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Maxima |37 U —Y 7 hT, A F =%y bPBAFARETT, Maxima DRXF— L=
(http://maxima. sourceforge. net/) @ I[DownloadslZ 7 1V v 7 4% & . Windows <° Macintosh 73
. IFEISERT Ty N7 A ARBIRTE ET,
Windows @ Installation of Maxima in Windows Z3R$ 2% & FRROX—VICBEIL £,

Installation of Maxima in Windows

1. Download the lates! Maxima version, which is cumently. 542 2-Windows. You should download the first file you see, ending with win64.exe , unless you have an okd CPU, in which case you will

negd ihe windl.exe VErsion

Fuun that flle you downiloaced 1o S1an the installation process. It might 1ake some time, becatse the INSLaIktoN program will Also INStall other AcaMonal Programs separate from Maxima

Once the installation process ends, 100k in the directony where you instalied Maxima, which will be something Simiar 1o. ¢:\\maxima_$.42.2 . In that directory you should find a sub-direciony

named bin , which has the programs thal were installed. Before you run any of those progranms, make sure your antivirus will nol touch the programs there. If you're nol sure, make a backup of

that girectory somewnere. It iappens very oflen that aner the first ime you run Maxima the antivirus deletes the program considering @ vius. The back-up will Delp You recover Ihe missing files

withaut having 1 install Maxima again

Batore running Maxima, execule the program lispselector which i in the same bin direciony mentioned in the previous step, Sslect “SHCL" whith will Solve many emors thal appear when

USING the defaul "Clisp™.

8. Try the three interfaces 1o Maxima thal you will find in the bin directory. Jine Maxima, X; ima and And check that you get the X1 prompl and can execule some
bask commands.

6. To make sure Maxima can also launch the two graphic programs it uses, run the following two commands which should create plots:

@ P

=

plotd (=, [x,8,1]);
plotdf ([y.-x]):

ZZ TR TH D 5.42. 2-Windows (2019 422 H 20 HEIE) 22V v o7 35&, Fiid
—JIZBEILETOT, 64y :2232 By MEFEZRO L, Download Latest Version| &7 U
7L, 137 @RI DT m— RNRBEKBLET,

Summary Files Reviews Support Wiki Mailing Lists Tickets » News Discussion Gitr

Download Latest Version
Gt A
Home / Maxima-Windows / 5.42.2-Windows

Name 3 Modified ¥ Size ¥ Downloads / Week ¥

J Parent folder

Readme.txt 2019-01-25 &75 Bytes 81 @

maxima-clisp-shel-5.42.2-winé4.exe 2019-01-24 131.5MB 3,353 Ml @

maxima-clisp-sbcl-5.42.2-win32.exe 2019-01-24 123.5MB 208 L @
Totals: 3 Items 255.0MB 3,642

FENT, By N7 v T U4 P — FBRFRINDHDOT, Kk~ = [FAET D) > A b=k
DIFE->T R —=F L FBER—> (S A=) 27V v 7 LET,
C:¥maxima-5. 42. 2¥wxMaxima¥wxmaxima. exe 27 U v 7425 & GUI Z V7= wxMaxima A3 A2HE) L
F£9, wxmaxima.exe D> a— Uy bET A7 by FICREY 1T TR < LR TT,

(A= RIA UMD Maxima, fii5 GUL @ XMaxima & [FEFICA > 2 h—L &N ET,)



6 AIOYSLTERT S Maxima B
7 T A THHAT A E Maxina FFAOBEBIITEO LB TY,
FEAMIITRY A Mz TSR T I,

http://wwl. fukuoka—edu. ac. jp/ nakata/comp/maxima. html

B %% N R i
JEx/ A b
...... $ il RIS
remvalue (all) TN TOREBUE R & HIBR
kill(all) A DATT T HHIER
(AW a:3 (3% allfE3 zHIVHTS

% ERTOH /)
float (exp) et - AR A FE NI AT D
%pi BOFES n=3. 141592

= BE R
signum (x) signum(x)= 1(x>0), 0(x=0), -1(x<0)
matrix(rl, r2,...) 1180, 4TI, 2,3, 4]0 L 570V A MEREL

block (expl, .., expn)

expl P BIRIZFAT L, expn ZF> THKRT T 5

#

Sl - L < 2R

subst (a, s, exp)

exp D silazfRATD

mnewton ([, [1, [1)

EH v, v2, . BT A HREAAE x1,x2, ... 0
BHBELT=a— M ETHEL

quit ()

T
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7-1 1S06336-30-table2-20190129

e i N
{Geometry>
z_1 17 z ' Number of teeth
z_2 103 : Number of teeth
m_n 8. 00 m, : Normal module
alpha_n 20%P1/180 a,: Normal pressure angle (rad)
beta 15.80%Pi/180 | 8 : Helix angle (rad)
Hand of helix Left & Right
b_1 100. 00 b : Face width pinion (total)
b_2 100. 00 Face width gear (total)
Gap width 0 & 0
Edge chamfer 0.00 & 0.00
b_eff 100. 00 b.s : Contact face width (total)
a 500. 00 a ! Center distance
W_ki 38. 196 W, : Span measurement pinion
W_k2 307.973 . Span measurement gear
k_1 2 k : Number of teeth spanned pinion
k_2 13 : Number of teeth spanned gear
x_1 0. 145 X : Nominal profile shift coefficient pinion
X_2 0 : Nominal profile shift coefficient gear
d_al 159. 66 d, : Outside diameter pinion
d_a2 872. 35 ! Outside diameter gear
h_fP1 1. 4%*m_n hep : Basic rack dedendum pinion
h_fP2 1. 4%*m_n . Basic rack dedendum gear
Tip chamfer 0.00 & 0.00




B4 i N
rho_fpl 0. 39 o . Basic rack fillet root radius coefficient pinion
rho_fp2 0. 39 . Basic rack fillet root radius coefficient gear
p_rl 0. 00 p, - As cut basic rack undercut pinion
p_r2 0. 00 : As cut basic rack undercut gear
q_1 0. 00 q . Material allowance for finishing pinion
q_2 0.00 . Material allowance for finishing gear
s_prl 0. 00 Spe - Residual undercut (calculated p,—q) pinion
s_pr2 0. 00 : Residual undercut (calculated p,—q) gear
z_01 zo - Pinion cutter number of teeth pinion
z_02 : Pinion cutter number of teeth gear
x_01 Xo . Pinion cutter profile shift (ref) pinion
x_02 : Pinion cutter profile shift (ref) gear
Flank finishing process As cut & As cut
Root finishing process As cut & As cut
Profile shift coefficient used for calculations
Nominal (x) & Nominal (x)
C_a 70 C, - Tip relief
<IS021771>
haP 1. 0*m_n h, : Basic rack addendum
d_f1 121. 260 d; : Root diameter pinion
d_f2 833. 960 . Root diameter gear
j_bn 0. 299 Jon - Normal backlash (Backlash stz iz, 7= X HE & o LERRED B 35D
<Quality>
iAcg 5 ISO accuracy grade
f_ptl 8.0 f,. * Single pitch deviation pinion
f pt2 9.5 . Single pitch deviation gear
f_falphal 10.0 f¢o * Profile form deviation pinion
f_falpha?2 12.0 . Profile form deviation gear
f_Hbetal 8.5 fyp ¢ Helix slope deviation pinion
f_Hbeta2 9.5 . Helix slope deviation gear

Surface roughness-flank Ra(Rz) 1.0(6.0) & 1.0(6.0)

Surface roughness-fillet Ra(Rz) 3.0(18.0) & 3.0(18.0)
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Material>
iMaterial_1 11 Material pinion Eh
iMaterial_2 11 Material gear Eh
iQuality_1 2 Material quality pinion MQ
iQuality_2 2 Material quality gear MQ
Casehardness_1 697 Case hardness pinion HV 60HRC
Casehardness_2 697 Case hardness gear HV 60HRC
iCore_1 1 Core hardness pinion HV 30HRC
iCore_2 1 Core hardness gear HV 30HRC
E_1 206000 E : Young’s modulus pinion
E_2 206000 : Young’s modulus gear
nu_1 0.3 v . Poisson’s ratio pinion
nu_2 0.3 . Poisson’s ratio gear
0. 009 : Yield/proof stress
Shot peen No & No
Limited pitting allowance No & No
<{Application>
K_A 1.00 K, . ¢ Application factor Method A
Reverse bending No & No
Favourable contact position No & No
Helix modification (IS06336-1:2006 Table8) None (No. 1)
Dynamic factor K,, calculation method : Method B
Face load distribution factor, Kys and Kgg,
calculation method Method C
N_M1 1 Ny : Number of meshes pinion
N_M2 1 : Number of meshes gear
Gear blank type : Solid and Solid
b_sl1 0 b, : Web thickness pinion
b_s2 0 : Web thickness gear
Inside diameter
Number of webs
iFigurel3 1 Arrangement (1S06336-1:2006, Figure 13) a
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1 125. 00 1 : Bearing span
S 0. 00 s ! Bearing span offset
d_sh 100. 00 dy, © External shaft diameter
iValuefsh 2 fg © Bquivalent misalignment As Formula 3(57)
iFmacalculation 3 f,. : Mesh misalignment As Formula = (64)
S_Hmin 1. 00 Simin - Minimum safety factor pitting
S_Fmin 1. 00 Semin - Minimum safety factor tooth breakage
nu_40 320 v, - Lubrication viscosity
<1S06336-1>
iGeartype 2 Gear type is helical
iMod 1 Profile modification 1:adequate
K_gamma K_A Mesh load factor to follow K_A
iGearmount 1 Gear mount is between
iContactpattern 1 Size and suitability of contact pattern are not proven
and bearing pattern under loadis imperfect
iTable8No 1 Table 8 No.
iGearmount 1 Gear mount is between
rho_1 7.85/1000000 | Pinion material specific gravity
rho_2 rho_1
nu_100 30.0 Lubrication viscousity at 100°C
theta 80.0 Lubrication temperature
<1S06336-2>
Ra_H1 1 Surface roughness pinion
Ra_H2 1 Surface roughness gear
L_h 50000 Required life
HB_ 1 656 Brinell hardness number pinion
HB_2 656 Brinell hardness number gear
HB 656 Brinell hardness of the tooth flanks of the softer gear of the pair
B_IM 0
B_2M 0
C_IM 0
C_2M 0




B4 i N
D_IM 0
D_2M 0
N_L 10710 Number of load cycles
iFactor_f_7Ca 1
ixi_fw 2
iPits 2
iViscosity 7
iZ_L 1
iz W 2
iStress 1
iLife 1
<1S06336-3-1>
cuttertype hob
notchNearCriticalPoint | false
t g 10 t, © Maximum depth of grinding notch Z((39)
rho_g 10 p, : Radius of grinding notch =(39)
s_R 10 sy :© Rim thickness #i(41)-
<IS06336-3-2>
h_t 10 h, : Tooth height X (41) (42)
sigma_B 300 op - Tensile strength Table 2
simga_S 300 os . Yield stress Table 2
sigma_02 800 042 - Proof stress(0.2% permanent set) Table 2
Y_RO 1 Yro : Surface factor of the plain, polished test piece
Rz_k 1.6 Rz Mean peak to valley roughness of the notched, rough test piece
{Load>
T 1 9000 T, : Torque
n_1 360. 0 n, . Speed

Required life 50000

Life factor for contact stress, Zy, at 10 cycles

0.85 & 0.85

Life factor for tooth root stress, Yy, at 10 cycles

0.85 & 0.85
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R fil FHEK N R
bw b_eff by @ 1S021171 TOHBNHEDFEL 5 by (2 & Hz
aw a ay - 15021171 TOHF LD aylICEE# 2
Rho_ap01 rho_fpl*m_n o - Root radius on basic tooth profile pinion
Rho_ap02 rho_fp2*m_n . Root radius on basic tooth profile gear
p_n Pi*m_n p, : Normal pitch = (24)
p_bn p_n*cos (alpha_n) | p,, : Normal base pitch = (29)
E_il 0.01 Figure 37
E_i2 0.01 Figure 37
E_sl 0.02 Figure 37
E_s2 0.02 Figure 37
xE1 x_1 Xg - Generating profile shift coefficient pinion
xE2 X_2 . Generating profile shift coefficient gear
qmax 0 Max machining allowance on tooth flank
qmin 0 Min machining allowance on tooth flank
omeg_al Pi*n_1/30 Angular velocity of pinion [rad/s]
d_1 d : Reference diameter pinion =(1)
d_2 . Reference diameter gear
d_yl d_al*0. 99 dy : Y-circle diameter pinion
d_y2 d_a2*0. 99 : Y-circle diameter gear
u z_2/z_1 u : Gear ratio X (52)
inv_alpha_n inv(a,)
alpha_t Q
d_bl d_l*cos(alpha_t) | d, : Base diameter pinion = (19)
d_b2 d_2%cos (alpha_t) . Base diameter gear
tau_1 2%Pi*abs (z_1) t : Angular pitch pinion I (21)
tau_2 2%Pi*abs (z_2) : Angular pitch gear
beta_b B, : Base helix angle =i(5)
beta_b B, : Base helix angle =:(6)
beta_yl B, : Helix angle at Y-cylinder pinion =(8)
beta_y2 : Helix angle at Y-cylinder gear
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alpha_ytl a, ° Transverse pressure angle at Y—-cylinder
pinion K (12)
d_vl dy © V-circle diameter pinion =\ (32)
d_v2 : V-circle diameter gear
alpha_vtl o, - Transverse pressure angle at V-cylinder
pinion #FH(12)’
alpha_yt2 a, ° Transverse pressure angle at Y—-cylinder
gear =(12)
alpha_vt2 o - Transverse pressure angle at V-cylinder
gear =(12)°
Xi_yl tan(alpha_ytl) £, ! Roll angle of the involute at Y pinion =(16)
Xi_y2 tan(alpha_yt2) : Roll angle of the involute at Y gear
Ly 1 L, : Roll length pinion =(17)
Ly_2 : Roll length gear
p_bt d_bl*tau_1/2 po. © Transverse base pitch T (28)
p_bt d_b2%tau_2/2 p,, . Transverse base pitch Z\(28)
p_et p_bt Pt . Transverse base pitch on the path of contact
inv_alpha_t inv(a,)
inv_alpha_wt inv(ay,.)
Alpha_wt a,. . Working transverse pressure angle =i(54)
za z_1 z, . Number of teeth of driving gear
zb z_2 z, - Number of teeth of driven gear
i ~1%*zb/za i : Transmission ratio F(53)
d_wl dy © Working pitch diameter pinion =X (56)
d_w2 . Working pitch diameter gear
a_w ay - Center distance of a cylindrical gear pair
alpha_wt a,. . Working transverse pressure angle =i(54)
hw hy © Working depth
haPO h_fP1 h.po : Addendum of the tool standard basic rack tooth
profile
dfE_1 dgp ¢ Root diameter produced pinion = (125)
dfE_2 . Root diameter produced gear
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c_1 ¢ : Tip clearance pinion T (60)
c 2 : Tip clearance gear =.(61)
sigma_x x_1+x_2 Y. ¢ Sum of profile shift coefficients =(62)
sigma_x Y. ¢ Sum of profile shift coefficients =(62)
sigma_xE xE1+xE2 Y. . Sum of generating profile shift coefficients = (63)
d_Fal d_al dp, © Tip form diameter pinion
d_Fa2 d_a2 . Tip form diameter gear
d_Nf1 dys : Start of active profile diameter pinion =X (64)
d_Nf2 . Start of active profile diameter gear
d_Nal d_Fal dy, © active tip diameter pinion =(69)
d_Na2 d_Fa2 : active tip diameter gear T\ (68)
hfp h_fP1 hgp : Dedendum of the standard basic rack tooth profile
hFaP0_1 hfp
hFaP0_2 hfp
d_Ff1 dpe ¢ Root form diameter pinion =i(128)
d_Ff2 . Root form diameter gear
d_Nf1 dyer + 3(66)
d_Nf2 dye, + F(67)
d_Nal dye © 20(69)
d_Na2 dyar 2 (68)
g fl g; ¢ Length of dedendum path of contact pinion Z(79)
g 2 : Length of dedendum path of contact gear =X (80)
Xi_wt tan (Alpha_wt) £,
Xi_N_a2 £ e - Roll angle at active tip circle gear =(72)
Xi_N_f1 £y - Roll angle at active root circle pinion = (71)
alpha_NF1 atan (Xi_N_f1) Qe -
d_Nf1 dyer = H(70)
Xi_N_al £y - Roll angle at active tip circle pinion Z(75)
Xi_N_f2 Exp o Roll angle at active root circle gear =i(74)
alpha_NF2 atan (Xi_N_f2) Qg
d_Nf2 dye, + A(T73)
cF_1 cr . Form over dimension pinion 3i(76)

7127




A il FHE W =
ckF_2 . Form over dimension gear
g_alpha g, - Length of path of contact
g_alpha_Rack . Length of path of contact to be mated with a rack
g_al ga1 *
T1C T,c @ #(81)
T2C T,C © 3 (82)
T2A T,A © 3(83)
TIE T.E @ (84)
T1B TB : (85)
T2D T2D : 2 (86)
T1T2 TIT2 @ 2 (87)
phi_alphal ¢ ., @ Transverse angle of transmission pinion =i(88)
phi_alpha2 : Transverse angle of transmission gear T\ (89)
epsilon_alpha | g_alpha/p_et ¢ , . Transverse contact ratio =(90)
phi_batal ¢ ;5 * Overlap angle pinion Z((91)
phi_bata2 : Overlap angle gear T (92)
epsilon_beta e 5 - Overlap ratio #i(93)
g_beta bwktan (beta) gg - Overlap length =(94)
phi_gammal ¢, : Total angle of transmission pinion (95)
phi_gamma2 : Total angle of transmission gear =\ (96)
epsilon_gamma e , . Total contact ratio Z(97)
Imax le @ Maximum length of a contact line Z:(98) (99)
phi_jl ¢ ;  Backlash angle pinion #(100)
phi_j2 . Backlash angle gear = (101)
Jw_t Jwt - Circumferential backlash at the pitch circle #:(102)
j_t Jji * Circumferential backlash at the reference circle = (103)
J_r Jr © Radial backlash #L(104)
ny_n v, : Normal speed = (105)
rho_y_1 Ly_1 o0, - Radius of curvature of the involute at Y Z((17)
rho_y_2 Ly_2 . Radius of curvature of the involute at Y gear
ny_g v, ¢ Sliding speed =.(106)
g alpha_y g., - Distance of Y from pitch point C Fi(107)

7137




ERA filf GRS N
ny_g v, ¢ Sliding speed Hi(108)
ny_g_f1 v - Sliding speed at the dedendum Z((109)
ny_g al Vv © Sliding speed at the addendum =(110)
v_t v, - Velocity on working pitch diameter
K_ g ny_g/v_t K, : Sliding factor =((111)
K_gf K, @ Sliding factor at tooth root i(112)
K_ga K. @ Sliding factor at tooth tip ZU(113)
zeta_al ¢ : Specific sliding pinion =(114)
zeta_a2 . Specific sliding gear =i(115)
dzeta_f1 { ¢ © Specific sliding at end of path of contact pinion #i(116)
dzeta_f2 © Specific sliding at end of path of contact gear X (117)
Esns_1 Eqs © Upper deviation limit for tooth thickness pinion Z(118)
Esns_2 ! Upper deviation limit for tooth thickness gear
Esni_1 Eqi © Lower deviation limit for tooth thickness pinion #i(119)
Esni_2 * Lower deviation limit for tooth thickness gear
st_1 s, : Transverse tooth thickness pinion = (39)
st_2 . Transverse tooth thickness gear
sn_1 st_1*cos (beta) s, : Normal tooth thickness pinion = (49)
sn_2 st_2%cos (beta) : Normal tooth thickness gear
sns_1 sn_l+Esns_1 S,. © Maximum normal tooth thickness pinion Z((118)
sns_2 sn_2+Esns_2 : Maximum normal tooth thickness gear
sni_1 sn_1+Esni_1 Spi © Minimum normal tooth thickness pinion Z((119)
sni_2 sn_2+Esni_2 : Minimum normal tooth thickness gear
xEs_1 Xps - 2N (123)
xEs_2 »A(123)
xBimn_1 Xy 26 (124)
xEimn_2 tA(124)

7147




1-3 1S06336-5_20190129

BEA il FHRE N

sigma_Hliml Tablel 725 EHAB Zi&E L, K (2) & TR,
sigma_H1lim2 [F]_k

sigma_Fliml [[] k-

sigma_F1lim2 [F |

sigma_FE1 = (1)

sigma_FE2 = (1)

Y_ST 2.0
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R A il FHRE NOR
sigma_Hlim sigma_Hliml 0 i - Allowable stress number (contact)
sigma_Flim sigma_Fliml 0 rin - Nominal stress number (bending)
sigma_FE sigma_FE1 o © Allowable stress number (bending)
f_pb foe DREWVWHDfE X cos a,
F_t 1000%T_1/(D_1/2) F, : Transverse tangential load at reference cylinder
X3
v v : Tangential velocity =(4)
p F_t*v /1000 P : Transmitted power =i(3)
T 2 F_t*xd_2/2000 T : Torque gear = (2)
omega_1, 2 o : Angular velocity = (5)
n_2 n : Rotation speed gear = (5)
z_nl, 2 z, . Virtual number of teeth =i(79)
gPrime q" ¢ Minimum value for the flexibility of a pair of

meshing teeth X (82)

cPrime_th 1/qPrime ¢ 4 ! Theoretical single stiffness =i(81)

C_M 0.8 Cy : Correction factor =i(83)

C_R1,2

C_R (C_R1+C_R2) /2 Cy : Gear blank factor =\(85)

alpha_Pnl, 2 alpha_n*180/Pi ap, - Normal pressure angle of the basic rack
C_B1,2

C_B (C_B1+C_B2)/2 Cs @ Basic rack factor =X\ (86) (87)

cPrime ¢’ ! Maximum tooth stiffness per unit face width (single

stiffness) of a tooth pair =X (80) (88) (89) (90)

c_gammaalpha Cyo - Mean value of mesh stiffness per unit face

width (used for Ky, Ky.,Kro) ZG(91)

c_gammmabeta c,p : Mean value of mesh stiffness per unit face

width (used for Kygz, Kig) F(92)

JAster_1, 2 J* ¢ Moment of inertia per unit face width

mAster_1, 2 m* : Relative individual gear mass per unit face width

referenced to line of action pinion =i(8)
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m_red M. - Reduced gear pair mass per unit face width
referenced to the line action = (7)
n_E1l ng - Resonance speed i (6)
N n_1/n_El N : Resonance ratio =(9)
N_S Ng : Resonance ratio in the main resonance range =((11) (12)
C_ay C., © Tip relief by running-in Table 4
y_alphal, 2 vy, : Running-in allowance for gear pair =(75)-
y_alpha y. : Running-in allowance for gear pair =i(78)
y_p y_alpha y, ¢ Estimated running—in allowance
f_pbeff f_pb-y_p foerr - Effective single pitch deviation Fi(18)
f_alpha f_pb
y_f y_p ye - Estimated running—in allowance
f_alphaeff f_alpha—f_y foerr & 20(19)
B_p B, : H(15)
B_f B, - #(16)
B_k B+ (17
K K o+ R(14)
K_v K, : R (13)
K_vN115 K, - (20)
K_vN15 K, = @D
K_v K, @ R (22)
mAster_pla m*. - 2 (25)
m_red1 M1 - 20 (23)
mAster_carr Mo - 20 (26)
m_E1 ng - H(27)
m_E2 ng - 2 (27)
d_ml, 2 dm @ A(31)
d_i1,2 0
al,2 d_il/d_ml q : R(32)
m_red m.., - Reduced gear pair mass per unit face width

referenced to line of action = (30)
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K_vMethodB K_v K, MethodB :

K_vMethodC K, MethodC : R (34) (35) (36)

K 1 K, : Table 7

K 2 K, : Table 7

K_3 K, = (@D

K_Hbeta Kys @ Face load factor(contact stress) F(38)

KPrime K> : Figure 13

BAster B* : Constant

K_v K_vMethodB

F_m F_t*K_A*K v

f_sh fy © Component of equivalent misalignment due to
deformations of pinion and wheel shafts = (57) (58)

f_mamax fiamex - Mesh alignment max = (60)

f_mamin foawin - Mesh alignment min = (61)

f_ma f..  Mesh alignment = (62) (63) (64) (65)

f_be f,. : Component of equivalent misalignment = (66) (67) (68)

B_ 1,2 B1,2 : Table 8

F_betax Fse @ Initial equivalent misalignment = (52) (53) (54)

F_betaxmin Faymn = 2N(55) (56)

y_betal, 2 ys * Running-in allowance =\ (44)

x_betal, 2 Xg ° Factor characterizing the equivalent misalignment 2 (45)

y_beta ys - 2(50)

x_beta xg A (51)

F_betay Fg, © Effective equivalent misalignment = (43)

K_HbetamethodC

KHB Method C :

#:(39) (41)

b_cal b.., : Calculated face width = (40) (42)

h (d_al-d_f1)/2

N_F Nr @ Exponent #(70)

K_Hbeta 1 Kis © Method b TIFFHHE TE 22N

K_Fbeta Ky @ Face load factor (root stress) Z(69)

K_FbetaMethodC

Kp[g Method B :

X (69)
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F_tH F_t*K_A*K_v*K_Hbeta
K_Halpha Ky = 2(71) (72) (73)
K_Falpha K., : 2(74)
K_HalphaMethodB Ki. Method B

K_FalphaMethodB

g A ZHLLE o o E TIE TS06336-3 (2006) IZMEL N, TS06336-3(2018) 7265,
g AB

g B

g C

g D

g E

g CP

d_CP1, 2 dep : CP-circle diameter

rho_tCP1, 2 0+1,2.cp - ITransverse radius of curvature at CP
rho_redtCP 0 redr,cp - Local transverse radius of relative curvature
rho_redCP 0 reacp - Local nominal radius of relative curvature
E_r E, : Reduced modulus of elasticity

g AU

g EU

X_butA

X_butCP

X_CP

p_HCPB Py - Norminal Herzian contact stress

p_dynCPB Dayn, cp, B

constA, B

nu_theta v, - Kinematic viscosity at a given temperature
rho_15 015 - Density of lubricant at 15C

rho_theta 0 ¢ - Density of lubricant at bulk temperature
F_betaxT Fger @ Equivalent misalignment (A, 1)

f_shT far ¢

f_sh f, - Component of equivalent misalignment
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A fil G NOR
rho_fP1, 2 0. 39*m_n
Rz1, 2 6%Ra_HI, 2
Z_H Zy @ Zone factor =i(16)
aaa_6_1~6_15
M_1, 2 = (17) (18)
7_B. 7Z_D Zs, Zp : Contact factors for pinion, gear
f_7Ca 0. ¢ Auxiliary factor
aaa_T7_1~T7_2 iMaterial_1, 2
E_ 1,2 E : Modulus of elasticity Table 1
Z_E 7z ¢ Elasticity factor =i(19) (20) (21)
aaa_8_1~8_3
xi_Nfwl, 2 & ° Roll angle from root form diameter to working pitch point
xi_Nawl, 2 & .  Roll angle from working pitch point to tip diameter
tau_l1, 2 t . Angular pitch
epsilon_alpha ¢ , : Transverse contact ratio = (27)
epsilon_beta e 5 - Overlap ratio =(35)
Z_epsilon Ze : Contact ratio factor =K (24) (25) (26)
b_vir b, ¢ Virtual facewidth =X (23)
7_beta 7B : Helix angle factor =\(36)
aaa_11_1~11_7
N_L1, 2 N, : Number of load cycles
Z_NT1, 2ref
N_L1, 2refl
7Z_NT1, 2ref2
7_11, 2ref2
exp_1l, 2
Z_NT1, 2 Zyr - Life factor Table 2
nu_40 v : Nominal viscosity at 40°C
nu_50 v - Nominal viscosity at 50°C
nu_f v - Viscosity parameter
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=
)

aaa_12_1~12_15

C_7ZL C, : Factor for determining lubricant film factors
7L 7. ¢ Lubricant factor = (37) (41)

C_7Zv C, * Factor for determining lubricant film factors
Zv Zy : Velocity factor =i(42)

Rz R, : Mean peak—to-valley roughness =:(43)

Rz_H

rho_1, 2 o : Radius of curvature = (47)

rho_red 0.4 . Radius of relative curvature =\ (46)

Rz_10 R,0 ¢ Mean relative peak—-to—valley roughness =(45)
C_7R Cx - Factor for determining lubricant film factors
Z_R Zz © Roughness factor = (48)

Rz_H Ry : Equivalent roughness X (53)

A Zy : Work hardening factor =i(54)-

7_Xx Zy + Size factor

aaa_b_1~5H_11

sigma_HPrefl, 2

0 mprer - Permissible contact stress (reference)

sigma_HPstatl, 2

O tpstar . Permissible contact stress (static)

sigma_HPI1, 2 ow - Permissible contact stress X (6)
sigma_HGI, 2 0y . Pitting stress limit =(6)
sigma_HO, 1, 2 o1z - 73 @ 6B)

S_H1, 2 Sy ¢ Safety factor =(1) (2)
aaa_A_1~A_24

pr

r_Ft

A_AnnexA A KA

f_AnnexA 0 (o) : K(A 14)

r_invl, 2 Tiw & Fu(A 1)

eta_invl, 2 Nine - ZG(AL2)

r_trol

ry, ¢ (A 3) (A 11)

eta_trol

T) tro : K(A 4) (A 12)
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EHA fiE, & W ~
epsilon_alphan € on - Virtual contact ratio =(23)
z_nl z, © Virtual number of teeth = (21)
f_epsilon f, : Load distribution influence factor

1S06336-3 (2006) |ZF V>, TS06336-3(2018) /> 5,

d_nl, 2 d, : Reference diameter of virtual spur gear =\ (24)
p_bnl, 2 P . Normal base pitch = (25)

d_bnl, 2 d,, : Base diameter of virtual gear =(26)

d_anl, 2 d,, : Tip diameter of virtual gear =\ (27)

d_enl, 2 d., : Outer single contact diameter =X (28)

alpha_enl, 2 ., - Profile angle at the outer point of a single pair

tooth contact of virtual spur gears = (29)

gamma_el, 2 v. @ 2(30)

alpha_Fenl, 2 pen - Load direction angle, relevant to direction of
application of load at the outer point of single pair

contact of virtual spur gears =i(31)

q_pr 0 qy,r - Protuberance of the tool Figure 2

q 0 q : Material allowance for finish machining per flank
S_pr q_pr—q Spr - Residual fillet undercut

B E : 5(10)

G G = X(12)

T PI/3 T :

H H @ 5(13)

0 0 : X(14)

s_Fnl,2 Spn - Tooth root chord at the critical section Z(15)
rho_F1, 2 orp - Tooth root radius =Hi(17)

h_Fel, 2 hr, : Bending moment arm =(18)

z_Qv Zo, - Equivalent number of teeth of the tool

INEV T, BRY ETCERY=A U v F I L ARYOES
T, 1S06336-3(2006) (2L MEL N,
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X1
alpha_wO0 . - Operating pressure angle of the manufacturing pairing
a_0 a, - Manufacturing center distance
u_0 z_0v/z_nl u, - Tooth ratio
r_w a_0/(1+u_0) r,, . Manufacturing pitch circle radius
r_w0 r_wku_0
r_b0 Ty, - Base radius of the tool
r_M Ty - Radius for the center of the tool tip radius
alpha_M ay - Pressure angle for the radius at point M
delta_ o« 0, . Half angle of thickness at point M
XM Xy ¢ X—coordinate of point M
Y M Yy ¢ Y-coordinate of point M
Psi_0
Psi ¢ : Auxiliary angle
delta 0 : Auxiliary value
omega_0 wo - Auxiliary angle
delta_hPrime 0, : Auxiliary value
delta_h 0, . Auxiliary value
K K : Distance of point M to the point of contact of the
pitch circles
X
Y
Y_F1,2 Yy : Tooth form factor =(9)
L1,2 s_Fnl/h_Fel L @ Auxiliary value =X (37)
q_sl, 2 qs : Notch parameter = (38)
Y _S1,2 Ys : Stress correction factor =(36)
Y _Sg Ys, Stress correction factor relevant to the notched
piece =(39)
epsilon_betal ¢ g ¢ Overlap ratio
Y_beta Y; @ Helix angle factor =(40)/cos®f
Y B1, 2 Y, © Rim thickness factor =i(41). (42)
Y DT Yy : Deep tooth factor =(45). (46). (47)
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N_L1, 2 N, : Number of load cycles

N_LI1, 2static

N_Lref

Y _NT1, 2 Yy  Life factor

Y _NT1, 2static

iMt, 2

rhoPrimel, 2 o’ 1 Slip layer thickness Table 2

chiPrime_p 1/5 x"p - Relative stress gradient in the root of a notch
A (49)

chiPrime x*

chiPrime_T X r

Y_deltal, 2 Vs

Y_deltaTl, 2 Ysr

Y_deltarelTl, 2 Ysreir ¢ Relative notch sensitivity factor =X (48)

Rz_3,4

Y_RrelTl, 2 Yier © Relative surface factor =i(55)-—

Y X1,2 Y, : Size factor Table 3

sigma_FG

sigma_FP o : Permissible bending stress =(A.1) (A.2)

Y_deltarelk Y. © Relative notch sensitivity factor =U(A.3)

Y delta Ys; : Notch sensitivity factor of the actual gear,

relative to a polished test piece =Zi(A.10)

Y_deltak Ys« - Sensitivity factor of a notched test piece, relative
to a smooth polished test piece =Hi(A.5)-

Y R Yy ! Tooth root surface factor (relevant to the plain
polished test piece) =i(A.16)

Y_Rk Yro © Surface factor Z(A.17)-

1806336-30-table3

WAEEDORZIC Maxima IZX D2 ITFEREZFMT L TOWETOTIZRET I,
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4.3 Example 1: Single helical case carburized gear pair
For example 1, input values and output values are given in Tables 2 and 3, respectively.

A full calculation description is provided in Annex A.

Table 2 — Example 1 input values

Type Description Unit Symbol Pinion Wheel

Geometry |Number of teeth — z 17 103
Normal module mm mp 8,00
Normal pressure angle — a 20,00
Helix angle — B 15,80
Hand of helix — — Left Right
Face width (total) mm b 100,00 100,00
Gap width mm — 0 0
Edge chamfer mm —_— 0,00 0,00
Contact face width (total) mm best 100,00
Centre distance mm a 500,00
Span measurement mm Wy 38,196 307,943
Number of teeth spanned _— k 2 13
Dimension between balls mm Mgk — —_
Ball diameter mm Dy —_— —
Nominal profile shift coefficient — X 0,145 0,000
Generating profile shift coefficient (ref only) |— XE (0,118) (-0,027)
Outside diameter mm dy 159,66 872,35
Basic rack dedendum coefficient —_ hep/my 1,400 1,400
Tip chamfer mm 0,00 0,00
Basic rack fillet root radius coefficient —_ prp/my 0,39 0,39
As cut basic rack undercut mm pr 0,00 0,00
Material allowance for finishing mm q 0,00 0,00
Residual undercut (calculated - pr-q) mm Spr 0,00 0,00
Pinion cutter number of teeth — Zp — —_
Pinion cutter profile shift (ref) -— X0 — —
Flank finishing process — — Ascut Ascut
Root finishing process — — As cut As cut
Profile shift coefficient used for calculations |— —_ Nominal Nominal

x) ®
Tip relief pum Ca 70
Quality  |ISO accuracy grade — — 5 5

Single pitch deviation pum /ot 8,0 9,5
Profile form deviation pm [t 10,0 12,0
Helix slope deviation pm fug 8,5 9,5
Surface roughness - flank Ra (Rz) um — 1,0 (6,0) 1,0 (6,0)
Surface roughness ~ fillet Ra (Rz) pm _— 3,0 (18,0) 3,0 (18,0)

8 © I1SO 2017 - All rights reserved



Table 2 (continued)

ISO/TR 6336-30:2017(E)

1010 cycles

Type Description Unit Symbol Pinion Wheel
Material [Material — — Eh Eh

Material quality — —_— MQ MQ
Case hardness — — 60 HRC 60 HRC
Core hardness e — 30 HRC 30 HRC
Young’s modulus N/mm?2 |E 206 000 206 000
Poisson’s ratio — v 0,3 0,3
Yield/proof stress N/mm?2 |os/00.2 — —
Shot peen _— — No No
Limited pitting allowable — —_— No No

Application |Application factor — Ka-a 1,00
Reverse bending — —_— No No
Favourable contact position —_ No No
Helix modification (ISO 6336-1:2006, —_ — None (No. 1}
Table 8)
Dynamic factor, Ky, calculation method _— —_— Method B
Face load distribution factor, Kug and Kgg, — — Method C
calculation method
Number of meshes —_ Nu 1 1
Gear blank type — — Solid Solid
Web thickness mm bs —_ —_
Inside diameter mm —_ — —_
Number of webs — — — —
Arrangement (ISO 6336-1:2006, Figure 13} |— — a
Bearing span mm I 125,00 —
Bearing span offset mm s 0,00 —
External shaft diameter mm dsh 100,00 —_
Internal shaft diameter mm dshi 0,00 —_—
Equivalent misalignment [Thys! fsh As Formula (57)
Mesh misalignment um fima As Formula (64)
Minimum safety factor pitting —_ SH min 1,00
Minimum safety factor tooth breakage — SF min 1,00
Lubrication viscosity mm2/s  |vag 320

Load Torque kNm T1 9,000

Speed rpm ni 360,0
Required life hours — 50 000
Life factor for contact stress, ZnT, at —_— — 0,85 0,85
1010 cycles
Life factor for tooth root stress, YnT, at — — 0,85 0,85

© IS0 2017 - All rights reserved
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Table 3 — Example 1 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 141,34 856,35
dj Tip diameter mm 159,66 872,35
dy Base circle diameter mm 132,20 800,97
df Root diameter (based on x}) mm 121,26 833,96
dgf Root form diameter (based on x) mm 132,29 839,46
dnf Start of active profile diameter mm 132,92 845,23
dw Working pitch diameter mm 141,67 858,33
Fy Tangential tooth load N 127 352

Kra-B Transverse load factor (root stress) — 1,00

Krp-c Face load factor (root stress) — 1,13

KHa-B Transverse load factor (contact stress) —_ 1,00

Kup-c Face load factor (contact stress) — 1,16

Kv-B Dynamic factor e 1,00

SE Tooth root breakage safety factor — 1,86 1,98
SH Pitting safety factor — 1,03 1,09

v Pitch line velocity m/s 2,67

YB Rim thickness factor — 1,00 1,00
Ypr Deep tooth factor — 1,00

Yr Tooth form factor — 1,56 1,34
YNT Life factor for tooth root stress — 0,89 0,92
YRrelT Relative surface factor —_ 0,96 0,96

Ys Stress correction factor —_ 1,82 2,07
YsT Stress correction factor for reference gears |— 2,00

YX Size factor —_ 0,97 0,97
YsrelT Relative notch sensitivity factor —_ 0,99 1,00
Zp Single pair tooth contact factor, pinion — 1,00

g Helix angle factor (pitting) — 1,02

Zp Single pair tooth contact factor, wheel — 1,00

ZE Elasticity factor W 189,81

Zg Contact ratio factor — 0,80

Zy Zone factor e 2,40

Z1, Lubrication factor —_ 1,05

INT Life factor for pitting stress — 0,91 10,96
ZR Roughness factor o 0,97

Zy Velocity factor —_— 097

2w Work hardening factor — 1,00 ] 1,00
Zx Size factor — 1,00

£y Transverse contact ratio — 1,55

£ Overlap ratio —_ 1,08

£y Total contact ratio — 2,63

OF0 Nominal tooth root stress 393 383

or Tooth root stress 444 434

OF lim g tooth'ro S S |/ o {\gﬁ'@ =60
10 © 1S0 2017 - All rights reserved
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deviations

Table 3 (continued)

Symbol Description Unit Pinion Gear
OFP Permissible tooth root stress N/mm?2 825 861
ol Contact stress N/mm?2 1302 1302
OH lim Limiting contact stress N/mm?2 1500 1500
OHO Nominal contact stress N/mm?2 1207
OHP Permissible contact stress N/mm? 1338 [1 415
Intermediate calculation values
Ky.p intermediate calculation values 1
Cyu Mean value of mesh stiffness per unit face N/(mm-um) 17,5

width (used for Ky.p, KHa-B, KFa-B)
¢’ Maximum tooth stiffness per unit face width |N/(mm-um) |12,4

(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width |kg/mm 0,067

referenced to the line of action
N Resonance ratio —_— 0,04
Kng-c intermediate calculation values
Cyp Mean value of mesh stiffness per unit face N/(mm-pm} 14,8

width (used for Kug-c, Krg-c)
fsho Shaft deformation under specific load pm 0,012
Fgx Initial equivalent misalignment (before pm 32,3

running in}
Fgy Initial equivalent misalignment {after pum 27,5

running inj
Vo Running-in allowance for a gear pair pm 0,668
Vg Running-in allowance (equivalent pLm 4,9

misalignment)
fpb Transverse base pitch deviation pm 8,9
Eq for Fpy - 52
fups Tolerance on helix slope deviation for ISO um 9,5

accuracy grade 5
fsh Component of equivalent misalignment due |pm 14,7

to deformations of pinion and wheel shafts
fna Mesh misalignment due to manufacturing |pum 12,7

© 150 2017 - All rights reserved
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%/ /- Iniatialized all parameters -/
remvalue(all)$

loadfile("ISO6336—1.txt");
ISO6336-1.txt

loadfile("ISO6336—2.txt”);
ISO6336-2.txt

loadfile("ISO6336—3.txt”);
ISO6336-3.txt

loadfile("ISO6336—5.txt”);
ISO6336-5.txt

1S06336-30 Table3 — Example 1 output values

d_1; /- Reference diameter of Pinion -/;
141.3401130664481

d2; / Gear/;
856.3548026967148

d_al; /- Tip diameter of Pinion -/;
159.66

d.a2; / Gear/;
872.35

d b1 /- Base circle diameter of Pinion */;
132.1985692012622

db2; /- Gear/;
800.9678016311765

d_fl; /- Root diameter (based on x) of Pinion -/;
121.26

df2; /- Gear/;
833.96

d_Ff1; /- Root form diameter (based on x) of Pinion /;
132.2802238685939

d_Ff2; /- Gear /;
839.3928124490512

d_Nfl; /- Start of active profile diameter of Pinion -/;
132.9199352524425

d_Nf2; /- Gear */;
845.2229344952416

d.wl; /- Working pitch diameter of Pinion */;
141.666299546871

dw2; /- Gear/;
858.3311090192772

Ft; /- Tangential tooth load /;
127352.3814965231

K_FalphaMethodB; /- Transverse load factor (root stres) -/;
1.0

K_FbetaMethodC; /- Face load factor (root stress) /;
1.128048706222153

K_HalphaMethodB; /- Transverse load factor (contact stress) */;
1.0

K_HbetaMethodC; /- Face load factor (contact stress) -/;
1.159588269196763

K_vMethodB; /- Dynamic factor -/;
1.002967097706141

S_F1; /- Tooth root breakage safety factor of Pinion -/;
Skt

S_F2; / Gear/;
Sk2

S_H1; /- Pitting safety factor of Pinion */;
1.028669889975068
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S H2; /- Gear /;
1.087113182087888

v; /- Pitch line velocity */;
2.664198365202624

Y_B1; /- Rim thickness factor of Pinion /;
1

Y B2, / Gear/,
1

Y_DT; /- Deep tooth factor */;
1

Y_F1; /- Tooth form factor of Pinion -/;
1.208972347403435

Y_F2; /- Gear-/;
1.038070957742077

Y_NT1; /- Life factor for tooth root stress of Pinion */;
0.8911556704502528

Y_NT2; /- Gear +/;
0.9244688367510406

Y RrelT1; /- Relative surface factor of Pinion */;
0.9638811646410465

Y_RrelT2; /- Gear /;
0.9638811646410465

Y_S1; /- Stress correction factor of Pinion +/;
1.824480615012995

Y_S2; / Gear/;
2.075030858041836

Y_ST; /- Stress correction factor for reference gears -/;
20

Y_X1; /- Size factor of Pinion -/;
0.9700000000000001

Y_X2; /- Gear‘/;
0.9700000000000001

Y_deltarelT1; /- Relative notch sensivity factor of Pinion -/;
0.9923106830032447

Y _deltarelT2; /- Gear +/;
0.9989049122743029

ZB; /- Single pair tooth contact factor, pinion */;
1.0

Z beta; /- Helix angle factor (pitting) -/;
1.019443739130951

Z.D; /- Single pair tooth contact factor, wheel */;
1.0

Z_E; / Elasticity factor */;
189.8117004375665

Z_epsilon; /- Contact ratio factor /;
0.8034169284721238

ZH; /- Zone factor */;
2.395358321318127

Z_L, /- Lubrication factor -/;
1.047386145108153

Z NT1; /- Life factor for pitting stress of Pinion -/;
0.9100544614233167

ZNT2; /- Gear /;
0.9617586857287704

Z_R; /- Roughness factor */;
0.965987239015262

Z.v; /- Velocity factor -/;
0.9691142066544328
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Z W1; /- Working hardening factor -/;
Zyw1

ZW2; /- Gear/;
Ziw2

ZX; / size facor ‘/;
Zx

epsilon_alpha; /- Transverse contact ratio */;
1.549237651940053

epsilon_beta; /- Overlap ratio */;
1.083368680569745

epsilon_gamma; /- Total contact ratio -/;
2.632606332509808

sigma_F01; /- Nominal tooth root stress of Pinion */;
sigma_F01

sigma_F02; /- Gear -/
sigma_F02

sigma_F1; /- Tooth root stress of Pinion -/;
sigma_F1

sigma_F2; /- Gear +/;
sigma_F2

sigma_Flim1; /- Limiting tooth root stress of Pinion */;
500.0

sigma_Flim2; /- Gear -/;
500.0

sigma_FP1; /- Permissible tooth root strerss of Pinion */;
sigma_FP1

sigma_FP2; /- Gear /;
sigma_FP2

sigma_H1; /- Contact stress of Pinion -/;
1301.175233696056

sigma_H2; /- Gear -/;
1301.175233696056

sigma_Hlim1; /- Limiting contact stress of Pinion */;
1500.0

sigma_Hlim2; /- Gear */;
1500.0

sigma_HO; /- Nominal contact stress */;
1206.536705615008

sigma_HP1; /- Permissible contact stress of Pinion */;
1338.479784484405

sigma_ HP2; /- Gear */;
1414.52474875727

- Intermediate calculation values -

K_vMethodB intermediate calculation values

c_gammaalpha; /- Mean value of mesh stifness per unit face width (used for K.v—B, K_Halpha—B, K_Falpha—B) */;
17.46621862360393

cPrime; /- Maximum tooth stifness per unit face width (single stifness) of a tooth pair -/;
12.3704719133109

m_red; /- Reduced gear pair mass per unit face width reference to the line of action */;
0.06683659784690872

N; /- Resonance ratio */;
0.04014332138329173

K_HbetaMethodC intermediate calculation values

c_gammabeta; /- Mean values of mesh stifness per unit face width (used for K Hbeta—C, K_Fbeta—C) -/;
14.84628583006334
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> f sh0; /- Shaft deformation under specific load -/;
fsho

-> F betax; /- Initial eauivalent misalighment (before running in) -/;
32.3063559598715

-> F betay; /- Initial eauivalent misalignment (after running in) -/;
27.46040256589077

> y_alpha; /- Running—in allowable for gear pair */;
0.6695309923099598

> y_beta; /- Running—in allowance (equivalent misalignment) -/;
4.845953393980724

> fpb; /  Tranverse base pitch deviation */;
8.92707989746613

> /- Eq for F_betax equation 52 /;

> f Hbetab; /‘Tolerance on helix slope deviation for ISO accuracy grade 5 */;
beeta5

-> f sh; /- Component of equivalent misalinment due to deformation of pinion and wheel shafts -/;
14.7058700570598

> fma; /- Mesh misalinment due to manufacturing deviations -/;
12.74754878398196

-> F;



