348 to .00286) 9.7 ( 1412.6) 
21.C ( 6.1 ) 2.422 (0.00375) 11. 1 ( 1617.0) 
3o.U ( 8.1) 2.'934 (0.00455) 12.3 ( 117CJ.7) 
45.0 (lO.I} .3.396 {O.OO526) 13.2 ( 1921.7) 
54. '1 (12.1) 3.763 ( .005(33) 14.'t ( 2 81.5) 
63.;] ( 14.2) 4.082 (Q.OO633) 15. l r- t 2238.6) 
72.0 (16.2) 4.372 (0.00678) 16.5 ( 2388.5) 
81.1 (18.2) 4.642 ( ,) • :;0719 ) 17.5 ( 2531.2) 
90.0 (20.2 ) 4.894 (O.OO759) 18.4 ( 2667.1) 

SK~~J ANGLE= 3.COo 

lOA.O CONTf~C T AREA CCNTACT PRESSURE 
N {l Pd f.'rv~ { I N2 } ~'l-r A SCAl (P S I) 

S.l) ( 2. O) 1.002 (J.D(155) 9 .0 ( 1302.3) 
1 e. Q ( 't •. ) 1.591 ( .'){ 2 /t 7) 11.3 ( 1640.8) 
21.0 ( 6. 1 ) 2.085 {O.0J3231 13.0 ( 1878.3) 
36.C ( 8.1 ) 2.526 (O.OG391) 14.3 ( 2067.3l 
45. \. ( 1 I) • 1 ) 2.931 ( • :;,:;It::>,~) 15.4 ( 2227.)) 
54.J (lZ.l) 3.310 {D.O\~51jj 16.3 ( 2366.5) 
63. ,J (14.2) 3.668 ( G .;J ~u<j) 17.2 ( 2491.3) 
7'"> !., 

L.. " (16.2) 4 • ~;G9 ('J.00021) 18.0 { 26<]4.7) 
31.0 (lS.2) it. 337 (O.OO672) 18.7 ( 2709.0) 
90.0 ( 20.2 J 4.653 (0.00721 ) 19.3 ( 2805.8) 
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eM (2.500 IN ) CCMMUTATOR RACIU5=6.350 
ROLLER RADIUS=3.600 eM 

(1.417 IN) 
RCLlER lENGTH=2.400 

(0.945 
eN 
1 N) 

SKEW ANGLE= 4.COo 

LOAD CONTACT AR E/\ CCNTACT PRES SUR E 
N (Lfn r1;.,2 (IN2) ~i-PASCAL (PSI) 

9.0 ( 2. OJ 0.900 (O.OOI4() 10 .0 ( 1449.7) 
1 U • \:: ( 4 • ;:~~ ) 1.429 «(1 •. J 222) 12.6 ( 1 826.5) 
27.0 ( 6.1) 1.873 (0.00290) lit .4 ( 2090.8) 
36.G ( 8.1 ) 2.269 (0.00352) 1~.9 ( 2301.2) 
45.J (l·:':.l) 2.633 ( .IJ040 e) 17.1 ( 2472.<;) 
54.G (12.1) 2.913 (0.004611 18.2 ( .2634.2) 
63.0 (14.2} 3.2<]5 (O.OO51l) 19.1 ( 2713.1) 
72.0 ( 16.2) :3. 0') ~ {O.J05SBJ 20.0 ( 2899.3) 
81.0 (18.2) 3.896 (J .0060'+) 20.8 ( 3015.4) 
90.0 (20.2) 4.180 (D. C('648) 21.5 ( 3123.2) 

SKE ~~ ANGLe= 5.0vo 

LOp.D C01'·IT ACT AREA. CCNTACT PRES SUR E 
N { l i".t-12 { I N2 ) rv1-P/~SCAl (PSI) 

(' 
j. ( 2 • ) l~' .828 ( • C}.;) 12 d) 10.9 ( 1576.1) 

13.G ( It. 0) 1.315 (0.00204) 13.7 ( 11)85.8) 
27.0 ( c: .1 ) 1.723 (0.00261) 15.7 ( 2273.2) 
3t • ::, ( B. 1 ) 2. GB 7 (0.00323) 17.3 ( 2502.0) 
ItS. J (lU.l) 2. '+22 (0.00375) 18.6 ( 2695.1) 
:>4.C ( 12. 1 ) 2.735 ( G. C;:: 't 2 .:t ) 19.7 ( 2J64.(» 
63. J ( lit. 2 ) J • 'J 31 ( oj • J C -4 7~: ) 20.8 ( 301:'.0) 
"72.G (16.2) 3.313 ( 0 .00.514 ) 21.7 ( 3152.3) 
81 .":' (18.2) 3.584 { (l. (555) 22.6 ( 3278.5) 
90.J (2:).2) 3.844 ( Q. OG5 9(d 23.4 ( 3395.7) 



APPENDIX D 

LIST OF EQUIPMENT USED IN 

THE EXPERIMENTAL RESEARCH 
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Item 

LIST OF EQUIPMENT 

Manufacturer Model No. 

Dayton Elec. Mfg. Co. 2M145 

Hewlett-Packard 5304-A 

LA 100-03BM 

Type 561 B 

Type 3C66 

Serial No. 

l2l2a00842 

A20201 

b08ll94 

001531 

AC-DC Motor 

Digital Counter 

DC Power Supply 

Oscilloscope 

Carrier Amp. 

Load Cell 

Lambda E1ec. Corp. 

Tektronix 

Tektronix 

Transducers Inc. BTC-FF162-CS-25-ClOpl 59975 

Wheatstone Bridge Rubicon Instr. 

DC Power Supply Hewlett-Packard 

4-Ch. Recorder Sanborn Co. 
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1071 -----------

62l8A 

154-1100 

1148A04944 
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APPENDIX E 

A comparison of contact areas for concave-concave and concave-convex con-

figurations: 

If the roller axes are perfectly aligned the contact area will have 

a rectangular shape of width b: 
Test Rig 

(Concave-convex) 

Case 1 

Case 2 

for 

for 

Actual Motor 
(Concave-concave) 

The ratio of contact areas for the two different cases is: 

j FDI D2 [1 - 0'2 1 - (j' 2l 
L · 1.6 D - D E + E' J 

1 2 = -------------------------------------

(N + I)D2 = ~ 
(N - l)D J ~ 

2 

The ratio of areas for the two configurations (Case I and Case 2) are de-

pendent on the ratio of roller diameters used. For most of the tests in 

this paper the roller-ring diameter ratio is 1:3. Therefore the increase 

in contact area associated with a change from a Case I configuration to 

a Case 2 configuration is: 

144 



145 



VITA 

The author Michael D. Carroll was born in Roanoke, Va. on September 

20, 1953. He graduated from Patrick Henry High School, Roanoke, Va. in 

June of 1971 and entered Virginia Polytechnic Institute and State Univer­

sity in September of the same year. He was awarded the B.S. degree in 

Mechanical Engineering in June, 1975. He then became a candidate for the 

M.S. degree in Mechanical Engineering at VPI&SU in September of 1975. 

He obtained a Graduate Research Assistanceship, working on.a project 

sponsored by Inland Motor Division of Kollmorgen Corp., of Radford, 

Virginia. 

?) lc::.;(Ci c.-I tJ? CCi.·vr...~-C(·' 
Michael D. Carroll 

146 



CONTACT AREA BETWEEN CYLINDERS IN ROLLING CONTACT 

by 

Michael D. Carroll 

(ABSTRACT) 

The contact area between two rollers or cylinders was investigated 

both theoretically and experimentally_ The theoretical investigation 

was based on Hertzian theory, while the experimental method used was 

based on the measurement of contact resistances. 

The variables in the investigation were the applied force, skew 

angles between roller axes, and roller diameters. The experimental results 

showed contact areas much smaller than predicted by Hertzian theory. This 

was expected, as Hertzian theory does not account for the rough surfaces 

of real bodies. 

Extensive tables of Hertzian contact areas for various roller sizes 

and skew angles are included. 




