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Class II Synthesis of Disc Cam Mechanism with
Flat-faced Follower in Planar Motion

Chang Yong'? Lin Rongfu' Li Yanping'

(1. College of Mechanical Engineering, Jimei University, Xiamen 361021, China
2. Engineering Training Center, Jimei University, Xiamen 361021, China)

Abstract.: By using fixed/floating coordinate system and the support function method, the instantaneous
1-D linear area and interval sets were proposed. The rise motion, return motion and whole motion interval
sets were put forward. The basic principles of solving the allowable selected area of the flat-faced line and
the allowable value range of the cam basic radius were proposed. The analytic formulae were derived.

Then the analytical criterion of the solution existence and its existing form were obtained. The class II

synthesis of disc cam mechanism with flat-faced follower in planar motion was resolved.
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Fig.1 Structure diagram of disc cam mechanism with

flat-faced follower in planar motion
(a) MEERM EFEEE) (b)) AR B3l
Lo 204 FIRIERT 3.4 4 AT S ML

BIURE £ 45 T 850 1 O 6 3R

C R AL R AT BE [, (L, B AT HEAR IR/ 4 AL
B 0,A .0, A TR/ HIALA B, N 6, , /10l FE 12 5l
i, F1 ) FEFFHE/ IR AN HE B=B(6,) F B, =
B.(6,) .0, A AT Sy s HERE/ IR VE ) A [ o] F0I
Lal,, Mm% 1 FE8 3 AIPLEE S 7E O, si b 5 8¢, PR
(TTHL) £ GG SiEM (TT L) £k 0,0, 7 H o

R e a<la]Ua<[al,Up>0 ML
F R | RISP- IR A5 VF HE 98 DX 3 1 A8 R 5 2 48 g 1F
WA, %555, Kb p Al RER,

WA 2 W AL 25 G ) s T8 1 2RI 25
A A,
2 HEEIE
2.1 EEXLRRBEIAMELNIES

AT E AR AR AR Oy, AN T FT7R o 3 A
ODHERRIE A O, ES,x BiiEm S 0,4 1E 1 —
#,60,.0,4 0,0, 40,5 x HiiE 10 A, 60, e B

ﬁo
HEL AU B P R T fE (A ) 34T 2(0,0,)

SR AN A Wi i i B 4 )
5, =5,(0,) = (5 +15 +21,l,c080,) " =

(2 +12 +20,0,cos( 0, —B) 1" (1)

0, = arctan(L,sin( 6,y = B)/ (L, +l,cos(6,, =B)))
(2)

d6,/do, = - 1,(dB/de,) [ 1, +1,cos(b,, —B) 1/
[+ 1 +21,0,c08(6,, —B) ] (3)

2 X E L Py 1 AR B
Ko =lptan( 0, —B) /[ tan(,, — B) + cotf, ]
{}’m = —l,tan(@,, - B)cotd,/[ tan(6,, - B) + coth, ]
(4)
FEXS L Py, 1AL AR
Xy = £ (1d0,/d0, 1/( £ 1d6,/do, 1 —1)) -
(litan( 0, —B)/(tan( 0,y —B) +coth,))
Yoo = £ 160,740, 1/( = 1d6,/do, 1 ~1) -
[ - lytan(6,, - B) cotd,/
(tan(6,, —B) +cotf,) ]

(5)
VG I O DA 1 5= ] Y I TR G VAR 2 % v ]
il
W 2 Fis, Py Py W SR Py (P R A ] 1Y
1 g
{lpzwzo = (X = 2y )2 + (Yoo = Yo )2]

1/2

(6)

2 2 N 12
Loyipio = (Xpyy + ¥y )

Loyipao ~ Lpaipro & A2 6, 19— JC BR800 J5 T, BE Ligpao
Logipro TTIE A Ly BT L, 6
2.2 EFEARENEE

Tl kR R T EA R S, 1L RO,
FE A, 0w, 0,0 Sy w Bl o Bl IE 0] (9 AR AR AR R
0, uv MATIZ Zh it B, 0, wo B 7 FFF- 18 3, 75 F i
BT NE R

TEAAAR R Oyuv ST, NG B2 B 28 T &
T AR A A

GG'5 0,0, EMHIE T, 4 4 2 P IR GG
1E O uv W) v ARAR(EL, DU A B 7] 58 4 e ™
2.3 #EBRMEETF/ EFRENS

W 2 FiR, Py P F1 Py N ERREFT 2 048 1
F4 245 568 AT XT 0

APEX B 4 LT 0,4 & 0,4 Z 0], Py,
fF 0,0, FJ7,

JE X BT 4 A F 0,4 & 0,,A Z ], Py,
T 0,0,/ F .

IS0, R F:0,,A 10,0,

[l R A T E 2 B, Al G XN 0,4 &
0,A.0,A % 0,,A Z A,



288 g ol Bl ¥

20134

C'rrmajor

{Cmalrr

(b)
B2 R — 4 B X R
Fig.2 Instantaneous 1-D linear area

(a) INREFHS B S HERE (b)) (AR Bt o) ol A2

2.4 ZERHE

(1) AR SCHE R S5 R ORI 7 1) £

N A R AR R oN S P £, T 3
P o ARIEAFRR 02"y, AJE AL 0,51 454k O, R, H.
5 HiEm Al o GERE K IE) fEEET OR
HES N —HZK G (p,e) & p, 0" LHIAT

ik p, Bl
p=supip :G (p,¢) NN#I| (7)
EX 5T p ML HZ G(p,e) FRIE
M N @ Jr SRR

RS 2:53(7)  p MY
N @ J7 1) B SCHE R R

)RR p (o) FRAE M

ON
P@p\ R

B3 SO SRS T
Fig.3  Support line, support function and direction angle
TESC3:53(T) o p MR @ FRAF I E
G(p,@) BIJ5 I i o
(2) MAER T E R

AR BN ST Y FE B AR R L Tl £ Al R 2 A2

p TE M IE, B
p=p(e) +p"(¢) >0 (0<¢p <2mw) (8)

3 @R as[a]Ua<[al,Up>0 £H4HH

BHYEFEEE/ EEESSH

3.1 M 3.2 IFSE, A 3.3 49 5 PR 5T 2E
EFEA

HEAE 32 U N s L = U5 Nl i i )
WE”ZE
3.1 #HRas[alUa<[a] EHENMHBNELE

M/ EEES
.11 "R AL B (K 2)

3.1.1.1 HERE (K 2a)

BAHERE, X BEO P,
0,0, F7J5 , K 2a iR,

FE— B &, FEEF 1 3, B, B Py Pyl
5% O, B AEDLIR C, 0 IR C Lt 2

£LPyC, Py =90° -la] (9)
LP,C....Py=90°+[a] (10)

HRAESCHR (2 ] 98 7 S DL IZ BRI il . <
lal 5P K% miC, | AC, I BEEM“AH
B Yt X T (w,0) o

i Py, (C,) 5l Py P, BE,ZEHC, T C R4
BCC,=C(u,w), M Clu,w)el(u,v),

TR BI85

RSP, Z BRI a<[a] &0 K
Mg i C CaR D C(u,v) #4 B I“ EI — 2 H 2%
X .

Cu,v) FBYERFE : T (u,0) BT C(u,0)
/0,050 =0, =[al, H C,—C o il %FH
¥ Ea],

C(u,0) TEFNBIRR Ouv HALDR A

fi 0T 2 AT T L 2R



73

ug =ue (0,) =ue,(6,) =u(0,)
{HK =0, (0,) € [ve,v,] =0, (60,),0,(6,) ]
(11)
w W 0, — ok, A
ug =ug(0,) =ndl, (6,)
[vm =v,(0,) =5,(0,) -1,,(8, ) tan[a] (12)
Ve =06, (6,) =5,(6,)
b p—TRAREBMER p=1,1F 9= -1
W BB IR BTl £ =1, R
WEH gl ¢ = -1
AXER G B B — 2 2 XK C (u,0) 53 5]
o] w il o BB TE w il BT — R u =g = ug,,
15 o Bl A5 — B X & Lo, 0, ] (FIEK 2 W
W, ARAR ) o
TR, AR T 458 OWAE [og 00 ] W 3G 5
B o =vg 8 v =0, i, a = [a] o @BAE v, 00, ]
B, B v, <o <o, a<lalo @BIEve ,ve
SR B o <wg Bvg >0l a > [alo UEBI AN
PE w v F0, /B AL AR, 22 v, -6,
v, — 0, uy -6, M2k, WK 4 FiR,
BEAHERE , A7 AL TR BRI XA [ g, , 00, 1o
B, AT A HERE DT S [ 00 s » Vcamin ) o
P (12) s, (0, ) B i 1 28 4k, i
Veamin = S0 (13)
P (12) , —4EIL R AFIERR ve)n o
3.1.1.2  [aA (& 2b)
Al B A BE O P, AR 4T 0,0, R 07,0
Kl 2b FirR o
VER S RS AR A R — 4 & X B C . C,,
FBERS X E [0, ,00, ] o
K(9) ~(12)@MH., AAF:X(9).(10)
A2)HlalEHhllal, ;18 n=~1,5,(00,).
Lo(0,) s, (6,) BN 1, (0,) Ly, (0,)Fs,,(6,) o
[ B, 22000 vey, — 0, v, — 0,81 uy, — 6, 1T 2R, 40
Kl 4 Frs o
e A 1 DB S [V s > Vcarmin | FE P
Vegmin = Vcamin = S20 (14)
Faa(12) , —4EH R IFE 00000
3.1.1.3  #fE
BREGEGHIE TR,
R AR T TR PSR AR B R E
Vinax = (V1) o = MAX V0105 Vet |
{vmin = (02) win = Vezumin = Vezmin = 20 1
TR GWL aslalUas[a] &K v BUE
T, BRI [0, 0000 1o

G R (R QeI R NI R U S AT (I Rk [ XK (O F e 289
vich S2m
V2 —~cVC2r Vmax
20 Vi
vel
0 _\ 7
/ Dy D [ @/ 4
vCir
()

VK $2m

$20 / Vmax =Vmin
0 - -
Dy D, D [N 6]
vel \\Vm r

(®)
YK $2m
vea Vear
Vm
520
0 yas o
D . Dy o 6
\VV(‘I
(©)
ux
UK max
’ 2 D N0 O 6
UK min
(C

K4 v, — 0,0, -0, u, - 0,114
Fig.4 Curves of v, —6,, v, — 0, and uy, -6,
(a) NAETENLRGIR (D) 775 ME— BLAE fi
() FAAETTBHIE  (d) uyg -0, %

Zi b, S HE AT
g5 Vo > Vi (BRI 0,0 >55) (16)
Iy velv, ,v,,] =0 (17)
W as[a]Uas[al, FM0WHLE AL, W0
Kl 4aflr7s o

7 Vs = Vnin = $20 (18)
i VE [V s Vi ] = ACHEE) (19)
AW R a<[a] Uas[al F0F09ME—HLI f#
V=0, =0 = Sy (20)
W 4b iR,
P Ve <Vuin (B v, <$5) (21)
Iy VE [V s Vi ] = N (TCTFER) (22)
FAEW L a<[a] Uas[a] 00 JCRPLH fif
VE [V s Vi ] (23)
A ve [V, 5] (24)
WK 4c P

3.1.2 AR E L B)
Wr5ETr k5 3. 1 A, (1) ~ (24) @



290 gl L

20134

3.2 HRp>0FHNMBHEFEE FEES

PR FH S 43 o B 0 R R A A A A
I B BLAL) 32 Bl OR L [R)
3.2.1 AR A S
3.2.1.1 R

WE S, 2 HEFE G A E 0,0,,A, IE P
& GGy FEILHEN B E AR R O,x'y' R4 48T
G O B E () -6, Ja LA E A E
GG ] 3T kM0 0,3 GG 1 BE 85 K %

03 A\

/ A S

5 SCEERRECTT A o AT 4R I
Fig.5 Analysis of support function and direction angle

(a) MuEIRIEEFEES (b)) e 4 2)
SRR

p(e) =[l§+li+2[014cos(640 —B)]l/z—v (25)
J7 1 4

@ =00, +6, -0, (26)

de/do, =¢ +d6,/do, (27)

do,/de =1/(¢ +d6,/de,) (28)

dp/de = (dB/de,) (do,/de) =B'/({ +d6,/d,)

(29)
i F 15 p(o) X o — IR THL
p'(@) =dp/de = (dp/dB) (dB/de) =
[AB'Ll,sin(0,, -B) 1/ (£A* - BB')  (30)

Hrp A=[L +1 +21,1,co8(0,, -B) 1" (31)
B=1,[1, +1l,cos(8,, -B)] (32)

[FHE,p () X @ 3K — IR T4k

p"(@) =(dp'/dB) (dB/de) =
ll.( ~DB” ~EB” + FB'B")/({A* - BB")’

Hrp

D ZASBCOS(HM -B) —ASZOZASin2(040 -B) +

ABlol4sin2(040 -B8)

E=(A[A’cos(0,, —B) +1,l,sin’(6,, —B) ]
(35)
(36)

(33)

(34)

F=(Asin(6,, -B)
W g i S
p=ple) +p"(¢) =
A-v—1,1,(DB” +EB” —FB'B")/({A* -BB')’
(37)
AHL,p=p(6,) 2 6,1 —JCk%, 23 (8)
— R HFST ML B v, WHERR X EE
ve(-w,v,. ) (0<6,<9)) (38)
B2 il A R AR AR B A0 i B BL AL 52 Bl IR B i
%,
3.2.1.2 [
[F) B, e A ] X ]
ve(-w,v,..) (P +0 <, <P, +D +d;)

(39)
R A2 AR Fe A B AT RO ALY 32 B PR B R4 .
B3]
Ty =8, —v>0 (40)
i34 v < Sy (41)
U < S50
B 45 { (42)
Vprmax < $20
3213 R
BAE 3.2, 11 FI3.2. 1.2 SR mah e e
Vpae = WDV, 00, (43)
T AR X ] B
ve(-w,v,. ) (0<6 <2w) (44)

B AL A AR T FE R B A AR A (DML MY is Bl fR B
1R fifk 46

HETX(42),F

U max <y

3.2.2 AR EFE )
5301 [ B, AR
WRas[alUa<[a],Up>0 F£HHEEY
FEM/FEES
3.3.1 AR S S

(1) IR AL A8 VE B I 5 ™ e 5 [ o 42
ro VP HSCLEL 1 181 1) 1

ZRE 31 M3 2 A E LS

A3 (16) 5 (18) j a7, i =0 (45) %0, il 2

(45)

3.3



W5 A AW S PR S R SR R MR SR TR £ 291

aslalUas[al, Up >0 VLI EAFETE
A2 (21) oz, B
Vpnas Z U s (46)

e as[alUas[al,Up >0 PLIYIEALELE
#raC (21) a7, B

Vinax < Vg (47)
HFHEBE a<la]Ua<[al,Up >0 BTCEHLIL
V€ [V > Vpas) (48)

Jlidiny
ry € (romin s r()malx] = (Szu T Vmax 9520 T Umux:l (49)

E e iRl .

ek ’
$2m
\Ze) vear

520 Vmin
= Vpmax

~ Vmax

0
6

[N &, @y
\/ vl

6 17 K HCHLH g 1
Fig.6 Cases with infinite mechanism solutions

T A E NN w0 R U (49) B $R T,
v (BB (BB EE T 0,,,,,) oo AT o B/)N, BN 58 RO
4% Sl 1 REBRAR

IR B R Y B K [ 2 A1 R0 s A L[] IRk
NI LA TEE

(2) VIS K 19 E

W (12) , 5 iR A5 4R

Ukmax = [ L, (6,) ] mar (U >0) (50)

A 2 BLS5 ~7 mm,
3.3.2 Wi it i g

™ B0 30 I A e Bl 1 25 A BT D7 IR S T R I B
Fe i IE 2L, DA

4 NMMEERG

g e, =140°,1, =140 mm,[, =50 mm, B3, =
80°,d, = @) = 150°, @, = @' =30°,[a] =40°,
Lal, =70°, % FFHER/ [ FE B4R 2 0s Zh R, ™ 58 I
e, oK e a<[alUa<[a],Up >0 4l
A A AN IR

¥ 1, =140 mm ., [, =50 mm . f,, = 140°F1 B8 =0
AR (1), 875 s,, =106. 655 4 mm

PEasa]Ua<s[al £ E ve v, 0] =
[25.9642,106.6554 ],

Hp>0 B RAFZM R ve( ~w,0,,]=
(-0 ,61.4900],

Dy =25.9642 <w, =61.490 0, R ¥ 26
3.3, HEXU)HR. TR, BHL as[alU
as[al,Up >0 LR :v € [0 U ] = [25.964 2,
61.490 07,

Bl (49) 15,10 € [ Tomn s Tomn ) = [ 45.165 4,
80.689 07 ,# r,,. =45.165 4 mm.

6 R J& S 4 I i A2 SR kAL A Bh
A AR Y

FX(5).(6) M= (50) ~ (53), 571 1 =
56.578 1 mm, [, =84.905 6 mm, L } 146.483 7 ~
148. 483 7 mm,

i [ 7
uKminz[ _121(01)]".;“ (uKmin<0) (51) 5 %EE-LE

E’\JEMS{EI‘O/E g ST R BB G IR B A8 bR 2R RS P R AR
T AP L PR (B 1) VB MR R X ) M 4 T
{l=ur<m (52 WARVFFIEE D AE 8 R BUVE S PR PR 5 2k %

L= lug,, | PP IR0 o™ s 3 [ 20 4% 12 PR BB 0 B ) 5 A SR

IR B i S Mk T AT 1 35 81 S M B 18 48 9% A L

L=ty + lug,, |+ (53) s 1 PR &5 4 1) 5,
2 £ X Wt

U W, MEw. FFmEsiiE TSI R U B 5 L 280U 25 & T ], FLAR AR 274k, 2010, 46(21) : 37 ~41.
Chang Yong, Yang Fufu. Second mechanism synthesis task of disc cam mechanisms with roller follower moving in planar general
motion[ J]. Journal of Mechanical Engineering,2010,46(21) :37 ~41. (in Chinese)

2 WH,BEE. FVEEIET NS MR S TR E G R LT]. P TRk, 2012, 48(15):

47 ~57.

Chang Yong, Yang Fufu. Research on second mechanisms synthesis task of positive-drivedisc cam mechanisms with roller follower

moving in general planar motion[ J]. Journal of Mechanical Engineering, 2012, 48(15) : 47 ~57. (in Chinese)
3 WE, BEE. FEPHERFAIMEEE LRI IR GG R ]. PULR TR %4k, 2012, 48(1) : 39 ~46.

Chang Yong, Yang Fufu. Second mechanisms synthesis task of positive-drive disc cam mechanisms with roller follower moving in

general planar motion[ J]. Journal of Mechanical Engineering, 2012, 48(1): 39 ~46. (in Chinese)



292 & Ak HLOM 4R 20134

10

11

12

13

14

16
17

18

20

SEN, ®5, FEY. CHERBIEE e TEENTI]. Lt, 1996, 13(10) : 24 ~26.
WO, IRAk, BRPR. HES AR ER LA vk R Al AR AR g — AR vk [T BRI E B R B AREL L, 1996,
12(2) . 43 ~50.
Chang Yong, Xu Jiyang, Li Qing. A new method for deriving the external-convexity criterion and convature radius formula[J].
Journal of Heilongjiang Commercial College: Natural Sciences Edition, 1996, 12(2): 43 ~50. (in Chinese)
TEMRAL . S A5 o B TR A - TN A2 2% 03 Sl R Sl P B MR LA BT R R [T ] HLARBEET, 2002, 19(4) : 10 ~ 12.
Che Linxian. The application of support function method in the design of disc cam mechanism whose flat-bottomed follower in the
form of complicated planar motion[ J]. Machine Design, 2002, 19(4) . 10 ~ 12. (in Chinese)
WO, BIEN, KRR R DA B BN ROT R T S %2 iR T s A m iy S ML AR AT [T ] ML L AR 2
R, 1991, 27(4) . 37 ~41.
Chang Yong, Li Yanping, Liu Guoxiang. The analytics for designing minimum size disc cam mechanisms whose roller follower
moving in general planar motion according to allowable pressure angle[ J]. Chinese Journal of Mechanical Engineering, 1991,
27(4) :37 ~41. (in Chinese)
Schoenherr J. Synthesis of planar cam mechanics with lowest dimensions[ J]. Mechanism and Machine Theory, 1993, 28(3) : 317 ~
325.
Navarro O, Wu C J, Angeles J. Size-minimization of planar cam mechanisms[ J]. Mechanism and Machine Theory, 2001,
36(3): 371 ~386.
ETAE. STV 1 it /N ROT 92 ) S AP T A HLA A AT i (1] LB AR 2 4k, 1982, 18(4): 74 ~79.
Hua Danian. The analytics for designing minimum size disc cam mechanisms with oscillating follower according to allowable
pressure angle[ J]. Chinese Journal of Mechanical Engineering,1982,18(4) ;74 ~79. (in Chinese)
WO, RMNT, BIEF. TV R 1 M Bt /N RO 0 12 3l DS AT T A8 HUAY Y AR AT TR ) — SCRY T SR LT ]
BICILRT A Be 4l B AR R, 1989, 5(2) : 49 ~54.
Chang Yong, Wu Congxin, Li Yanping. Two notes on “the analytics for designing minimum size disc cam mechanisms with
oscillating follower according to allowable pressure angle” [ J]. Journal of Heilongjiang Commercial College: Natural Sciences
Edition, 1989,5(2) :49 ~54. (in Chinese)
WO, RN, B T RV T I A Bt /N RS 9 422 8l DA sl AFF T o7 56 L A4 9 A A 75 ) — SCRY e [T .
JEVLTT 2 BE 2 4k - B AABEAARR, 1990, 6(4) = 15 ~19.
Chang Yong, Wu Congxin, Li Yanping. The further notes on “the analytics for designing minimum size disc cam mechanisms with
oscillating follower according to allowable pressure angle” [ J]. Journal of Heilongjiang Commercial College: Natural Sciences
Edition, 1990,6(4) :15 ~19. (in Chinese)
ERAT, FHY. XTHIRF NS RIE LR IEA RS RHe [T]. PUB TR A4, 1986, 22(4) : 88 ~93.
Wang Zhixing, Li Guixian. Discussion on fundamental size of translating follower disc cam mechanisms[J]. Chinese Journal of
Mechanical Engineering,1986,22(4) .88 ~93. (in Chinese)
WL AR E AE IR T NS P R B BT [T] . MLAREBETT, 1996, 13(9): 15 ~ 16, 37.
Chang Yong. The disc cam outline design whose roller follower moving in general planar motion[ J]. Machine Design, 1996,
13(9) :15 ~16,37. (in Chinese)
W, XEFE. P S A A AL 28 R I — s DT [T PLE T, 1995, 12(2) 2 4 ~7.
Chang Yong, Liu Guoxiang. A general and effective method for constructing the analogous-velocity charts of planar and special
cam mechanisms[ J]. Machine Design,1995,12(2) :4 ~7. (in Chinese)
XA, H B8, kT b B SR AN RO A ML B[] BLmiBeat, 1997, 14(10) : 10 ~ 13.
Dasgupta Anirvan, Ghosh Amitabha. On the determination of basic dimensions of a cam with a translating roller-follower[ J].
ASME Journal of Mechanical Design, 2004, 126(1) . 143 ~ 147.
Carra S, Garziera R, Pellegrini M. Synthesis of cams with negative radius follower and evaluation of the pressure angle[]J].
Mechanism and Machine Theory, 2004, 39(10) . 1017 ~1 032.
Ji Z, Manna Y A. Size minimization of disc cams with roller-followers under pressure angle constraint[ J]. Proc. IMech E, Part
c—Mechanical Engineering Science, 2008, 222(12) . 2475 ~2 484.
FRAT, MoiA. HUAURBI M. Jbat: &5 ECE W, 2006.



