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1 



2 

F=3n-2Pi.-PH 



3 



4 

N=K(K-1)/2 

B 

4 



2A 
3 5 

·F=3n-2PL -PH=3X7-2Xl0-0=l 

1-6 

1-7 

1-8 

1-9 

1-10 

1-11 

1-12 

F=3n-2PL -Ptt=3X6-2X8-1=1 

F=3n-2Pi. - Ptt =3X 8-2X 11-1 =1 

F=3n-2PL -Ptt=3X8-2Xll-0=2 

F=3n-2PL -Ptt=3X6-2X8-1=1 

F=3n-2PL -Ptt=3X4-2X4-2=2 

F=3n-2PL -Ptt=3X9-2Xl2-2=1 

F=3n-2P1.-Ptt=3X4-2X4-2=2 

F=3n-2P1,-PH=3X3-2X3-0=3 1-13 



6 

P3,P13 =4 
w:i P14P13 

(
.\\ 

/1/1/ 11, I'. , 



=w1LP14P13 =O. 2w1 =2 7 

P,2-ao 

w1 _ P2, P12 _ 2r2 =- 
ri 

P,.....OO 

P24 



P13Puµ1=10XlOX9 mm/s=O. 9 m/s 

8 
rad/ s=8. 28 rad/ s 

P,2P13 W2=w1 ~µ1=2 rad/ s 
P12P23 

P,2P13 · _ 5 
P12P23 

(a) 

(b) 
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-



10 

180°+0 
w1 180°-0 

F" 

v, 
',', 
,', 
"' 

,v 3,' 
,' , /,' 

` 
,' `' -` , 

` `' 
,;.a. I n1 / D 

4 
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12 

BI 

li+li+1-li l3 cos rp= 2l, (-qr- <p) 

=- l3 / l4,p2= l~ 
2l4 

cos cp=Pocos 1Jt+P1cos(,P--cp)+P2 
y 

c 

/4 X 



||” 

13 
(a)40+ no= 150<70+90= 

(b)45+ 120= 165<100+70= 

(c)60+ 100= 160>70+62= 

(d) so+ 100= 1so<10+9o= 

fF/ 



14 

0 

= t1 180°+0 
WI t2 180°-0 — —= 

7 180°+30° 7 = = !2 180°-30° 5 

t2=5 s 

t1 +t2=C7+5)s=l2 s 

60/ 12=5 



V 

(a) F 

(b) (c) 

K= l80°+160° 32O° 
1so0-160° 20° =-— =16 

0 

(d) 

15 



16 

037 mm,AC2=1193 

1 1 ll=—(AC1-AC2)=-¾- X O 193—1 037)mm=78 mm 2 2 

1 1 l2= —(AC1 193+1 037)mm=l 115 mm 2 2 

l1 =78 mm,l2 =l 115 mm,l3 =500 mm,l4 =1 000 mm 

A 

90° 
10° : : : : jl 
lOo l4 

<p 
2l2 l3 

11152+5002-782-1 0002+2 X 78Xl OOOcos0° 
2X l 115 X 500 

=O. 576 8 

77° 

2l2l3 

1 1152 +5002 -782 - 1 0002 +2 X 78 X 1 000cosl80° = 2 X 1 115X 500 

=O. 2970 



72° 

=54. 77° 

CI 

I 
` 

', 

` ` 
',' 
,' 

17 

36° 

=30°, 

C1 D=C2 D= 

36° 

mm 

e=l6 mm,AC1=34 mm,AC2=82 mm 



(82 —34)mm=24 mm 

18 mm 

0=180° X 1. 4- 1 
1. 4+1 =30° 

l1 =26 mm 

\ 
A 

\ 

`` ` 
`` 

_ 

t̀  
`̀  
`` ` 

`̀  
` 

/ 

'̀ .̀  

1-`.-.``

G 

`̀  
`̀ ·̀  n 

1 2 , 

m 



ok-1 1-1 (J=l80°~=l80°X~=0° K+1 1+1 

238 mm,ACi = 184 = LAD = 224 

19 

l 1 k= — (AC1-AC2) =— X (238-184)mm=27 mm 2 2 

1 1 l2= —-(AC1 +AC2)=-i-X (238+184)mm=211 mm 2 2 

CI 

D 

L.=LAD=96 mm,h=LAB=68 tnm,la=lro=112 mm 

- - - - - - - - - - - - -',' 



20 

P1 cos(52°10'-45°) + P2 

cos90°=Pocos82°10'+ P1 cos(82°l01 -90°) +P2 

12°10'+ P1 cos(112°10'-135°) + P2 

481, P1 = -O. 801 2,P2 =O. 591 8 

Li = 1, lz = 2. 103, [3 = 1. 481, l, = 1. 848 4 

=LAD =50 8484=27. 05, 

l1 =1 X 27. 05 mm=27. 05 mm,l2 =2. 103 X 27. 05 mm=56. 89 mm 

[3 =1. 481X27. 05 mm=40. 06 mm,l4 =LAD =50 mm 

sin 0=-1-,cos 0=— b a 

--+— =1 
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22 

h 

h 

a=O 

(O¾<p ¾ cf>) 

h 

h v=---,w 

a=O 

h 

l'P,t -
-' 



a= 

s 
23 

s=h[ 

rp,t 

'fJ,1 

rp,t 

-n 

F1 =Fcos a 

F2=Fsina } 



24 
VA2 = VAJ tan a= rwtan a 

r= VB2 

wtan a 

VB2 ro =r-s=-:-=--s wtana 

[a]= 30° ~ 

[a]= 70° ~80° o 

n 7 ', 
, 

f 



1 25 



26 

s=f [ 
5 

2h 
• I 

v= 4hw 
<I>'2 

1 
3 

a=- 4hw 
41'2 



«!>'2 

v= -«!>'2 

a= <1>'2 

1 2 27 

2 

1 1 _l l 5 2 7 
__6 

4 

0.374 2. 865 6. 183 10. 365 15. 000 19. 635 23. 817 

19. 416 36. 931 50. 832 59. 757 62. 832 59. 757, 50. 832 

65. 797 62.577 53. 231 38. 675 20. 333 -20. 333 38. 675 

2 3 _5 6 13 7 5 
—3 _ 6 —4 4 . 

27. 135 29. 660 30. 000 30. 000 30. 000 29. 066 26. 250 21. 563 

36. 932 19. 416 -25; 000 -50.000 "775. 000 

~53. 231 -62. 577 797 -83. 333 -83) 333 -83. 333 -83. 333 

4 _117 2 2 ,. _ 5_3 , ` _ 7 _11 _6 23 
—3 4 

15. 000 8.438 3. 750 0.938 '0 

• —100 -75 -so -25 

—83. 333 -83. 333 83. 333 83. 333 83. 333 



s 

28 

V 

2-3 

a 

3 

mm 

2)h=OiC-01A=60 mm 
3)ac =0° 

08 mm 

57° OD 



mm 

2)h=60 

16 mm 

=9. 6°<[a]=30° o 

9.6° 

S.6 

29 

s=50 

ds 
d<p 



2h 

30 

ds 
drp -=4h(p-0-0s) 

s=50 5 
3 

ds —=0 d<p 

x=(snun+s)cos <p-esin <p 

x'=x~r,cos 0 

y'= y-r,sin 0 

dx (ds 

sin0=-~ 

cos 0= dy'd<p 

x'=x-IOcos 0 

y'= y- lOsin 0 



y 

\ 
(a) (b) 

0°:,;;;;;<pi :,;;;;;150° 

15 30 45 60 75 

0.367 1. 432 3.092 5. 182 7. 5 

120 135 150 165 180 195 

13.568 14. 633 15 15 15 14.429 

240 255 270 285 300 315 

7. 5 4.630 2. 197 0.571 

31 

) ]I 
,! 

90 105 

9. 818 11. 908 

210 225 

12. 803 0.370 

330 345 
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s 

0° 120° 150° I 80° 300° 360°'1'1 

(a) 

0 10 20mm 
| I I l I | l l I l I 

(b) 

15 30 45 60 75 90 105 

0. 761 2. 929 6. 173 10 13. 827 17.071 19. 239 

120 135 150 165 180 195 210 225 

20 20 20 19.239 17. 071 13. 827 10 6. 173 

240 255 270 285 300 315 330 345 

2. 929 0. 761 



s 

0° 120° 150° 180° 300° 360° "'' 

(a) 

` ; ,. 

.,. 33 

-,.. -

} 

o 10 20mm 
| I I I I I I I I l l 

(b) 
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1 



~-1'-llll::~~l!J~IJU<1-lliltHffl.l!J 

35 



36 

a=mzcos 

hr=(h; 

a=r1 +r2 =m(z1 +z2)/2 



I 37 

=O. 



38 

a,e=rrm/ 2-2xmtan 

+x)m,hr=(h; +c• 

= - Xz 



I 39 

Pt 
{3/ 

8 i=~===-'-"-= 2 

wz z1 r1 sin 81 



40 

I1 

d1=mz1=3Xl9 mm=57 mm 

d 2=mz2=3 X 41 mm=l23 mm 

h.=h; m=3 mm 

h1=(h: +c•)m=(l+O. 25) X 3 mm=3. 75 mm 

c=c• m=O. 25X3 rnm=O. 75 mm 

1 1 a=-;;-m(z1 +z2)=-;;-X3X 09+4l)mm=90 mm 2 2 

mm 

da2= d2+2h.=(123+2 X 3)mm=l29 mm 

dn =d1 -2hr=(57-2 X3. 75)mm=49. 5 mm 

dr2=d2-2hr=023-2X3. 75)mm=115. 5 mm 

d b1 =d1cos a=57cos 20°mm=53. 56 mm 

d b2 =d2cos a=123cos 20°mm=115. 58 mm 

P1 =p2= mn=3. 14 X3 mm=9. 42 mm 

s1 =s2 = e1 =ez = p / 2=9. 42/ 2 mrn=4. 71 mm 



1 a=-¾m(z1 +zz) 2 

2a 2X 160 m=~=~mm=4 mm Z1 +z2 20+60 

d1 =mz1 =4X20 mrn=80 mm 

d2=mz2=4X60 mrn=240 mm 

d. =d+2h. =mz+2h; m=mz+2m 

d 135 mm z+2 25+2 

r=mz/2=5X40/2 mm=IOO mm 

mm=34. 2 mm 

41 

a=20° 

rh=rcos a=lOOXcos 20°mm=93. 97 mm 

r0=r+h; m=(l00+5)mm=l05 mm 

p. = P.=";f mm=46. 85 mm 

Yb 93. 97 a.=arccos—=arccos = 26. 5° 105 

dc=d-2hc=mz-2. 5m 

db =dcos a=mzcos 20° 

mz- 2. Sm>mzcos 20° 



42 

z> 42 

l l a=~m(z2-z1)=~ X 4X (60—20)mm=80 mm 2 2 

d2=mz2=4 X 60 mm=240 mm 

=(240-2 X 4)mm=232 mm 

25X 4)mm=250 mm 

. E.q 

2 OiC_ 2 CN1... Zh; 
Z min = =---,--'- = nun • 2 m msIn a Sln a 

ZXl 
Z min = sin220 

=O. 

zx o. 8 
Zmin sin220 .:::::::: 14 



w3 

43 

W3 
c 

1 

711n(z1+z2)_ _ 4X(23+98) ~=arccos ~=14. 53° 

mt 53°=4. 13 mm 

tan an... tan 20° a,= arctan = arctan cos 14. 53° =20. 61° cos p 

Zvl = = ZJ __ 23 
cos3 f3 cos3 l4. 53 

Zv2=~= Z2 _ 98 
l4. 53 ::::::::: 108 

d1 mz1 4X23 = = cos fJ cos 14. 53 ;;mm=95. 04 mm 



d2 m..z2 4X98 = = cos p cos 14. 53 ;;mm=404. 95 mm 

44 d., =d1 +zh.=(95. 04+2X4)mm=l03. 04 mm 

da2=d2+2h.=(404. 95+2X4)mm=412. 95 mm 

du =d1 -2hi=(95. 04-2X 1. 25 X 4)mm=85. 04 mm 

dr2=d2-2hr=(404. 95-2Xl. 25X4)mm=394. 95 mm 

cos 

2a m,=~=2. 075 mm 

a= m(z2+z2) 
z=53mrn 

1 

mn(z1+z2)_ . 2X(21+32) 
2a =arccos 2X55 =15.5° 

mm=43. 59 mm 

mm=66. 42 mm 

d'1 =di =43. 59 mm,d'2=d2=66. 42 mm 

17 81 =arctan —=arctan —=21. 43 

82 =90°—21 °34'l't'= 68°25'4'6' 

mm=Sl mm 



d2=m.z2=3X43 mm=129 mm 

S1 =(51+2X3Xcos 21. 57°)mm=56. 58 mm 

S2 = (129+2 X 3 X cos 68. 43°)mm= 131, 21 mm 

dn=d1 —2. 4m.cos <>1 = (51 —2. 4X3Xcos 21. 57°)mm=44. 30 l1lffi 

dr2 =dz-2. <>2 = (129 —2. 4X3Xcos 68. 43°)mm=126. 36 mm 

Re=- = 51 
2sin S1 2sin 21. 57 ;;mm=69. 36 mm 

0. = 0r = 

+0. = 21 

°24' 

<>r2 

45 

17 
cos 8 cos 21. 57 0~18 

Zv2 = = - 43 
cos 82 cos 68. 43 0~ 1 17 

=m2 =m,a1 =a2 

=mn2 =m,anl =an2 

=m2 =m,ai =a2 
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l 



47 

n, 1 Z2Z3Z4 ···zK 
1lk =-=+ 

nk -



48 

ni< · nK-nH 

.5.4 



49 



!15= ... 25X30X30X60 = 200 

50 5 r/ min 

30 30X2 

2. 5X3.14X4X20 
30X2 mm/s=lO. 5 mm/s 

8 X8 

Z9Zu 8 X 6 

nj H 

n3 H Z1 17 

n3=0 

nH 

5° 

H 

Z1Z2' 12 X 14 

n3 =O,n1 =ns 

ns —nH =-9 0-nH 

nH 

nr 



n1 =O,nH=-1. 5 r/min,z2=15 

5)r/min=l0. 5 r/min 

Z1 =120 

I 

I n3 n3-n1 Z4 

n4=0 

n3=0 

_H 3OX80 

n3=0,n1 =50 r/min 

n8=14. 7 r/min 

n3 

n1=200 r/mim,na=-50 r/mim 

61 r/min 

n1 _z2Z3Z4'Z5 _ 40X25X 20X80 _ 400 = = = 

=l 000 

000 r/min=7. 5 r/min 

12 (( 

(3) 

51 

III/I/A 
H 



52 n1-nH 18X21 (1) 

. _n1 _Z3 _85 m=—-=-=- =5 n3 z, 17 

n3 =nH,n1 =np 

(2) 

(3) 

np=(n1 -n.)/4 

001r/ min,n.=10000 

np=(lO 001—10 000)/4 r/min=O. 25 r/min 

= 10 000 = 10 001 

np=(lO 000-10 001)/4 r/min=-0. 25 r/min 

r1 +2r2=r3 

z, +2z2 =z3 

/2= (53-19) /2= 17 

z1=z2' 

Z2 =z1 -1 

Z3=z1 +l 

(1) 

(2) 

(3) 

m1 (z1 +z2) =m2 (4) 

2 
m2 2z1 -1 1+ 2z1 —1 

(5) 

060 

I m2 E (1, 1. 



4 

nl n3-n4 z1 

| 53 

', 1 2 400 2 = n3 r"'r+B 2 400+1 200 3 

n1 =4n4 / 5,n3 =6nd5 

. _n4 _zs _ 15 
l45 = - =—=— =0.25 60 

=250 
n4=0. 25n5=0. 25X250 r/min=62. 5 r/min 

n1 =4n./5=4X62. 5/ 5 r/ min=50 r/min 

n3=6n4 / 5=6X62. 5/5 r/min=75 r/ roin 

H n3 19X24 
nr ns-nH 23X20 

. = -- =---=-— !12 n2 Z1 17 

=nH,np =ns ,n3 =O 

np=l 

000 

1000 96 

(2) 

3 ( 

(1) 

(2) 

(3) 

(4) 

(5) 

z2=68 



n1=0 (1) 

54 
l13= —= = 

n3 H n3 

48X58 = = 53X53 0. 991 1 (2) 

. n3' = Z4 87 l3'4 =~=--=--;-; 
n4 Z3, 44 

n1 =n1',n3 =n3' 

34 (( 

iH4 =220. 188 2 

L54 =-= n5 
n4 Z5Zlz2,z3' 

44X48X58X87 = 1X53X53X44 86. 225 7 

H 

n4 

n2 ZI 

. l54' =-=- = 100 
n4' Z5 

100 
ns'Z1' 101 

n1 =n1· ,ns =ns' ,n2 =n2',n, =n,, 

(1) 

(2) 

(3) 

(4) 

(5) 

980 000 
!H 



55 

-

0 



56 D=mz 
h=O. 75m 

a=m 

z-2 



57 

D=mz=5X 12 mm=60 mm 

h=O. 15m=O. 75X5 mm=3. 75 mm 

a=m=5 mm 

0=60° 

14X5 mm=31.4 mm 
` 

i 

: 



t=60/60 s=l s 

58 

1 s 3 

3 3 

tm 2ts 2 r= =—=— tm+t, 3tS 3 
K(z-2) 

r= 2z 
2rz 2 X2X 6 =2 3X(6-2) 

K(z-2) 
r= 2z 
1 K(z-2) = 2 2z 

z-2 



59 



60 

Qm= 

/J= 



= Emax -
61 

w =..:..:....!!!!! 

Dm \2 

I ID \ 2 
2 2 —m(—) 8 4 P 



; 
62 

01 N • m/mm2=1 N • m/mm2 

a 

b 

, 

wmax= lµwW,fl 

= | 

= I lX(-520+190-390) I N•m 

=720 N•m 

a= 1. =0.06 

120 X3. 14/ 60 rad/ s=12. 56 rad/ s 

J w = max = 720 
12. 562 X O. 06 kg•m2 



M'= 5 N•m 

a 

M 

, , , b 
` 
`̀  ` ` ` ` ` ` ` ` 

`̀  
`̀  ` 1,

',',',',',','. 

, , 

d 

a 
E· 
N009 

l 

b 

(a) (b) 

lt 

Ww =(462. N•m=412. 125 N•m 

(1600-200) 

a'd a'b' 
'ad ab 

ab=:'f,ad=~X[2800-(462. 5—200)]=1. 4228 

1. 422 8) X (1 600—462. 5)/2 N•m=l 255. 695 N•m 

422 8) X (462. 5-200)/2 N•m=843. 57 N•m 

63 



64 

255. 695 N•m 

wmax = 1 255. 695 (2 X 60 X 3. 
6 kg•m2 

60 60 X0.15 

Wma,= I 735 N•m 

= I (2 600-4 000) X 5 I X O. 735 N•m=5. 145 X 103 N•m 

wmex 5.145 X l03 
(2 X 80 X 3. 14 2 33 X l05 kg•m2 

l 

1 nmax 1)r/ min=84 r/ min 

(1-½ XO. 1) r/min=76 r/ min 

t1=P1t11/ P1=4 OOO X 5/ 2 600 s=7. 692 3 s 

= 
0 J 0 (J) 

= 1 000 X 1 N • m = 1 000 N • m 

p''= M'<p = M'wmt1 

134+ 116 =80 X ~ X O. l N•m=l 000 N•m 2 

M'wdt = 000 X 0. 1 N • m = 100 N•m 



W.,..=(1 OOO-lOO)N•m=900 N•m 

Qm= 2 2 rad/ s= 125 rad/ s 

r]= -Wmin _ 134-116 
= 125 =0. 144 

65 

w == max = 900 
1252 X 0. 144 4 kg•m2 

M'=200 N•m 

a 

, 

b 

N•m=39. 25 

N•m=78. 50 

(n/8)/2 N•m= 



66 

39. 25 

Wma,=78. 50 N•m 

J w = max = 78.50 
252 XO. 04 

kg•m2 =3. 14 kg•m 

]= mD 
4 

4] _ 4X3. 14 m=?!,-=~ kg=50. 24 kg 52 



67 



68 =O 

= 0 

Fb 

(a) (b) 

~M=O 



69 

X O. 5X l0- 3 X(5 368Xl05 N 

G=mg=1 X l03X9.8 N=9.8 X l03 N 

F/G=l. 8 X l03)=14 



70 

mere 

mbrb +mere 

299 kg•m 

75 kg•m 

m1r1 =lO X O. 05 kg•m=O. 5 kg•m 

m2r2=14 X O. l kg•m= l. 4 kg•m 

m3rs =l6XO. 075 kg•m=l. 2 kg•m 

m4r4 =lO X O. 05 kg•m=O. 5 kg•m 

mhrb = 1. 140 2 kg•m 

87° 0 

30° 

mbrb 

m3,3 

m4r4 

127.87° 

m2r2 

mlrl 

m1r1 =2 X O. 2 kg•m=O. 4 kg•m 

m2r2=4 X O. 2 kg•m=O. 8 kg•m 



mbrb+m1r1 

589 5 kg•m 

rb =O. 589 5/10 m=O. 058 95 m 

=59. 95 mm 

0 

m1r1 

(a) 

71 

` 
11b m 

(c) 

mi'=2X80/120 kg=4/3 kg,m/=4X80/120 kg=8/3 kg 

m/"=2X40/l20 kg=2/3 kg,m/'=4X40/l20 kg=4/3 kg 

m1'r1 =4/ 3X O. 2 kg•m=O. 267 kg•m,mz'r2 =8/ 3 X O. 2 kg•m=O. 533 kg•m 

X 0. 2 kg•m=O. 133 kg•m,mz"r2 =4/3 X 0. 2 kg•m=O. 267 kg•m 

''''' mb'rb+m1'r1 +m2'r 2 =O 

m/rb=O. 392 6 kg•m 



=O. 392 6X (3 OOO X 3. 14/30)2N=3. 87Xl0'N 

72 II, II , II mb rb+ml 

mb'rb=O. 196 9 kg•m 

=O. 196 9 X (3 OOO X 3. 14/ 30)2N= 1. 94 X 104 N 

kg 

kg 

005 kg•rn=O. 1 

kg•rn=-0.05 

m/rb+m''r=O 

05 

, mbrb 

11b 

" mm 

, mr 
(a) (b) 

4 X l90/ 230 kg=O. 330 4 kg 

m~=O. 4 X ll5/ 230 kg=O. 2 kg 

4 X 40/230 kg=O. 069 kg 

4 X 40/230 kg=O. 069 6 kg 

mS=O. 4 X115/ 230 kg=O. 2 kg 

4 X l90/ 230 kg=O. 330 4 kg 

330 4 X O. 012 7 kg•m=4. 196 X 10-3 kg•m 

2 X O. 012 7 kg•m=2. 54 X l0- 3 kg•m 

m¾rE=O. 069 6X O. 012 7 kg•m= 8. 839 2x 10-4 kg•m 



6X0.012 7 kg•m=8.839 

mBrv=O: 2 X O. 012 7 kg•m=2. 54Xl0-3 kg•m 

330 4 XO. 012 7 kg•m=4. 196 X l0-3 kg•m 

868 3 X l0-3 kg•m,mfrh=2. 868 3X 10-3 

=2. 868 cos60° -2. 54 X cos30° + 8. 829 2 X 10-• cos30° 

=O 

=2. 868 3 X 10-3sin60°-4. 196 X 10-3 +2. 54 X 10-3 sin30°+8. 839 2X 10-• sin30° 

=O 

+mirecos30° 

=2. 868 3X 10-3 cosl20°-2. 54 X 10-3 cos30°+4. 196 X 10-3cos30° 

=O 

-mg 30° + m~ re sin30° 

= -2. 868 3X 10-3 sinl20°-8. 832 X 54Xl0-3sin30°+4.196 X l0-3sin30° 

=O 

2. 868 3 X 10- 3 ~=m~=~kg=O. 287 kg lO X 10-3 

73 



74 

A merc 

YL 
(a) (b) (c) 

kg=lO kg 

X 2/ 3 kg= 10 kg 

mll'=20 X l / 3 

m/=lO X 0/3 kg=O kg 

: 
m/"=lO X 0/ 3 kg=O kg 

mz"=l5 X 1/3 kg=5 kg 

m/'=20X2/ 3 

m/"=10 X3/3 kg=lO kg 

5 kg• m=5 kg•m 

mz'r2=10XO. 4 kg• m=4 kg•m 

m3,r3 6 kg• m=4 kg•m 

kg•m 

: 
m/"r1 =O kg•m 

mz"r2=5 X O. 4 kg· m=Z kg•m 

40 m/'r3=¥-XO. 6 kg· m=8 kg•m 3 



5 kg• m=5 kg•m 

mb'rb+m1'r1 +mz'r2+m/r3+m. 'r• =O 

75 

m/rb=4. 123 kg•m,mb'=4. 123/ 1 kg=4. 123 kg,a1 =360°-104. 04°=255. 96° 

ff'ff'If'ff'ff mb"rb +mi"r1 +mi''r2 

544 kg•m,m/ =8. 511 / 1 kg=8. 544 kg,au =20. 56° 

, 
“ m;·r2 

, m2 r2 

, mbrb , ml rl 

(a) 
II 

(b) 

mA'=o. 5X 400/ 500 kg=O. 4 kg 

m< =l X l00/ 500 kg=O. 2 kg 

: 
mA"=o. SX l00/ 500 kg=O. l kg 

mB"=l X 400/ 500 kg=O. 8 kg 

=O. 4 X O. 01 kg•m=O. 004 kg•m 

2 X O. 01 kg•m=O. 002 kg•m 

: 
m/'rA =O. l X O. 01 kg•m=O. 001 kg•m 



76 

8XO. 01 kg•m=O. 008 kg•m 

m/rb+mA'rA +mn'rn=O 

m/rb=O. 003 46 kg•m 

003 46 X (3 OOOX3. 14/30)2N=341.142 N 

: 
II, II, II +ni'BrB=O 

007 55 kg• m 

=O. 007 55 X (3 OOOX 3. 14/30)2N=744. 400 N 

=O. 5XO. 01 kg•m=O. 005 kg•m 

01 kg•m=O. 01 kg•m 

m;r; +mAr A 

mir; =O. 008 6 kg•m 

=O. 004 kg•m 

mar a =O. 002 kg•m 

m;r; =O. 008 6 X 400/ 500 kg•m=O. 006 88 kg•m 

: 
=O. 001 kg•m 

008 kg•m 



m;r;=O. 008 6 X l00/500 kg•m=O. 001 72 kg•m 

005 96 kg• 

=0. 005 96X (3 OOOX3. 1f30)2 =587. 632 

: 

77 

006 01 

=O. 006 01 X (3 OOOX 3. Hl/30)2-=592. 562 N 

(a) (b) 

I 4 3 / 2 5 , 

(c) 

(d) (e) 



78 



= Camax 

/Ja = = 

s s 

79 



80 

s s 

o· 

G;',,N=C 

N 



k.S 

k.S 

k.S 

k,S 

3~2. 

81 

l 1 

E1'E2 

=µ2 =µ=O. 

SH 



82 

p~[p] 

, 



8~12. 

83 



7 

84 

1 

|, 



Q235 375 235 26 

45 600 355 16 

40 MnB 980 785 >9 

ZG270-500 500 270 18 

HT200 200 

QTS00-7 500 320 7 

ZCuSnlOPl 220 130 3 

ZA!Sil2 153 2 

85 



86 

5P= 

0. 5X3 mm=l. 5 =d-4. 4= (24-4. 4)mm= 19. 6 

T=l4 

4.0 =3. 3 

b 

J 

-IP 
1-P 

19 N=500X60n ~=500X60X200XM=1. 425Xl06 80 

107 
6 - I N`=1.24 



Hll 

+01 

ell 

2 21 t. 20 80 2 20;-, 21 46 75 

87 

145 



88 r=min(J/ max(J 

k,=u_1/(u_1)k 



• 
89 



90 



91 

arctan cos /3 

2 T=F. —d2 2 

tan</, 
1J ttaon n((,cpI,++p',! ) 

F. 



92 _L 

p' 
cos /3 

T d2 = 2 

d2 
2 

F.R F.Ph = tan 4 1 



93 



94 

6 

(1= Fa 
~[(1] 

(1= Fa 

T] = r= 

2d2 =-' 
d1 

Fa 
mdf/4 



p'= f =;=.O. 

= 3,, 

1. 3F. =::;;[a] 

mf 

FE= 

95 

7 



96 

p= F. ~[p] MPa 

mm 

mm 

MPa 



TC4 Fc=C304—1. 4 

Fc=(461-2. 

F F.<—g s 

~[r] MPa 

97 

` 



98 

Ft 4T 

4T 



99 

tan 4 1 
2,p 2tan,p(1—tan2,p) 

5 

1. 5 

25mm,d2=7. 

p 

1. 25 =arctan 7. 188 =3. 17° 

p'= arctan = arctan cos P eos30 ;;=6. 59° 

T=l25X240 N•mm=30 000 N•mm 

4 

T 
d2 , 
2 4 

30 000 N=24 331 N 7. 188 (11. 5+9) XO. 12 
2 tan(3. 17°+6. 59°)+ 4 



100 

F. 4 X24. 331 6=--!..,:=~MPa=702 MPa 6. 6472 

4X 10 =f- = arctan = 11. 08° 3. 14 X 65 

p'=arctan /=arctan0.1=5. 71° 

tan1l. 08° 
tan(ll. 08°+5. 71°) 

d 

64. 9% 

65 X 10- 3 =100 X l03 X~tanOl. 08°+5. 71°)N•m 2 

=980 N•m 

V V 800 , . n=-:::-=-= S np 4X l0 r/ min=20 r/ min 

60 W=2 050 W=2. 05 kW 

= lOO X 103 X ~tanOl. 08°—5. 71°) N•m=305 N•m 



235 MPa S 1. 3 

=8. 376 

1. 3F. 

F. = 14 X 8. 3762 
1. 3 4 X 13 N=7 668 N 

15 
C 1. 3 N=l770N 

[ ] /Js _ 275 11l=~=~MPa=92 MPa S 3 

101 

MPa 

294 

F,= 14 X 17. 2942 
1.3 4X l.3 N=18 060 N 

zF.JD=WL 

L 400 N=677. 249 N 

23 

nnun=[23-(46 - 32) ]mm=9 mm 



102 

T 630X 103 Fs=+=~N=2 423. 08 N 4r 4X 130 
2 

as _ 640 MPa 2. 5 2. 5 

4Fs _ 4 X 2 423. 08 r = ----;:,"- = m 3. 14 X 172 X 1 =10. 68< [r] 

<1p1 =~=~MPa=512 MPa s 1. 25 

(1µ2=~=~MPa=96 MPa s 2. 5 

[(1P]=min{(1pl'(1p2 }=96 MPa 

Fs _ 2 423. 08 <1p = = = 15. 84< 17 X 9 , 

= 13. 835 

zfF,r=CT 

4X l. 3F. 

6s> 
S X 4 X 1. 3CT= 4X 4X1. 3 X 1. 2 X 63O X 1 000 MPa=447. 24 MPa 

3. 14 X 13. 8352 X 6X O. 15 X 2 

FE= 8 N=7 536 N 

8FE=l. 8X 7 536 N=l3 565 N 

536+13 565)N=21 101 N 



[ ] 6s 355 al=~=7MPa=ll8 MPa S 3 

2 mm 

=17. 294 

{ 160+2X[20+(3~6)]}mm=206,.:._,212 mm 

5 mm<4. 5d=4. 5X20 mm=90 mm z 8 

mm, 

p J = arctan 8 =3. 04° 3. 14X48 

83° 

40X 103 X48X 10-3 =~tan(3. 04°+8. 83°)N•m=202 N•m 

103 

T 202 L=~=~m=O. 808 m=808 mm F 250 

H=zt=8 X 8 mm=64 mm 

H 64 
d2 48 1. 2~2. 



104 

15~25 

6 mm 

=33 

H=d2=l. 5X 33 mm=49. 5 mm 

H 49. 5 z=~ =~ =8. 25 p 6 

mm=54 mm 

<P=H/d2=54/33=1. 64 

h=O. SP=O. 5X 6 mm=3 mm 

p= Fa 30X103 
3. l4X33X3 X 9 = MPa = 10. 7 MPa~[p] 

mm=7. 25 

i 7. 25 

3. 143 XZ. 06Xl05 X 294 Fc=-—= (µl)2 (2 X 550)2 N=3 727 991 N=3 728 kN 

Fe 3 728 kN>F.=30 kN S 4 



b=O. 65P=O. 65 X 6 mm=3. 9 mm 

F. __ 30 X 103 
14X29X3. 9X9 MPa=9. 4: MPa 

32° 

12=6. 84° 

25Xl03 X 33 
2 =~tan(3. 32°+6. 84°)+0.1 X 25 X l03 X33 N • mm 

=156. 75 X l03N • mm 

(16 X l::.::X 103) 2 MPa 

=62. 27 MPa 

d1 30 
4 4 mm=7.5 

105 I 



106 

7. 5 

T 156. 75 X 103 
F 200 mm= 783. 75 

mm,h=lO 

MPa 

L=L-b=(90-l6) mm=74 mm 

4T 4X 1 500XJ03 
6 p = - = dhl 55XlO X 74 MPa=l47 MPa 

56X62XlO(GB 

C=0.4 

4)mm=2. 2 mm 

D+d 62+56 5 mm 4 4 

T l 500 X 103 ap= Kzhlrm 0. 8 X 8X 2. 2X90X29. 5 MPa=40 MPa 



107 



108 



109 

F, =2T1 / d1 

F,=F,tan a 

N 

N 

a 

=9. 55 X 106 P/ n1; 

N 



110 

1, 1 
F 

(JH= I -2 O P 
+ E1'E2 

dl. d2 p, =N,C=~sin a,f>'l=N2C=::::f-sina 2 2 

a u d2sin a 

UH= 

F 2 
a u 

EI E2) 

F, 2 
cos ad, sin a u 

E E2 ) 

ZE= 1 

El E2 ) 



aH=2. 

FI 2T1 = d1 

111 

11H =2. 

d1 

mm 

MPa SH 

W=~ 

M aF 

;;;)2cosa 

a 

yFa= `))2cos a F 

t1F= 
2KT1YF,Ys. ~[t11-·] MPa 



112 

Y Y 

u=zz/z1<(7 
=17~20 b1 =b2+(5~10) mm 

• • 



cos/3 
{3 

113 

<1tt=3. 54ZEZ~ 

6F= 
2KT1YF.Ys. 

bd1mn 
~[(1F] 

3 

MPa 

mm 

MPa 

mm 



F,=F,tan acos o asin 8 

114 

6H=2. 5Z` 4KTI 
0. 85tpR (1-0. ~ [uH] 

h 
Re 

4KT1 ( ZE \ z 
0. (1-0. 54R)zu m) 

4KT1YF.Ys. 
0. 85<j,R (1 -0. 

~ [UH] 

MPa 

mm 

MPa 

mm 

e<2m, e>2m,,d,,(160mm d.<SOOmm 400mm< d, < l OOOmm 

v<:12 



5~2. 

1 

F, 2T1 2P Fn=—= = 9. 55 X l06 
cos a d1cos a dICOS anl 

F'n=Fn 

P'=2P 

115 



116 

69T1 

u=-=— =2. 4,b= "2=78 mm 
Z1 25 

a=m(z1 +z2) / 2=0. 5X4X (25+73)mm=196 mm 

T1 =9. 55 X 106 -;=9. 55 X 055. 56 N•mm 

<1H=335~ uha2 =335X 

=239. 56 MPa 

(2. 92+1) 3 X L 4X53 055. 56 
2. 92 X 78 X l962 MPa 

liml = 550 

- =(1Hlim2 = 

300 

= 285. 7 MPa SH 1. 05 

= 2. = 450 MPa, 

SF=l. 35 

_ 450 [ CTF1]=~=~MPa=333. 3 MPa SF 1. 35 

=2. =230 MPa, 

SF=l. 35 

ZkT1YF1 
z1 

~=~MPa=l70. 3 MPa SF 1. 35 

2X 1. 4X 53 055. 56X2. 73 
78X42 X 25 MPa=l3. 0 

2KTIYF2 = 2X1. 4X53 055. 56X2. 26 MPa=3. 69 MPa< [aF2 ] 



350 MPa, YFa2 =2. 
117 

7X ~MPa=233 012 3 SF 1. 35 ] 233 

35O YFa2 2. 25 O. 7X ~MPa=l82 = 0. 012 4 SF -v.' /' 1. 

012 4 

3 T1 =O. 955X 107 .1!..=9. 55Xl06 X -fr;N•mm=573 000 N•mm n 50 

z1 =21,z2 =iz1 =3. 5 X 21=74 

=z1m=21 X 4 mm=84 mm=296 mm 

4 X l.1 X 573 000 
0.4 X (3.5+l)X212 X O. 012 4mm=3. 4 mm 

30 T1 =9. 55X 106 -;==9. 55X 106 8 N•mm 

z1 =27,z2 =iz1 =4. 6 X 27=124 

YF=max{YF,1,YFa2} =YFal =2. 65 

m> = o. 4X(4.6+1)X272 X710 mm=l. 7 mm 

mm=54 mm=248 mm 

z 
Zv = 
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Ft2 

F •2 

Fa 

g 

cos /1 

2T2 2T2 fi= sin (3 d mnz 

Fa2 =F.3 

2T2 2T2 {3 

f3 
. mn3Z3 . n . 5 X 17 s 3°=8°18' 

mn2 Z2 3 X51 



=690 

=600 

HBS, att1un2 =660 MPa, 

aFE2=600 MPa 

6 MPa SH 1. 05 

MPa 

MPa 

Z2 _ }07 
ZJ 21 

5X3X(21+107)/cosl6°15'mm=l99. 99 mm 

T1 =9. 55Xl06 7=9. 55Xl06 925. 2 N•mm 

11H=335~ 

=335 X (5. 1 + 1)3 X 1. 1 X 142 925. 2 
5.1X80X2002 

=495. 37 MPa<[att]=628. 6 MPa 

21 cos3f3~ cos316°15' =23. 7 

107 
cos3 f3 cos316°15 ,=120. 9 

=2. 75,YFa2=2. 

119 

6Fal = /1 1. 6Xl.1X142 925. 2X2. 75 X cosl6°15'MPa=43. 9 MPa 

2 (1Fa2=—(1Fat=—-X43. 9MPa=35. 1 MPa YF.t uFal 2. 75 



120 

MPa, 

(1m =600 

HBS,(1H i;m2 = 560 MPa, 

l MPa 
SH 1. 1 

MPa 

[(1F2 ]=0. = 22. 5 MPa 

10 T1 =9. 55 X 106 ...P....=9. 55X 106 X —— N•mm=78 925. 6 N•mm 1 210 

=160. 586 mm 

90 =21,z2=uz1 =4. 29 21 

mn= 2acos p = 2 X 160. 586 X cosl5° 
(z1 +z2) 21 +90 mm=2. 79 mm 

a= m. (z1 +zz) _ 3 X (21 +90) = 2cos 2X cosl5 ~mm=l72. 37 mm 

fr-arccos 
m.(z1+z2)_ 3X (21+90) 

2a =arccos 2X l70 =11. 65°=11°391 

b=<j,.a=0.4Xl70 mm=68 mm 

b2 =68mm,b1 =75 mm 

Z 1 _ 21 
Zvl =---,;:. = 65° =22. 35 

Z2 90 
Zv2 =---,;:. = ll. 65° =95. 80 



1. 6Xl. 4X 78 925. 6X2. 82 
(1Fl= 1. 6KT1YFal cos fJ= 68 X 32 X 21 X cosll. 65° MPa 

=34. 87 MPa 

YFa2 2. 21 87 MPa=27. 32 MPa 

v= 210 = 60X 100 60X lOOcos fJ 60X lOOcosll. 65 ~m/ s=4. 08 m/s 

. _Z2 _51 
Z1 17 

121 

Z3 ', 17 

P 7 5 T;=9. 55X 106 X—~N•mm=49 397 N•mm m l 450 

397X3XO. 98 N•mm=l45 228 N•mm 

T3 = T1 i12 i3• 397X3X2. 47 X O. 98XO. 97 N•mm=347 950 N•mm 

(JHHml =(JH_l,m2 = 1 210 MPa,(JFE! =(JFE2=720 MPa 

1,SF=l. 

(JHlim2 _l 210 =--—=--MPa= 1 100 MPa SH 1. 1 

(JFE!_ 720 = =~ MPa=480 MPa SF 1. 5 

u=i=2. 4,¢,,=0. 

T1=9.55Xl06 268 N•mm 

82 7=69. 68° 



8, =90-82 =20. 32° 

122 
16 

cos 81 cos20. 32° =17. 1 

Zv2 = = Z2 - 2. 7X l6 
c9s 82 cos69. 68° =124. 4 

= YFal =3, 08 

Ys. =max{Ys.1, Y s.2} =Ys.2 =l. 81. ` 
3 4 X 1. 4X 85 268X 3. 08X 1. 81 

162 X (1 —0. 5XO. 3)2 x mm=2. 29 mm 

=3Xl6 mm=48 mm==l29 mm 

= 335 
Re-O. 5b ub 

335 
68.85—O. 5X 22 X 

(2. 73 1. 4X 85 268 
2. 7 X 22 MPa 

=1 213. 8 

mm ,Rc=91. 8 mm,b= 

28 9 

v= 60 X 1 000 60 X 1 000 =~m/s=2. 81 m/ s 

=450 

HBS,uFE2 = 230 

[uF1]=0. MPa 

MPa 

l,z1 =26,b=90 



l 9 T1 =9. 55Xl06 _p_=9. 55Xl06 X ~N•mm=l 814 500 N•mm n1 10 

mrn=347. 91 mm 2 

(1-0. 965 mm 

6° 
Z1 26 

(11 =900 —& =17. 4° 

Zvl = = ZJ _ 2. 6 
cos 81 cosl 7. 4 .=27. 2 

Zv2 = = Z1 _ 83 
cos 82 cos72. 6 

,,=277. 6 

=2. 

2KTYFa1 _ 2X 1. 1 X 1 814 500X 2. 67 
= 90X6. 9652 X26 MPa=93. 9 MPa 

14 9 MPa=75. 3 MPa 2. 67 

mm=300 mm 

Z2. 60 82 =arctan -==arctan ~=67. 38 
Z1 25 

dm2=d2 —bsin 82 =(300-50sin67. 38°)mm=254 mm 

2T2 2T2 Fa2= — tan asin 82 =— tan20°sin67. 38° dm2 254 

123 

cos /3 cos /3 cos /3 



2T2. ~_2T2 p 

124 

2T2 2T2 
254 tan20°sin67. p 126 

sin /J 126 X tan20° Xsin67. 38° 
254 =0.166 



125 

-



126 

=m,2,a.1 

i=n1 / n2 =zz/z1 

q=d1/m 

tanr=mz1 / d1 =z1/q 

v, =v1 / cos y m/ s 

a=O. 5(d1 +dz)=O. 5m(q+z2) 



. 

d1=mq 

h.=m h8=m 

h1=l. 2m hr=l. 2m 

d~1 =m(q+Z) da2=m(zz+2) 

dn =m(q-Z. 4) d12=m(zz -2. 4) 

Pal 

c-0. 20m 

a=O. 5(d1 +d2)=0. 5m(q+z2) 

127 



128 

Ftl=Fa2=-2T1 
i1J 

dl 

2dT2 2 

F,1 =F,2 =F,1tan a 

5 

MPa 

= 

3~0. 

mm 

d1,:::,:Q_ 68ao. 875 

2a-d1 m= 

(JF= 
1. 53KA T2 

· VF d1d2mcos Y MPa 



m2d1~ 1. 53KAT2 
r[(1F] 

YFa2 

Z ! 

cos 

FrJ Frll3 

mm 

6 

95~0. 97 •TJI =tan 

= (0. 95~0. 

=arctan 

1 000PA1-7) 
“tA 

~ 60~1o·c 

129 



130 

d2=mz2=4 X 39 mm=156 mm 

+2) =4 X (39+2)mm= 164 mm 

drz =m(z2 -2. 4)=4 X (39-2. 4)mm=146. 4 mm 

d.1 =m(q+2)=4 X 00+2)mrn=48 mm 

dn =m(q-2. 4)=4 X 00-2. 4)mm=30. 4 mm 

h. =m=4 mm 

h1=l. 2m=l. 2 X 4 mm=4. 8 mm 

P.1 14 X 4 mm= 12. 56 mm 

c=O. 20m=O. 20 X4 mm=O. 80 mm 

=20 X O. 75X50/ 2 N•m=375 N•m 

F,1 =F.2 =2T1/d1 =2 X 20/ (50X 10-3)N=800 N 

Ft2=F.1 =2Ti/d2 =2 X 375/ (4 X 50 X 10-3)N=3 750 N 



Fr1 = F,2 = F,2 tan a= 3 750 X tan20° N= 1 364. 89 N 

131 

HRC,v<.12 

[(1H]=200 MPa 

i=n1 / nz = 1440/ 80= 18 

z2= iz1 =18 X 2=36 

KT2 =9. 

=9. 55Xl06 XL 2 X 7X O. 80/80 N•mm=8. 

500 \ 2.,~ / 500 \ 2 
KT2= 022 X 105 =3 868. 6 

=5 120,m=8 

a==O. 5m(q+z2)=0. 5 X 8X00+36)nun=l84 nun 



d2=mz2=8><36 mm=288 mm 

132 mm 

dr2 =m(zz -2. 4) =8X (36-2. 4)mm=268. 8 mm 

d.1 =m(q+2)=8X 00+2)mm=96 mm 

du =rn(q-2. 4)=8 X (l0-2. 4)mm=60. 8 mm 

h.=m=8 mm 

hr=l. 2m=l. 2X8 mm=9. 6 mm 

P.1 14X8 mm=25. 12 mm 

c=O. 20m=O. 20X8 rnm=l. 6 mm 

_3.14 X 80 X l 440 
60 X 1 000 60 X 1 000 =~m/ s=6. 028 8 m/ s 

2 309 9° q 10 

V1 _ 6,028 8 vs = 148 2 m/s cosy cosll. 309 9 

P1 0 -71) X 300X 3 X 8 X 5 =lOO X (1-0. 8) X 300X 24 X 5 

14 X O. 2)=1. 59 



1. 59i=l. 59zz/z1 =1. 59X40/1=63. 6 

z1m_. 1X8 y=arctan—=arctan— =5. 71° 

p'=arctan f =arctanO. 18= 10. 2° 

W1 =Gh=5 OOOX 1 J=5 000 J 

tan5.71° 
tan(y+p')- tan(5. 71°+10. 2°) 

133 

0. 350 8 

000/0. 350 8 J=l4 253. 14 J 

W=63. 14 253. 14 J 

l=14 253. 14/(63. 6XlOOX2X3.14)mm=356. 9 mm 

d2=mz2=10X42 mm=420 mm 

da2=m(z2+2)=10X(42+2)mm=440 mm 

d12=m(zz-2. 4)=10X(42-2. 4)mm=396 mm 

d.1 =m(q+2)=10X (9+2)mm=ll0 mm 

dn =m(q—2.4)=10X(9—2. 4)mm=66 mm 

h,=m=lO mm 

h1=l. 2m=l. 2Xl0 mm=l2 mm 



134 

P.1 =p,2 =px=mn= 3.14X l0 mm= 31. 4 mm 

c= O. 20m=O. 20 X l0=2mm 

.. 

OOO X 3X (1-0. 8) .c 
aIA 14 X l 

= 42. 86 

86)t=62. 86 ·c<9o -c 

45 

MPa, 

n1 

=2 X 21=42 

8(z1 

55 X l06 
p 

n1 

=1. 2 X 21 X O. 8 X 9. 55X 342 N•mm 

Z1 . 2 y=arctg —=arctg —=11. 309 9° q 10 

Z2 42 
Zv = = cos3 y cos3 11. 309 ° =44. 545 

YFa2 =2. 43 

m2d1 ~ 1. 53kA T2 1. 53 X 1. 2 X 659 342 
r[uF],'"" 42 X 50 X cosl 1. 309 9° X 2. 43= 1 428. 522 

=2,m= 6. 3 mm,d1 = 63 mm,q=lO. OO,md1 =2 500 mm3 0 
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d2-d1 
2a 

d2-d1 
a 

rad 

d2 —dl 3° 
a 

^ ^ L =2AB+BC+AD 

=2acos 2 2 

=2acos +d2) +0(d2 -di) 2 

1 d2-d1 
2 2a 

<d2 -di)2 
2 4a 

a"'=' 8 
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+F2)/ 2 

F=F1-F2 

Fv 
1 000 

F2 

da -$+(F+dflsin-$ 2 2 

da cla fdFN = (F+dF)cos — -Fcos — 2 2 

cla da cla cla 
2 2 2 2 

dFN=Fcla 
fdFN=dF 

dF = F fcla 

F ln¥=/a F2 



F1 
F2 

138 

F=F1 —F2=F1 (1-—) 

FNf=FQf 

== 6112 MPa 

MPa 

MPa 

6c c = = A A MPa 

(1max=(11+(1bl+(1c 
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(1max=(11+(1bl+(1c~[(1] 

N=3 L 

4 

F1 

F2 

60X1 000 , 60X1 000 

= d 

n2= d2 

. n1 
t= —= d2 

n2 di (1-e) 



140 
1. 

F=F1-F2=F1 

kW 

Pc=KAP 

Pc P z= == < 10 

o 

n1 d2=:..:.!...d1 Cl —c) 
n2 

v= 60X 1 000 m/s 



O. 7(d, +dz) 

(d2-d1)2 

2 

(a-0. 015Ld)~(a+o. 03Ld) 

a1 3° 

141 

N 



142 

7 



143 

v= ZInI P = 
60 X 1 000 60 X 1 000 m/ s 

i=—=— nz Z1 

v= R1 w1 cos fJ 

v=R1w1sinp 

/ z1. 

r 

" 
= v = R1(J)1cosp 

R 2cos r 

Wl RI cos /3 d I cos /3 / z2 



144 

F1=F+Fc+Fy N 

F2=F, +F, 
N 

N 

Fy=kyqga N 

Fq=(l. 2~1. 3)F 

(30~50) 



2 

145 

ooo 

5 

PC 
kk z m 

6 



KAF1 ~s 

146 

' 

0 

(2) 

a _d2-d1 _400-150 
cos -- = = 2 2a 2Xl 000 =O. 125 

a=165. 63°=2. 89 rad 

(d2-D2 
2 4a 

(400-150)2 =2Xl 000+~(150+400)+~mm=2 879. 13 mm 2 4 X 1 000 

n2 d 1 

d1n1 _150 X l 460, . -~'" ~,. n2=-,--"= d2 400 r/min=547. 5 r/ min 



(1-c) = 150 X 1 46OX(1-0. 15) 
n2= d2 400 r/ min=539. 29 r/ min 

1 OOOP 1 OOOP _ 60P X 106 _ 60X5Xl06 F= = = = TCXl 460Xl50 N=436. 26 N 

60X 1 000 

147 

=Z. 38 

39 N 

1 1 F2=F~=436. 26 X ~N=316.13 N 

1 1 + F2) =-¼ X (752. 39+316. 13)N=534. 26 N 2 2 

26sin¥N=l'059. 97 N 

Lo ;f-d2)+ 
(d2-d1)2 

` 4a 

3. 14 =2X450+-'-- X (l25+250)+ 
(250-125)2 mm 2 4X450 

=1 497. 43 mm 

400 

mm 2 

Pc=KAP= l. 2X 4 kW=4. 8 kW 

i= d2 
d1 (1-t) 

250 
125 X (1-0. 01) kW=Z.02 kW 

a cos -- = d2-dl =250-125 
2 2a 2X401 =O. 155 9 
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a=l62. 07° 

z 
p c 4.8 

(1. 92+0.17)XO. 95XO. 96 =2. 52 

P,=KAP=1.1X7. 5 kW=8. 25 kW 

nI = d2 

d2= n1 (l-c)d1 
n2 

1 450 X (1 —0. 01) X 125 
610 mm=294. 16 mm 

5(d1 +dz)=l. 5X(125+300)mm=637. 5 mm 

Lo +dz)+ (d2-d1)2 
2 4a 

3. 14 =2X650+~X 025+300)+ (300-125)2 
mm 2 4X650 

=l 979. 03 mm 

000 

000-1 979. 03 = 650+ 2 2 mm=660 mm 

4 
n2 610 

a cos - = d 2—d2 =300-l25 
2 2a 2X660 =O. 132 6 

a=l64. 76° 

=l. 92 



z= Pc 8.25 . 
(1. 92+1. 07)XO. 965Xl. 03 3.97 

8 kW,d2=2 240 mm,a=757 mm,i=2. 3,K.=O. 

28 

z PC 10.8 
(2. 28+0.17) XO. 97Xl. 06 

875 =10. 16 

4.29 

d1= 
p 15. 875 

sin(180° / z,) - sin(180° /21) =~mm=106. 51 mm 

p 15. 875 
sin(l80° / Z2) - sin080° /53) =~mm=267. 97 mm 

d.1 =p(0. 875 (0. 113. 90 mm 

da2 = p(0. 875X (0. 08 mm 

( 106.51—10. 16)mm=96. 35 mm 

d12=du -di =(267. 97-10.16)mm=257. 81 mm 

=493. 43 mm 

o. 26, 11v,, o. 26 

p~ KA =~kW=6. 66 kW 1 

149 



150 
v= 60Xl 000 

21 X 15. 875 X 600 
60 X l 000 m/s=3. 33 m/s 

9 

p'2'\ 

= 122. 01 

P,=KAP=1 X 3 kW=3 kW 

=1. 05 

= 3 
K,KLKm 1. ll X l. 05Xl kW=2. 57 kW 

= 960 

p =12. 7 

a=40p=40 X l2. 7 mm=508 mm 

v= Zlpnl =21 X 12. 7 X 960 
60 X 1 000 60 X 1 000 m/ s=4. 27 m/ s 

875 

800 

v= 60 X 1 000 
17 X l5. 875 X l30 

60 X 1 000 m/ s=O. 58m/ s< O. 6m/ s 



F=P/v=l 856. 21 N 

F,=q-cl-=l X O. 582N=O. 336 N 

Fy=Kyqga=7XlX9. 3 N 

F1 =F+F, +Fy 

=(2 586. 21 +o. 336+34. 3)N=2 620. 85 N 

Q=SKAF1 

=7 X l. 1X 2 620. 85 N=20 180. 545 N< 21 800 N 

151 



152 



153 



154 

T 9. r=—= WT 0. ~[r] 

• 

MPa 

mm 

(1e=J<[(1b] 

M= MM 
(1b=w 

T T 



(1e =w= 0. ld3 .. <((1- lb] 

Tl 32Tl 
GIP rad 

• 

155 



rad 

156 

612 mm 

Pma,= 0. 
9. 55 X 106 

0. 2 X 50 X 323 X 1 725 
9. 55 X 106 kW=59. 2 kW 

a+x 

0. ld3 

mm 



w w 

150 

(a) 

-

, V 

-A 

120 

(b) 

GX75X75 M=~=3. 75Xl05 N•mm 150 

mm 

d.=43. 68Xl. 04 mm=45. 427 mm~45 mm 

M= GX60X60 
120 =3Xl05 N•mm 

924 

p 
T1 =9. 55 X 106 —=9. 429Xl05 N•mm n 

157 

429X 51 X l05 N•mm 18 

2T1. _2 X l. 429 X l05 F,=F,tan a=—tana=~Xtan20° N=l.445 X l03 N 
mZ] 4X18 

Mv= —= 445 X 103 X 180 
4 4 N•mm=6. 50Xl04 N•mm 

F,l MH =~=1. 7865 X l05 N•mm 4 

N•mm 



Mr 6X6. 

=43. 44Xl04 N•mm 
158 

0. 0. 1X60 =,../~mm=41. 68 mm 

=2. 

T, =9. 55 X l06 !!-; (i= I, 

T I 

dI 

P 40 T2 =9. SS X 91 X l06 N•rmn 

2T2 2Xl. 91Xl06 F,2=~=~=5. 55Xl03 N 

F,2= F t2 tan a 5. 55 X 103 X tan20° 
cosl2. 8° 2. 07 X 

tan fh =5. SS X 103 X tanl2. 8°=1. 26 X 103 N 

d3 170 =22. 5X l03 N 

F,3= F13tan a 
cos /1 

F.3 = F ,3 tan /33 =22. 5 X 103 X tanl05° N=4. 17 X 103 N 

RAv= F,3BD+ F,2 CD 
AD 

22. 5 X 103 X tan20° 
coslO. 5° =8. 33 X l03 N 

22. 5 X 103 X 325+5. 55 X 103 X 100 = N = 16. 7 4 X 103 N 

RDV= F,3AB+ F,2AC 
AD 

22. 5X l03 Xl45+5. 55Xl03 X 370 
470 N=ll. 31 X l03 N 



A B C D 

145 225 100 

RAV R 
(b) 

Ft2 
MBV 

(c) 
Fal I RDII 

(d) t 
Fr2, 

F., . 
M' BH 

(e) 

(f) 

74Xl03Xl45 N•mm=2.43Xl06N•mm 

N•mm=ll. 31Xl05 N•mm 

RAH= 
AD 

8. 33 X 103 X 325-2. 07X 105 -4. 17X 103 X 85-1. 26X 103 X 344 
470 

=3. 64 X l03 N 

RDH= 
AD 

N 



4.17Xl03 X85+1. 26X,103 X344+8, 33Xl03Xl45-2. 07Xl03 X370 
470 N 

160 
=2.62Xl03N 

MBH" = RAH AB- d3 
2 

= (527. 8-4. 17X85) X 103 N•mm=l 73. 4X 

N•mm=527.8Xl03 N•mm 

62Xl03 XlOO N•mm=2. 62Xl05 N•mm 

-- d 
2 

=(2. 62X 105 +L 26X 103 X344)N•mm=6. 95X 105 N•mm 

N•mm 

33Xl06 N•mm 

91Xl06 

M. 6X1. 91)2X1012N.mm 

=2. 74Xl06N•mm 

008 mm 

d=80. 08 mm=80 mm 



L1 L2 L3 L5 

50 50 42 • , 
'. 

161 

:'.... ,.. 

45 48 
276 

[<p] = 0. 1. 8 rad=O. 015 7 rad 

=1. 

Wn=WT2 

d=63. 580 mm 

4 4 

4 632)h=3 

625-3 256)/5 625=42. 

·: ... 



162 

.15. 1 



163 

B/ d=O. 8~1. ' 



164 

v=.:!J_ 



I 165 

F 

pv=— Bd60 X l 000 ~[pv] 

p= F ~ [p] 

PVm~[pv] 



d,+d 
60Xl 000 2 

166 

h3 

7 

Ll=D-d 

i:J=R-r=Ll/ 2 

cp=Ll/d=i:J/ r 

x=e/i:J=e/(R-r) 

h=lJO+xcos <p) 

+ 

p" =67 2 
(1 



F, 

167 

hrrun = 
[h]=S(R,1 



168 

MPa,[pv]=15 

000 N 

B=l. 2d=l. 2X l20 mm=l44 mm 

25 MPa,;;;;[p] 



pv=- 1 000 
3. 14 X 9 OOO X400 

144 X 60 X 1 000 MPa•m/ s=O. 13 MPa•m/ s<[pv] 

1S-3 MPa,[pv]=15 

F 

F ~ Bd[p]=lOO X lOO X 15 N=l50 000 N=lSO kN 

pv= 60 X 1 000B---~ [pv] 

169 

60 X 1 000B(pv)=}60 X 1 000XlOOX15 F< 3. 14 X 1 200 N=23 885 N=23. 9 kN 

9 

MPa 

Pv=--Bd60Xl 000 
3. 14 X 24 200 X300 

44 X 60Xl 000 MPa•m/ s=8. 64 MPa•m/ s 

MPa,[pv]=12 



170 



171 

a=0° 0°<a< 45° 4S0<a< 90° a=90° 

X(D) X X X I X i i $ , i ; i [ 
i $ i [ (i) $ 

[ l 



172 

5F, 

106 r 

60n P) 
h 

h 



f1 106 Lh I N 

,̂ 
173 

P=XF, +YF. 

F. 

F” 

-FAo 



174 

=FA 

=F,1 - - FAo 

C 

4 

5~2) X 105 



175 

2~0. 3 



176 

(4) 

8 

F,=4 

070 h 

560 h 



P=F,=2 000 N 

177 
1X2 000 60 X 2 000 1/3 =~X (~xs ooo)""N=l9 730 N=l9. 7 kN 

5 

5 kN,C,=72. 2 

12.2X2650 
Co, 56. 5 X 103 =O. 58 

F. 2 650 ~= 
F. 5 400 =O. 49> e 

r 

X=O. 56,Y=l. 8 

P=XF,+YF.=(O. 56 X 5 400+1. 8 X 2 650)N=7 790 N 

=l. 2X7 790 x X 5 000 / 13 N=67 410 N=67. 4 kN 

2 

C , 

=~ X (~ X5 000) 113 
0. 95 X I ~X5 000 l N=41. 4 kN 106 

C,=65. 5 

= 1X 5 880 60 X 1 000)3/10 X (~ X 5 000) "' '" N= 34. 3 kN 106 



178 

5 

F'1 =O. 68F<1 =O. 68Xl 470 N=l 000 

F'2 =O. 68F,2 =O. 68 X 2 650 N= 1 802 

OOO+l 802)N=2 802 N> F'1 =l 000 N 

F.1=FA+F'2=Cl 000+1802)N=2802 N 

F.2 = F'2 = 1 802 N 

Fd 1 470 1. 9l>e 

=O. 41, Y1 =O. 

Fa2_1802 ~=~=0.68=e F,2 2 650 

Pi =X1Fd +Y1F.1 =(O. 41 X l 470+0. 87X2 802)N=3 040 N 

650+0X1 802)N=2 650 N 

ft 

1. 5 X 3 040 " I 60 X 5 
I 

=~X (~xz 000) 3 =38. 46kN 

5 

P=F,= 3 920 N 

e'r 



250 f 110 N=68 300 N=68. 3 kN 

0 179 

16-8 _ 176. 5 N 

470. 6 N 

FA , F-

F s2 +F1 =0 470. 59+2 OOO)N=3 470. 6 N>F,1 

470.6 N 

F.2 =F,2 =l 470. 6 N 

F.1 ~3 470. 6 = F ,1 4 000 =0. 87> e,X1 =O. 40,Yi =1. 7 

F,2 5 ooo 0. 29<e,X2 =l.Y2 

P1 =X1Fr1 +Y1F.i =(O. 4X4 000+1. 7X3 470'. 6)N=7 500 N 

ooo+o x 1 470. 6)N=5 ooo N 

p 
T=9. 55 X l06 47 X l0'N•mm 

5X 17 
cos f3 cosl 6. 6 omm=44. 3 mm 

Ftl=-= 2T 2X 6. 47 X l04 
di 44. 3 

N=2 920 N 

Fr1 
F,1 tan an _ 2 920 X tan20° = = N = 1 110 N cos f3 - cosl6. 5° 
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F.1 = F,1 tan [3= 2 920 X tanl 6. 5°N = 865 N 

I v 
F^

- 
Fd 

I H 
F^

- 
Fj 

(a) 

F!-
FA , 

(b) 

Frl X 100-Falrl =l llO X 100—865X22. 2 
200 200 

Fv2=F,1 -Fv1 =(1 ll0-459)N=651 N 

Fm =F1-12=F,1 / 2=2 920/ 2 N=l 460 N 

459 N 

14°021 

F F,1 1 530 

=F,1 =865 

478 

343 N> F;=500 N 

F .i =F; =478 N 



=(865+478)N=l 343 N 

F,1 1 530 

F.2 1 600 

=O. 4, Y2 =O. 4cot a= l. 

530+0 X 478)N=l 530 N 

4Xl 600+1. 6Xl 343)N=2 789 N 

2 

789 

070 h 

181 



182 



183 

Tc=KAT 



184 



T..,..=F,fRr 

zF.f(D1+D2) ~KAT 

p= 4F. ~[p] 

185 

7 



186 

9 

FN =0. 95FH/ h 

T=FNJD 

F2 

F 

b 



r 

Ft 2T = D 

2T 
a+b 187 

T=9 67 N•m 

Tc=KA T=l. 3X63. 77 N•m 

000 

100 

17-2 

T=9 550 N•m 

Tc=KA T=l. 3X 9 550 N•m=l2 415 N•m 

000 

T] = 14 000 N • 

=30 000 



188 ` 
i 

P 1 7 T=9 550 -!-=9 550X~N•m=32. 47 N•m n 500 

=1. 

T, =KA T=l. 5X32. 47 N•m=48. 7 N•m 

Tmax= 4 >TC 

4TC 
JF.(D1 +D2) 

=80 mm,F, =2 000 N, T, = 

48. 7 

z> 4X48. 7 
0. 05X2 OOOX (80+120)/1 000 =9. 47 

60 

4F, _ 4X2 000 
3. 14X(1202 —802) MPa=O. 32 MPa<[p] 



3, 

189 

000 

1 OOOT 
f = 

000 

1 ooo x 13. 5 
0. 4X(50+12) +3Xl2 

1. 5 X (50+12) / 1 000 =79 rad/s 

5 



190 



I T F D 
2 8FD 

T' = = = 
16 

191 

', 4F T =-

D 
d 

r=K 8FC ~[r] 

4C-4'C 

Gd4 Gd 

F Gd4 _ Gd 



192 

(3) 

n1 =n+O. 5~2. 5) 

t=d+8 

8~ 0.8n 

3~0. 

t a=arctan---;:; 

L= cos a 



-O. 5)d 

-O. 

p 

=(O. 2~0. S)F2,F2 

F Flim 
2 

8FC O. 5 

193 



5 

194 

M 4C-132M., 32M —=K1 ~~[u] W 

<p= EI EI rad 

[rn ]=540 MPa 



8KC N=l 165 N 
8K-D 8KD 8Xl. 34X30 

d 

Gd Gd Gd4 8Xl04X 64 m=24. 3 m 

3 
4 

•· n1 =n+l. 5=10+1. 5=11. 5 

Hs=(n1 -O. S)d=(ll. 5-0. 5) X6 mm=66 mm 

mm 

b= = = D2 30 3. 2<3. 7 

k= ~=~NI mm= 5 N/mm 

[r]=O. 

r=K 8FC 

G=8 X l04 MPa 

Gd =40 

1 E=~ (F, + 2Xl03 

=40 mm,E=25 

F2= 2XlfE=2 X 103X 25 
40 N=l 250 N 

195 

25 
40 



D 48 
d 8 

196 
,=K 8F2C 

(3) 

1. 25X8Xl 250 X6 
3. 14 X 82 MPa=373 MPa< [r]=400 MPa 

Gd 8Xl04 XS n=~= 8C3R 8X63 X31. 25 =11. 85"""12 

]=640 25[r0 ]=1. 25X640 MPa= 

800 MPa 

D2. _D-d_ 90-10 = = d d 10 

F1,m _800 X3. 14 X l02 = = 8KC 8 X l.18 X8 N=3 326 N 

Gd 8Xl04 X lO k=~= 8Cn 8X83 X20 =9. 77 

F2 -Fi . 2 070-615 = k 9. 77 mm=l48 mm 

k= F2-F1 _ = H 2-H1 

30-20 . = 120- 100 100-80 

N 

k= F 2 - F1.. 30-20 
H2-H] = 120-100 =O. 5 

F2 30 mm k 0.5 

140 mm 



5Xl 170 MPa=585 MPa 

D2_42 
d 8 

3. 14 X 585 mm=5. 94 mm 

k= F2 - F1 _1160-178 = H1-H2 89-54 N•mm=28. 1 N•mm 

8 X l04X 8 n= 8 X 5. 253 X28. 1 =19. 67:::::::::19 

D1=D2-d=(42—8)mm=34 mm 

D=D2+d=(42+8)mm=50 mm 

1 160 
0. Bn 0. Bnk 0. 8 X l9 X 28. 1 mm=2. 72 mm 

t=d+8=(8+2. 72)mm=l0. 72 mm 

t . 10. 72 a=arctan =arctan 3. 14 X 42 =4. 63° 

n1 =n+2. 5=19+2. 5=21. 5 

5 
cos a - cos 4. 63° mm=2 844 mm 

197 

-O. 5)d=[l9 X 2. 72+(21. 5-0. 5) X 8]mm=219. 68 mm 

23> 3. 7 
D2 42 

k1= 4C-1=4X6-1 
4C-4 4X 6-4 =l. 15 

M2=13. 5X 760 N•m=lO 260 N•m 



3 32 X 1.15X10 260 
78 mm 

198 D=Cd=6 X 5 mm=30 mm 

M1 =4. 5 X 760 N•mm=3 420 N•mm 
=(10 260-3 420)N•mm= 6 840 N•mm 

Ed`<p 2. n=~= 64 X 6 840 X 30 =30. 8 

<p1= 42O X 30 X 31 
Ed4 2. 06 X 105 X 54 rad=l. 57 rad= 90° 


