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4.1  
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                           (4-1) 
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ѝ {}B ұ {}A Ȃ P {}B ѐ ᴁ

( ),B

xB yBP p p ̆‡ ұ {}A ᴁ ( ),A

x A y AP p p ╗  ̆  

                                       0

A B A

BP P P= +                            (4-2) 

xA xB xBo

yA yB yBo

p p p

p p p

è ø è ø è ø
= +é ù é ù é ù

ê ú ê ú ê ú
                     (4-3) 
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Ay

BO

Bx
By

qD

P

 

4-2   

ѝҩ •ᴇB ᴁ̆ Уэ {}B б •ᴇ Ȃ

{}B Ьэ ᴁў xB
ȁ yB

ұ {}A ᴍ 2¦2 A

B R

•ᴇB ұ {}A ᴁ̆ A

B R Ю̔ 

                                 A A A

B B BR x yè ø=ê ú                       (4-4) 

                               
11 12

21 22

A

B

r r
R

r r

    è ø
=é ù

    ê ú
                         (4-5) 

A

B R ѝ ̆Э AԆ {}A ̆Ю BԆ {}B Ȃ 

{}A q⁮ {}B ѝ̔ 

                           
c o s s i n

s i n c o s

A

B R
q q

q q

-è ø
=é ù
ê ú

                          (4-6) 

qѝ {}A x б {}B x Ѯ Ȃ 

֗ У P чэа ѐ{}A ȁ{}B AP BP̆έ Ю Ὧ

̔ 

                                
A A B

BP R P= Ö                             (4-7) 

                            
cos sin

sin cos

xA xB

yA yB

p p

p p

q q

q q

è ø è ø-è ø
=é ù é ùé ù
ê úê ú ê ú
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4-3  У  

ᾳЮ̆ ԏ 0

A

BP {}B ұ{}A ᴁ ̕

A

B R {}B ұ{}A ᴁȂ֗ У P чэа ѐ{}A ȁ{}B AP

BP̆έ Ю Ὧ ̔ 

                              0

A A B A

B BP R P P= Ö +                      (4-9) 

                   
cos sin

sin cos

xA xB xBo

yA yB yBo

p p p

p p p

q q

q q

è ø è ø è ø-è ø
= +é ù é ù é ùé ù
ê úê ú ê ú ê ú
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У ѝ̔ 

                                 ( )( )
1

B A A B

B BoP R P P
-

= -                  (4-11) 

                          

1
cos sin

sin cos

xB xA xBo

yB yA yBo

p p p

p p p

q q

q q

-
-è ø è ø-è ø

=é ù é ùé ù -ê úê ú ê ú
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=
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ѝ ()y f x= ̆з ()f x έ ү Ȃtan 'ya= (a

‎ б x )̆ч x 2sec ''
d

y
dx

a
aÖ =̆

()
22

'' ''

1 tan 1 '

d y y

dx y

a

a
= =
+ +

̆

()
2
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1 '

y
d dx

y
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+
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2
1 'ds y dx= + ̆ Ὠ  
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{}A ̆ ч ̆ ѝч Ӈ Ȃ {}A

• ̆ ᴁұ Ȃ 

{}B ̆Э ч ̆ ѝч Ӈ ̂ ѐ

Ȃ̃ 

{}C ̆Ԉ έ ῆ ѝ ̆Э ѝ ̆ὲӇ ѝ

Ȃ {}C б {}B ᴁұ У ᾃ̆ ṁҩ Ȃ

֒ {}C Ȃ 

 

5.2 ╗ ῆ‍  

Ἴ Э ȁѐ ȁЮ ᴁ ‫ ‫Ȃע ѝЬэ ᶣ

֒Ю ὤ ̆ ѝ(0,0)̆Э ѝ 0Ȃ 

‫ ѝ () [ ], ,y f x x c d= Í ̆ {}C ѐȂ ̆

‡ {}B ѐ̆ ѝ ( ) [ ], ,y f x b x c b d b= + Í - -Ȃ ұ {}B ̆

• ᴇȂ {}B ѐ̆ ֒ б ‎Ȃѝҩ ‎̆

{}B ṁ ̆ὲѐ̆ Ю ѐ ╟ ̆

Э Ȃ 

Ḯ 6̆ ╗ ῆ а Ю ѐ ̆ӨӨ Э ᴳ ֒

( 0x= )б ‎Ȃ {}B Э̆ x b=- ѝ̔ 

                           ()
1

0 ( )
' ( 0 )

y f x b
f

- = - +                      (5-1) 

‡Э ‫
0qD ѝ 
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                              0

1
a r c t a n

' ( 0 )f
q f

å õ
D =- - -æ ö

ç ÷
                   (5-2)

ὲѐfѝ‫ ‎ Ȃ 

0qD Э ѝ̆ ѝ̆

Ȃ
 ֒ {}B ѐ ѝ ( , (0))b f- ̆ ̆

{}A ѐ ( , )xo yop p ѝ 

0 00 0

0 0 0 0

cos (0)sincos sin

sin cos (0) sin (0)cos

xo

yo

p b fb

p f b f

q qq q

q q q q

- D - DD - Dè ø - è øè øè ø
= =é ù é ùé ùé ùD D - D + Dê úê ú ê úê ú

     (5-3) 

( , )xo yop p ѝ {}A ѐ Ȃ 

 ⁮╗ ῆ̔ {}A ѐ̆Э ѝ 0

1
arctan

'(0)f
q f

å õ
D =- - -æ ö

ç ÷
̆

ᴁ ѝ( )0 0 0 0cos (0)sin , sin (0)cosb f b fq q q q- D - D - D + DȂ 

 

5.3 ΰᴉ‍  

{}B {}C ѐ̆ б ֒ ‎Ȃ ԏ {}C ᾃ ‍ ̆Ԉ

  ΰᴉ Ȃ 

1. r  

{}C ᾃ̆ ֒ ѝ ()y f x= Ȃ 4.2 ̆ Ԉ

  ү ()''f x ()xr Ȃ ᶑ ֒б ‎̆ ₢

̆ ()'' 0f x ² xּש ᾃ̆ ḣѝ ()min xr ̆ ()minr xr¢  

ᶑ ѐ ֒б ‎̆ ԏ ḣѝ ()minr xr= ̕ ()'' 0f x ²

xּש ѝÅ̆‡ r =+¤̆ ѝ Ȃ 

2. j 

ᴳ ₢⁮ ֒ ᴁ̆
2

j
а ұ ḣ

ḣѮ ̆  

                        [ ]2 m a x ( ) m i n ( )f x f xj² -                        (5-4) 

₥ Э ̆ j שּ ѝ[150mm,300mm]Ȃ ⁮ ₢

֒ ѝ 600mm̆ ‡ ḣѝ̔ 

[ ]{ }max 150,2 max ( ) min ( )f x f xj= -                   (5-5) 

3. a  

2a r¢ зѝ ̆ r ̆ԇ 2a r= ̕У ᾳЮ̆ r ̆

₥ Ȃ ѐ̆ 10r mm¢ ̆ 2a r= ̆ὲӹ

ᾳ 20a mm= Ȃ 

4. a 
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a

a

2

a
r

2

a

 
5-2   

 

5-2 ΰᴉὯ ⁮̔ 

sin 2arcsin
2 2 2

a a

r r

a
a= Ý =                    (5-6) 

aУ ̆ 0a­ ̆ ұ ̆⁮ ᾳ 0a= ̆

Ȃ Ԉ̆ ᾳȂ 
 

5.4 ‍  

{}B ѐ̆ ( )y f x b= + ̆ ( )0 0,x y" ̆
0 0 0x x x­ +D̆‡

( ) ( )0 0 0f x f x x b­ +D +̆ ( ) ( )0 0 0 0y f x x b f x bD = +D + - + Ȃ ( )0 0,x y ѝ  ̔

( )
( )0 0

0

1

'
y y x x

f x b
- =- -

+
̆ ( )0 0y f x b= +             (5-7) 

₢ ⁮ ( )0 0,x y ̆ {}B ѝq̆ ѝ

,xB yBp p Ȃ 

1. ᾰ ( ) 

0 0 0x x x­ +D̆ qD ѝ̔ 

0 0

1 1
arctan arctan

'( ) '( )f x x b f x b
q

å õ å õ
D = - - -æ ö æ ö

+D + +ç ÷ ç ÷
 

                  
0 0

1 1
arctan arctan

'( ) '( )f x b f x x b

å õ å õ
= -æ ö æ ö

+ +D +ç ÷ ç ÷
               (5-8) 

ѝҩᶑ ֒б ‎̆ {}B ᾃ ( )( )0 0,x x f x x b+D +D +

⁮ {}A Ю ‫ ᴁ ( ),xo yop p ̆ ѝ̔ 

0 0

0 0

cos( ) sin( )

sin( ) cos( ) ( )

xo xB

yo yB

p p xx x

p p yf x x b

q q q q

q q q q

+D+Dè ø è ø+D - +Dè øè ø
= +é ù é ùé ùé ù +D+D +D +D +ê úê úê ú ê ú

 

         
0 0 0 0c o s ( ) ( ) s i n ( ) ( )x o x Bx p x x f x x b pq q q qÝ D = - + D + D + + D + D + -      (5-9) 

        0 0 0 0s i n ( ) ( ) c o s ( ) ( )y o y By p x x f x x b pq q q qÝ D = - + D + D - + D + D + -      (5-10)  

Э ̆У ( ), ,x y qD D D ֒ Ь ᴐ Э ╟ ᾳȂ

, ,x y qD D D ᾰͅѝ ᴐ ╟ ̕ѝ

ᴐ ╟ Ȃ 
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ԈЮ‍ , ,x y qD D D ע ᾰᶕ ̔ 

Уэ ᾰᶕ Ԇ ᴁ
0s ѝ̔ 

                                 0
0

360

h
s

j

w
=                             (5-11) 

ὲѐ,
0qѝ ̆hѝр ̆wѝ ּ╟ Ȃ 

Ю ѐ ╟ xD̆ yD ᾰ
xn ̆ yn ѝ‍⁞ѝ̔ 

                           
0 0

360
x

x x
n

s h

w

q

D D
= =                         (5-12) 

                           
0 0

360
y

y y
n

s h

w

q

D D
= =                         (5-13) 

Э qD ᾰ nqѝ: 

                         
( ) ( )

0 0

tan 360 tanR R
n

s h
q

q w q

q

D D
= =               (5-14) 

̔ * ľ*Ŀ ҷὡ ̆ ᾰ ╟ Ȃ 

⁮ ԇ ( , , )x yn n nq Ȃ 

2. ᾰ ( ) 

ᾰ ԇ ( , , )x yn n nq ̆ Ԉ ԇ а ᶑ

0 0 0 0( , ( ))x x f x x b+D +D +ᴁ⁮ ( , )xo yop p ̆ ᴁ⁮Уэ ( , )x yp p Ȃ 

(5-12)̆ x Э 'xD ѝ: 

0' xx n sD =                               (5-15) 

 

0' yy n sD =                               (5-16) 

0' arctan
n s

R

qqD =                            (5-17) 

 ̆ ᾰ ( , )x yp p ,  

'cos( ') sin( ')

'sin( ') cos( ')

xo x xB

yo y yB

p p p x

p p p y

q q q q

q q q q

+Dè ø è ø è ø+D - +Dè ø
= +é ù é ù é ùé ù +D+D +Dê úê ú ê ú ê ú 

( ')cos( ') ( ')sin( ')x xo xB yo yBp p p x p p yq q q qÝ = - -D +D + - -D +D      (5-18) 

( ')sin( ') ( ')cos( ')y xo xB yo yBp p p x p p yq q q qÝ =- - -D +D + - -D +D
   

  (5-19) 

  

5.5  

ԇ ₢  ѝ ( )y p x= ̆ ѝ ( )y f x= ̆
ix" Ḷ ѝ

( ) ( )i ip x f x- ̆ѝҩᵳұ ̆ x Mэ Ȃ‡ ѝ ( ) ( )i ip x f x- ̆ὤ

ѝ ḣ̆
1

( ) ( )
M

i i

i

p x f x M
=

-ä ̆    

{ }
1

min 10 max ( ) ( ) ( ) ( )
M

i i i i
l i

i

p x f x p x f x Ms-

D
=

ë û
- + -ì ü

í ý
ä           

(5-20) 

ѐ̆s бὤ Ѯ ̆Ԉ ᶑִע ὤ

Ȃ עִ lD̆  У ԇ Ȃ 
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5.6 ᾰ‍  

 ᾰ ԇ Уэ ‟̆ѝҩ῏ ₥ чэ ᾰ Ѯ ̆

Ь ᾰ ḣ Ԉ̆ ע

ᾰ Ȃέᴇ‍ Ю̔ 

 Ḯ   ԇѝ̔ ,(1 )it i N¢ ¢ , 

1 1 1 1

2 2 2 2

x y

x y

xN yN N N

n n n t

n n n t

n n n t

q

q

q

å õ
æ ö
æ ö
æ ö
æ öæ ö
ç ÷

                           
(5-21) 

 Э ṁ ⁮ 

1 1 1 1

2 2 2 2

1 1 1 1

1 1 1

x y

xj yj j j

j j j j

N N N N

xj yj j j

j j j i j

n n n t

n n n t

n n n t

q

q

q

= = = =

= = = =

å õ
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

ä ä ä ä

ä ä ä ä

                    
(5-22) 

‍⁞ ‟
1 1 1 1 1 1

, , , , , , (1 )
i i i i i i

j x j j yj j j

j j j j j j

t n t n t n i Nq
= = = = = =

å õ å õ å õ
¢ ¢æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
ä ä ä ä ä ä ṁЬ

ḣ̆ ⁮ э ᾰ ̆ ⁮ ᾰ‍ Ȃ 
 

6   б  

6.1 1 2 б  

6.1.1 1 2  

1 2 б ֒‎ а ̆‎ ᴁұ Эб

Э̆ὲ ѝ
2

p
̆ ₢ 1 2ѐ ֒ ╗ ῆȂЭ

‫ ѝ̔ 

0

1
arctan

'(0) 2f

p
q

å õ
D =- - -æ ö

ç ÷                    

(6-1) 

‫ ᴁ  

0 0

0 0

cos (0)sin

sin (0)cos

xo

yo

p b f

p b f

q q

q q

=- D - Dëî
ì

=- D + Dîí
                   

(6-2) 

 Ԉ lD ̆ע ⁮ ‟ 

( , (0)),( , ( )), ,( , ( )), ,( , ( ))b f l b f l i l b f i l N l b f N l- D - D D - D D - D
 
 

 ̆Уэ lD ⁮У ԇ 
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1 1 1

2 2 2

x y

x y

xN yN N

n n n

n n n

n n n

q

q

q

å õ
æ ö
æ ö
æ ö
æ öæ ö
ç ÷

                          (6-3) 

ѝ ᾰ ԇ ( , , )x yn n nq Ѯ ̆ Ԉ ⁮ ԇ ₢ ֒

б Ȃ ̆Ԉ lDѝִע ̆Ԉ ѝ עִ

Ȃ 

ԇ ₢  ѝ ( )y p x= ̆ ѝ ( )y f x= ̆
ix" Ḷ ѝ

( ) ( )i ip x f x- ̆ѝҩᵳұ ̆ x Mэ Ȃ‡ ѝ ( ) ( )i ip x f x- ̆ὤ

ѝ ḣ̆
1

( ) ( )
M

i i

i

p x f x M
=

-ä ̆    

{ }
1

min 10 max ( ) ( ) ( ) ( )
M

i i i i
l i

i

p x f x p x f x Ms-

D
=

ë û
- + -ì ü

í ý
ä           

(6-4) 

ѐ̆s бὤ Ѯ ̆Ԉ ᶑִע ὤ

Ȃ עִ lD̆  У ԇ Ȃ 

ԇ ᶑ ҩ╗ ̆Ю ‍ ᴉ ╗ Ȃ 

̆ ⁸ ᾰ а ұ ms (
310- ̃̆ Ԉ ѝ ̆

а ὲ Ȃ ̆ ⁸ ᾰ ᴐ а ұ 100

ᾰ̆ ᾰ а ұ 1/100s̆ ‡  

1

100

1

100

1

100

x

y

t

t

tq

ë
D ²î
î
î
D ²ì
î
î
D ²î
í

                                
(6-5) 

֒ ᴐ ў ╟ ѝ ‍ 250ĺĺ300 ̆ ╟ 100 ̆

20s~24s̆ ᾃ̆ ֒б ‎ ֒ ᴐ Э ╟

а 4 mm̆ x Э ᾰ а 1200э(
04 s )̆ ᾰ שּ ѝ[50,60]̆

שּ Э ̆ 60̆ ‡ ⁮Ю ᾰ ѝ 

1

60
xtD ²

                                 
(6-6) 

(6-5)ȁ(6-6)̆ ⁮ 

1

60

1

100

1

100

x

y

t

t

tq

ë
D ²î
î
î
D ²ì
î
î
D ²î
í

                                
(6-7) 

ԇ
i

t ѝ 
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{ }max , ,
i x xi y yi it t n t n t nq q= D D D

                          
(6-8) 

Ԉ ₢ ֒ ѝע ̆ Ю  

1

min
i

k

i

T t
=

=ä                                 
(6-9) 

Ԉ (6-6)ѝ Ȃ   ԇ ,(1 )it i N¢ ¢ , 

1 1 1 1

2 2 2 2

x y

x y

xN yN N N

n n n t

n n n t

n n n t

q

q

q

å õ
æ ö
æ ö
æ ö
æ öæ ö
ç ÷

                           
(6-10) 

ᾰ ԇ Уэ ‟̆ѝҩ῏ ₥ чэ ᾰ Ѯ ̆

Ь ᾰ ḣ Ԉ̆ ע

ᾰ Ȃέᴇ‍ Ю̔ 

 (6-10)ṁ ⁮ 

1 1 1 1

2 2 2 2

1 1 1 1

1 1 1

x y

xj yj j j

j j j j

N N N N

xj yj j j

j j j i j

n n n t

n n n t

n n n t

q

q

q

= = = =

= = = =

å õ
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

ä ä ä ä

ä ä ä ä

                    
(6-11) 

‍⁞ ‟
1 1 1 1 1 1

, , , , , , (1 )
i i i i i i

j xj j yj j j

j j j j j j

t n t n t n i Nq
= = = = = =

å õ å õ å õ
¢ ¢æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
ä ä ä ä ä ä ṁЬ

ḣ̆ ⁮ э ᾰ ̆ ⁮ ᾰ‍ Ȃ 

 

6.1.2 1 2  

עִ⁮ lD ḣ ̆ з (6-3) עִ ὴ

Ȃѝҩ ╗ Ȃ ‾ Ԉ̆ 0.01mmѝ Ԉ̆Ю 0Э 4mm

ѝ ̆ ╗ ѝ̔ 

6-1  1 ╗  

ῆ {}A Ю (-247.80̆ 134.15)̆ Э

-0.95° 

 

ΰᴉ  

a = 20mm̆  j=150mm 

Ԇ  {}B Ю̔1.71 mm 

ԇ  351  

(min) 46.7544 

(mm) =7.2974e-4̕ =0.026̕  
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╗  

‍  

ᾰ  

 

╗

 

Ю

ᾰ

 

ѐ

ᾰ

 

Э

ᾰ

 

ԇ

( ) 

1 -565 -95 -116 9.42  

2 -565 -93 -116 9.42  

3 -565 -90 -116 9.42  

4 -565 -89 -116 9.42  

… … … … … 

֒ Excel̔ “ .xls” ѐ ȇ 1Ȉ 

ᾰ‍  

0 2 4 6 8 10 12 14 16 18

x 10
4

0

500

1000

1500

2000

2500

ᾰ

ᾰ‍

 

 

Nx

Ny

N0

 
 

╗ ‍ ̆ Ԉ ̆ Ȃ 

-300 -200 -100 0 100 200 300 400
0

20

40

60

80

100

120

140

X

Y

B Ю

 

 

-248.5 -248.45 -248.4 -248.35 -248.3 -248.25 -248.2 -248.15 -248.1 -248.05 -248
130.024

130.025

130.026

130.027

130.028

130.029

130.03

130.031

130.032

130.033

X

Y

B Ю

 

 

 

6-1  ᴇ  

 

-3 -2 -1 0 1 2 3

x 10
-3

0

20

40

60

80

100

120

140

160

180

200

=7.2974e-4mm
=0.026mm

 
6-2  ‍  
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6-2  2 ╗  

ῆ {}A Ю (-223.14,188.62)̆ Э -9.04° 

 

ΰᴉ  

a = 20mm̆  j=150mm 

r = 718.27mm, a=1.60° 

Ԇ  {}B Ю̔0.6 mm 

ԇ  1000  

(min) 50.94711 

(mm) = 7.1928e-4̕ =0.029̕  

╗  

‍  

ᾰ  

 

╗

 

Ю

ᾰ

 

ѐ

ᾰ

 

Э

ᾰ

 

ԇ

( ) 

1 -149 40 53 2.48  

2 -149 39 53 2.48  

3 -149 40 53 2.48  

4 -149 39 53 2.48  

… … … … … 

֒ Excel̔ “ .xls” ѐ ȇ 2Ȉ 

ᾰ‍  

0 2 4 6 8 10 12 14 16

x 10
4

0

500

1000

1500

2000

2500

3000

ᾰ

ᾰ‍

 

 

Nx

Ny

N0

 
 

╗ ‍ ̆ Ԉ ̆ Ȃ 

-200 -100 0 100 200 300
0

20

40

60

80

100

120

140

160

180

X

Y

B Ю

 

 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
127.682

127.684

127.686

127.688

127.69

127.692

127.694

127.696

127.698

127.7

127.702

X

Y

B Ю

 

 

 

6-3  ᴇ  
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-3 -2 -1 0 1 2 3

x 10
-3

0

20

40

60

80

100

120

140

160

180

200

= 7.1928e-4
=0.029

 

6-4  ‍  

 

6.2 3 б  

6.2.1 ᶢ  

ѝҩ╗ ѐᴳ ⸗̆ ᴳ б ֒ ‎ а

Уэ ̆ ╟Ȃ {}A ѐ̆ ֒₥ ̆ᴳ 6.1ѐ

‎ Ю ╗ Ȃ ѝҩ‎ а ᴁ ̆ ѫ

֒ Ȃ ᶢ Ȃ 6-5 ‾̆ 6.1

ѐ ̆ ֒ ╟⁮ᴁ 1̆‎ ᴁ ѝ‎ 1̆ ѝҩᴳ ֒ ‎

╟⁮‎ 2̆ ѫ ֒ ╟⁮ эᴁ Ḁ̆ ‎ ̆

ᴁ ѝ ᶢ ᴁ 2Ȃ 

{}A

2ᴁ

1ᴁ

2‎

1‎

 

6-5  1 ᶢ  

ұ {}A ѐ̆ ֒ ᶢ ╟̆ ѫ Ю ѐ

╟Ȃ ᶢ ̆ ЮȂ 

 

6.2.2 3  

ѝҩᴳ ⸗̆ ѝa ѐ aD ̂ ұ ̃

₢ ֒ ѝ
0xD Ȃ mѝ ‍ ̆  

0

d c a
m

x a

-
= =
D D

0a x a
a

d c m

D
ÝD = =

-
                        (6-12) 

╗ ῆ̔ 
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{}A Ю̆ ѝ
2

p
f= ̆Э ѝ̔ 

                         0

1
a r c t a n

' ( 0 ) 2f

p
q

å õ
D =- - -æ ö

ç ÷
                      (6-13) 

(5-3)̆ ‫ ᴁ ( , )xo yop p ̆ ⁮ kэ ԇ (0 )k m¢ ¢

‎ ѝ ( , )xo yop k a p+ D Ȃ 

(5-5)̆ qD ̆ kэ ԇ ѝ  

0

0

cos( ) sin( )

sin( ) cos( ) ( )

xBxo

yo yB

p xp k a k x b

p p yf k x

q q q q

q q q q

+D+ D D - è ø+D - +Dè ø è øè ø
= +é ùé ù é ùé ù +D+D +D Dê úê úê ú ê ú

 

0 0cos( )( ) sin( ) ( )xo xBx p k a k x b f k x pq q q qÝD = + D - +D D - + +D D -       (6-14) 

0 0sin( )( ) cos( ) ( )yo yBy p k x b f k x pq q q qÝD = - +D D - - +D D -            (6-15) 

(5-12)ȁ(5-13)ȁ(5-14) ( ), ,x yn n nq ̆ (5-15)ȁ(5-16)ȁ(5-17)

', ', 'x y qD D D̆ ѝ̔ 

( ')cos( ') ( ')sin( ')x xo xB yo yBp p k a p x p p yq q q qÝ = + D - -D +D + - -D +D       (6-16) 

( ')sin( ') ( ')cos( ')y xo xB yo yBp p k a p x p p yq q q qÝ =- + D - -D +D + - -D +D     (6-17) 

ὲᴍ 1  

 

6.2.3 3  

‾ 6.1.2ѐ ̆ Ԉ ╗ ѝ̔ 

 

6-3   3 ╗  

    ῆ {}A Ю (-247.80,134.15)̆ Э -0.94£ 

ΰᴉ  a = 20mm̆  j=150mm 

Ԇ  {}B Ю̔1.72 mm 

ԇ  349  

(min) 45.1897 

(mm) = 7.4151e-4̕ = 0.025̕  

╗  

‍  

ᾰ  

 

╗

 

Ю

ᾰ

 

ѐ

ᾰ

 

Э

ᾰ

 

ԇ

( ) 

1 -551 -95 -117 9.18  
2 -551 -94 -117 9.18  
3 -552 -91 -117 9.20  
4 -552 -90 -117 9.20  
… … … … … 

֒ Excel̔ ľ .xlsĿ ѐ ȇ 3Ȉ 
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ᾰ‍  

0 2 4 6 8 10 12 14 16 18

x 10
4

0

500

1000

1500

2000

2500

ᾰ

ᾰ‍

 

 

Nx

Xy

N0

 
 

╗ ‍ ̆ Ԉ ̆ Ȃ 

 

-300 -200 -100 0 100 200 300 400
0

20

40

60

80

100

120

140

X

Y

B Ю

 

 

 
-0.21 -0.205 -0.2 -0.195 -0.19 -0.185 -0.18 -0.175 -0.17 -0.165

109.891

109.892

109.893

109.894

109.895

109.896

109.897

109.898

109.899

109.9

X

Y

B Ю

 

 

 

6-6  ᴇ  

 

-3 -2 -1 0 1 2 3

x 10
-3

0

20

40

60

80

100

120

140

160

= 7.4151e-4
= 0.025

 
6-7  ‍  
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6.3 4 б  

6.3.1 ᶢ  

{}A

1
‎

2
ᴁ

2
‎

1ᴁ

 

6-8  2 ᶢ  

 

ᶢ 6.2.1ѐ ᶢ ӑנ ұ̆ ҩ Ȃ

ֶᴳ ֒ ‎ ╟а ᴁ ̆ ╟Ȃ 6-8 ̆

֒ ‎ ╟̆ ӱ‎ 1⁮‎ 2̆ ╟╗ ̆ ЭѐЮЬ

У ╟Ȃ ұ 6.2.1ѐ ᶢ ҩ ᾰͅ ╗ὡ ╟ ᾳȂ

Ԉ ᶢ ̆ ҩ ЮȂ 

 

6.3.2 4  

{}A Ю̆
2 2

p a
f= -̆Э ѝ̔ 

0

1
arctan

'(0) 2 2f

p a
q

å õå õ
D =- - - -æ öæ ö

ç ÷ç ÷
                   (6-18) 

 

(5-3)̆ ‫ ᴁ  

{ } ( )0 0 0 0, cos (0)sin , sin (0)cosxo yop p b f b fq q q q= - D - D - D + D      (6-19) 

{}A Ю̆ ѝ: 

2 2

2sin cos
2 2

xo yox r p y r p r
a aè ø è øå õ å õ

- + + - + =æ ö æ öé ù é ù
ç ÷ ç ÷ê ú ê ú

          (6-20) 

m ‍̆  

0

0

xd c
m

x d c m

aa a
a

a

D-
= = ÝD = =
D D -                    

  (6-21) 

k (0 )k m¢ ¢ ‎ ѝ: 

1 1
2 sin sin( ) , 2 cos cos( )

2 2 2 2
xo yo

k k
p r r p r r

m m

a a
a a

å õ
+ - - + - -æ ö

ç ÷
      (6-22) 

{}B ѝ: 

1 1
arctan arctan

'(( 1) ) '( )f k x f k x
q a

å õ å õ
D = - +Dæ ö æ ö

- D Dç ÷ ç ÷
         (6-23) 
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0 0

1
2 sin sin( )

2 2

cos( )( ) sin( ) ( )

xo

xB

k
x p r r

m

k x b f k x p

a
a

q q q q

D = + - -

- +D D - + +D D -

          (6-24) 

0 0

1
2 cos cos( )

2 2

sin( )( ) cos( ) ( )

yo

yB

k
y p r r

m

k x b f k x p

a
a

q q q q

D = + - -

- +D D - - +D D -

          (6-25) 

(5-12)ȁ(5-13)ȁ(5-14) ( ), ,x yn n nq ̆ (5-15)ȁ(5-16)ȁ(5-17)

', ', 'x y qD D D̆ ѝ̔ 

1
2 sin sin( ) ' cos( ')

2 2

1
2 cos cos( ) ' sin( ')

2 2

x xo xB

yo yB

k
p p r r p x

m

k
p r r p y

m

a
a q q

a
a q q

è ø
= + - - - -D +Dé ù
ê ú

è ø
+ + - - - -D +Dé ù
ê ú

     (6-26) 

1
2 sin sin( ) ' sin( ')

2 2

1
2 cos cos( ) ' cos( ')

2 2

y xo xB

yo yB

k
p p r r p x

m

k
p r r p y

m

a
a q q

a
a q q

è ø
=- + - - - -D +Dé ù
ê ú

è ø
+ + - - - -D +Dé ù
ê ú

     (6-27) 

 

6.3.3 4  

‾ 6.1.2ѐ ̆ Ԉ ╗ ѝ̔ 

 

6-4  4 ╗  

ῆ {}A Ю (-225.74,185.49)̆Э -8.24£ 

 

ΰᴉ  

a = 20mm̆  j=150mm 

r = 718.27mm, a=1.60£ 

Ԇ  {}B Ю̔0.68 mm 

ԇ  883  

(min) 48.08 

(mm) = 7.2679e-4; = 0.028 

╗  

‍  

ᾰ  

 

╗

 

Ю

ᾰ

 

ѐ

ᾰ

 

Э

ᾰ

 

ԇ

( ) 

1 -311 -137 -179 5.18  
2 -311 -136 -179 5.18  
3 -311 -134 -180 5.18  
4 -312 -133 -180 5.20  
… … … … … 

֒ Excel̔ ľ .xlsĿ ѐ ȇ 4Ȉ 
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ᾰ‍  
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6-8  ᴇ  

 

-3 -2 -1 0 1 2 3

x 10
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0

20

40

60
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= 7.2679e-4
= 0.028

 
6-9  ‍  

 

7   ֓б  

7.1 ֓ 

Ἴ ҩ ‍ ̆ ̆ ̆ ұ ̆╗

̆ ‍ ᴐȂ Ἴ ѐΰэὯ ҩ ̔ ȁ

╗ ῆ ȁ ΰᴉ ȁ ‍ ȁ ‍ Ԉ ᴉ ᾰ

‍ Ȃ 

1 2 ѝԈὤע ѝ עִ ̆ з

 ҩ ѝ ̆ з matlab ⁮ ╗ Ȃ 



22 
 

3  ҩУ ұ ̆ ᴳ ⸗ ᶢ ̆

‾ Ю ѐ ╟ Ȃ 4‡  ҩУ ұ ᶢ ̆ ‾

ЮѐЭ ╟ ̆ з matlab ⁮ ╗ Ȃ 

ᴇ ̆ ᾱҩ   4э ת̆ Ҿ Ӱ Ȃ 

 

7.2  

7.2.1 1  

1̔ 1ѐ ₢ ѝ ⁸
1( )p x ̆

⁸ ‎
2( )p x ̆ 7-1 Ȃ 

{}B

      ( - b, 0)

()f x

( )( )0 0 0,x x f x x+D +D

()2p x

()1p x

( )0 0,x y

                 

 
7-1  1 1  

 

2̔ ѐ Ԉ ( ) ( )p x f x- ḣѝὤ ̆ Ԉ ( )p x ( )f x

( ) ( )p x f x dx-ñ ὤ Ȃ 

1 2̆ lDִע ( עִ ) ѝ: 

{ }{ }2min 10 max ( ) ( ) ( ) ( )i i
l i

p x f x p x f x dxs-

D
- + -ñ            (7-1) 

{}B

      ( - b, 0)

()2p x

                 

()f x

2( ) ( )p x f x dx-ñ‍

 
7-2  1 2  

 

7.2.2 2  

2ѐ ₢ ѝ ⁸
1( )p x ̆ б ⁸ ‎

3( )p x Ȃὤ lDִע ҂ ṁ ̆ 7-3Ȃ 
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{}B

(-b,0)

()f x

( )( )0 0 0,x x f x x+D +D

()3p x

()1p x

( )0 0,x y
rr

                                 

 
7-3  2  

 

7.2.3 3  

 3 ̆ ᴿ aD ₢ ᴿ ע
0xD ⁮

⸗ Ȃ а Ѯ ̆ ѝ ᴿ aD ₢ ᴿ

ע eD̆  

e a

e a

D D
=                             (7-2) 

ὲѐ̆ 21 [ '( )]e f x dx= +ñ Ȃ ‍   ╟ eD

╟
0xD ̆   ԇȂ 

 

7.2.4 4  

 ṁ 3 נ ̆ Ю 

e

e

a

a

D D
=                             (7-3) 

ὲᴍ 3 Ȃ
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