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Calibration Certificate

Customer: WMI Instrument Model: PCASP 100X

Serial Number: 0804-0102 Calibration Date: 5/6/2009
Condition Received
In Tolerance: Operational Failure:

Out of Tolerance: | X Physical Damage:

New: Comments:

Condition Shipped

Meets DMT Specifications: | X | Other:

Calibration Done By: | James Wiggins

Recommended

Re-Calibration Date: 5/6/2010

NIST-Traceable Particles

Size Tolerance | Lot No. Material Manufacturer g:ltoe
A2um | <=12%CV | 28964 PSL Duke 10/08
Add4um | <=12%CV | 28625 PSL Duke 7/08
222um | <=3%CV | 33078 PSL Duke 3/11
43um <=3%CV | 34155 PSL Duke 10/11
.82um <=3%CV | 33176 PSL Duke 3/11
2.001um | +.025um | 25785 PSL Duke 3/05

Technician Signature:

‘Date: 5/6/2009




DROPLET MEASUREMENT TECHNOLOGIES, INC.

5710 Flatiron Parkway, Suite B
Boulder, Colorado 80301
(303) 440-5576

)

PCASP Calibration Report

DMT Order Number: { 0901096 Client/Probe Owner: | WM
Date: 4/8/2009 Model Number: PCASP 100X
Work Performed by: | James Wiggins Serial Number: 0804-0102

Other information:None

PRE-CALI|BRATION BEFORE CLEANING

Preliminary Visual Inspection

General Condition of the Exterior:

Ok

General Condition of the Interior:

Potentiometers on Analog Mux and Baseline Restoration
Module had been adjusted after calibration.

Other information:

Droplet Measurement Technologies

Page 1



Working Status Of Probe Prior To Cleaning

Condition and general Good
appearance of the laser firing:
Vibrational sensitivity of the OK
laser: :
Heater Status: Power Rating (watts): 215
Voltage Rating (volts): 28
Calculated Heater Resistance R | 3.65
= V2P (ohms)
Actual Measured Heater 38
Resistance (ohms)
+5 V Power Supply: 5,02 VDC 200 mVAC noise
+15 V Power Supply: 15.2 VDC 152 mVAC noise
15V Power Supply: 45.2VDC 120 mVAC noise

INITIAL CALIBRATION PROCEDURES

A precision bead pre-calibration, using the DMT aerosol generalor, was performed on the probe, the results of
this pre-calibration are attached lo this report.

Our technician's comments about this calibration are as follows:

No particles were peaking and the ambient distribution looked terrible. | checked the laser output coupler and
it was filthy but the instrument was still reading above 9 VDC on reference. | cleaned the output coupler and
the laser reference immediately went to 10.5¥DC which is the maximum value for this housekeeping
parameter. |found that someone had adjusted the potentiometer on the multiplexer module to make it look like
the probe was okay. After cleaning the particles started fo bin correctly and ambient distribution started looking
normal. :

The sample flow and the sheath flow were measured using pneumatic flow meters and the results are
tabulated below. The probe was adjusted for the proper flow rate and the rates were measured and tabulated
again.

Time of Measurement -Sample Flow in ccisec Sheath Flow in cclsec
Before Adjustments 1.04 12.54
After Adjustments 1.26 15.2

Droplet Measurement Technologies Page 2



* Additional comments made by the technician performing this procedure are:

The reference voltage was measured to be(See notes above} volts, in a property operating probe, this voltage
should be greater (in magnitude) than six (6) volts.

The signals GAINt, GAIN3 and GAIN4 were measured and then adjusted to be within the manufacturer's
specification. The results of these measurements are tabulated below.

Signal Name: GAIN1 (mvolis) GAIN3 {mvolts) GAIN4 (mvolts)
{Signal-3, Low Gain) (Signal-2, Mid Gain) {Signal-1, High Gain)
Low High Average Low High Average Low High Average
Peak | Peak Peak Peak Peak Peak
Before 74 | 4 | B4 | W AW 249 58 68 05
Adjustment
After 328 | 376 352 320 374 347 -44 328 142
Adijusiment

Our technician's comments concerning this procedure are:
CLEANING

A thorough cleaning was performed on the probe, the following table summarizes the steps that were
performed.

Electrical Contacts

Contact Description Status andfor Service Performed
Amphenol Connector Checked
Card Seating Cleaned
Card Edge Connectors Cleaned

Optical S8ystem Components

Component Description Status andfor Service Performed
Aspheric Collector Cleaned
45 Degree Mirror Cleaned
Parabolic Mirror Cleaned
Laser Output 7 Cleaned

Drop!et-Measurément Technologies Page 3



Additional comments made by the techniciaﬁ performing this procedure are:

ALIGNMENT

The reference voltage was measured and various adjustments were performed to make it come into
specification. Laser Reference Voltage: 9.1

Using the DMT aerosol generator, the probe's inlet jets were adjusted to provide the strongest signal possible
to the in coming aerosols.

The desiccant was replaced with fresh royal biue desiccant.

~Our technician's comments concerning this procedure are:

CALIBRATION
A final calibration, using the DMT aerosol generator, was performed on the probe, the results of this final
calibration are attached to this report.
Our technician's comments about this calibration are as follows:
During final calibration the transformer / voltage requlator combo that drove the laser died. Since it was 24

vears old | doubt the laser caused this failure._This coupled with the fact that the probe has ran for several
days with the new driver supports that assumption.

Additional comments made by our technician:

| was in contact with the end user a few months ago when he initially had trouble with the probe. He and |
spoke and emailed each other to try and froubleshoot the probe in the field. |suggest that the next time the
instrument returns from the field that all potentiometers are inspected for tampering. There are four that need
to be checked. The three on the baseline restoration module, one on the analog multiplexer, and one gn the
high voliage power supply near the pump relay.

Droplet Measurement Technologies Page 4



suig o
1€ OF 62 82 {2 92 G2 b2 €€ 2¢ T2 0Oc 61 8T 4T 9T ST +T ET €1 11 0T 6 8 £ 9 8 + E €1 e ‘
1 “ 1 1 1 | “ 1 ] 1 w | " M ! | . Lo 1 | 1 [ 1 1 1 1 1 1 _ED PRI[RUMON aea5-607 AeIS-ONY
* Li - 7 E T LH AT _H LR S SIRg-A
- 00T k
—gte b0
_ R (A sujaseq :
= ; ues o
— oo g |
) o Mo dwnd |
' B O g (A Buyasey
AEEEEEEEEEE -
: 0 1o
 AEEEEEEEEEE 0| sy (e
| | | -0sy UeSH
- 005 ez o
(@€ s-oiny SEY-X wsues) Bay T Bojeuy vy m
. ‘ — 1'6€ 120
Da: H 08T HErAT AN : . oM : | : : . : . H H i 'E i
: .m_m €L 00 ,v. Z 0o _N Z a0 mﬂn_ ct mm. m_u M.n .mom _B 21 00 _u“¢ 2T 0a _u,N ZT 00 n"_u A mN. m_w_n_.ﬁ (1) dwaL (wn) a3 |
_ (A Jod Jese (W) QAW |
Ly - 000 :
- 05T mv - 6T+ L
e 3
L -0009 5 (ste W oR)(g. wa / g W) |
-002 = 3 MO|d LEaYS  JUDD BUIN|OA .
Dw _oooe 9c'T cc'0sce
- 052
(sfe w208 (S Wi/ #)
-00E - 000t M0 B|dwes  JUQD JBGUINK |
- 05E - 000eT aqosd 8 w0y speq  E1Rd 002 ddS
{5 WO/E, WN) JU0D BUN|OA 002" ddS {S WD/#) JUOD # DOZ ddS -Po8S1324p OU S| 384L gy VO ey
‘U Agjad 8Ly paung w
; ~ sey ) Sy SAvd | 2440 B NO
LEA fYNed o 8 140d WOD a|geu3 | SMELD B(QE8[8S | u0J |0A/IU0D : i
ZLE @ | Tewp smpeapu BN S oo T duing
L e o, BB ey wopm  wes e
u.w. - (09SZLETE) TTSPTTP OO B e e UA_V




L

suig
9T ST +T €T 21 TT OT

T¢ 0 61

TE 8T 4T
i N T

=

UE 62 82 £2 92 &7 P &€ E€
[ T S N

e gzdzizds £ 4191613 |
HEN i
HEEEEEEERENEER
.I-=-II““ N
EEEEERER
HEEEEEREEEEE
. T

EEEREEEEEEEERERRNEREN

AA N RS-0 SINY-N

-+ e

o

bei/S:2T 00:0k2T 00022l O0'00:ET E2ERTT
I 1 i 1 1

E W/ 1N

(. Wa/E. Wy JUoD BLN|OA 002 ddS

(peieua)

sjgeL W

S HOd WO

zees {ined o@

L 96 b €210 « > O
1 1 11 I 3 1 1 pazjeWIoN ajeas.bHen BjeDg-oyny
sEy-A
FE0
-
o () sujeseqg
= ues o
1] .
o $EOD
g {#) aujeseq
- ues piia- -
0 00
MOYIBAO DY (A) Bujaseg |
ues H
162 100
usued) Bay T Bojeuy xny
T'6E €20 |
(o) dway {wr) a3
S3U0.009|13
806 g2'0
(A 49 Jasen (wir) QAN |
" ST'#T 197
.
3 (s/E. W3 [OA)(E, W3 f ELWIM)
o3 MOld LIEaYS  JU0D SWnN|OA
9z'T 69°608T |
(s/E w2 108)  (BW3/ #) |
MO Sidwes  Ju0D JBGUINy |

aqo.d otp WO Peq €180 DOZ S

(B W/E) 2UDD & 002 ddS ~PAa) 192.p OU S| 313UL gy UG fe|y
‘U Agjed Ay peuin

seyY S SAvE | 440 | NO

saqedpu 3By Mdquoo Aejay dwng

SHEYD 8|0830a185 _ ueD) moiucoumm "




sud
P EC CE TE 02 6T BT LT ST SIPT ETCITTIOL 6 8 £ 9 § # € & 1T O
1 1 i 1 1 I 1 ! 1 1 1 1 ] 1 1 |

1€ .. ..
pazpeuLIoN aEag-boq JjeIg-onYy

0 62 8 2 @.N 52
HEEEEEEEEEERENE .
ERREERREENENEEETE | | -

: C e W
w 3 u_ 4 L CS oo SIHY A

HEEREEEREEEEEEEEN B (N auaseg
T
il . i
w o bED
--- --- 5 i ‘ {n) sujaseqg | |
et i it g
A 0 900
HEEEEEEEENEEEEENEN RO ST (A) s
‘ M _ : ues iy |
8bE o
(o AARIS-onY sEX wsuety Bay T Bojuy xny
b — oF ge'g
CIPT 00I0RET 02 2T 00 EPITT
psiss 0:0 0002 00002 €2 m_- (5 dusay () &
wu_cn_bum_w
v0'6 20
(A} 39 Jase (wir) QA |
£'p1 1121

(/e W joR){E w3/ gown)
MO LRESUS  JUOD) BUNOA
921 8ce'/80t
(sfe wdos)  (BLwd/ &)
MO|4 B|dUEeS  JU0D JBGUINN |

£LU/E N
e W §

‘aqoud au) woy peg EYeq 007 ddS
{6 W/E W) JUCD BWN|oA 002 ddS (£, W/#) JUDD # 002" ddS -PI3 198.4p U SI 3.8UL @y LD Aejay
_ ‘U0 ABjad BLE paury

. . I sey ) SHUILL SO9d | 440 F NO
z'L'2n {3ned oN) S H0d WOD Q Bgeusy D 8@=d | SHRUO BIgRo8ES m 2003 190U 40 o seeipua 16 b quoo %m_mwm dund

D, (93STZETH) OTIGHTT P OO f—nmmm oo <]
O T L e

srbyuss  welboig




suig
T 9T G ¥T €T
1 1

PaZ]Ie WO Eog-Bo RIS

ZITIOT 6 8 £ 9 G # € 2 T
~_._—_._ 1 ._.._ _ | . |

sIY-A
- D |
— S : {A) aujaseqg
_coT g o ues o1 |
2 MmH m oy duing D
EEEEEENEEEE " wf | e

IR EEE o 0 g
.- .......... . MOYIBA0 DAY (A) Bu|ased |
|

| . -G2Z WeS IH

_ ~0SZ 9:Z 00 |

& wOS-oiny SR . ysues] Bay T Boeuy xny
— o —- - _ — T ov £0
m_m._ﬁ“m.m.n DD._...M.T.NH DD.JN.N._H OD._..,“D.N._” WN.N_.W.._”.H G5 ET DD.D_.V.Nﬁ DD.D_N.NA DQ.JD.N.ﬂ mN.m_v..n.m (o) dwaL (wr) Dm

.‘.l_u

SIU0.008|3
p0'6 62’0
{r) Joo JBse {winy gal
ET'PT €SS

(g/E. W forx(g., W / s wn)

#MO|4 LESYS  JU0D SWN[0A
92’7 £2'119

(sfeown|on)  (Swd/#) ¢

k3
%

Mo|d gjdues  JuaD JagquIny

-05E ' ‘ .ma&m..mﬂ.Eob joeq  EYeQ 002 ddS

{g. W/e,wn) 20D BUIN|oA 002 ddS {5 WI/#) DUDD # 002 dds -P3& 3384P Ou & 81841 @ UO ey
‘ug ARjEL AL pauan

seyy sy Savd f O § NO

sayeipul 346 m_{m.pcou Agjay dwind

Brgeq . dees . pog”dds (0)

| eus

£ W3/e wn
S WD/ ¢

algeus M SHEYD BIqE1a88s ﬁ U000 E}&cou,mm_.w

anbByuos  wesboid




sug . o el
TC 0E 62 92 /2 9 SZ P2 EC 22 T2 02 6T BT /T QT ST VT ET 2L TIOL 6 8 £ 9 § v € 2 1 .o e A
- L ! ; 1 1 w‘ 1 1 | ,_.. 1 .H 1 t 1 1 1 i i _._.‘_ [ “ 1 1 1 [ — _..G PRZJIEULION aras-Ho [ens-ny
a : - SIRY-A
,. ,
02 |
- 08 D
e B |
Loy 2 ! {») suaseq .
e o S0 e Al
0s m MOl dwing »e'0
-09 ¢ (N sujeseg
o ~ WeD PN
o 00
- 08
_ MOLIBAO OQY () duiased
06 ues i
- 00T 502 o
ysuel) Bay T Bojeuy vy
0 0T |
(o) dwal (wr) @3
SN0 :
c0'6 £B'c _
. (A 1oy Jase (CHORNE
3 - AR e
- :
% 5 (sfE. W joR)(g wd / g Wy
3 ¥ MO LESLS  JUDD BWNIOA
3 oz't SE'DYT
(sfeowdon)  (g.wWd/ &)
0|4 B|dules  JUOD JBGUINN
_ -agoJd sl waoy ﬁmn_ £1eq 002 ddS
(B, WI/E W) JUOD BWN|OA DOZ ddS (EoW3/#) 2U0D # 0 ddS PO 1334p OU S BI3UL gy LD 423
‘UD Agjas BL pBulg

ﬁ seyy S Savd | 0 | KO

sjgeus i SuBYD S|gEPSIES | Suo) _ax{ucouwm..p sapeaipul B 44 0o ey doang

z2'2h (e oN) S vodwos  (paigeud

002" dds (0)

| - | | o g s
Dy (0952922%) TTHHIT P OO, B — e P ‘
o T T e e e e i

mimaan@ . Emhmo._m




sug

OD:00:ET EZERTT
I 1
-0

£ 3fe wn

a|geus

g2ty
1.

zoer (ned oN S }0d WOD
Gm hm.N.ﬁ o oauﬁ_mﬁ 21
 (09825224) TOHHTTP OO B— -

bt

IT

<

g WnpsA MO

o
[}
[
s}
£ W/ ¢

-00021
(ELWD/#) DUOD # 002 ddS

m sJeyD B|ge1I8|8S

| jenuely
g

; 0D 1PNy sapeanpul 3UBY SIY4 3o Feray daing

~ : .,.ﬁuﬂm.ﬂmlm.. .._

- > @ > D
pazflewtIoN 3exs-507 3[eIS-0NY
sRy-A
GED
el eoeee - - ;
o (#) aueseq
5 % e 01
0 " p0l4 dwing ££°0
5 (A Buaseq
- ues Al
0 800 !
MOUIBAO OO () Bueseg
RS IH ¢
LE2 100
usuedy Bay T bojeuy xny
~ T'6€ boT
(D) dway (wr) a3 |
sJjU0.003(3 .
¥a'6 GLT |
(n) Jo desel () QAN
PEVFL 28’167
(s/E, W [OA)(E WD / B uar) |
MO LpEAUS  DUDD BWNOA |
= A
(s/eowaion  (Bowa/ &)
M0|d gdwes  JuoD JBguiny |

-ago.d aup woy speq EeQ00E ddS |
-peay 198.4p OU S| 3/aYL @y UO Aejay
‘U0 AR[B4 8Ly paLLI
sey Y sjuiy Savd

i dHO m NO

002 ddS (0)

brigeq drgeg
Zech119DS06NGE {9l meq ey




suig _ —
: }
-T2 OE 62 8¢ £¢ 92 & #E EZ ¢ 12 0¢ 61 LT mﬁ mﬂ ¥1 ET mﬁ ._H o.n 6 8 £ 9 58 + £ & T O . '
T N N | UL N | t [ 1 [ S R LSRR O WU SN SO S S B S PIZHRULIORN speag-Boq 2ARIG-0NY
S . | R ’ '
' THIRT 2 3 4 SHRY-A
- 0C
b PEQ
% (») auaseq
|, 2 | ue9 o1
0% -t Mol dwng EED
Q ;
= {») auaseq -
e T wes pilA -
1 T00
— L MOMIBAG DOy (/) BLIjeseq
WeD H
-02T £8T 100~ .
«ﬂ]l/ ARIS-0NY  SIXY-X usues) Bay 1 Bojeuy xny
M, O £6'T
G ‘OF ‘0@ T :
mm .m.m ¢t 00 m_¢ Z2I 00 _u_m AN 1] n_c gl &2 mw...”__“.n m B ¢r 0o Dv A po: _u_N FANE 12 m__u ¢l EZ mw H.ﬁ () dway (wr) a3
$IU0.878|3 _
-0% 106 80T
_ oot (W oy sese (Wn) QAW |
- _
3 ECPT 9g'1ET
- 05T ow Mm :
= = (/e W [oA)E WD £ e uwn) |
~002 =3 s MOjd WpEaUS  JUoD aulnjop, |
2 92'T SEGE ¢
(sfecwaon) (Bouwd/#
- 00E M MOjd Bdwesg  JuoD JBqUINN |
-0SE } .mn_ohu mﬁw woy xreq B1eq 002" ddS
(£ W/, WN) JUOD BWNOA 002 ddS (L W) 2U0D # 002 ddS P28} 1324p OU S| B18UL gy UO Aepay
‘Lo Agjad aup pauiry

S 1404 INOD

zo'zn (Y3 on)

0c: ST

ﬁ..,..,\... ' " .
\:&.\‘

_ L%mﬁmi

ﬁ seyy S Savd §

| sueus sigepeles

mzn_m_m

- 340 w NO

U _c_iu:oummrr sayeaipu 4Bl mi ko feraw dvang

n_Bmm

002 ddS ()




suld BZIS 3|2134e J— E
. TE 0E 62 82 /2 92 G2 ¥C £ & 1< 02 61 81 LI gL ST HT ET L TT OT 6 8 £ 9 & # £ ¢ 1T 0O . e O ﬁ
S " i I “ (L | ﬂ I “ LS S T W N S TS I N 1 | I I S pRziewLIoN apeng-6o7 afeas-oFry ||
_ = = Y 1r.H T ] : , } . SuRg-A
] .
ERERREERNENEERERR N
- - :
ERNERRENREEEREEN : "
- - i SO ues o7
[16] .
' 0 o} dwind PEQ
2
NERERRRREEEEERENRRRARERRENEED : @ saesea.
- ues pil
BEERRNEREERREREREERRRNRERERR 0w
MmoyeAQ DY (A Bujaseq
_ _ A A * | : UED IH
_ , 61 100-
m..ﬁii\,\_ sjeag-oiny  SIEY-X ysu.l) Bay T mo_m.c{ Xy |
| : T'4E A
M um.mm.mﬁ mm.mm?m.n mm.mmm_m.ﬁ DD.D__H_.NH mm.mw.ﬂ .Dm.m__b:.m._,. DD._H_?NH _um_._umN_N.n OD.D_D.NH mm.m_w.m,wﬁ,ﬁ () dwal (urd a3
m W $2U0.433|3 :
i ' . H
| - 0002 96'8 -z
| - (W g ese (W) QAN
| 2 - SO'bT €55
;.._..m - Q009 :m: (s/6. w2 [oA)S, WD f S wn)
3 ow MO LREBUS  JUOD) SLUNOA |
@ - 0008 9z BEVI0E |
(s/sowdon)  (g.wa/ &)
-0000T M| gdwes  2ueD JBgquiny |
w 0002t aqoud aup WOy Yoeq  E18d 00Z ddS

zezn (ned oN

| (ossespep) 52621 P00 B -

(£ W/E, Wiri} JUDD BUINIOA DOZ ddS

S 340d WOD hum_n_m_cm

0S:i/S2T  opioeEt
| ot

algeus

ECERTT

e

(ELWD/$) JUOD & 007 ddS -POEY 108.p OU S 1BUL @y UO Aeen
U0 ABjal 8L pauI

SEl Y UL Savd |

40 w NO

| seyD 9gEIdeles * JU0D [OA/IUDD

| Feu sageaipu 1By SYd.nuon Aejey duing
| Bngeg dmies  opz”dds (0)

Wnpa . oS [RURH 22Ep1T90S06002 1Blid B1eq ueiing

mgjm_n_.c_uw | Emﬁ@ntm




suig ..

Hm 0E 62 82 {2 92 SZ +Z £Z 22 12 02 6T BT LT OT ST pT £T 2T 11 0 @> O
- H [ S B | Paz|RWION 3jexs-6o1 sjeog-ojny

I SHEYF A

_
bE'D

2 g (#) uyeseq .
N L . m... o) ues m_,d
.._“ |_H AL S E HH 2 o “Mo|d clung EE0 :
llllllll.l.lllllll..lll..ll Bl - el
EEEEEEE RN EEEEEn 0 00 |
T T T T T im0y () aaems
HENREEEEEEEEEEEEEEEEEEEEEEEEEEEEN 0 ey

@ wesony sew-x ysuea] Bay T Bojeuy xny
| . . T8e 0
Dmh_mm._” _u_u._u“v.m.n DDH"N.NH 00: _uD ¢l £2: mv 1 .am ST oo Dv ¢t o DN et Do DD L m¢ HH (5) dway (wr) o
_ SINUOHIBT :
FARS o

(A} 42y Jasen {wn) aaw m,

PE T 0

(575 w3 [oR)(E W / Ewr) |
MO LHRBYS  JUCD SWN{0A

9c'T 0
(sfeowaod)  (Bowa/#) |
Mol adwes  JuoD Jsquinyy

S 3/E N
EL W/ #

‘8gotd alp woy xpeq  Bed 002 ddS
(B W/E. W) U0 BWINCA 002 ddS (EvWD/#) UOD # 002 ddS -PER 3904p OU Sl 8./8UL gy uO A3y
‘U0 Agjaa By paLuIrn
sey SHULE SJ¥d ¢ d40 f NO
seqenpu bl

ZEEA e oy 5 10d NOD ﬂum_gmcm A SeyD 9|geRaas ﬁ U0 _o?\ucoummﬁ

_ mi.wbcnu fe(ay dwng

002 ddS (@)
EQBIND

s a _m@ﬂwmﬂ;
Dy Gmmxmma ﬁm P21 P 00 s.. e e

MOl [PnuUepy




