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2-1 Draw the kinematic diagrams of the mechanisms shown in Fig2-1.

7

Fig2-1(b)
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2-2  Draw the kinematic diagrams of the mechanisms shown in Fig2-2.

Fig2-2(a)
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2-3  Draw the kinematic diagram of the mechanism shown in Fig2-3.
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2-4  Calculate the degree of freedom of the mechanisms shown in Fig2-4,and
point out what should be paid attention to during the calculation .
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Fig2-4(b)
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2-5 Calculate the degree of freedom of the mechanisms shown in Fig2-5,and
point out what should be paid attention to during the calculation .

fift -

(@) PR JRHE8 H B

(b) T D H5ME 1 2 HegE—
A ErEl

F=3n-2PL-Pn =3 X7 -2 X9 -2=1

Fig2-5(b)

fift -

(D AFPF BC Hikide 2 IR —ild. () A Wik 4. AFOF 1 RIPLA S RS
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F=3n-2P-P, =3 X4 -2X5 -1 =1
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2-6  Calculate the degree of freedom of the mechanisms shown in Fig2-6,and
point out what should be paid attention to during the calculation .

fiff
(@) C WFfE 2. 3. 4 ME B8 5E,
(b) C &AM B)RIFIPN 23
flo  EAE AN EIEA
Bl
F=3n-2P1-Pn =3 X7 -2 X 10=1
HE: EAER SR

Fig2-6(b)

fift
R R RN, ¥4 2 VIR 2RIz 8)), AT 4 SHLAE A 4 R s |,
FrUAT 4 SUVE 3. Rk, i 2 Fkaft 4 2 A s ik, N
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1 AB=CD H BC=AD i}, # 2 {XEF3h. 4 SHLEERIA A% shE,
Fr CAA 4 WANAEF-3l . IXFE, Mt 2 FIRI: 4 2 (At A AR 3)), A A
5. Bl FF 4 TR 6 2 A A e sl 17, R, oA 6 S5
4 1R (LM 6), WA KR,

SR, (EVHE NI B R, NoaZzfE— BRSSO Pt AT 08, Bl Wiz
Fo HEAT G Ok 2 M AT LRI ) R BE
F=3n-2PL-Pn =3 X5 2X7=1
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2-7 The kinematic diagram of an engine mechanism is given in Fig2-7.

(1) Calculate the degree of freedom of the mechanism, and point out what should
be paid attention to during the calculation.

(2) Make the structural analysis for the mechanism.

(3) Make the structural analysis for the mechanism when link EFG is regarded as
the driver.

Note: During structural analysis, list the assembly order of Assur groups, the
type of group, the grade of group, the grade of the mechanism, the link serial
numbers, the inner pair and the outer pairs of each group m each mechanism.

i

(1) F=3n-2PL-Pa =3X7-2X10=1
(2) = AB NS fERT,

RIFF=| AR | S

5 —FF41|RRP| 2, 3 [#4Cy-3|B, $C3-3

M4 |RRRI 4,51 E |F,D

eyt 5 A | A
TTTZATZH | 1,2, 3, 4B, D, #C|A, E, #C3s
RRP 6, 7 Y G, #H7g
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2-8 Make the structural analysis for the mechanism shown in Fig2-8.
(a) When link 1 is regarded as the driver.
(b) When link 5 is regarded as the driver.

Note: During structural analysis, list the assembly order of Assur groups, the
type of group, the grade of group, the grade of the mechanism, the link serial
numbers, the inner pair and the outer pairs of each group n each mechanism.

fif :
(@) 241 NJRBFRS
() an)
n
[
Fig2-8 Tey ©F
-+ CROTED-H fevaui-= 2

FHOE 2,3,4 A1 5
=2
Assur group.

(b) =1 5 ARSI
FAF 3 R 4 R EE—> RPR Assur group.
FEAT 10 2 40058 — 4> RPR Assur group
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2-9 The schematic diagram of a punch machine designed by someone is shown in
Fig2-9. This machine should be able to transform a continuous rotation of gear 1

into a translation of the punch 4. Can the machine work properly? If it can’t ,please
rectify it.

NN
S
NN

fift: ANAEIEH TAE.
SOE W B (B SOt B 2-3 MIE 5. 6. 7 IIERR)
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2-10 The schematic diagram of a mechanism designed by someone is shown in
Fig2-10. This mechanism should be able to transform a continuous rotation of link1

into an oscillation of link4. Can the mechanism work properly? If it can’t ,please
rectify it.

Fig2-10

. ANBEIEH AR,
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3-1 Locate all instant centres of mechanisms in the position shown in Fig3-1.

P ( P24)
1A )

P34 ( P]g} ( Pl3) P14 P34

Fig3-1(a)
Fig3-1(b)
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Fig3-1(f)
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3-2 In the position shown in Fig3-2, determine the ratio w;/®, of the angular
velocity of gear 3 to that of gear 1, using the method of instant centres.

Fig3-2

five
Pis @R 1 A1 3 ik, SFIETE A R
Jt LhoiLae =osLoe
®3/®1=Lag/Lpg
3-3 In the position shown in Fig3-3, determine the ratio ®2/® of the angular
velocity of follower 2 to that of cam 1, using the method of instant centres.

AP3) i

E (P1o) &M 1 F1 2 BiBECy, S5 B S A,
Ft LhoiLor=wm2L Ak
®2/®1=Lor/L At

Fig3-3
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3-4  In the pivot four-bar linkage shown in Fig3-4, o ;= 10rad/sec. Using the
method of instant centres,

(a) Find the velocity of point C in the position shown in the figure.

(b) In the position shown m the figure, locate the point E on the line BC (or its

extension) which has the minimum velocity among all points of line BC and
its extension, and then calculate its velocity.

(c) draw two positions of the crank AB when V¢=0.

E

Fig3-4

fif
(a) V1= ®1Lap=Vp= 0Lp Fﬁu V= Ver= o Lpc= @1 LagLlrc/Lrs
(b)VE=m2LrE-

(c) V=0 FIrut N i ikl AB AN
Name Class Student No. Date
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3-5 In the six-bar mechanism shown in Fig3-5, XA=0, Ya=0, Xp=450mm, Yp=0,
Lag=150mm, Lpc=400mm, Lpc=350mm, £ CDE=30°, Lpg=150mm, Lgr=400mm.
The crank AB rotates at a constant speed 10rad/sec. Write a main program to
analyze the output motion of the point F when the driver AB rotates from 0° to
360° with a step size of 5°..

fift
FOR 1=0 TO 360 STEP 5
CALL LINK(0, 0,0, 0,0, 0, I*PI/180, 10, 0, 150,
XB, YB, VBX, VBY,ABX, ABY)
CALL RRR(450, 0, 0, 0, 0, 0, XB, YB, VBX,VBY,
ABX,ABY,350,400,Q3,W3,E3,Q02,W2,E2)
CALL LINK(450, 0,0, 0, 0, 0, Q3-PI/6, W3, E3,
150, XE, YE, VEX, VEY, AEX, AEY)
CALL RRP(1, 0,400, XE, YE, VEX, VEY, AEX,
AEY, Q5, W5, ES)
CALL LINK(XE,YE,VEX,VEY,AEX,AEY,Q5,W5,
ES, 400, XF, YF, VFX, VFY, AFX, AFY)
PRINT I, XF, YF, VFX, VFY, AFX, AFY
NEXT 1
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3-6 In the mechanism shown in Fig3-6,XA=0, Ya=0, Xp=200mm, Yp=0,
Lag=80mm, Lcp=60mm and Lge=380mm. The crank AB rotates at a constant speed
of 10rad/sec. Write a main program to analyze the output motion of the point E
when the driver AB rotates from 0° to 360° with a step size of 5°.

Fig3-6

FOR I=0 TO 360 STEP 5
CALL LINK(0, 0,0, 0,0, 0, I*PI/180, 10, 0, 80,
XB, YB, VBX, VBY,ABX, ABY)
CALL RPR(I, XB, YB, VBX, VBY, ABX, ABY,
200, 0, 0,0, 0,0, 60, Q2, W2, E2)
CALL LINK(XB, YB, VBX, VBY, ABX, ABY, Q2,
W2, E2, 380, XE, YE, VEX, VEY,AEX, AEY)

PRINT I, XE, YE, VEX, VEY,AEX, AEY
NEXT I
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3-7 . In the mechanism shown in Fig3-7, Xc=Ys=0, Xp= - 42, Ys=39, Xp=70,
YD=75, LBA=34mm, LGF=241’1’111’1, LFE=95mm, LEc=69mm, LDC=48mm, ZEFG=90°.
The crank BA rotates at a constant speed of 10 rad/sec. Write a main program to
analyze the output motion of the point C when the driver BA rotates from 0° to
360° with a step size of 5°.

Fig3-7

FOR =0 TO 360 STEP 5
CALL LINK(-42, 39,0, 0, 0, 0, I*P1/180, 10, 0, 34,
XA, YA, VAX, VAY, AAX, AAY)
CALL RPR(-1,0,0,0,0,0,0, XA, YA, VAX, VAY,
AAX, AAY, 24, QFE, W3, E3)
CALL LINK(0, 0,0, 0, 0, 0, QFE+PI2, W3, E3, 24,
XF,YF, VFX, VFY, AFX, AFY)
CALL LINK(XF, YF, VFX, VFY, AFX, AFY, QFE, W3, E3,
95, XE, YE, VEX, VEY, AEX, AEY)
CALL RRR(XE, YE, VEX, VEY, AEX, AEY, 70, 75, 0, 0,
0, 0, 69, 48,QEC, W4, E4, QDC, W5, E5)
CALL LINK(70, 75,0, 0, 0,0, QDC, W5, ES, 48, XC, YC,
VCX, VCY, ACX, ACY)
PRINT I, XC, YC, VCX, VCY, ACX, ACY
NEXT I
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3-8 In the six-bar mechanism shown in Fig3-8, Xg=0, Ys=0, X=37.2, Y=17.5,
Yc=28.8, Lre=16.8mm, Lec=39.2mm, Lcp=20.633mm, Lpe=36.4mm, ZBGA=90°,
Leg=9mm, Lca=58mm. The crank FE rotates clockwise at a constant speed of 10
rad/sec. Write a main program to analyze the output motion of the point A.when the
driver FE rotates from 360° to 0° with a step size of -5°.

Fig3-8

For =360 To 0 Step -5

Call LINK((37.2, 17.5, 0, 0, 0, 0, 16.8, I*PI/180, 10, 0, XE, YE, VEX, VEY, AEX,
AEY)

Call RRP(-1, 28.8, XE, YE, VEX, VEY, AEX, AEY, 39.2, QEC, W4, E4, XC)

Call LINK(XE, YE, VEX, VEY, AEX, AEY, QEC-QCED, W4,E4,XD,YD, VDX,
VDY, ADX, ADY)

Call RPR(1, 0, 0, 0, 0, 0, 0, XD, YD, VDX, VDY, ADX, ADY, LBG, QGA, W2,
E2)

Call LINK(O0, 0, 0,0, 0,0, LBG, 3 * PI/ 2+ QGA, W2, E2, XG, YG, VGX, VGY,
AGX, AGY)

Call LINK(XG, YG, VGX, VGY, AGX, AGY, LGA, QGA, W2, E2, XA, YA, VAX,
VAY,AAX, AAY)

Print [, XA, YA, VAX, VAY,AAX, AAY

Next I
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4-1 Determine the type of the pivot four-bar linkages whose dimensions are
shown in Fig4-1.

120

1067707879777 7

Figd-1(a) Fig4-1(b)

XA LA [H Y 25 AT LA

£
177777777

Fig4-1(c) Fig4-1(d)

SIS H LA T A
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4-2  In the revolute four-bar mechanism shown in Fig4-2

(1) Find the pressure angle o and the transmission angle y of the mechanism in the
position shown in the figure.

(2) Find the angular stroke ymax of the link DC.

(3) Find the crank acute angle 6 between the two limiting positions.

(4) Find the maximum pressure angle O ma and the minimum transmission angle
Ymin-

(5) Is there dead-point during the whole cycle of the motion when the link DC is
regarded as the driver? If there is, when? And draw the dead-point positions of
the mechanism.

Fig4-2

(5)24 DC M RBNER, LA I AL E
e E B AB1C1D A1 AB2CaD.
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4-3  Design an offset slider-crank mechanism ABC in which the crank AB is the

driver. The maximum pressure angle omax=30°. Find the stroke H of the slider and
the crank acute angle 6 between the two limiting positions.

Figd-3

4-4  Determine the angular strokes of the rockers AB and CD shown in Fig4-4,
respectively, using graphical method.
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4-5 In Fig4-5 there are two positions, B1Ci and B2Cs, of the coupler BC of a
revolute four-bar linkage ABCD. The link AB is a driver. The pressure angle o at
the first position is 0°. The second position of the mechanism is a toggle position.
Design the linkage and write out the drawing steps briefly.

=
—+¥d

a) HEAUA WATE BBy MIEE 402k
b) R, BHERA D WAE CCy INTEE 34k L.
c)  AB NIRRT, MRS A E R I 00 155] B1C1LC1D.

d) BURIIEE AL B LA B 2] A, By, Cp —ridtZk.
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4-6 In a crank-slider mechanism, two sets of corresponding positions of the slider
and a line segment AE on the crank ABE are shown in Fig4-6. The position C; of

the slider is its left limiting position. Find the first position B of the revolute B and
write out the drawing steps briefly.

Fig4-6

fift «

YEAAC2'E1=AAC2E2, HABEEmAAA], 15 C2°. K C1 ¥ RN RN & 2
—, JFTPL Bl S7E ACY EZL I

1E C1IC2 ) HEZk 5 AC1 AZ THr e 1H N ECHE AL B 26— MV B A B,
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4-7 In a revolute four-bar linkage ABCD, side link AB is the driver. Two sets of
corresponding positions of the side link CD and a line segment CE on the coupler
CBE are shown in Fig4-7. The first position of the linkage is also a dead point.
Find the second position B, of the revolute B and write out the drawing steps
briefly.

Fig4-7

fift -

YFAA2'C1E1=2AAC2E2, 15 A2 5. Al AB M shftt BRI B —7 & HE s,
JirPA Bl fifE DC1 e K4 |,

1EAA2 IR HEZE 5 DCT P RE K 264 T 155 28 W B0 R Bk A3 B 126 — M B 45 Bl
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4-8 In a crank-rocker linkage ABCD, side link AB is the driver. Two positions of
the rocker CD are shown in Fig4-8. At the first position , the pressure angle of the
linkage is zero. Position DC; is one of the limit positions of the rocker. Find the
first position B, of the revolute B and write out the drawing steps briefly.

Fig4-8

fift
A BSAE C2B2 ZE K4 I, Wil C1B1 SEK 2k AR C1A2'=C2A, 75 A2’ 5.
1E AA2 I IEZE 5 C1B1 A2 T-195 € 15 8Bt EE i B 28— M B S B,
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4-9  In an offset slider-crank mechanism ABC, two sets of corresponding
positions of the crank AB and a point F on the slider are shown in Fig4-9. When the
crank AB is located at position AB1, the slider reaches its left limit position. Find
the first position C,; of the revolute C on the slider and write out the drawing steps
briefly.

Fig4-9

fift -

1E B2B2’ //=F1F2, 1§ B2 s[4 58— B @& B ZE i FRAZ &, C1 7€ B1A
[P ZE K2 I

YE BIB2 [ HEZE, &2 B1A [N AEK 2L T-F5 0 WG sh B i C 128 — M & i CLL
£ C1C2=F1F2, 75 C2 fi.

J0oo0o0opooooooooooooo0 O www.khdaw.com



00000
www.hackshp.cn

Name Class Student No. Date

4-10  In a crank-rocker mechanism ABCD, the coefficient of travel speed
variation(£) is1.25, when crank AB rotate constantly. The angular stroke of rocker
DC y=60° .The length of the rocker DC is 40mm. The length of the frame AD is
50mm. Design the mechanism and write out the drawing steps briefly.

figd: (CHUHEA R we=0. 001m/mm )

F=1 a0, L2515

£+1 1.25+1
H{ DC1=DC2=40mm, 1} Hf—fJE C1C2H,H+H ~C1C2H=90° — 06 =70°
YE=#E CIC2H IAMEE, LL D fiM[ELy, LL 5S0mm A PARAER, PRI 1AL
RUNEE A A
HEE ACL. AC2,LL A EUNEL, DL (AC2 —AC1) /2 R AeAE A AR BE i
B,AB=17.98mmBC=53.72mm

6 =180° x
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4-11 In an offset slider-crank mechanism, the offset ¢ is 20mm. The coefficient of

travel speed variation 4 is 1.3. The working stroke H of the slider is 50mm. Design
the offset slider-crank mechanism

\

'-ﬁ

fifd:  CHUERHIN pe¢=0. 001m/mm)

h—1 :1800x1'3_1
£+1 1.3+1

YE C1C2=50mm, /FZEIE =M £ OC1C2 HH £ 0C1C2=~,0C2C1=90° — 06 =86.5°,

LLO MLy, LLOCT A2iaAE R

YE—5 C1C2 “PAT HEE By 20mm [ H 2k, BEEZ5E O MIAS S 8 & A

PLA L, BL CAC2—AC1) /2 ¥ AFE A 15 38 8 5 B,

BC=55.06mm,AB=22.83mm.

0 =180° x =23.5
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5-1 A plate cam with positive-offset translating roller follower has the following
motion: a rise through lift h=40mm with a sine acceleration motion curve during
d0=150°, 8s=30°, a return with a 3-4-5 polynomial motion curve during 6¢'=120°,
and 0s'=60°. The cam rotates clockwise. And rp=40mm. rr=12mm, e¢=12mm and
rc=25mm. Construct the pitch curve and the cam contour graphically with a scale

of 1:1. Label in red the centerline of the follower, S, the roller and o when & = 60°
and 6 =0°.

) 0° [ 30° | 60° 90° 120° | 150° | 180° ] 210° | 240° [ 270° [ 300° | 330° | 360°

Stmm) | 0 | 7.86 | 15.72 | 23.58 | 31.44 | 40 40 35.86 | 20 4.14 1 0 0 0

J0oo0o0opooooooooooooo0 O www.khdaw.com
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5-2 A plate cam with translating offset roller follower has the same motion curve
and dimensions as exercise5-1 has. Write a program to calculate the co-ordnates
of the pitch curve, the cam contour and the locus of the center of the milling cutter,

o and ps.

SET
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET

BOX
BOX

FOR

WINDOW —100, 120, —100, 60
M=—1

N=+1

RP=40

E=12

RR=12

RC=25

H=40
DELTA0=150%P1/180
DELTAS=30%P1,/180
DELTA01=120%P1,/180
DELTAS1=60%P1/180
SO=SQR (RP"2-E"2)

CIRCLE -RP, RP, -RP, RP
CIRCLE -E, E, -E, E

1=0 TO 360 STEP . 005
LET DELTA=I*PI/180
IF DELTA<=DELTAO THEN

LET DD=DELTA/DELTAO
LET S=H*(DD-1/2/PI*SIN (2%PI*DD))
LET S1=H/DELTAO* (1-COS (2%PT*DD))
LET S11=2%PI%H/DELTAQ 2%SIN (2%PI*DD)

ELSEIF DELTA<=(DELTAO+DELTAS) THEN
LET S=H
LET S1=0
LET S11=0

ELSEIF DELTA<=(DELTAO+DELTAS+DELTAO1) THEN
LET D4=(DELTA-DELTAO-DELTAS) /DELTAO1
LET S=H*(1-10%D4" 3+15%D4 4-6%D4"5)
LET S1=-H/DELTAO1%* (30%D4"2-60%D4" 3+30%D4 " 4)
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LET S11=-H/DELTA01 2% (60%D4-180%D4 " 2+120%D4 " 3)
ELSE
LET S=0
LET S1=0
LET S11=0
END IF
LET XB=Ms ((S0+S)*SIN (DELTA) +N*E*COS (DELTA) )
LET YB=(S0+S)*COS (DELTA) -N*E*SIN (DELTA)
LET XB1=M# (S1%SIN(DELTA)+(S0+S)*COS (DELTA) -N*E*SIN (DELTA) )
LET YB1=S1*COS (DELTA) - (S0+S) *SIN (DELTA) -N*E*COS (DELTA)
LET KB=SQR (XB1 2+YB1"2)
LET XT=XB+M*RR*YB1/KB
LET YT=YB-M#RR*XB1/KB
LET XC=XT-M*RC*YB1/KB
LET YC=YT+M*RC*XB1/KB

LET ALAFA=ARCTAN (ABS (S1-N*E) / (S0+S))
LET
LOUB=((S0+S) "2+ (S1-N*E) "2) "1. 5/ (= (S0+S) * (S11-S0-S) + (S1-N+*E) * (2%S 1-N*E) )

PLOT XB, YB
PLOT XT, YT
PLOT XC, YC

NEXT I
END
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5-3 In the plate cam with translating offset roller follower as shown in Fig5-1,
GH and 1J are two arcs with center at O. Indicate radius of prime circle rp, offset e,
cam angle for rise do, cam angle for outer dwell 0s, cam angle for return &', cam
angle for mner dwell &s' and lift h. In the position shown in Fig5-1, indicate
pressure angle a, displacement S and the corresponding cam angle 6.
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5-4 In the plate cam with translating offset roller follower as shown in Fig5-2, EA,
AB and BCD are three arcs with center at O, N and P, respectively. Indicate radius
of prime circle rp, offset e, cam angle for rise do, cam angle for outer dwell ds, cam
angle for return do', cam angle for inner dwell ds' and indicate lift h ,pressure angle

o, displacement S and the corresponding cam angle 6 in the position shown in
Fig5-2..
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5-5 A plate cam with an oscillating roller follower similar to that in Fig.5-36 of
textbook is to have the following motion: an angular lift ¢max =20° with a sine
acceleration motion curve during 6 (=150 °, 6s=30°, a return with a 3-4-5
polynomial motion curve during 60'=120° and ds'=60°. The given dimensions are:
rp=40mm, Lopr=80mm, Lg=76mm, rg=12mm and rc=16mm. Construct the pitch
curve and the cam contour graphically with a scale of 1:1. Label in red ink the
frame OA, ¢, centreline AB of the follower, the roller and a corresponding to
&=60° and &=0°.

d | 0°f30° 60° 90° 120° 150° | 180° | 210° 240° ] 270° | 300° | 330°

360°

| 0°f3.93]7.86° | 11.79°] 15.72° | 20° | 20° | 17.93° | 10° | 2.07° | 0° 0°

OO

\\
\ | ..
AONP ~
All 1 /' ¢
Al /
A9 , a = 03)
A3
A8
A7 o
Iv; A5
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5-6 A plate cam with an oscillating roller follower has the same motion curve
and dimensions as exercise5-5 has. Write a program to calculate the co-ordnates
of the pitch curve, the cam contour and the locus of the center of the milling cutter,

the pressure angle o and the radius of curvature ps of the pitch curve.

SET WINDOW -100, 120, =100, 60
LET M=+1

LET N=+1

LET RP=40

LET RR=12

LET RC=16

LET H=20

LET LOA=80

LET LAB=76

LET DELTA0=150%P1/180

LET DELTAS=30%PI1/180

LET DELTA01=120%P1/180

LET DELTAS1=60%P1/180

LET SO=ARCTAN (SQR ( (2*%LOA*LAB) "2-(LOA"2+LAB 2-RP"2) "2) / (LOA"2+LAB 2-RP"2))

BOX CIRCLE -RP, RP, -RP, RP

FOR I=0 TO 360 STEP . 005
LET DELTA=I*PI/180
IF DELTA<=DELTAO THEN

LET DD=DELTA/DELTAOQ
LET S=H*(DD-1/2/PI*SIN (2%PI*DD))
LET S1=H/DELTAO* (1-COS (2%PT*DD))
LET S11=2%PI*H/DELTAQ 2%SIN (2%PI*DD)

ELSETF DELTA<=(DELTAO+DELTAS) THEN
LET S=H
LET S1=0
LET S11=0

ELSETF DELTA<=(DELTAO+DELTAS+DELTAO1) THEN
LET D4=(DELTA-DELTAO-DELTAS) /DELTAO1
LET S=H*(1-10%D4" 3+15%D4 4-6%D4"5)
LET S1=—H/DELTAO1%* (30%D4"2-60%D4" 3+30%D4"4)
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LET S11=-H/DELTA01 2% (60%D4-180%D4 " 2+120%D4 " 3)
ELSE
LET S=0
LET S1=0
LET S11=0
END IF
LET XB=Ms* (LOA*SIN (DELTA) +N*LAB*STN (SO+S—N*DELTA) )
LET YB=LOA*COS (DELTA) ~LAB*COS (SO+S—N*DELTA)
LET XB1=M# (LOA*COS (DELTA) +N*LAB*COS (S0+S—N*DELTA) * (S1-N) )
LET YB1=-LOA*SIN(DELTA)+LAB*SIN (S0+S—N*DELTA) * (S1-N)
LET KB=SQR (XB1 2+YB1"2)
LET XT=XB+M*RR*YB1/KB
LET YT=YB-M#RR*XB1/KB
LET XC=XT-M#*RC*YB1/KB
LET YC=YT+M*RC*XB1/KB

LET ALAFA=ARCTAN (ABS (LAB* (1-N%S) ~LOA*COS (S0+S) ) / (LOA*SIN (S0+S) ) )

LET K=(1-N*S) * (2-N*S) *C0S (S0+S) +S11*SIN (S0+S)

LET
LOUB=(LOA 2+LAB 2% (1-NS1) ~2-2%LOA*LAB* (1-N%S1) *C0S (S0+S) ) "1. 5/ (LOA" 2+LAB" 2
(1-N*S1) "3-LOA*LAB*K)

PLOT XB, YB
PLOT XT, YT

PLOT XC, YC

NEXT I
END
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5-7 In the plate cam mechanism with oscillating roller follower, the cam is a
circle with center at C. Indicate radius of prime circle rp, cam angle for rise 6o, cam
angle for outer dwell &g, cam angle for return 6,', cam angle for inner dwell 6s' and
angular lift Qmax. In the position shown in Fig5-4, indicate pressure angle o, angular
displacement of follower ¢ and the corresponding cam angle 9.

B2

Fig5-4
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5-8 A plate cam with a translating flat-faced follower has the following motion:
a rise through lift h=40mm with a sine acceleration motion curve during 6o=150°,
0s=30°, a return with a 3-4-5 polynomial motion curve during 6 ,'=120° and
ds'=60°. The cam rotates clockwise. And rp=40mm. rc=20mm. Construct the pitch
curve and the cam contour graphically with a scale of 1:1. Label in red the
follower centerline, S, the flat face, the tangent point T between the cam contour
and o when 6=60° and 6=0°.

S 0° ] 30° | 60° 90° 120° | 150°  180° | 210° | 240° | 270° | 300° | 330° | 360°
S(mm) | 0 | 7.86 | 15.72 | 23.58 [ 31.44 ] 40 40 35.86 | 20 41410 0 0

|

S=0

o =0°

N
1' >
P
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5-9 A plate cam with a translating flat-faced follower has the same motion curve
and dimensions as exercise5-8 has. Write a program to calculate the co-ordnates
of the pitch curve??, the cam contour and the locus of the center of the milling

cutter and pr.

LET M=-1

LET RP=40

LET H=40

LET RC=20

LET DELTAO=150%PT/180
LET DELTAS=30%P1/180
LET DELTA01=120%P1/180

SET WINDOW -90, 90, -90, 40
BOX CIRCLE -RP, RP, -RP, RP

FOR I= 0 TO 360 STEP 0.5
LET DELTA=T*PI/180
IF DELTA<=DELTAO THEN
LET D2=DELTA/DELTAO
LET S=H*(D2-1/2/PI*SIN (2%PI1*D2))
LET S1=H/DELTAO% (1-COS (2%P1*D2))
LET S11=2%PI*H/DELTAQ" 2%SIN (2%P1*D2)
ELSEIF DELTA<=(DELTAO+DELTAS) THEN
LET S=H
LET S1=0
LET S11=0
ELSEIF DELTA<=(DELTAO+DELTAS+DELTAO1) THEN
LET D4=(DELTA-DELTAO-DELTAS) /DELTAO1
LET S=H#(1-10%D4 3+15%D4"4-6%D4"5)
LET S1=-H/DELTAO1% (30%D4"2-60%D4 " 3+30%D4"4)
LET S11=—H/DELTAO1 2% (60%D4—180%D4 " 2+120%D4"3)
ELSE
LET S=0
LET S1=0
LET S11=0
END IF
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XB=Msk (RP+S) *SIN (DELTA)
YB= (RP+S) *COS (DELTA)
XT=M ( (RP+S) *SIN (DELTA) +S1COS (DELTA) )
YT=(RP+S) *COS (DELTA) ~S1%SIN (DELTA)
XB11=+LOA*SIN (DELTA) +LAB*SIN (Q0+Q-DELTA) * (Q1-1) "2
—LAB*COS (Q0+Q-DELTA) *Q11

YB11=-LOA*COS (DELTA) +LAB*COS (Q0+Q-DELTA) * (Q1-1) "2

+LAB*STIN (Q0+Q-DELTA) *#Q11
XT1=M# (S1%SIN (DELTA) + (RP+S) *COS (DELTA) +S11*C0S (DELTA) =S1%SIN (DELTA) )
YT1=S1*C0S (DELTA) — (RP+S) *SIN (DELTA) — (S11%SIN (DELTA) +S1*COS (DELTA) )
XC=XT-M*RC*YT1/SQR (YT1 2+XT1 2)
YC=YT+M*RC*XT1/SQR (YT1 2+XT1"2)
LOUT=RP+S+S11

PLOT XB, YB
PLOT XT, YT

NEXT I
END
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6-1 A pair of standard involute spur gears have a module of 5Smm, pressure angle
a=20° , center distance #=350mm, transmission ratio 7,> =9/5. Calculate the
numbers of teeth (Z: and Z»), reference diameters (d: and d»), addendum diameters
(da1 and da2), base diameters (dv1 and dv2), tooth thickness s, spacewidth e, pressure
angles on the addendum circles (o1 and o), the radii of curvatures of tooth profile
on the reference circles (p1 and p2), and the radii of curvatures of tooth profile on
the addendum circles (p,; and pa)..

fift -
a= —dl +a§ =350mm I { dl = 250mm
2 d, = 450mm

. d, 9
CRVAE
1
d =d =250mm
d, =d, = 450mm
m 5
Z, =§:4i=90mm
m

d,=d+2h =d +2/hm=250+2%1%5=260mm
d,=dy+2h =d,+2/km=450+2%1*%5 =460 mm
d, =d coso =250%*cos 20 =234.92 mum
d,, =d, cosa =450*cos 20’ =422.86 mm

Szezﬁzﬂm _r * =7.854 mm
2 2 2
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6-2 How many teeth would an external standard involute spur gear has when its
dedendum circle and its base circle coincide? Which one is bigger as the number of

teeth increases ?

firt:

d,=da,
d-2h,=dcosa
z—/ =zcosa

Y
z—/h,=zcosa

2
1— =cosa
z
24 *
z= ZA—— 271 =33.16
l—-cosa 1-cos20’
z>34

If Z increases, then da is bigger.
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6-3 In Fig6-1 there are a pair of involute profiles C; and C; with the common

normal n-n passing through the contact point K.

1) Draw the two base circles and two pitch circles.Label the theoretical line of
action N;N, and actual line of action B,B;.Label the working pressure angle
o’ and pressure angle ax at the point K.Label the actual working section DG
of the profile C,.

2)  Find out point M> on the profile C, that will engage with point M; on the
profile 1.

(D!

N

Fig6-1
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6-4  In Fig6-2 there are a pair of involute pinion and rack with their pitch circle
and pitch line. Determine graphically the actual line of action BB, the actual
working section EF on the tooth profile of the pinion and the actual working
section GH on the tooth profile of the rack.

I

Fig6-2
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6-5 In a pair of external spur gears Z,=10, Z,=27, m=10mm, o.=20°, ha*=1,
c*=0.25, working center distance a’=185mm. Neither gear has cutter
interference.

(1) What type of corrected gear pair does it belong to? Why?

(2) Calculate the ranges of modification coefficients x; and x», respectively.

(3) When x;=0.5, calculate 1, rv2, S2, 02, and pa2 for gear 2.

fidd: (1)
+ 10x(10+27
d:m(zl 22): x( ):185mm
2 2
acosa =da' cosa’
a'=20°
2 t
imo = i+ 1) M i
45145
X+, = O AR A A
(2)
c 2 s 2 0
leé:—lem a:1_10><sm 20 042
2
x, <—0.42
(3)
X =035
x, =-0.5
7 =/f—(/zg+c)m+,qm=71—(/zd+c)m+x;m
10x10

—(1+0.25)* 10+0.5%10 =42.5mm

ro=d—r. —cm=185-42.5-0.25%10 =140mm

a? ya!
mz, _10x 27

0s 20" c0s 20° = 126.86mm

7, =7, COSQL =

5, =| 242y tana | m=| = +2x(—0.5)tan 20° |x10 =12.07 mm
2 2

o, = arccos 22 = arccos 126.86 _ 55,020 —25%1'20"
)
P =N7A 75 =\140% ~126.867 =59.22mm
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6-6 In a pair of external spur gears ,Z1=20, Z,=40, m=2mm, (ha*=1, c*=0.25,)
0=20°, dn=37.0mm, S$;=2.413652185mm.

(1) Calculate the modification coefficients x; and x»

(2) What type of corrected gear pair does it belong to? Why?

(3) Calculate b1, ra1, Oa1, pat, S1, and pi of gear 1.

fig: (1)
ro=rn—\h +c \mrxm=—2—(/ +c |\m+xm=——=18.5
/1 1 ( a ) 1 2 ( a ) 1 2
X =05
5, =(%+2x2 tana)ﬁzz 2.413652185mm
=05
(2)
= 0 R
(3)
/q:m— 207m2m
2
7, =7 cosa =20xcos20° =18.79 mm
7y = (ﬁ +c )m+x2/7¢—mTZ—(é +c )m+x2m

_2x40

—(1+0.25)x 2= 0.5% 2 = 36.5mm
AP R SN I AT i
A4 :azg(zl +2,) =60mm

=d'—r,,—cm=60-36.5—0.25x2=23mm

18.79

a,, = arccos -2 = arccos =35.22° =35%13'07"

V232 —18.79* = 13.26mm

'»:\) oY |§\

dl '\/
T T 0
S :(5+2x1 tanaJﬁzz (5+ 2x0.5tan 20 ]x 2= 3.8Tmm
P :\/7f

> _ 2 =~20> ~18.79° = 6.85mm
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6-7 There are a pair of external standard spur gears in a shaping machine with
Z,=17, Z>=118, n=5mm, o.=20°, h.*=1, ¢*=0.25. The pmion is worn out and the
gear is worn to such an extent that the tooth thickness is decreased by 0.75mm. The
gear is to be repaired by addendum modification and a new pinion is to be
manufactured to mesh with the repaired gear.

(1) What is the minimum modification coefficient of the new pinion if the original

frame is still used?
(2) When x,=0.3, calculate r,;, 1, Si, O, Par, and &,.

figd: (1)
S, :(£+2)c2 tanajm=£m—0.75
2 2
xr=-021=ux,, =-021
va=d SO N AR AR
xr+x,=0=x_ =021
(2)
1, =03=>x=-03
=220 = 42 5
2
7 = ”7222 =295mm

7, =7 cosa = 42.5%c0s20° =39.94 mm

7, =7, cosa = 295%c0s20" = 277.2lmm

=7 - (/z:+ c )m+ xom=42.5—(1+ 0.25)x 5+ 0.3x 5=37.75mm

mz,

rﬁ:rz—(/za+c )m+x2m: —(ﬁa+c )m+x2m

- SX;18 (14 025)x 5—0.3x5 =287.25mm

IR XA N AR AR L d = az%(zl +z,) =337.5mm
,—C'm=337.5-287.25-0.25x5 = 49mm
—c'm=337.5-37.75-0.25x5 =298 .5mm

al

’
r,=4ad —
’

r,=ad —

7y
al /"

/1

J0oo0o0opooooooooooooo0 O www.khdaw.com



00000
www.hackshp.cn

Name Class Student No. Date
o, =arccos 2 = arccos 3998 _ 35400 =35%4°09"
a
277.21
o, = arccos 22 =arccos 77 5 =21.77° =21°46'14"
70

P =72 — 7 =\49* —=39.94* =28.39 mm

al

S :(%+2x1 tanoc)m= (%+ 2x0.3tan 200j><5 =8.95mm

1 ' '
g, :%[Zl (tanocﬂ1 —tana )+ z, (tanozﬂ2 — tano )]

- L[17><<tan35.40° —tan200)+118><(tan21.770 — tan 20 )]
2w
=1.60
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6-8 In the gear train shown in Fig6-3, both gear pairs must have the same

working center distance. Z1=27, Z>=60, Z,’=63, Z3=25, (ha*=1, ¢*=0.25,)7=5mm.

The gear pair 2’ and 3 is a corrected gear pair with reference center distance. The

modification coefficient x, of the gear 2 is zero.

(1) What type of corrected gear pair should the gear pair 1 and 2 be? Give the brief
reason.

(2) Is the gear 2 a standard gear? Why?

(3) Calculate x1, S, 1o1, If1, Qal, and pPar.

firt:
(D) -
wa 1) wm-ﬁnm
, m(z, +z) 5x(63+25) ZZ] ZZ VA
Ay = ayy = > = =2207 1 _
o)y =20’ 2 2’
| 777) (7//]
m + » " S
al, =a,, =220mm,a,, = M =217.5mn v v
a!, =arccos Z2°0% _ 01720 =21°43'12" L 1
a]Z
= (imvat)y —invar)-(z, +z,) Fig6-3
2tan o
(0.019258-0.014904)-(z + z,)
= =0.52
2tan o
NHE LA HE2 00— X IEAL S AR .
(2) e 2 AtbriEhie
+
v d, =220mm > a,, = m = 217.5mm

WS 2 (1A 2 AR HE A RE AN R o
(3)

X =0.52-x,=0.52
S :(%Jrz,q tanajm:(%+2x0.52xtan200j x5 =9.75 mm

5= % = 67.5mm
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7, =7 cosa = 67.5x c0s20° = 63.43 mm

7o =r=(f,+ )m+ xm= 67.5- (I+ 0.25)x 5+ 0.52x 5= 63.85mm
7 = ”7222 = 15077m1

7, =7, cosa =150xcos20°” =140.957m

72
=150— (14 0.25)x 5+ 0x 5= 143.75mm

ry=al,—r,—cm=220-143.75-0.25x5="T5mm

Ve =75 —(ﬁa+c )m+x2m

o, =arccos 2L =32.25° =32°14'58"

7

P, =72 = 7% =75 —63.43% = 40.02mm

al 1

J0oo0o0opooooooooooooo0 O www.khdaw.com



00000
www.hackshp.cn

Name Class Student No. Date
6-9 The parameters of a pair of external spur gear such asm, Z1, 7,>, a, hg*, c¢*

b

S1, and rp.s are known: Write all formulae to calculate €4 according to calculation

step.
2y =142,
mz, mz,
1= )
2 2
7 /i' CoSx COS (04

’bZ

Vpy =75 — (/z +c )m+x2m:>x2

S :(%+2A5 tanajm:mg

_ ﬁ* *
/fﬂ—/f—( +c )m+xlm

2(}(1 +x2)tana

o' = +immva = o'
Z+2z
Vi . acosa
a——(zl+zz),a:—,
2 cosa
Tn=a —r,—cmr,=d ~r,—cm
7 7
a, =arccos-2-,a , =arccos 4+
72 7
1 ! !
e =—1I|z (tana —tan o )+Z (tana —tan o )]
a 271_ al 2 a?
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6-10 In a pair of standard external helical gears Z, =20, Z, =40, 7, =8mm, «,

=20°, Jiun =1,7 2 0*20.25, B=30mm, &=250mm. Find the helix angle S, total
contact ratio &, and the virtual numbers of teeth 2/, 2.

fitp-

m(z+z 8x(20+40

B = arccosM = arccosg =16.26° =16"15'37"

2a 2x250

o' = arcg BR% _ 20 76" = 20°45'49"
cos 3

j= 03— 83 333mm = 2= 166.66Tmm

2cos 2cosf

7y = rcoso = 78.31mm,r, =r, coso =156.62mm
ro=r+h m =91.333mm,r,=r,+/ m, =174.66Tm

77 7,
a,, =arccos-2 =30.97,a,,, =arccos -2 =26.27"
7; 7

al a2

€ :L[zl (tanec,, —tana,)+ z (tan a,, —tan O‘;)J
2

a

=1.433

g, _Bsn B 334
m,

e =¢ +e,=1.77

4 a B

z, =—— =226l
cos’ B

z,=—2—=4521
cos’ B
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6-11 A pair of standard external helical gears with transmission ratio 1=3.5 is to
be designed. According to the strength calculation, 72,=2.5mm, @mix=111.5mm.
Find a integral center distance « and corresponding Z,, Z,, the helix angle S .

fift -
Wa=115nm
wikp =15
0
N> 2acos _ 2x115% cos15 1974
mﬂ(l+l’) 2.5x4.5
Bz =20
z,=70
+ 2.5%(20+70
B= arccosM = arccos ( ) =11.97° =11°5807"
2a 2x115
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6-12 The number of the teeth of a standard worm wheel Z, is 40, reference
diameter d>=320mm. It meshes with a single-threaded worm.

(1) Determine module of the worm gear on the mid-plane 72> and 7z2./;

(2) Determine axial pitch p,, and lead / of the worm;

(3) Choose reference diameter of worm,;

(4) Calculate lead angle A; of the worm;

(5) Calculate center distance « without modification.

fift-
(D
m, =—==8mm
Z
m =m, = 8mim
(2)
P =nmm  =1513mm
/=p.,=1513mm
(3)
d, = 80mm
(4
m, z 8
A = arclg—"" = arefg— =5.71" =5"42'38"
| =arclg 7 arcggo
(5)

d d
az?ﬂ-?z: 40+160 = 200727
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6-13 In a pair of straight bevel gears Zi =15, Z> =30, 7»=5mm, /. *21, c*=0.2,2
=90° .Calculate &, &>, Q]a/) oo, dp, dpp, 84, 02, Our, a2 Op1, 02, R, 2y and Z,» when

bottom clearance is constant

filt -

S, = arcie(2) = arcfg2 = 63.43 = 63°2620"

4

§,=90" -5, =26.57" =26"33'40"

4,

dz
da
da 2
d,
d,

0,

0

al

6a2
0,
0,

=mz, =5%15="75mm
=mz, =5%30 =15077m
| =d,+2/h,mcosS, = 83.944mm

=d, +2/mcos S, =154.316mm

=d —2(/ + ¢ )mcos S, = 64.267 mm
=d, - 2(/, +c YmcosS, =144.633mm
|
5 d’ +di =83.85mm
=0,

p—‘“s )~ am;g(WTCW

=0,+0, = 30.660 =30°39'14"

=5, 460, =68.52" = 67°31'54"
=5,-6, =22.48" =22°28'6"
=5,-0, =59.34° =59"20'46"

Z

=—1—=16.77

Z.

=—2—=67.07

coso,
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7-1 A hoist is shown in Fig7-1. The teeth numbers of all the gears is listed as
follows, 21=20, Z,=50, Z»=15, Z3=30, Z3=1, Z4=40, Z4=18, Z5=52. Find the train
ratio /775 and point out the rotating direction of the handle to raise the weight.

\.
o L] ﬂ b\\‘\_ /)\\~\ /'//
| — = N
1 L
\ |7z
/774
/7

. _ 4227 50%30%30*52 1300 _ ., ,
Y Z2,2,Z, 20%15%1%18 3
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7-2 The gear train in a clock is shown in Fig7-2. S, M and H denote the pointers
of second, minute and hour, respectively. ?All gears in Fig7-2 are standard spur

gears. In this gear train Z1=7>=8, Z,=64, Z3=12, Z+=15. If the modules of gear 4
and gear 5 are equal, find the numbers of teeth Z;, Z4, and Zs.

fiit :
"y 50z N — 60 T
. 3 — ] — —
44, ny 4 ot
A _602102'2_60*8*8_60 .
g 64 3|
|
e N 3 e
3 302, Ny ) T —lH
m, = m, 5
My =y =m, = n 2_72
ds4 :d4'5 S
Zytz =24z, 114
Fig7-2
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7-3  Shown in Fig7-3 is a gear train in which gear 3 engages with gears 2 and 4
simultaneously. What kind of gear train is it? If Z,=34, Z,=75=20, Z4+=74, find the
train ratio iim.

fid: 1,42—I3HAAM —EBRR, 14
v _Mm—=ny  nezez 37 I

L, =——%= =— T
a ny— 11, Z*2,%Z, 17
'.'/1420 | =
Lo, 3754 Tk
AT AT .

i,

w
1

Fig7-3
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7-4  In a differential gear train shown in Fig7-4 |, Z,=15, Z,=25, Z>=20, Z3=60,
n:=200 r/min, n,=50 r/min. Find both the magnitude and the direction of nu when
(1) n, and n3 are in the same direction;

(2) n and n;are in the opposite directions.

i LR RN — 2B R 5T
* T 2
lg:ﬂl—ﬂH:_Zz°Z'3 :_25 6O:_5 T »
n—n, EAY-A 15*20 w| H |77
(D 1
77, =2007/min, 7, =50r/min 3
5 200+ 5*50 =
5 B ,
n, = P p =757/ min Fig7-4
< ARG N T 5r/min, 7 T -5 R e AT 1] o
(2)

7, =2007/min, 7, =-507/min

_ K%k
_ A +65/73 _ 200 65 50 333/ min

- HEE K8 .3 3r/min, T[] 515G 1) AH %

7y
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7-5 In the combined gear train shown in Fig7-5, Z1=36, Z,=60, Z>=23, 73=49,
73=69, Z4=31, Zs=131, Z¢=94, Z,=36, Z,~167, n11=3549 r/min. Find both the

magnitude and the direction of np.

fi
1,2,2°,3 Al —E i R, 15

7 zyez;  60%49

————

! s

1]

hy=—= i
n, z*z, 36%*23
\ 6%507*23
Sony =
70
7, = 1,

3 ’749596 éﬁ}&—ff‘}é%?\ ’ ’/f%‘:

l'6 :/1 _”6:_ﬁ
3 715 — T 4
BRE!
69
69 .
.'/75_0.' ”6:2—00”3

7 e = —_—— =
o ny— 1, Z, 94
1, =0
%4
706100

, 94 . 69 , 6%507%*23
R 7 —

7261 200 70
e an B T

=1.777/min

ik

I+

3 __\2

B \
I2 — =

Fig7-5
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7-6  In the combined gear train shown in Fig7-6, Z:=20, Z>=25, Z;=15, Z-=30,
74=70, Z4+=60, ny=110 r/min. Find both the magnitude and the direction of nj.

fif - T 4+
s |, -
1,4',3, HA — =55 & Ik
s no—n,  z, 60 wu |1 I’ | el |
4 = - -~ 20 ——
My — 1y 2y 30 vm__ 1 " [ JHH
m, =—2n, +3n, =—2n, +330
7 = 4 4
— [
n, =1, .
‘ Fig7-6
1,2, 420 jisE e 2

.o z,oz, zp 1
114:—:—:—:—

n, z,-z, z 2
S, =2107/min
7, = 607/ min
m, =-2n, +3n,=-2x60+330
=2107/min

VR G 1) 55 7, 10 2 i) A [
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7-7 In the combined gear train shown in Fig7-7, Z\= Zs= Z6=17, 2,=27, Z>=18,
73=34,74=51. n1=110 r/min. Find both the magnitude and the direction of ns.

27 ——— -

= e

»

fitt
1,3,2—2",6 Al—Z3N4e R, 19
s 71— Z,*Z, A
b3 = ) 2 - n
7y — X 45 1
__27734_ 4 L/
17*18 7777
6549533 éﬂ}ﬁ—‘ﬁi‘é%%7 '/f%l::
/
s _ M —nh &
lye = -
g — 74 2
__17_ 1
51 3
n, =0
7
]13 :_6
13
== 22305
n, 4
po= =119 3385, min
3.25 3.25
T 1) L8 3 Tm) AH [

1 L
/ |
2 1y ile %
a4
T= ¥,
| o[
3N _J v
4
Fig7-7
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7-8 In a gear train shown in Fig7-8 , Z,=6, Zo= Z» =25, Z3=57, Z4=56. Find the
train ratio 714.

fif
193929H2H}§E—‘;ff§5%/%’ ?%l:: I
2
l.b’zﬂl—ﬂ” _ D5 ﬂ:_g 2 1 __2’
13
= Ny a4 6 2 /) _H |«
iz, =0 777
1
2
SN, =—7
721 4
1,42—2" HAH L —ZE8R R, 19: Fig7-8
H ”1_”11 . Zz°Z4
by =— =——
n,— 1, XA
Zzzz'z
.l‘,,,_ 56_ 28
Y6 3
. 1
7, =—=-588
7,
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7-9 In the gear train shown mn Fig7-9, Z,=15, nyy=12rpm, ny=—2rpm. Calculate

71

firp-

R A,
G R

M=y z, 15

by = = =
=", 2 &
m—n, 2
12
5.z,=90

'h

2
\\\§ &\\\\\

Fig7-9
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7-10  In the gear train shown in Fig.7-10, Z1=20 and 1;p=4.5. All the gears are

standard spur gears with /4, =1.

(1) Determine the numbers of teeth 2 and 23 and the number of planet gears 47?7
( 2 ) If the mechanical efficiency of every pair of gears is 1 =0.9, find the

mechanical efficiency of the gear train nin.

fi -
(1) 1,32 HAHAWM—ATEI R, 15:

12
w M=y oz =
45 n—n, - z 2 ?‘H
n,=0,z, =4.5 % 71747
7
A1+ 5 45 7
z, =770 | -
Fig7-10

FokrvE e H1y 2, 24 3Z[6AHH MG

H
“H
= N
+ of
5F
=
il

m(z+z,) :m(z3 z)

2 2
5 =3" 2975

2
. atz _ 90

N N

0

(Zl-l—zz)sinlSO >Zz+2ﬁ:

S A<4.9
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(2)

/le: M(l_i/{l):%wl (1_1211) ~0.78M @, >0

N =N
IN = :1_‘1_1}11‘(1_77121)

1

Ny =

H

N; =
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9-1 In the cam-linkage shown in Fig9-1, the driving rotary block 1 rotates

continuously. By designing the contour of the fixed cam correctly, the sliding block
4 can be given a predetermined motion.

(1)Analyze the motion transmission route and draw its structural block diagram.
(2)Identify the combination pattern of the combined mechanism.

Fig9-1

1 : 2 B C
— | LinkAB Cam RRP

Mechanism

(2) SRR N S LR o
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9-2 In the combined gear train shown in Fig9-2, the gear 1 is the driver, the link 6
is an output.

(1) Analyze the motion transmission route and draw its structural block diagram.
(2) Identify the combination pattern of the combined mechanism.

N\ 2’ T
Iy — :
xﬁﬂ &L 62@:
‘mv —— 777
/ Y
! 3N T
p
Fig9-2
fi#: (1)
— ]
D6 s
- 3 X3
0=4

(2) Frilseal S U A BB o
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9-3 In the gear-linkage shown in Fig9-3, the crank AB is a driver. The output
pinion 4 is located on the shaft A.

(1) Analyze the motion transmission route and draw its structural block diagram.
(2) Identify the combination pattern of the combined mechanism.

5
LLL
D
AT
/'4 .y \\ 3
\ B j p) C
S~ 7
Fig9-3
fik: (1)
Differential
. B 2 4
| LinkAB RRR G . L
ear_tramn

(2) FrCASCAH S LA O IR o
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9-4 In the kinematic chain shown in Fig.9-4, if the driver is the link 3 instead of
the gear 1, while the gear 5 is still an output gear.

(1) Analyze the motion transmission route and draw its structural block diagram.

(2) Identify the combination pattern of the combined mechanism.

(D

’D—

Crank-rocker Differential | 6
Mechanism | 2| Gear-Train [ Differential
3 1-2-6 Gear-Train |—
3 3-5-6

(2) FrCASCZH S LA A IR o
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10-1 There are four imbalances in a disk-like rotor shown in Figl 0-1. The masses,
rotating radii and angular orientations are listed as follows, »1=8kg, #»»=10kg,
ns=8kg and »u=Tkg, 1=10mm, 7»=10mm, 75=15mm and 74=20mm. The rotor is to
be balanced by removing a mass #c at a rotating radius of 25mm. Find the
magnitude #c and its location angle 6c.

mzrzilOO

n, 7,=40/Z
135°

m,1,=140

Figl0-1

il W PRt

mJr, = 40\/§Kg-mm
v, =25mm

com =402 /25=2.26Kg
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10-2  Among the following rotors shown in Figl0O-1, rotors a, b, c. d are
statically balanced, rotors b, c, are dynamically balanced.

Qr G @ @n
r r r 1

e e =
1 I I r ‘
m @ @m m @ @m
L L L L L | L
(a) (b)
2m @m 3m
r r T
. i — v
| T
3m 2 Dn
L m
=I:L=!_L 1. 5L 1. 5L
() ()
Figl0-2
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10-3  On a circular rotating disk shown in Figl0-3, there are two circular holes.
di=40mm, d>=50mm. The rotating radiis of the hole centers r; r> are 100mm and
140mm, respectively. The location of the two holes are shown in Figl0-3. The disk
is to be balanced by drilling the third hole. The rotating radius of the third hole
center is to be r3=150mm. Find the diameter d; and its location angle 6s.

Fig10-3

i PR, 78 1. 2 WAL EZ LA TAE R NAT B A A BCE

mr=pladtl=pZ ia? =1600p =7 =1600¢
4 4 4

myr, = p=d’l=pZid’ =2500p27 = 1600
4 4 4

N

7 =\/(Zmi/; cos@l.)2 +<Zmi/;sin 91.)2
=\/(1600c* cos 30’ + 2500 cos270 § + (160@ sin30 + 250Q sin2D’)’
=2193¢
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d, =~12193 = 46.83nm
m.7;sin0, 17
0, = [ Z j (—=) =-50.82°
Zmrcos@i —83
—Z m,7sin@, >0, —Zmi/; cos0,<0
0,=129.18" =129'105¢
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10-4  Four unbalanced masses #z, ., msand m.is on four transverse planes
spaced equally and parallel. Their mass-radius products are listed as follows:
miri=3kgmm, mor,=2kgmm, msr;=5Skgmm, and msrs=4kgmm. Their locations are
shown in Figl0-4. Suppose the system is to be balanced fully by two balancing
mass-radius products, Py1 and Pp3, on the planes I and III, respectively. Determine
the amounts and angular locations of the two balancing mass-radius products.

m,,=2 I

—

y (M, )y =1
Pp3 =542
f 459\ x
225° J
Py 123,]2_ (M T4) ;76

fift: REE AR A T AT TOD B AR P A AR R P-4 4 21 45 R B s
53IP,, = 3\/5Kg- mm
A7 F-x il 225 {0 E Ak
P, =5v2Kg - mm
A7 x Bl 4 5° A B AL
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10-5

Date

locations (6 and 6g) of the required masses.

A
@ml

B
!

el
V777

fif: RS BARER I I A A B BRI AR BRSP4 245 R A B s

On the non-disk rigid rotor shown in Figl0-5, there are four unbalanced
masses. Their masses, rotating radii and angular locations are listed as follows:
m=10kg, n>=15kg, 73=20kg and »4=10kg, »=40mm, »»=30mm, 75=20mm and
74=30mm and 0,=120°, 6,=240°, 6;=300° and 04=30°. Zi»=/L>3=L34. The system is
to be balanced dynamically by adding a mass ma on the balancing plane A at a
rotating radius ra of 50mm and removing a mass mg on the balancing plane B at a
rotating radius rg of 60mm. Determine the magnitudes (7 and »s) and angular

V77
7/ 2/r
m,@) )
m o
Lig|Lag|Las
Figl0-5
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m,r, = \/(Z(mi/;)AcosQ.)z +(Z(mi/;)A sin@l.)2

(400 cos120f + 300 cos 240 +@ cos300 j

+(400sin120° +300sin 240° +@sin300”)2

— \/(~283.33)" +(~28.86)" = 284.80Kz- 7
m,=5.710Kg

0 = | M) 50 ) L 2886, oo
i > (m7;) cosb, —283.33

Y (my7;) sind,<0,> (my7) cosd, <0

0,=185.82"=1854858

72) sinf. _
0, Z(m/;)b,sm e 210.84):_33.530
> (my7;), cos, 318.14

Y (m7),sinf,<0,> (mz7), cosd,> 0
0,=326.47" =326'2759

41, = \/<Z(mi/;)5, Cos 91.)2 + (Z(mi/;)g sin 91.)2

(150 cos 240 + % cos 300" + 300cos 30 j

+(150sin 2407 + % sin300% +300 si1r1300)2

= (318.14) +(~210.84" = 381.6Kg- mm
my=6.36Kg
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11-1 A slider-crank mechanism driven by a pair of gears is shown in Figl1-1. Z,
=20, Z>=60. The moment of inertia of the pinion 1 about its center of mass A is
J1=0.15kgm?. The moment of inertia of the gear 2 about its center of mass B is
J,=1.8kgm?. The length of the crank BC is 100mm. The mass of coupler CD is
m3=10kg. Its center of mass is located at the middle of CD. Its moment of inertia
about its center of mass is Js=1kgm?. The mass of slider 4 is ms=5kg. The resistant
force F4 acts on slider 4. F4=25kN. Take the pinion 1 as the equivalent link. Find
the equivalent resistant moment of force M: of F4 and the equivalent moment of
inertia J of the whole mechanism in the position shown in the following diagram.

T n 0 e
o, z 20 / ) \
ZD-2:& v,_\s '/ \\1 4
3 G N B | L.
0,0 Y . G K TN
Ves =g @, = \ /, 3
/e \‘\\ C v
3 S
v _/EC'wl .
o 3 Figl1-1
= 7| Yo |2 7 e 2955190 _g33 334,
®, 3 3

2 2 2 5
wl ZD-] ZD'] ’(D’l
2 2 2
:0.15+1.8><(lj +0+10x /6’_0 +5x /Lc
3 3 3

2 2 2
:0.15+1.8><G] +10><(%) +5x(%) =0.367Kg -’
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11-2 A planetary gear train with two planets is shown in Figl1-2. The module of
all the gears is m. The numbers of teeth are Zi, Z», and Zs, respectively. The
moments of inertia of the links (about their centers of mass) are Ji, Jo, and Ju. The
mass of a planet is m,. (All gears are standard gears.) The resistant moment of force
Mu acts on the planet carrier H. Take gear 1 as the equivalent link. Find the
equivalent resistant moment of force M: of A7, and the equivalent moment of
inertia ./ of the whole gear train.

figd: 1,23 HAN—ITRRR, 15:
. /77(23 —Zz) _ m(zl—l—zz)

2 2
On
..Z3=222+Z1
H =y 2
hy = -
7y — 71, 2
7, =0
ﬂ/{_ Zl :wf/
nm  ztz; O,
2(5+z,)
m<Zl+Z2)
Ver "W,

2
chzm(zl+22). 4 _ 75
@, 2 z+z 4

_ Vo
, =
mz, |2
wzzm<21+22)_ z 2
@, 2 zy+z, mz,

__4 _Aatsn _ 4

zZitz, =z

b 2z,

3

HIl -

\\\\§ &\\\
>
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11-3  The resistant moment M; of a machine on the equivalent link is a given

function of the rotating angle ¢ as shown in Figl1-3. The angular period of moment

¢r is 27. The input moment My is constant.

(1) Calculate the input moment Ma.

(2) Calculate the maximum increment of work AWmax.

(3) The average speed is nm =620 r/min. The allowable coefficient of speed
fluctuation [0] is 0.01. Masses and moments of inertia of all the links are

neglected. Find the minimum moment of inertia of the flywheel Jr on the
equivalent link.

OONm L — S
»m
25Nm %/ %/ )
\\\\\\\\\\\\\3 \\\\\\\\2 7\\\\ —
fife
(D
2w M, = jMdgo_%M;%xww-m

M,=25(N m)

(3) KWK PR

SIS

[0 EE JV:%@:ZLI
4

@-ZZ:MV:%@z—%yr
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E ‘ Emax= E0+7T5 T

(DEmaX V

Emin=E,- ik

AW =W W =77;57r—(—27;57rj=257r =78.54N - m
(3)

2nen, nn,
wm: =

60 30
JF:AZPI/maX _ Angx _ 278.54>Z900 _1.86Kg- 1

wm[5] nn, [5] 7 x620°%x0.01

30

J0oo0o0opooooooooooooo0 O www.khdaw.com



00000
www.hackshp.cn

Name Class Student No. Date

Ex.11-4 In a mechanical system running at a periodic and stable speed, a rotating
link is selected as an equivalent link. The equivalent input moment My and the
equivalent resistant moment M; on the equivalent link are given functions of the
rotating angle ¢ as shown in Figll-4. The works of the some phases are:
F>=1000Nm, F3;=800Nm, F4=700Nm, Fs=1000Nm, F~900Nm, F;=400Nm,
respectively. Therefore, Fi=_400 Nm. The maximum increment of work AWnax=__
1100 _Nm. If the equivalent moment of inertia J. is constant, then the maximum
speed of the equivalent link will take place at _g , the minimum speed of the
equivalent link will take placeat _ ¢

My
~1000 70 Mg 900
10 +800 +1000 N
a_|b c d e g h |i @
0 @r
Figll 1-4
| E 4+400 Ep+500
E¢+200
. c ¢ h Eo ¢
Ofa— 1, d / g \ i
E ;400
E 0600 E¢—500

J0oo0o0opooooooooooooo0 O www.khdaw.com



00000
www.hackshp.cn

Name Class Student No. Date
12-1 List and draw the schematic diagrams of four mechanisms which have less
than 4 links and can transform a continuous rotation into an oscillation. Give name
of each mechanism.

[
SONNNNSSNN

777777

A 28 A LA
FRE) AL

VBS -m 7 FHPE L B4 K
W R NS B E  Re ALY SR A MBI TR P B LY
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12-2  List and draw the schematic diagrams of four mechanisms which have less

than 4 links and can transform a continuous rotation into a translation back and
forth. Give name of each mechanism.
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