ME 380 Homework VII Due date: December 13, 2018

ME 380

Kinematics and Machine Dynamics
Homework VII Solutions

1. [25 points] The following skeleton diagram illustrates a planetary speed reduction system
for an airplane propeller. The solid black boxes denote the ground, i.e., gear B is fixed
to the ground. Find the propeller speed if Ny = 193, Ng = 25, Ng = 143, and the
engine shaft speed is 4000 rpm.
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Solution: Matching velocities at the pitch points of the meshing gears, we have

wprp = wp (T1p +7E) — WETE, (1a)

wara =wp (rg+ 1) + werg. (1b)

Gear B is fixed to the ground, so we set wp = 0, solve for wgprg from equation (1a)
and substitute in (1b) to get

TA Na 193

_ _ - 4000 = 2297.62 rpm.
T e AT Na N T 1931143 P

2. [25 points] In the planetary train shown below, the input gear is sun S; and the output
gear is sun Sy. Ring gear R is fixed. Planets P, and P, rotate at the same speed. Find

the output-to-input speed ratio % (in terms of tooth numbers Ng,, etc.).
1
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Solution: Matching velocities at the pitch points of the meshing gears, we have

we (Tsz + TPQ) —wprp, = wWs;Tsy, (2&)
we (rs, +7p,) —Wprp, = Ws,Ts,, (2b)
W (7’52 + sz) + wprp, = WRTR = 0, (2C)

where we is the angular velocity of the carrier (arm). Plugging the solution of
we (rs, + rp,) from equation (2a) into equation (2b) and equation (2c), respectively,
we get the following relationships

LUP (TPI - TPQ) = CUS2TS2 - wS1T517

wp (rp, +7p,) = —wg,Ts, -

Dividing the first equation by the second equation, we get

ws, :Ti<1__“°1—7“1”2> :&(1 —NH_NPQ) (3)

Wgs; rs, NSQ - NP1 + NP2
Note that, we have the relationships

TR =T, +Tp +7p, < NR:N51+NP1+NP2,
T’Sl—f-rpl :T52+TP2 < NSl+NP1:NSQ+NP2‘

With these relationships, we can show that the solution (3) can alternatively be
written as
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Ngr
CUSQ 1 + N32
g (@)
Wsy 1+ NN,
Nsle2

Indeed, the derivation proceeds as follows

1
&(1_NP1_NP2):N51 ( 2NP2 >NP1+%
N, Np,+Np,)  Ng, \Np, + Np, ) Np + N,
_ NSl 2NP2 (NP2+NS2)
N52 NPstl + NPI (NPI + NP2 + NSI)
_ NSl NP2 (NS2 + NR)
Ns, Np,Ng, + Np, Ng
Ns, +Nn
Ns,
Np,Ns,+Np, Ng
Np,Ns,

N

1 R

+ Ns,
Py iVsy

3. [25 points] Gear 2 in the system shown below is fixed to the ground. Note that gears
6 and 7 are on the same shaft, as are gears 5 and 4. Use the following tooth numbers:
Ny =90, N3 =15, Ny = 60, N5 = 50, Ng = 40, N7 = 20, Ng = 80.

(a) [10 points] Find the ratio 22.
(b) [15 points| Find the ratio “eut,

in
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Solution: Matching velocities at the pitch points of the meshing gears, we have

wery = —WwqTy, (5a)
Were = —WsTs, (5b)
wi(rs +74) — Wsrs = wary, (5¢)
wi(rs 4+ ry) + wsrs = wore = 0. (5d)

Noting that wg = w7 and dividing equation (5a) by equation (5b), we find

Ws TeTg Nﬁ Ng 16
_rors NN _ 1O ©)

ws rsr7 NsN; 5

Next, we solve equation (5d) for wsrs and substitute it in equation (5c), noting that
r3+ry=7r0—13

(rs 1) = -
wi(ry +14) = wyry = wsr W =w ,
1(r2 + 74 T4 574 1 Ny + N,
Substituting further from equation (6) for ws,

w1 N4NgNg 60 - 40 - 80 32

R e = — 7
ws  (Na+ NyONsN: (90 +60)-50-20 25 0

4. [25 points] Design a double-dwell displacement function, s, that meets the requirements
of the following DRDF cam timing description

e Dwell for 2 rad at Om (low dwell),

: 15 T
e Rise to {55 m in 7 rad,

o Dwell for Zrad at - m (high dwell),

Fall to Om in %’r rad.

Turn in your derivation of the polynomial s as well as your SVAJ diagram.

and r = For the rise phase, we have the

s _ 15 N
Solution: Define h = 1067 b =

following boundary conditions

s 8
3 B
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s(2) =0, s(3)=h,
v(2) =0, v(3)=0,
a(2) =0, a(3)=0

Since there are 6 boundary conditions, a fifth-order cam polynomial function suffices

5
to satisfy the fundamental law of cam design, i.e. s(x) = Z arz®. We have
k=0

4 8 16 327 [ag 0
9 27 81 243| | h
4 12 32 80| | 0
6 27 108 405| | 0
2 12 48 160| |ay 0
2 18 108 540 |as 0

[l eeolNell S
OO~ = W

with the solution v = [-76.8 162 —135 55.5 —11.25 0.9}T. For the fall phase,
we have the following boundary conditions

s(4) =h, s(6)=0,
v(4) =0, v(6)=0,
a(4) =0, a(6)=0

Again, there are 6 boundary conditions so a fifth-order cam polynomial function
5

suffices to satisfy the fundamental law of cam design, i.e. s(z) = Z Brx®. We have
k=0

4 16 64 256 1024] [Bo]
6 36 216 1296 T7776| |/
1 8 48 256 1280| |
1 12 108 864 6480] |5
0 2 24 192 1280]| |8
0 2 36 432 4320] |Bs)

[l eleolell S
DO Do oo

with the solution,@z[76.95 —81 33.75 —6.9375 0.703125 —0.028125]T.
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Figure 1: S-V-A-J Diagram
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Rize Po\ﬂmm‘\a\

1. Normahzation: let x= °-2p 5 where ]5=173-

2. Boundary conditions 5 (0) = v (0) = a-(0) = O
s (1) = %0, v(0)=o0r()=0.

5
3. Polynomial selection: s, (x) = z <o "
n=0

4 . Ma&\/\;,,\s fhe  coefficients -
%y = 0 0(1 = ‘0 0(2 = O 5
5 5
ZOO(“ = 3/‘2() Sne, =0 '\z:_zn(r\-a)o(“ =0 )

n=14

which gields  the lnear system Ax = b, where

(1 © © © o O e
1 A1 1 1T 1 %ho
o0 1 0 0O O © b 0
A=lo 1 9 3 4 5| N
0 © 7 0 0 O 0
o o 2 6 12 20] 0

5. So\\r‘m3 9ive s

o = (% ---o<5>=<0 0O 0 % -% 9/1o>.



6. Convert back to O
a
- %% 9 e~27’3> 9 @"2%)
Sr(x> X = < 7, >'——4__<."/3 +10 7
x= A
B
384 4B6 1215 2 2997 3 3645 x 218% 5
5 (0) = -5+ 75 77 0 Top U e D
. B-4
1. Normakzation: let x= 2556 ,  whece B-Ts-

_ Boum_\arg conditions : By (0) = %4, y v (0) = a () =

sp(1) = v (1) = o (1) =0.

. Po\3n0mia\ selec tion - ‘5_F (1) = z A"

. Ma&c\/\‘mg e coefficients :

3 _ Y, =0
i'ﬁ\ = 9 SnY. =0 Zn(r\-a)'Y,\ =
n=0 =4 n=2

whidh gields the lnear system AY =b, where
A is the same as before and

_,[3/2000000]

T



5. S o(v‘w\g gives

¢ Convert back to 0

4 S
s{(x,)) RN A 3_<e—~73>_1 (6-4%)
0-2p 20 75 4 \ 2 10 \ 4
X = 2
1539 _ 243 1219 2 299F .3 3642 & 2183 5
S =1 —_— _/'6 —_— - _——
{:(6) 20 - + yr ) 461{"’6 e 20 §)
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