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4,43 FROBLEMS DASED ON KNOWN DIAMETER
e T B e S i

X 12. A palrof helical gears ace Io lransniil 15 kW, The leeth are 200 glul in diamelral

- plane and Dave a hellx angle of 45% The pinicn runs at 10000 cpm and has 80

; mm pitch diameler. The gear has a pitch diameter af 320 mm, [{ gears are made
afeast steel having allowable static sirenpih of 100 MPa; determine module and
face width [rom stalic strex:zth considerations and check the gears for wear,
given ., = 618 MPa. (VTU - July 2007 - 15 Marks]
Sedution: P = 15 kW, = 20%s1ub teeth, helix angle, [§ = 45%, pinion speed, §;=10000
pm, pitzh diameter of pinion, d, = 80 mm, piteh diameter of gear, dy = 320 mm, &y =
- b = 100 MPa, g, = 516 MPa,
am=! bb=1 ¢ F=7

Weknaw that, i= FH mm.HH

N, dy g

Tdentifying weaker past (pinionfgear):
Weknow that sbrength faclor =auy
Since Lioth pinion and gear ate wade of same materal, the pinicn is weaker, ie.
O ¥y < Uiz
Hence design is based on pinion.
* Assume ) =20} testh
3 Nu".ﬂ_ﬂ_“_xwﬁ__ﬂm_.n:ﬁ_mw—._.

B Ah

¥ P
cos b _M & _uiu&m.mp

* Wirtual number cf teeth, z,=

s 20
7 coe’d cos*as
=, 25657 = 57
2. T0 find wodule () S \fm.u\,-
: EC, peue 214, €4 | 2724
Since the diameter iz known, we bave m, = R = = S
— =
* s ._.mnl____ﬂn_._z_ Hu".é,uh—wwﬂim.
B0 60 .
by
i 555 _” _M.Mm.ﬁnmk,u
* Forva2imfe, C=——— 2, &4 L.5
e 555+ ' P ' i
_ 555
 555+./41.83
C,=0.1618

ri EEavn. _H_HJF 205, eq. m.u.qnp&_

_ pase Ne:(1)
S and Helcol Geard 5 373

w)

Aosrimnlingy H = 1 o service and stendy load, sérvice Fﬂ&.n.

THHEREES 20
e w12, 5
K == Wi 128/ Py Dty
___.._u.. urﬂ._.hr— 3 _uu ”._.\ul.
o e Taelor, :_.,_._...,%an,_______ ( Below @r_m...u.g_.nr..u _ Hw

' m Fs
|

. (L.U5
3 L.._H__umiulr,g

57
Y = 04974
ke .___.n.______q__.: =15
y=1.15

e

.Hl

75088 | [page ot 2|

= Agsume,

2|
« Asuin, :

e T 1221 P DHR
e T %8x8
f. () yiedds... o1, = Y100 % 04616215 5 04974

W, = LI mm
iy, =125 mm

224
Th.12.2/P5 ., DHE

el { dicosfi_ 80 % cos 45
ﬁwm_mzamm”wz:afu.cﬁE_..,:___.r__:ﬁ_"_..__n_r = B =45.25 = 46 tecth

Therefore, standard module,

", 1.25

\ «. 12,46/ P 168, DHE
Mumberof tectlh on gear,  za= jz; = 4 % 49 = 184 feeth
= Virtual numberof teatly,

_ o X cah | )
&. .nﬂmn__ hw ﬂ =
| 4

pead i
| = ——= 46

4 17:22¢a) |
cos’ B cos® 45
2. = 13010
Za=1z,=4x130.16=5204
b=15n,=15%1.25 = 18.75 mun = 19 pun

ard
* Facewidih, .._
* Check for b; /
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. n iy sin 45 _
g _
Vire Fv thiks Fa a nmam.a.._ m_un&nh.__# JEf |2e .N..“_.hn_u“_ ] i
- Here Yemi  ( Beineosi _w.:m& ) y

B,

s nT ﬁmn.gwg ﬁxjphﬁ ..&ﬁ.u._mmﬁ._w

Scanner

Scanned by Cam




.4
S 3
$ &

0 ;
||m.+|.m_. - ¥l =¥
[ 1 H__Emrﬂ.b
MEYIM TN DL % LT =7
SumunsSe [A31S JO 3P b sxval au yiog aourg uaAIF 10U S VHG wap] .
¥L=4a
08 +EE _
_meﬂ

- L ;
oo voomiag] HEeo  omgmer.

mp r.ﬁw.n_ Pa ,,..a.”rm_

il
unu gg =1y ‘vonnd jo mpwerg .

m 503 ay
xory SR

_n.._.uui. 2l HI mﬂh_
{2} puog ooy onuondp puif o b
NTEREL=d
[8se+{sr sovaxgrxae E,_:_ + (65 EP % £9°0E)

g SO0 X Tmm 1.__.,_. 09X 61 % 52051 | % (69TE % 2902)

+ 85E = spE ) by

100
WU W CA g — —— = UG [F=02 jE
SRIL=LZIDD 8 i
E _ i=a | WO SZI00
aHa'  .Sdmizrar | WM/NARIT=D | UNT [ =am
m.._”.mpﬁ X UOHELLQIIAN [A015 — [A9)S PUE 1393 Q0j5 .07 = 1 i __
gHA " Sa4TTraL™ | wwizigg=ationg ] sfWog<ag |

25 [(w7z-2 YT ) 190z = X awy

(7+d 500 gl 4+ afy
muﬁ.u,ww 21 %2 ] dsm(l+q nﬂ\»ﬂ?ﬂ U= e mongay

("2} proy ypooy apunfip pugf o1 2

I gL =4q g 3auf pusfof g
F— () g 1 pagl

dle SINUA palnTEsT o
“ajrs Aviay

YrSanmea apgresieriad - B &

RAFL001 > S g7 1s = it
EIN

T e T

T Bt e T 6L XT1gpy x e = 85¢ EpEik (u) b

SRIEA DayRpno[ e SIS

BOEy 0= =

Orper
|m.ﬂﬂ_.l..l gl .D\AT_“ =

B P s . \Hwh
@HQZ%FN_

Scanned by CamScanner




i \E..mm]mmvvﬁl

Jra LT TP m—— - .u.M-_ ﬁuﬁn
lan o, = ban @S p .Dun«% i ety
= tan 20 x cos 43

o, = 1443 deg

el xein(1443)) 1 H
- K= 14 2.1%10° 21x10°| -

E=10.6474
80 %19 % 1.6 » 0.6474
Eg. (io) yields Fp = |||.|||.|||.nnmu 45
Eo=3143N
Sinee Fo. o Iy, the material is gplearainsl wear.

W\.u Em.mnsginmnmﬂnnmnﬂ*a:ﬁmﬁmmm: umu_.,nm_...._._mmuhnn.___.n..
i, Power transmitted 34 kW at 2800 rp _ﬂ.n% pinion
ii. Speed ratio 4.5, nuinber of tectli on pinion 18

iii. Helix anpel 25% pressure angle e = 20° stub

iv, Material far both pinion and gear is medium carbon steel whose allowable

stress may be taken as 230 MPa.
v. Pinion diameter is limited to 125 mm.
Determine the axial thrust on the shafl and check the gears for dynamic and
wear loads, [VTLI —Dea 2070 - 20 Marks]
Solution: P = 34 kW, pinion speed, Ny = 2800 rpm, i = 4.5, 2, = 18 teeth, helix angle,
P =25 g =20 -stubteeth, m_.m—nr dia gnnﬂn.ﬂm—n_mﬂd.n_ nd; =125 mm, gy = 0p= 230 MIa,

s Mol
TNy 4 g
45= mu[ul_m.w
d 125 ¢
i = 5625 mm
and ity =45 = 18=8liceth

ldentifying weaker part {pinion/zear:

We knosw that strength factor = g

Nﬁ_.%n_u bath pinion and gear are made of same material, the pinion is weaker,
> X On-W < 051
Flence design is based on _m_m...nnbh_.m #

W ko that,

* Virtual number of teeth, 7= = mu:\ﬁm._.u" Mm...m.mm___h.l__

cos’ = =
. I -
Mq-|ﬂnmu.ﬂ|.u..ﬂ.m.wﬂm
, ,=2417

= Andza=iz,=7417x45- 1881
. To find wodule

%
, _ e 214,69 12-24 (6
mﬂﬁmﬁm&pﬂn_ﬁqﬁwbaiﬂ.imrndmﬂ - _ EC, i .- _m\.. m
ul.ﬂ.n_—ph.—w ..lr.qn I T e N

E\Iz.ﬁn@

rd,N, nx0.125x 2600 ;
= = —— = 1833 m/s

’ "= "0 &0
. For10<p<20 /ms, G = L.Muwu ﬁnm_#x __M.m.wﬁm.wln“. =
I - ’
= 1525+ 1833
C. = D.4541
: g J00OFC, (205, eq _wﬂ& . ¥
ﬂ —

Assuming moderate shocks and B - 10 hours service, service factor, C, =13
.Ib.128/Pg ,DHE

s 1MxH =15 235
= 1833
F,=2762.32N _wwﬁtu %

« Form factor, Here Y =7 ﬂ.__vn_.d.m M_L...__M.m._ﬁn_.
= a—p__qmlnm&_ ﬁ..mch_u mn? 1 .u.mmm“._ erm

£
055
= ATE—
H—.rﬁ. 3 241 L
T =04263
. .}.lm.m._.“_u.._..—m-. W“&___uh_—.l".—.m " h+—
s Assume, C,=115 .Tb.122V/Fg ,DHB
- [ 278232115
Eq- (1 yields... ma = 45305 74541 x 15 % 0.4263
sy = 219 mun * 229
Therefors, standard module, m, = 2.5 mm ~Ih122/Pg~ ,DHB
= Foce width, b= 15m,=15x25=375mm
Check for bt -
] - J ‘ —_ p—
o by o 000 [913,6012:23C | -
sinf
(115} % m X 25
=5 sin 25

b, = 2137 mm
Sinice b = Uy, the calculated value of bis safe.

* Check forog: u
o C bYm, ] .
We know fhat, h.._hhlm| ﬂhiﬂ __NNLANU____. . s |
O %0.4541 %375 < 04263 ¥ 15
78232 =

115

r.-.ll
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w124
Do [LZT = (120 .- 20y
00 Tk M IR, |
o Lt O Bl glven, Blinee bl e P rc e of gl Mgl g ._
1

Bl 107 M, we e
Kn ____w.___,__.q_.._ Lﬁ_ il ﬁ@.# m.mm_aE eq _.u...mhnnuv._

I i’ |
Cpage 21\, 2226w |

o

1T ey, v D o eoni [
s 2 oo 2n
v o W26

P T | N —
14 AT AR
K= 01441
" 125 % 37.55 10 = 1041
s 124 i ! —.— I ..__h.i = T A s
B CE0Y wicleln i
Vo Taknh M :

o U e printfenn I subjected o rapicd wear amd Denee bhas 1o he surface
fartleeel To i haee TN,

L H.-.. s _..___
i hOK

coi’ ¥

21071 < 100

B AR AT R S i
cont 05 =107 =1

o= 1144
Thurelore foe steel —stee] combBination, laving o= 200 and Kz L7H, we _w“_.mm
£ 1R = MM = 300 e T TZT6! P .._mﬂu.—._”.m
ANy . o e
it il or theost foeee, Fo= Folan b mﬁu@nu._m.w Al (ke It
" = 275232 x \an 25
e 129742 N,

s

15, A Impressor running at 3530 rpm is driven by a 120 kW motor running at 1400
rpm. The center distance is 400 mm and helix angle is 25°. The mator —u—..n—aﬂ ig
made of forged steel and the driven gear is cast stecl design the gear using 20°
FD1system.

Splution: motor/pinion speed (driver), N, = 1400 rpm, compressor speed (driven),

Ny =350rpm, =120 kW, E:"ﬂ.,a_mﬂ_.ﬁm =400 mm, f=25%, ¢ =20° FDL

Dlgsian: My, B Fae Foe Fye il

T
¥ boim e Bl SR
We know that, i N, 4 g
|
_..L W..—FH ||:|.__#1_...§ =d
| N, 330
iy +d
Also, center distance = Lu|p
400 = iy
| 2
h_ + .m.m____l 200
_n___n 160 mm and
nu_ﬁ G40 mm
Material properties |
Finion: forged steel:  @y/= 220 MPa, BHN, =200 234
Gear;  Caststeel: On= 1932 MPa, BHN, =250 .Th.127/Fg ,DHE
* Apmume =3
nu“u fz,=4%20=80 £
z | 222 VE |
» Virtual number of teeth, = Emwn m.w..: 24, Epre o e 3T |
-
LT s b cos’25
__. Iag= 2686 =27

arl =15 =27 xd=108
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Tﬂ—ﬁﬁ@ 247

@___1?5} _ Error, ¢ = 00380 mmni T . Tb.1214/Tg L, DHB
Fora=20° _.DHn_._nﬂmm_lmHﬂ_EEme:nu .\_,..mmnl
e =003 mm T | C=3434N/mm Th.1212Tg" L DHB
e = 0.0386 mm C=7
0.0386 % 3434
at p=11.72m/6C= 003 =441 8¢ N/mm

~ Eg. (i) u____._w.._n_m
(2067 %11 H__Nux_u
(2067 %11.72)+ ,ﬁtix 75 3 cos? 25)+15.36 xsm_

Fy=362%x10°N

441,81 %75 x cas* 25) lm.mmﬁixnaum

Fi=

d. Te find endurance strengtit (F,) g
We know that, F,= g b¥mm, [ai4, 12 26(57 | ieail
@ BHN, = 200, G =345 MT'a Qﬁﬁ._uw .DHE
& F,= 2345 7o 04104 =5 .ﬂ..m.m
E =531« 10PN E

Since F, > Fy, (he material is safe against static tnoth load.
e. To find dynamic tooth load (F,)

K [Tgy4, 2260 HD 5

We know that, F.= o s’ P
« Diameter of pinion  d; = 450 .mm
26(c) E@ b
o s Buclor: 0= WW! —.lmm_abmﬁ.ﬁ.. 2hdy 2% b
C g+
Z2x640
= g0+ 160

T p=16
* Since given BHN combination is natavailablein Th 1216/ Pg 193, THE,

assuming E = 2.1 = 107 MTFa, we have
2 ﬁa&

awmh_nw.._l _u,...uimmm_ﬁmm#__
Em.ﬂhnﬂm.m.m.__mﬁgﬂah” 14 H.._. .mH
{an e, = tan ccos b Lo, _M.M.N.”\T“D
= tan 20 = cos (25)
@, = 18.26 deg

(5P xmgcmmi 1 1 _

K= -
21x10°F Z1x10°

... i
K =10.2537

5 Eg(m)yields. Fy= 160x75 X 1.6 X 0.2537

F,=59x10"N

- EEE e
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B et
_ — - :

R gipee ) was assumed, Check for G ) ;
| 954 10" = E : @,C, 5V, ﬁnm,_n_w_ mh.r _M.r.hw__..ﬁ.ﬁ.“m
E = &0 W know {hat, F= _H| « BEFEE 2 :
h.___m‘ =222 K2 M-m = 23283 x UV MN-mm M me D166 % 1500
= . .ov=—Lals =13.19m/s '
" but, k=Dbin, Bi o 2 __M..NWn.hb
g i . s Tarll<v=<20m/s. Cy= 13 @_A, 4- =¥
) 1525+
ke ne Pr = Fron [211, 12:14 (& oo
" Dbz SxAmn = 152541319
- = C,= 05381
L T = =Y "
P : : : M o
R : Redh [ooLls@] . e s
= Tu ¥ e T o % (here d— weaker member)
k=n | F
= 265262 N
* Assume, ={1L5 a@% / =,
: O, % 05361 %57 x 0406 <6
s il Gy = LS «Tb. 12.21/Tg L DHB = Eq.(i yields.. 2652.62 = —= =
* Form factor, Y=mi Gn=41MPa <56 MTa _hence safe.
g154 0812 Since calvulated values are < permissible values, the assumed values are
= 7t Z, -{data) satisfactory.
e. Axtal vr Mernest force o H.\w
. aT.ﬁ:FWJ erunp 212 P3P Srmivgsepam
' i "= 265262 » tan 30
Y = 0.4064 F,=15315N.
) 2|2 %222.82 % 10° X115 % cos 30

» 17, A helical gear is required to transmit 35 KW at 1500 rpm. The helix angle is 30°
« and 20° FDI system is used. Bolh gears are made of same material having design
% gtress of 56 MFa and BHN = 200. The starting torque is Z0% greater than the

mn". (0 u._._m_u_mu.: 0, = fﬁ 56205 %37 %0, =24

there £ —weaker member})

mean torque. The drive is to be safe for continuous n__.munmm.u__.._.—.rn speed
P =239 reduction is 3:L. Specify the details of the drive. Use 24 teeth on pinion.
Therefore, standard module e, = & mm wo Ll 12,2 I*e 700, DHE = Solakion: P = 35 KW, pinion speed, Ny = 1500 rpm, helix angle, f = ,m_muwﬁ = rn__n.. FOi
s a 6%24 teeth, Gy = O = 56 MPa, BHN, = BHN, = 200, Myn = 1.2 M, i = 3:1, service —
i s S nln__wwm - cos 30 =166.27 mm = 168 mm ﬁ.om H L_M.E mﬂb Ezcs:%ﬁ n_mﬂ,.E.EP z, = 24 testh.
DB i ot Identifying weaker part (pinion/gear)

* Face width, b=3p,=3nn, =3 x 1 % 6= 5055 e

We know that strength lactor = g5
b. Cliock for b:

Sinee both pinion and gear are made of same material, the pinion is weaker,

ie. ony<dp i
i b = E.:h _H.u.._..e: 3/ _Nahmﬁ_.nm_“_w . Inu.nm.”_nmwwﬁ_ is based on pinion.
2 min gin i e A < Vit s of et 5. 3 ._“..I.M_.:_FN.NMM,EM
_“H.._quﬂxm Irinal numpero y cos’ P . ~
T ™ 5 W
bBpim = 43,35 mim R1= gt B cos 30

b= b, the calculated value of is safe, Iy i =37

canner

Scanned by Cam3




mquwwnﬁxtquw&u delis ol

i Sroh E0D
it /NI LES e e
W (EeT 0 =7

‘ i=2
ga” Al ErIraLT W f ) FEEE =0 WIS = @

=JSjuglE] =4 12

Y UOHEIIOs B3NS — [3A15 PUE [ 0T =0 og

AaHa’ .SdTELqLT | wnugggpp=2teug | sjugi=ag |

v o0z ="y 213y
+E7% Tml_.ﬂ m.c...a..r.._.”_ﬁ.fnn

#ly="g Mo samciap

(") proj sio0] Jtumnhp puifoy 2
fa) yipaon 920 puifag +q

LU ()5 =}
el os >N L9 g =10

arl = 20 psp “SPRIA (1) B
g% $90KD* 06X 15E5 0% o

MLt =

® il #
SR IR sC TR

‘ajes ARy

i =g
iy .mm..wnﬁmu.—. n_.%u.h.u *mpays W dy wﬁﬁdmmq uetjrado snonungcs 164

: .

o= -E:EN

[9e50="21
EIEL+EE51 -
|

o bhm_l_nm_.
TULWN i |T..wnu
0

= =4 "
s/ ETEL ﬁm,xm_:_xw =Tt
e "3
(W “uixq' o
_M@ui 2| e

“2]Es 511 {0 IN[EA PRIT[NS[ES Sy M < g aans
w ec ey ="

= Hm@m.,m_ 996~

U T Eam([I0] -

=4 Se] MO

fews
9xs%(50°0)

AR SmETOLEEH R T =

o R AL B il o “rn -m.—ﬁ__m

T et 6] e

uat(g,'1)

iq 103 3payy
unage=9 % gy ="ugy =q ipmateg «
unu 46 = 7 Aaead jo q0d

891
=g
k2

L
Mm =1y Mowm{ 3

/ -~ — 0gsm  f=oa
hﬁnur_.ﬁ (i) SREESL =T gg9L= e =T

e g = i3 mpou paepues SioEmEy ]

='p ‘uonndjo o
gHa  SamTrare

b N iy
wwx%axm—.xm.nxm.m 1
DESOPXGLLX (OLXBELITLXT|" Lp b
. OFN=4
Tﬁ —¥510(x =
21670
X% .“ i [dem
PLog g wawa..._ Tﬁmuwﬂ n._ -
Iln_. 1m..-.r_. __AN....— \W@gmHmm ....T_nd.u_uu L =1 u.._.ﬂ“—..l.._m.u_ WO
SHU® 2IATTrar” CI'T =™ (®yep) uoressdo snonumuns 104 «
|+& 5a=" FWINSSTY »
61 ="uifg =4 SUMSSY

N 01 x 8e L9 =" "W
OL*TYTTZ*T1=""""py ~sppPl (1) by »
wi-N 1 * TECLL = W-N TETZE = W

g9 .
—_——— H..ﬁ-m = m_m
"W %0051 % X
] H_nu_m =d =
PNEE
f _H.___.ww...n = -....._.n..m.H.__ﬂ. n._.._.m -

g T o

> I
23y 0" I“ = "N UMD UTL 5T T3] SUETD 3L adurg
'zl

_.ﬂﬂ be-E1 ¢_m&,“_ ﬁ\mﬁ_ e S

[ ety apopoin m__.:.__._u.._“ o

Scanned by CamScanner



Eq. {52 u__._m._m.m_ﬁm:.. L .
(2067 #%& 390 % cos™ 20 + 477464 | % cay

Fy=4TTA0h (2067 #1390+ .,__ﬁmﬂ..mm % 90 % cos® 30)+ 4776 4]

Fy=2078 x {zay
{FyJ
F,= G bYn,
@ BN, =200, G = 345Mla
F,= 345 x 90 = 04064 x 6
F,=7571 kN
Since F,  F., the material is safe against static tooth load.

¢, Ta fird dynamic footh foad (F)
JBOK
cos® p
+ Diameter of pinion, d; = 166 mm
2
= dy +dy
23504
= B+ 168
2=15
» Fur=207and stecl—steel combination having BHN, = BHWN, = 204,
K =052 _Tb.12.16/Pg
168 x 9% 15=0539
cos” 30
Fa=165kN
iz subjected to rapid wear and henee has to be surface

Loa, E‘wmﬁbﬁﬂ (228

. TbiZ15/ Py ,DHp

d, To find endhrance strength
We know that, :

m._i: ﬁ.m.mmnwu.. o

+

We kiow that, Fa=
O\ Pelowea 12-26 nnum
« Batinfactor, ﬁﬂ M \:uu TG G S

23
,DHE

o Eq iz yleds.F,=

Since F. < Fy, the pinion
hardesied o higher EHIN.

ie. F.z2F;

d&EQK

cos'

= 2078 = 107

oix15
S, *K S an7e w10t
cos- 30

K=z04657
Therefore, far steel = steel combination, having =20 and K2 0.687, we hav'g
SFIN, = 250and BHN;= 200 . Tb.1216/Pg" -DH®

16. Design a helical gear pair to transmit a power of 15 kW fram 2 ghaft rotating 5
1000 rpm to another shaft lo be run al 360 rpm. Assume ipualule profile with#

% pressure anple of 20%. The material of the pinion is forged steel 5 AE 1030 ,__,?nﬂ
5= 172375 MTa and the material for gear is cast steel 0.2% C untreated witl 04

u.__wq.m?__Hw..._._._n gears operale under a condition of medium w._.En__ﬂw fo i
of 10 hours _...W.. __“_nwu_.. Check for dynamic load, if load factor C = 580 wn.n:“..w”q..”““__
Al fur wear laad. [V = Dec. 2010 16 Marks]

ape P = 15 KW, pinion speed, My = 1000 rpm, driven speed, N = 360 rpm, helix

mnu_ﬂ; - A E
Togle. 0= 20°-FDL teeth, o, = 172375, g, = 1374 MPa, service - medium shock,
ontiuus operalion 10 h per day, C = 561 N/mm.
Ny dy 5
cnav tha faimmas s
Welknow that, =N4 g
1060
j= 10 7
360

1dentifying weaker part (pinion/gear)
We know that strength factar e,y

» AsSUMmE p=25°
o fssume =20
= Z=iz =278 x20=556=56 4
. Iz = Al & Jda522 ]
+ Virtual number of leeth, z,= e =25y
AR T -3 .
L 20
'T e’ cos° 25
H..._"HDEH.HM

and .mnmum.u,.._nmunm.qmuum

» Fyro=20°FDl tooth, mua.ummlﬁm _”._u.wnuﬁ

[

. P_..,._M c.mru.
e =015 =— =154 = —— =0.1202
ie =0 154 = or ¥ =0 =

0212 08z
= —-— - =0154—
i = 0154 = or ;=01 =

1y = 172373 % 01202 =20.72MPa
[o1 gear, Ola= 157.34 = 0.1415=19.48 MFa
Since ggvs s less, design iz based oo gear.

=(.1318

2. for pimorn,

& To find module ()

; IMC, cos P DD@PM.L:
yoo,GkY

# X e

Gince the dinmeter is unknowil, We have =

_ 2nb,M,
60
20 360 ® M,
&0

. B

15% 1P =

hiﬂmmrl_m.mﬂkmuﬂ

o 12-24(E

A=

Scanned by CamScanner



=D
06+08Z _
O5gx e

e =T = ana 3 .pﬂ+m._n_uu
mﬁm_m.m_fqﬁmm@ Ty O

s g = tp uomid o smawer .

g,
mnluu.ww.ﬂ | o B thﬂmg iore
(") pro] yi00] Studip pufoy 3
'PROI 100 2yes (sureSe apey S1[ELIMEI U} 7Y < 77 3olig
NASOLy ="
PHOgr 0= 03 = gpHE ="
"o =R eLEgE =0
[04—-{59t) = 542] ="

mm.ﬁ = k =
021+ 051

._._.Eu..__m OHEY

T MO apy

T
= (i
A«ﬁ\ﬁm_uwn L Mawqdrd&_ *NHA 1 NHE - )
- 3 ..___ [04—{NHA) = G4 2] = S0 nurasvenpus sagpms
E._Dlvﬁm_v .H CEL LT 031 = 'NHF ‘Dmzanun o a7y 935358 -1eal
PUE OSL="NHg .._.S:h_.w-_d*m pading10g «

“uiggPo =y JEL MO 3
S a.wm Im.d_w_& s
mﬁﬁu el u (*3) WiBnoays aowmamprea pufor p
NOL #6750 ="7
+qg- =¥ u
57509 % | 95 psh +(52 500 % 09 oss) | (L v % 270g) Ll
(eyep) T 0 05 = 5
L2002 =%y ammy
(4 vu A.Euh__?aa
=1 TN MO AN

o Gt A

(*2) pwoj yroag snnpdy pusf 0L

gy =g (@) wapan aonf pugf oLl
BAWFELEL > ed 1230] = o
§1']
LR T P %ﬁ 95 ¥LLE sprk () by

‘AJRR ATLEA]

N STy ="

..L.lnft.uarmlm‘...mf}{...f}t.. m.._ﬂl.lllll]-u_....nmn_mmﬂ.hmﬁvnﬂ
qua’ SdmTI L :

g1="2"4epad (1 Suyesado pue F201[s Wnjpair 107

i B " el
Hnau.mq,w_ ba @mﬁdm&! INpr =i "
8ZEFD ="
Krteey
g5y
i a+85F
rlqumwa_eu t_@m&u = =0 Sfwgramg .
BRIy = |
n_m.mxum.n__._xu T i -
"~ #
= e | ||U|.| = by o
hﬁﬁuvﬂiﬁ_tﬁw \.T_M...u\mﬂn_l_ ::.rq._annb TR MO a4
Folop oy .
"OFES 5T JO BN[EA Pagema]e auy iy < @ aousg
LI g = g
(5Z) us
PRSI

m_r_m

Fumwﬂem “grebed | ey T

WL 8 = & G = "We] =g “yzprm aoeg
- WU (057 = 0 % §4F = ot = Tp ool jo oy

" 1o A v Itz
W (3 = Wi £Z°GR = MMK_«. m_uﬂﬂ.nﬂ _hﬁa.:“ﬁ__._ﬂﬂymuw__ __.. mlm.&“_
iHaQ" Sqmzr-qr- W § = Yt ‘apnpor prepuvys asogmaoy |

4 305 3payy

ridad o goe = "
95 X SSRFOX GEX SOXHCLEL | W R
T R
ESEFT=A
- BIFL0x ¥ =
; o sl baoviag ] = A ey uung
.E.H..-.— " ﬂh [ A 1 el cItp =" ep) ﬂa_._.nh_n__n SMOTUNGS 6. o
Mn_ o= n.u_ A1 Osgyy i
Gl = "rigi] =% OUNESY .

WRE( 1] % B AGE = W §3'46E = v
R U aMa) 1 SRS BLSDM I0 UBEOR  pap

Scanned by CamScanner



